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Abstract
Coping with climate change is arguably the largest environmental challenge society faces in the coming century.
Managing climate change requires understanding of the underlying causes. One well understood cause is the rise of
greenhouse gases in our atmosphere, especially carbon dioxide, methane, and nitrous oxide. Their increase has
been established beyond any doubt through careful measurements of their concentration over the past decades.
Human actions are known to be the most important driver of this increase, but anthropogenic emissions tell only
half the story. The response of natural ecosystems over land and in the ocean to increased levels of greenhouse
gases forms the other half, introducing a complex set of interactions between humans, climate, and our use of
natural resources. Our poor grasp of these interactions is partly responsible for the wide range of climate
predictions, and the resulting stale-mate in negotiations to reduce greenhouse gas emissions. Better monitoring of
greenhouse gas exchange is the key to better understanding these interactions and hence to better science, needed
to inform society on the best climate change abatement options. The infrastructure we propose here lies the
foundation for this science.
The global nature of climate change and greenhouse gas exchange necessitates a global framework for this
endeavor. For this reason the GEO (Group on Earth Observations) was launched in response to calls for action by
the 2002 World Summit on Sustainable Development and by the G8 leading industrialized countries. According to
GEO a national greenhouse gas monitoring infrastructure is "as important for countries as the building of roads and
telecommunications networks". To contribute to the GEO goals, the EU has recently established the Integrated
Carbon Observing System (ICOS) that aims to monitor greenhouse gas exchange at the precision, density, and
frequency needed to verify emissions and quantify exchange with natural ecosystems in the EU. This effort exceeds
the current national emission reporting to the UN as it derives information from the actual GHG levels in the
atmosphere, rather than from statistics and estimated emission factors. Time after time, such data have been
demonstrated to be inaccurate and biased low as the financial incentive to underreport emissions grows under
protocols such as Kyoto and its planned successors. Under ICOS, individual EU countries can support the
collaborative effort by any combination of (a) monitoring of greenhouse gas levels, (b) reporting of independently
derived greenhouse gas balances, and (c) providing key infrastructure for ICOS. The Dutch contribution to ICOS,
called ICOS-NL, will contribute to all three.
ICOS-NL will establish a national greenhouse gas monitoring infrastructure according to the prescribed international
standards using a set of eight atmospheric monitoring sites, and six ecosystem-monitoring sites. The network will be
augmented with auxiliary observations specifically useful in the densely populated and highly productive agroindustrial Dutch landscape. A commercial partner will establish and collaborate with a significant part of the
atmospheric monitoring capacity. Independent greenhouse gas balances will be calculated and reported from the
observations on an annual basis. This is one of the tasks of the ICOS-NL “Carbon Portal”: a new central facility to be
part of the ICOS infrastructure, tasked with the collection, dissemination, valorization, and assimilation of all ICOS
greenhouse gas information. Contributing the ICOS-NL Carbon Portal will put the Netherlands at the heart of ICOS,
and pave the way for the better science and informed policy requested by GEO. This unique opportunity builds upon
more than a decade of fruitful partnership and international leadership by Dutch carbon cycle scientists represented
in our consortium.
The Carbon Portal will combine state-of-the-art IT infrastructure with state-of-the-art science. High performance
computing will be done at SARA/NCF to fuse all European greenhouse gas observations with highly detailed
greenhouse gas simulations, a task known as data assimilation. The seamless access to all ICOS data required for
this task is ensured though the Carbon Portal, and the resulting independent annual balances will be digitally
distributed through that same Portal in custom products targeting science, policy, and public outreach. Recognizing
that the largest future challenge lies in attribution of GHG trends (to processes, regions, and activities) and
verification of GHG trends (for treaties, national reports, trading, and reduction targets), we propose an intensive
development and innovation track for the ICOS-NL infrastructure. It will enhance both our observational and
numerical capacity, and focus on three themes relevant for the Netherlands: fossil fuel emissions, land-atmosphere
exchange in natural ecosystems, and satellite remote sensing. In all three fields Dutch researchers have recently
contributed high impact science and the chances for scientific breakthroughs through ICOS-NL are high.
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Summary of the research proposal in layman’s terms
ICOS-NL will monitor the Greenhouse Gas Balance of the Netherlands with unprecedented resolution using advanced
measurements and computer models. Within the European ICOS infrastructure, ICOS-NL will provide the Carbon Data
Portal, which will use advanced eScience data technology to distribute the European measurement data and value-adding
products. This open infrastructure will enable fast progress in the field of greenhouse-gas science. Fast progress is needed
to better understand Climate Change and its interactions with human society and the Earth system.
Key words
Greenhouse gas observations, Data Portal, Data assimilation, Measurement innovation

6

National Roadmap for Large-Scale Research Facilities

ICOS-NL

1
2
3
4

General information
Research proposal
Timetable
Declaration/signature

Research proposal
Detailed description
ICOS1 is a European Research Infrastructure recognized by the European Strategy Forum on Research
Infrastructures (ESFRI). It consists of a large number of research institutes from as many as 19 countries across
Europe. ICOS aims at quantifying and understanding long-lived greenhouse gas fluxes over regions of the European
continent and adjacent areas. ICOS provides the long-term greenhouse gas flux observations required to
understand the present state, and predict the future behaviour of climate, the global carbon cycle and greenhouse
gas emissions. The ICOS activities are urgently required, to answer questions from both a national, European and
global perspective. Are high-latitude peat reservoirs destabilizing? What is the climate impact of tropical
deforestation? Does the biosphere provide a positive feedback to the carbon cycle and climate change? How
accurate are national bottom-up, fossil fuel emission inventories? Which ecosystems contribute most to greenhouse
gas storage? Are reduction obligations being met? The answers to these questions depend on acquiring high quality
monitoring data about that state of the carbon cycle. ICOS is poised to gather these data. ICOS-NL aims to be a
central player in ICOS.
ICOS consists of a network of stations to measure ecosystem fluxes, and air-sea fluxes, at the local scale, and a
network for atmospheric concentration measurements to verify greenhouse gas budgets over larger regions. The
distributed monitoring is supported by central facilities to ensure comparability of measurements, inter-operability
within the networks and provide centralized data processing. ICOS (http://www.icos-infrastructure.eu) is currently
in its preparatory phase funded by the European Commission under FP7. In October 2006, the European Strategy
Forum for Research Infrastructures (ESFRI) roadmap and later in 2008, the Dutch “Commissie van Velzen”,
recognised the importance of providing answers to these questions and recognized the ICOS Research Infrastructure
as one of the vital new European Research Infrastructures for the next 20 years.
Progress in ICOS and ICOS-NL since 2008
ICOS is now in its preparatory phase and has made considerable and important progress in preparing for its
operational phase. ICOS has expanded significantly in the past 3 years. Many member countries succeeded in
securing funding for their share in the ICOS infrastructure (e.g. France, Finland, Belgium (Flanders), Germany,
Czech Republic, Hungary, Denmark, Sweden, Norway, United Kingdom, Ireland, Spain, Italy). Several of these
countries are now establishing their site infrastructure according to ICOS standards. It has been decided recently
that ICOS will prepare to form an ERIC governance structure lead by the Headquarter, that has been currently
assigned to Finland, pending the submission of a business plan. The government of the Netherlands and other
important member countries in ICOS has recently signed a Letter of Intent (LoI) in support of this process. All
member countries that are signatories to this LoI will have voting rights in the intermediate phase between ICOS
preparatory phase and the time that the ERIC becomes operational. This stage is foreseen for 2012/2013.
In 2008 the present ICOS-NL consortium made an unsuccessful bid in the national procedure for funding. Since
then, the members of the consortium, taking notice of the comments made, 1) increasingly and successfully worked
together in acquiring EU and national funding, 2) produced together a number of seminal papers in Nature, Science
and Nature GeoScience with European co-workers, 3) acquired a number of prestigious research grants in the field
of GHG research (VIDI, ERC), 4) further established their position as a key centre for data assimilation at
continental and regional scale, 5) increasingly worked with industrial partners to establish public/private
collaboration and 6) formalized their intent to participate in ICOS as a Dutch Consortium through a Letter of Intent,
signed by all currently involved universities and research institutes. The Dutch Consortium is now ready to take on
the challenge of running a key central facility, the Carbon Data portal and participate in ICOS by building with
industrial partners the world’s highest density GHG observing network.
In the last three years, bids have been opened for interested parties to define the ICOS central facilities. With new,
nationally funded central facilities focusing on the Atmosphere (ATC: France), Ecosystems (ETC: Italy, UK), and the
Central Calibration Laboratory (CAL: Germany). These are to be complemented by an ICOS Ocean component
(OTC: in preparation by UK, Norway and Spain) and a Carbon Portal Facility before the start of the operational
phase in 2012, and each centre is linked to a full vote on the ICOS board. The Netherlands is one of a few partners
in the pre-operational phase (2009-2011) that has not established a contribution to a central facility. For this a
1
ICOS is the EU ICOS Integrated Carbon Observing System infrastructure, to avoid confusion the Dutch contribution this
will be denoted as: ICOS-NL
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formal financial commitment of the relevant stakeholders is required. For each of the first three central facilities
White Papers were produced by ICOS. It is important to note that while the White Papers of the Atmospheric and
Ecological Sensors and the Calibration Facility were foreseen at the start of the project, the need for a Carbon Portal
emerged only during the preparatory phase. Members of the current consortium have been involved in the planning
meetings of this facility. The timing of the Carbon Portal Facility greatly enhances the possibility of the Netherlands
to now play a significant role in ICOS, as the Carbon Portal, with its dissemination and data assimilation plays right
on the internationally recognized fields of expertise of ICOS-NL consortium members.

1 Science case
The importance of greenhouse gas balance estimates
Fossil fuel combustion, intensive farming, cement production, waste management, and rice production are examples
of omnipresent human activities that lead to enhanced concentrations of greenhouse gases in our atmosphere.
Greenhouse gas (GHG) concentrations will continue to increase in the 21st century and the cumulative effect on the
radiative balance of the Earth compared to pre-industrial times will by 2100 be more than doubled compared to the
current situation, if no effective measures are taken.
The ability of nations to implement policies that limit atmospheric CO2 and other GHG concentrations will depend on
the ability to monitor the effectiveness of applied emission reduction measures. Uncertainties in existing
observations and analyses need to be reduced substantially to support effective national-level policies and
international reporting on climate change mitigation. For reporting purposes, policy makers require estimates of
greenhouse emissions on country level, while in many countries mitigation responsibilities are increasingly being
exercised at even smaller scales. While the industrial emissions can be adequately monitored, large challenges exist
in estimating more diffuse exchange ("fluxes"), like the exchange of CO2 with natural or perturbed ecosystems.
Natural ecosystems will respond both directly, to enhanced atmospheric greenhouse gas levels, and indirectly, to
expected climate change. In combination, this is a complex feedback system. Examples are enhanced growth of
forests and agricultural crops due to enhanced fertilization and increasing temperatures, peat degradation due to
melting permafrost, and reduced ocean CO2 uptake due to acidification. Monitoring the exchange is therefore an
important prerequisite to improve our understanding of such feedbacks, and thereby of our ability to predict the
future greenhouse gas balance.
The current status of GHG cycle monitoring and understanding
Our current understanding of the GHG balance of large areas is founded on a multiple constraints approach, which
means that independent observations of various kinds of carbon flows and stocks, as well as various simulation and
inversion models are combined to achieve maximum accuracy and resolution in estimates of surface GHG exchange.
This approach has been developed and brought to near-maturity over the past decade, among others in a sequence
of European-wide (FP6, FP7) Carbon and GHG quantification projects (Schulze et al., 2009, Dolman et al., 2010).
Typically, top-down methods such as GHG concentration and inversion networks (such as Dutch CarbonTracker
system) are combined with bottom-up observation networks, where for selected land surface types, at patch or
local scales, and time scales ranging from diurnal to annual, GHG exchange is measured directly (e.g. Moors et al.,
2010,).
These estimates allow us to understand processes operating at those large scales. Examples include the impact of
forest fires (van der Werf et al., 2008), and droughts on the global and regional scale carbon balance (van der
Molen et al., 2011), and the European emissions of N2O (Corazza et al., 2011) and CH4 (Bergamaschi et al., 2010).
The resolution of these estimates is tightly bound to the density of the network and prohibits at present further
extrapolation to sub-regional scales (e.g. Tolk et al., 2011). The current observing network (Peters et al., 2010)
however is focused mostly on CO2 only, and on natural ecosystems. The knowledge of the carbon balance of
agricultural crops is surprisingly poor and strongly focused on harvest yield rather than carbon pools of vegetation
and soils (e.g. Chen et al., 2011). Agricultural crop also have considerable emissions of non-CO2 GHGs such as CH4
and N2O, the importance of which has been shown by Schulze et al. (2009).
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To date, the efforts to monitor and report CO2 and other GHG emissions have been based mostly on limited land-use
observations, self-reported data on energy use, and extrapolated point-source emission measurements. Such data
are known to have many uncertainties that limit their ability to support GHG management strategies. This presents
a challenge to implementing the range of GHG policies that are being discussed in many countries. These policies
include supporting treaty negotiations, verifying treaty obligations, certifying tradable permits, offsetting GHG
emissions, and providing more accurate inventories of emissions and offsets. UN-level negotiations on the inclusion
of land use activities in developing countries, for instance, have been held back for many reasons, including key
technical challenges such as access to regular and sufficient-quality satellite data and associated analysis tools for
national-level forest-cover and annual change mapping at sub-hectare resolution.

Box 1: The three important Greenhouse Gases (GHG)
Carbon Dioxide (CO2) The main
European source of carbon dioxide is
the burning of fossil fuels for electricity
production, industrial processes and
transportation. Its main sink is the
storage of carbon in forests that are
often actively managed to maximize
wood production. Production of
agricultural crops acts as a temporary
sink for carbon dioxide, as the carbon
is returned to the atmosphere quickly
after consumption by humans and
livestock. The latest estimates suggest
that large emissions from fossil fuel
use (~1600 TgC yr-1) are only slightly
compensated by the sink in forests and
crops (~300 TgC yr-1) in the EU. The
emissions are largest in Western
Europe, the forest sinks maximize in
northern Europe and the Baltic states,
while agricultural sinks are believed to
exist in eastern Europe. Such regional
attribution and process attribution
come with large uncertainties though.

Methane (CH4) The European emission of methane is dominated by three
main source categories: agriculture, waste treatment and fossil fuel use.
Unlike carbon dioxide, methane emissions from fossil fuel use are
associated with significant uncertainties. This is caused by the limited
available information on emission factors, which vary with fuel type and for
the different steps along the chain of fossil fuel production, distribution,
and usage. Overall, the uncertainty in the European methane emission
from fossil fuel use is estimated at 30%. Agricultural emissions are
dominated by emissions from livestock husbandry, which is the largest
source of methane in Europe accounting for ~6 Tg CH4 yr-1 or about one
third of the EU15 total. An additional 2 Tg CH4 yr-1 are emitted in the
processing and application of animal manure. Other methane sources from
waste treatment stem from the processing of solid waste and waste water,
which are associated with large uncertainties. Together with N2O, European
CH4 emissions nearly compensate for CO2 uptake, thus making the net
biological GHG balance for Europe close to zero.
Nitrous oxide (N2O) emissions result mainly from fertilizer use in
agricultural systems, and it has virtually no sink in the lower atmosphere.
Release from agricultural fields is controlled by microbial activity and
precipitation, maximizing when the soil is wet. Over-application of (cheap)
fertilizer contributes strongly to N2O emissions. Further N2O release occurs
during the production of artificial fertilizer in adipic acid factories, as well as
in the production of nylon fabrics. Together with methane, European N2O
emissions nearly compensate for CO2 uptake, thus making the net
biological GHG balance for Europe close to zero.

Where we need to go: breakthroughs
There is a need to move beyond the multiple constraint effort to be able to pinpoint better where sources and sinks
are located. To provide better constraints on the sources and sinks of GHGs requires: 1) better quantification of the
surface fluxes, both experimentally through ecological and eddy covariance observations of the fluxes, as well as
through modelling 2) improved GHG observations through a denser network and 3) improvements in the modelling
of transport are needed. (e.g. Figure 1). This three-pronged approach is set to achieve breakthroughs in our
understanding of the role of the biosphere in the GHG budgets and its potential feedback on climate, and provide
answers to the questions addressed in our introduction. It will develop the ability to quantify emission reductions
accurately enough so that they are of use to UNFCCC and local to national governments. For NOx and HFC-23 (a
very potent GHG), top down atmospheric studies have recently shown that reported emissions for some countries
do not even agree on the sign of the trend, let alone on the magnitude (Konovalov et al., 2011, Keller et al., 2011),
highlighting the urgent need for the tools of ICOS and ICOS-NL.
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Figure 1: GHG exchange quantification system. GHG
measurements are compared to model predictions
of GHG concentrations. The model is fed by a set of
prior flux estimates, calculated by a surface model.
Surface flux measurements are used to validate
GHG balance estimates and to constrain the surface
flux model calculations.

Figure 2 sketches a possible evolution of a GHG observing system that may address these questions. Key to this is
that for increasing resolution increasing the volume and precision in the observations is required, hand-in-hand with
developments of process-understanding, numerical techniques and new monitoring strategies. The integrated
monitoring system of the future would include CH4, CO2 and N2O exchange (see Box 1). The complexity and
variability of the natural carbon and nitrogen cycles (and their interaction), as opposed to for instance man-made
HFC-23, combined with the effects of climate change on natural systems render this a great challenge. It is
therefore clear that scientific breakthroughs in the field of GHG science require consorted action. This notion has led
to the establishment of the European Infrastructure ICOS and now to this ICOS-NL proposal.
Figure 2: Future evolution of requirements toward finer
resolution and precision capabilities for producing global maps
of CO2 and CH4 surface fluxes

The role of ICOS-NL within Europe
To answer the important scientific questions enumerated earlier, both measurement data, excellent access to
measurement data and web-based tools for the survey of GHG sources and sinks are needed. ICOS-NL is in an
excellent position to provide both of these to ICOS service, since we have ample experience with all aspects of GHGscience (there is international recognition of the existence of a “Dutch School of Carbon Cycle Science”), and have
access to excellent facilities in terms of information technology and computing power.
ICOS-NL will:
•

•

coordinate the European ICOS Carbon Data Portal:
o A common data portal that gives access to all ICOS observational data
o A common Enterprise Service Bus (ESB) that facilitates transparent and uniform data exchange (in
collaboration with IBM2)
o A Carbon Tracking facility that enables (ensembles of) data assimilation systems to connect to the
data portal through the ESB, and supercomputing facilities
o A unique high resolution data assimilation system for regional greenhouse gas budget verification,
integrating observations and advanced meso-scale and global atmospheric transport models
build an observational infrastructure:
o Two level 1 super sites for atmospheric observations: Cabauw & Lutjewad
o Three level 1 ecosystem observing sites: Loobos & Horstermeer, crops
o Five level 2 atmospheric observation sites (in cooperation with EarthNetworks Inc)

2

IBM research has been a consultant in the creation of this proposal. The services and products described where we use
the company name "IBM" can also be delivered by another IT-partner. This partner will be selected once the proposal is
funded and will follow EU/NWO guidelines for private-public partnerships.
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o Three level 2 ecosystem observing sites (Cabauw, Veenkampen, Lutjewad)
Develop innovative observational and modelling techniques and sensors:
o Use of advanced (on-line) isotopic tracer observations
o New optical techniques (FTIR, CRD, photo-acoustics) and advanced applications
o Validation and integration of satellite with ground-based observations
o High resolution models of the carbon cycle (land surface and regional scale)

The Carbon Portal will provide data services for ICOS to which our and other EU measurements will be coupled. The
Carbon Portal will also distribute assessments of GHG-balances made by us and other European partners, as well as
web-based tools to visualize GHG balances and measurements. Secondly, we will contribute with, what is arguably
the world’s densest GHG observing network together with our partner Earth Networks3. As a last and vital building
block of ICOS-NL, critical scientific advances and breakthroughs in measurement techniques and model
development will be pursued in the Innovation and Development part. The Carbon Portal facility will enable Europe
to be a key global player for in situ observations of greenhouse gases, data processing and user-friendly access to
data products for validation of remote sensing products, scientific assessments, modelling, and data assimilation.
The central concept is based on discussions with ICOS (White draft paper on Carbon Portal) and the portal will be
submitted as one of the central facilities. The proposed Dutch contribution is schematically drawn in figure 3. The
following sections will elaborate the three main elements of ICOS-NL.
Figure 3: The ICOS-NL proposal consists of three interconnected parts.

The Dutch ICOS Community
The ICOS-NL research community plays a prominent role in ICOS (e.g. Dolman et al., 2008). ICOS-NL not only
provides high-quality GHG measurements (e.g. the CESAR infrastructure at Cabauw (Vermeulen et al, 2011),
Lutjewad tall tower (van der Laan et al., 2010), surface exchange fluxes (Moors et al., 2010), and sophisticated
oxygen and carbon-isotope measurements (van der Laan et al., 2010, Palstra et al., 2008)), but also play a key role
in the interpretation of these measurements by means of merging data with process models (e.g
http://www.carbontracker.eu, Peters et al., 2010) and the possibility to do this at scales relevant to regions or small
nations (Tolk et al., 2010). In the emerging field of GHG-observations from space, Dutch scientists are among the
frontrunners (Houweling et al., 2006, Bergamaschi et al., 2010, see Box 2) and participate in ESA Mission Planning
Groups for new satellites such as AScope and CarbonSat. ICOS-NL scientist have increasingly collaborated, resulting
in both a significant number of publications in which ICOS-NL partners and the award of new projects both at NWO
and EU level.
ICOS-NL is excellently positioned to fulfil the task of coordinating the ICOS Carbon Data Portal Facility. We will take
the responsibility to build the Carbon Portal of ICOS as the most sophisticated open network for the distribution of
European GHG measurement data, and will connect ICOS with the global observation networks (GAW, GEOSS), also
providing value added products across the EU, to national stakeholders and to the key central facilities. The Carbon
Portal will be developed together with the other ICOS partners in an open cooperation, based on the user needs and
using open standards. Part of the Carbon Portal will also be to provide ancillary data and a test bed for other data
assimilation systems, together with supercomputing facilities, that will allow multi-model inversion comparisons and
3

Earth Networks has been a consultant in the creation of this proposal. The services and products described where we use
the company name "EN" will be negotiated in a later stage once the proposal is funded while following the EU/NWO
guidelines for private-public partnerships.
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ensemble calculations. It also provides ICOS members without national facilities with a framework for regional data
assimilation, linked to optimized fluxes and boundary conditions from our state-of-the-art global modelling
frameworks. The three elements all will ensure a prominent position of the NL within ICOS, and offer exciting
opportunities to expand the Dutch leading position in the field of GHG research. ICOS-NL will work in public-private
partnerships in close cooperation with national and international companies like SensorSense, IBM and Earth
Networks.
The elements of ICOS-NL:
1) The Carbon Portal Facility
It is well recognized by the GEO task force (GEOSS Data Sharing Action Plan Rev 2), and the ICOS board (ICOS
White Paper) that the level of data exchange, data transparency, data traceability, data availability, and data
processing required to reach the GEO/ICOS goals necessitates a dedicated infrastructure. Within ICOS it is now
foreseen that “A common data center, the Carbon Portal, will be put into place by ICOS, that will provide free access
to ICOS data services, as well as to links with inventory data, and outreach material. This portal will allow the
production of web-based tools for the survey of sources and sinks in near real time. ICOS will deliver the
information in near real time with a quantification of the uncertainty associated with the results due to the use of
several different models using different methodologies”. ICOS-NL will provide this Carbon Portal.
The responsibilities of the Carbon Portal can be divided into three categories, each with their own set of specific
tasks.
(1) Enabling data exchange of large and diverse datasets collected through ICOS, with tasks:
•
Enable data exchange between the ICOS Thematic Centres in Europe
•
Connect ICOS to all relevant data portals inside and outside Europe
•
Facilitate data mining (extraction, collocation) across all ICOS data
(2) Providing data stewardship for all data and products in ICOS, with tasks:
•
Ensure data traceability for all ICOS products
•
Define standards for archiving of data and metadata for all ICOS data with thematic centres
•
Define standards for ICOS web services for all ICOS products
•
Track the use of ICOS data (Action 3 of the GEO Data Sharing Guidelines)
•
Implement the GEO Fair Usage Policy for both non-commercial and commercial use of ICOS products
(3) Delivering greenhouse gas balance products, with tasks:
•
Create value-added greenhouse gas products based on ICOS data
•
Provide value-added greenhouse gas products generated by other ICOS partners
•
Provide greenhouse gas balances and uncertainties created through ICOS in formats suitable for
science, policy, and public outreach
Data exchange
For responsibility (1), a robust, efficient and scalable IT architecture will be developed which requires specific
expertise not readily available in the GHG-science community. ICOS-NL will therefore establish a partnership with a
commercial IT partner, and has engaged in exploratory discussion with IBM-Research and the global Smarter Planet
Team (http://www.ibm.com/smarterplanet/). The partnership will focus on the development of a so-called ICOS
Enterprise Service Bus (ESB) tailored to the needs of the Carbon Portal. An ESB provides hardware, software, and a
set of communication protocols together with digital distribution channels that facilitates the exchange and sharing
of information and resources between users and providers of data. It thus encompasses infrastructure (hardware,
network and storage), a communication platform (database, data management and means to interface with other
systems), and the software that makes applications for the end user – the actual portal. The Carbon Portal will be
built according to the global standard OpenGroup ‘Service Oriented Architecture’ – Reference Architecture4, and is
available to any partner or facility that wishes to connect. Assistance and man-power to develop the required
interface between the ESB and their data/application will be made available. The digital distribution channel (web,
mobile web, mobile apps) will be developed to serve a broader public, explaining GHG science and presenting realtime measurements. The ESB hardware, software, and support will be hosted by SARA/NCF.
4

OpenGroup SOA Reference Architecture, http://www.opengroup.org/projects/soa-ref-arch/uploads/40/19713/soa-rapublic-050609.pdf
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Data stewardship
Responsibility (2) builds on the ESB principles, and requires expertise on open web standards, open-GIS standards,
digital archiving, and public licensing standards. Most of all, it requires constructive collaboration with all our global
data providers and users. We will organize multiple and repeated international meetings with the main ICOS data
providers, Thematic Centres and data-assimilation experts to discuss needs and wishes for ICOS. Technical
expertise will be attracted through commercial partners, and be combined with existing know-how in our consortium
(KNMI, Alterra, SARA, IBM, ECN).
Delivering GHG products
Responsibility (3) is partly covered by the global partners that connect to the ESB to provide their national carbon
balance construction efforts, but ICOS-NL will also contribute its own annual independent greenhouse gas balance
estimate to the Carbon Portal. Because of the sizeable effort and technical and scientific challenge, we describe this
task separately below.
The Carbon Portal will put the Netherlands in a central position within ICOS (also see “Possible Focus for the
Netherlands”), but also ensure investments in cutting edge IT technology (also see “Innovation Case”), and in highly
skilled scientific, engineering, and IT jobs (also see “Talent Case”).
Figure 4: The ICOS-ESB. The ESB provides a set of
communication protocols and digital distribution
channels that facilitates the exchange and sharing of
information and resources between users and providers
of observational data. The ESB is based on open
standards. Any entity wishing to hook up only has to
develop an interface between the ESB and their
data/application. ICOS-NL will be responsible for the
coupling of vital ICOS measurements and carbon
tracking product.
A preliminary and extendable outline of the Carbon Portal and its ESB is given in figure 4. A major advantage of the
data exchange and stewardship in the Carbon Portal is that it enables seamless integration of observational data,
data enhancement algorithms, numerical models, EU databases, and supercomputing facilities. This ability is vital to
create so-called value-added greenhouse balance products (responsibility 3), which report the magnitude of release
(or uptake) of greenhouse gases from different countries and different activities. We plan to base the independent
estimates of annual greenhouse gas balances from ICOS-NL on the highly successful Dutch CarbonTracker system
(http://www.carbontracker.eu) that partly provides easy access to measurements and CO2-balances from dataassimilation (see box 3).
Box 3: Principles of data assimilation
Although monitoring of greenhouse gas balances starts with high quality observations, interpretation of small signals
and attribution to specific regions and processes depends on numerical models. This is because most observations
inform about the total CO2, or CH4, or N2O present at a given time and location, but they do not carry a specific
signature of for instance forest-carbon, crop-carbon, Dutch-methane, or Spanish-methane. The many contributions that
together determine the total balance have to be modelled independently, and then integrated numerically to
understand the observations.
In turn, the numerical models depend on the observational data to stay within credible bounds for their calculated
balances. The formal fusion of observational data and numerical models is referred to model-data fusion, or data
assimilation.
As an example, data-assimilation forms the heart of the daily weather forecast, in which millions of measurements are
fused with a physics-based prediction of the state of the atmosphere (such as temperature, humidity, and pressure).
The result is a detailed weather estimate that is consistent with both the observations, and with the process knowledge
represented in the numerical model. Developing a similar data assimilation method for greenhouse gas exchange is a
rapidly evolving scientific discipline in which the Dutch scientific community plays a pioneering role. It combines highperformance scientific computing, novel data-assimilation algorithms, and innovative modelling techniques.
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Data assimilation infrastructure for ICOS
Data assimilation requires substantial computer resources, and a team of scientists, scientific programmers, and
software developers to be successful. Quick and transparent access to the many streams of data (including an
increasing stream of satellite data) must be facilitated, and operational efforts must co-exist with research and
development of the system (see "3) Novel observation and modëlling techniques"). Clearly, not every country in the
EU can independently build and maintain this capacity for data assimilation. Within ICOS-NL, we aim to build this
capacity and offer it as a service to ICOS and other interested partners in Europe. Access to tested and validated
data-assimilation model versions and computational facilities will be arranged through the ESB at SARA/NCF.
The elements of ICOS-NL:
2) Observational infrastructure for ICOS
Reliable, trustworthy observations in the atmosphere are the prerequisite for the ICOS operation as a whole. For
atmospheric concentration measurements, the accuracy of the measurement result is of utmost importance:
accurate and well-maintained calibration, a reliable preferably linear behaviour, drifts as small as possible.. For eddy
covariance measurements, high temporal resolution, linearity and precision are the most important aspects. For
both fields, methods should also be economical, which includes purchase and installation costs, but most of all low,
as well as low-tech, maintenance.
2a) GHG observations
Only recently, since 2005-2006 a research-mode network of tall towers that performs continuous long-term, very
precise and accurate observations of the most relevant greenhouse gases was established in Europe. Dutch
researchers led the FP6 and FP7 programs that implemented this set of six tall towers in Europe. These towers cover
most of Western Europe but are still 700-1500 km apart. Recent developments in high resolution flux estimation
techniques indicate that for methane and nitrous oxide the current network is able to capture the spatial distribution
and absolute value of the emission strengths at annual to seasonal timescales in a wide area around the observation
points (Corazza et al. 2011, Bergamaschi et al. 2010). However, to determine emissions at higher spatial and
temporal scales, a higher density measurement network is required. ICOS-NL will take full advantage of the
available Dutch expertise and will develop, in cooperation with Earth Networks, the world's first high-density
observational system for GHG measurements. These measurements form the basis of estimates of GHG sources and
sinks of the Netherlands at high spatial and temporal resolution. These estimates will be made by merging all the
observations with high-resolution transport and ecosystem models (see Fig. 1). Tools for this challenge are
available, and will be further developed in the “development and innovation” part of ICOS-NL (e.g. Peters et al.,
2010). Another challenge will be to move the operation of such a network from science to operational mode, by
using innovative and cost-effective new technologies in measurement techniques and network operation logistics.
Methodology
Measuring atmospheric gases at the precision required for modeling and producing inventory reports is not an easy
task. Choosing the right instrument is really just the beginning. Important considerations prior to purchasing
equipment include:
•
Proper siting of the instrument
•
Determining measurement heights
•
Method and frequency of instrument calibration
•
Metadata requirements associated with every measurement
•
Data archiving and retrieval
•
Minimization of maintenance costs especially in multi-site deployments
Each instrument provides continuous measurements, thus up-time is critical. The site design should minimize
maintenance while maximizing functions that can be done automatically or remotely. The outcome of improper
design could lead to high maintenance costs or worse, a lack of reliable data, both of which would put the future of a
project at risk. ICOS-NL has defined with partner Earth Networks a package for level II GHG observation sites
together with services assisting in the design, deployment and maintenance of GHG observation points. Earth
Networks is currently assisting universities, research institutions and government entities with planning, deploying
and managing GHG sites.
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Instrumentation
The market offers many products that measure fluxes and levels of atmospheric gases. Both ICOS and Earth
Networks have selected the Picarro 2301 Analyzer for all atmospheric sites that will be deployed. The Picarro 2301
analyzer is robust and reliable, with high accuracy and a relatively small drift over time.
To use greenhouse gas concentration measurements for the determination of sources and sinks, the precision of the
measurement is critical. Given the low abundance of the greenhouse gases under study, the measurements are very
sensitive to a range of instrumental and environmental sources of variability., Therefore, such instruments need to
be constantly monitored for their stability, and need to be calibrated often.
In past and present, individual research groups developed their own calibration, cross-check and maintenance
procedures. As a crucial step towards streamlining trace gas measurements ICOS developed in the ATC a
standardized setup for Level I concentration sites for instrument layout and data processing. For the level II sites
ICOS-NL will work together with Earth Networks with a set of stations that work on the equivalent WMO mixing ratio
scales and conform to the same (or even better) standards of precision and accuracy, while even providing real-time
data (compared to the near-real time data in ICOS).
Earth Networks and Scripps Institution for this developed a system for calibrating gas analyzers and monitoring their
ongoing wellbeing. The system includes a calibration box and two air tanks. The tanks are filled with air that
contains known levels of gases. During the calibration process the pipes that deliver air samples to the analyzer are
flushed with “clean” air from the tanks and the analyzer resets to the known gases levels in the tank. The tanks will
last for at least a year at a calibration rate of every hour. However, an hourly rate is excessive and unnecessary
and, therefore, a standard Earth Networks site will calibrate 2-5 times a day.
In addition, the calibration box enables remote operations such as switching between inlets – each obtaining air
from different heights and communicating metadata such as air humidity and pressure of the sampled air. By
packaging the highly regarded Picarro 2301 analyzer with Earth Networks’ standard calibration system, data
integrity is ensured at the point of GHG measurement.
Figure 5: Proposed setup for the
level II atmospheric observation
sites, the resulting data streams
towards end user applications and
visualization

A Public-Private partnership
As a private sector partner of the ICOS-NL consortium, Earth Networks will provide a critical service to the project –
the provisioning, installation, maintenance, and data management for five (5) level II atmospheric observation sites
within The Netherlands. These five sites are to be delivered and managed over the entire five year term of the
project. Earth Networks will provide the Atmospheric GHG Tall Tower Network Hardware for four ICOS-NL towers
and contribute an additional fifth station for the term of the project period. The price includes unlimited data rights
for research or other purposes, shipping and handling as well as customs fees and provides an extended warranty
on all of the equipment over the five year term of the project. Also, Earth Networks requests the rights to use the
data from this network within its operational products and services.
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In addition to the five “level 2” atmospheric observation sites, the F3 station on an oil and gas platform in the North
Sea, will be brought to level (2) standards. The station, maintained in close co-operation and with support-in-kind
by the platform’s owner GdF-Suez, is unique as it is the only fixed sea-based greenhouse gas monitoring station to
date world-wide. It will form a valuable overlap between the efforts of ICOS-NL and the ICOS OTC initiatives
2b) Ecological observations
In the mid-1990s long-term continuous measurements of ecosystem water and carbon fluxes became feasible and
ever since the network of stations, where such measurements are made in conjunction with a set of auxiliary
ecosystem observations in soil and vegetation, has been expanding. Dutch researchers played coordinating roles in
the EU-FP5 and subsequent programmes in development of monitoring strategy, -technology and –processing. The
Loobos forest ecological site is one of the world’s sites longest in operation and one of the most researched (and
published) ecosystem flux datasets. The European network expanded quickly to many tens of ecosystem sites, some
operated for many years, some for only one growing season. Within ICOS a subset of these sites (~30), covering a
representative selection of ecosystem types, will be consolidated and harmonised in terms of instrumentation and
data treatment at state-of-art levels. In ICOS-NL we will focus mostly on managed ecosystems, grasslands,
croplands and forest as in our country unmanaged systems are virtually non-existent. The main purpose of the
ecosystem sites is providing a bottom-up estimate of biogenic GHG exchanges. Since they sample a very limited
fraction of the land surface only, scaling such measurements to larger areas is done through process based
ecosystem models. Development, calibration and validation of these models requires not only data on net GHG
fluxes, for which the micrometeorological instrumentation forms the core of a site, but also data on other
environmental variables in soil (e.g. carbon-, nitrogen- and moisture content), vegetation (density, phenology) and
atmosphere (weather, radiation), as well as actual and historic management (e.g. sowing, harvesting, grazing,
fertilizer application in agricultural ecosystems) that control these fluxes. This will also feed into the land surface
model development tasks (see "Innovation and Development").
Methodology
The core of the ecological observations are those on ecosystem fluxes of CO2, CH4, N2O, H2O, and heat together with
ecosystem variables in soil, vegetation and atmosphere that are needed to understand processes. Proper site
selection is crucial where criteria include representativeness of the site for its ecosystem type, homogeneity within
the footprint of the flux measurements and access to information on management (history). The next step in site
design is instrumentation selection and setup, and for non-automated measurements (e.g. soil and vegetation
sampling for lab analysis) proper protocols are needed. On these issues we will closely adhere to ICOS standards.
The core set of instruments should provide-long term continuous measurements, thus up-time is critical, also, or
arguably especially during or following anomalous events and ecosystem disturbances. The site design should
minimize maintenance through automation and remote control where possible, and facilitate personnel access,
intrusive and destructive sampling without disturbing important ecological processes.
Long term continuity and homogeneity of ensuing datasets also requires carefully planned transitions to novel
instrumentation. All the planned ICOS-NL ecosystem sites are operational for many years already using a diversity
of instruments and systems (e.g. open vs closed paths eddy-covariance systems). Moving to instrumentation
prescribed by ICOS will require a sufficiently long overlap in deployment of old and new systems in a range of
conditions, and careful analysis of any differences in resulting data.
The Dutch ecosystem sites will closely collaborate with the ICOS Ecosystem Thematic Center (ETC) responsible for
total ecosystem flux measurements and component fluxes and carbon pools, including data processing and
instrument development. At the same time the sites are open to and actively seeking collaboration with researchers
(agronomists, foresters, plant ecologists, plant physiologists, etc) in order to develop an as comprehensive
knowledge base on its functioning as possible. Obvious candidates include partners of the ESFRI Infrastructure
LifeWatch consortium.
Instrumentation
For the eddy flux measurements of CO2, H2O and CH4 and N2O standardization of the instruments (and data
processing) is a crucial ICOS characteristic and objective. For this reason, the eddy covariance equipment for gas
fluxes (gas analyser and anemometer) will be exactly the same for all the sites (same company and model). The
selection criteria are based on accuracy levels of the measurements, reliability in long-term use, user-friendliness,
remote control accessibility and automatic functioning features, maintenance requirements, power requirements,
initial and running costs. We will follow these standards as much as practically possible (see also Technical Case).
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For auxiliary automated sensors for weather, soil moisture, radiation, etc., standardisation will be less strict, and
ICOS will merely define a set of minimum specifications that the actual instrumentations of the stations shall meet.
Also for the instrumentation and sampling protocols required for measurements of eco-physiological and
management variables at sites, ICOS will define a set of minimum specifications that the actual instrumentations
and procedures of the stations shall meet.
Box 4: Eddy covariance flux measurements
The technique of eddy covariance to directly measure the exchange (‘fluxes’) of energy, water and trace gases
between the surface and the atmosphere, is now over 20 years old and well established. The method is based on
calculating co-variances of high-frequency (10-20 Hz) signals of turbulent air movement and atmospheric
properties such as temperature or gas concentrations, typically taken at the top of a tower extending slightly
over the land surface. Essentially the vertical transport of these gases is measured at this rate, and accumulated
over time, which amounts to a flux at high temporal resolution (30-60 min), representative for several hectares
of land surface upwind of the sensors. The method requires very fast sensors, which are available at reasonable
expense for wind, temperature, water vapour, CO2 and CH4. For other gases such as N2O or isotopes such
instruments are still much more in research mode. Where flux measurements of N2O are needed and relevant
(eg over grassland), before fast sensors become available these fluxes will be measured with chamber methods
(accumulating gas in chambers covering the ground) instead. The latter methodology is well-established (REF).
Apart from well-established corrections and quality assessment procedures, the method comes with some
inherent uncertainties associated with the nature of turbulence and with the heterogeneity of the land surface.
This uncertainty, however, is usually within 10-20% of the signal and quantifiable (Elbers et al., 2011). Flux
measurements over agricultural surfaces have only relatively recently been implemented (Moors et al., 2010,
Jans et al., 2010). To interpret and generalize (i.e., model) such measurements, not only flux measurements
and current site information are required but also considerable information on land- and soil use history.
The elements of ICOS-NL:
3) Novel observation and modelling techniques
The core infrastructure represented by the Carbon Portal and the high-density observing network pave the way for
scientific breakthroughs and operational GHG monitoring. But as highlighted in Fig. 1, they can only be fully
exploited if a substantial investment is made in the development of numerical methods and measurement
techniques to advance the infrastructure over the next five years. Innovation and development are thus the
keywords to bring ICOS-NL to full bloom. We have defined three themes on which ICOS-NL innovation will focus,
and each theme spans both experimental and numerical modelling techniques. Projects within each theme are all
cross-disciplinary, include multiple partners, and are often undertaken jointly with an industrial partner. The
identified themes are:
1. Fossil Fuel emissions
2. Land-atmosphere exchange
3. Satellite remote sensing
For these three themes we will outline the need for these innovations, the role and relevance to ICOS-NL.
Theme A) Fossil Fuel emissions
In nearly every country in the world including the Netherlands and the EU27 as a whole, fossil fuel CO2 emissions
are the largest annual GHG source on the balance. Emissions from the industrial, residential, and transportation
sector each contribute in nearly equal parts. Across Europe these emissions are relatively well known on a per
country per year basis, as fuel production and consumption is relatively easily tracked from economic activity data.
However, reported emissions are not always reliable (Krol et al., 2003, Peylin et al., 2011, Konovalov et al., 2011),
and reported emission reductions even less so. Given the huge economic value of emission reductions on a near
future carbon market, independent verification of fossil fuel emissions is arguably the largest challenge in GHG
monitoring. This verification needs to be region specific (city), activity specific (road transportation), and accurate
(targets are a few percent per year). One of the most promising tracers for fossil fuel CO2 emissions is 14CO2, the
radioactive isotope that is also used for carbon dating. Since “old” fossil carbon no longer contains any 14CO2, its
release and spread through the atmosphere can be monitored well. Recent work (van der Laan et al., 2010) has
shown the potential to estimate regional fossil fuel emissions from atmospheric 14CO2 measurements in conjunction
with radon (222Rn) from Lutjewad. Palstra et al. (2008) demonstrated that archives of 14CO2, stored as the alcohol in
old wines, still reflect the atmospheric CO2 composition of the time that the grapes were grown in, offering a
potential to monitor regional 14CO2 through plant samples.
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Figure 6: The three themes for
innovation and development of
the ICOS-NL infrastructure.
Central element is the release of
greenhouse gases by human
activity and their sequestration
by natural ecosystems.
Monitoring GHG exchange,
tracking stocks, and attributing
changes using the multiple
constraint method requires
investments in various state-ofthe-art measurement and
modeling techniques.

Radiocarbon
ICOS-NL will develop independent fossil fuel emission verification through instrument development, method
development, and new numerical techniques. Within ICOS-NL, our innovations will align similarly by mapping Dutch
14
CO2 abundance (and thereby fossil fuel derived CO2) across the country using plant samples collected by
volunteers (especially schools). Once the 14CO2 abundance is determined using traditional Accelerator Mass
Spectrometry, the regional fossil fuel emissions can be backed out using plant growth models, and atmospheric
transport simulations. The latter requires so-called Lagrangian modelling in which point source emissions (from
factories, power plants, and traffic) are dispersed through the atmosphere at very high resolution. Such a model
(i.e., FLEXPART, STILT) will be embedded in the ICOS-NL operational modelling suite of TM5 for global and the
mesoscale community model Weather Research and Forecast (WRF) for regional transport.
The ideal future concept will be continuous atmospheric monitoring of 14CO2 on several sites. RUG, in conjunction
with Rutgers University, has started a project towards realizing this goal. The project, financed by industrial partner
Essent/RWE, will be integrated into the laboratory for atmospheric observation innovations
Oxygen
To further separate the fossil fuel contribution from oceanic and biospheric carbon exchange, we will measure the
(relative) atmospheric oxygen concentration at the sub-ppm level. Within ICOS-NL, experience with this powerful
but difficult tracer is available (van der Laan, 2010). Research will focus on (i) improving precision and accuracy of
on-line oxygen measurements, and simplify the measurements where possible (ii) optimizing a new Isotope-Ratio
Mass Spectrometer (IRMS) setup for the whole suite of O2, O2 isotopes, N2, Ar and even CO2, and investigate the
deployment of such an IRMS in situ. The research will be conducted in concert with existing research at the RUG,
especially with a project started late 2010 on transportable observation of atmospheric oxygen aimed at leak
detection of subsurface CO2 storage (financed by the Dutch CATO-2 CCS research initiative). Modelling of this suite
of trace gases to extract process specific budgets for the Carbon Portal will make heavy use of the land atmosphere
exchange research in Theme B).
The measurement and modelling techniques described above are currently not routine and using them operationally
requires further development. Again, the presence of the ICOS operational infrastructure for observations and
modelling greatly leverages this effort and offers a high potential for a breakthrough in methods to monitor fossil
fuel CO2 release at the accuracy and scales relevant for emission verification and attribution. Vice versa, the ICOS
infrastructure goals depend critically on the development of these methods, illustrating the synergy between
innovations and operations.
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Theme B) Land-Atmosphere Exchange
To estimate GHG balances at regional scales, the exchange of CO2, CH4, and N2O with natural and perturbed
ecosystems has to be understood and quantified. Since the GHG balance is not fully constrained by atmospheric
GHG measurements only, a GHG exchange quantification system (figure 4) requires good prior estimates of
exchange fluxes. This becomes particularly important for the envisaged high-resolution systems to be developed
within ICOS-NL. The development of ecosystem models that calculate the GHG exchange with high temporal and
spatial resolution, and the validation and tuning of these models with exchange-flux measurements is therefore
identified as one of the major innovations needed (Schulze et al., 2009). Another area of fast scientific development
is the exploitation of GHG isotopic signatures, which are immensely helpful in informing us about specific exchange
processes. For instance, 13CO2 observations can distinguish C uptake by crop production from that of tree growth
due to the discrimination by plants that use the C3 photosynthetic pathway against the heavier 13C isotope in CO2.
Where 14CO2 is an ideal tracer to track CO2 from fossil fuel combustion, CO2 exchange with oceans and the biosphere
can be better constrained by measuring 13CO2 (Battle et al., 2000, Zobitz et al., 2008), as well as atmospheric
oxygen. In a similar way, additional information about GHG exchange can be obtained from measurements of C18OO
(Griffis et al., 2010), and isotopes of CH4 (Houweling et al., 2006) and N2O (Röckmann et al., 2005).
FTIR and isotope measurements
To assist more accurate GHG balance calculations in the near future, developments in measurement techniques and
modelling are needed. To explore the recent developments in measurement techniques, we plan to use a
Wollongong closed-path FTIR in situ system (Griffith et al., 2010) for observing ambient concentrations of
greenhouse gases at excellent accuracy and precision. The setup allows measuring a full infrared spectrum with a
long integration time to reach the required precision for a large number of gases simultaneously. Currently this one
instrument system is capable of measuring simultaneously CO2, CH4, N2O, CO and 13CO2 in dried air at the WMO
target precision or better.. The on-line, in-situ measurement capabilities of 13C and 18O in CO2 offered by the optical
techniques make them potentially highly valuable, in particular when it comes to constraining CO2 exchange on
smaller spatial and temporal scales. ICOS-NL takes up the challenge to exploit these new measurement techniques.
Moreover, we plan to extend the work already planned in the FP7 project InGOS, by measuring CH4 isotopes. Within
the EU project InGOS, the isotope lab at Utrecht offers an analytical service for CH4 isotope measurements for a
limited amount of air samples. Within ICOS-NL, we will establish a dedicated CH4 isotope infrastructure for the
Dutch and international community, where large amounts of air samples from ICOS partners (and others) can be
routinely analyzed. For CH4 and N2O, state of the art fast concentration measurements (needed for fluxes, see box
4) are being performed by (Quantum Cascade) laser systems. These are, however, not yet routine measurements.
Within ICOS-NL we will work on such systems, and develop them into robust, low-maintenance and reliable
instruments for routine flux measurements.
Forward and inverse modelling
On the modelling side, significant development is needed to develop operational surface models that simulate GHG
exchange with high temporal and spatial resolution, and a long integration time. The surface model is required to
simulate the changes in vegetation and soil pools of carbon and nitrogen under influence of management and
natural disturbances (van der Molen et al., 2011). Management practices include fertilization, crop seeding and
harvesting, grazing (Moors et al., 2010). The models dealing with vegetation and soil pools and processes need to
incorporate isotopic fractionation, to allow the discrimination of different processes in the net fluxes of CO2, CH4
(Petrescu et al., 2010) and N2O (Stolk et al., 2011). In concert with the land surface models, the isotopic
composition also needs to be refined in the atmosphere models TM5 (CO2 and CH4 isotopes) and to the finer
regional scale of WRF and with 18O in CO2. Expertise with GHG-exchange measurements and modelling in the ICOSNL institutes, combined with the presence of world-class researchers in isotope measurement and modelling
techniques in the consortium, as described in section 2 Talent Case, guarantees the synergy needed for efficient and
fast progress in this field. Land surface models that are currently used for the (semi-) operational GHG balance
calculations differ for CO2, CH4, and N2O. Although the driving exchange processes are indeed distinctly different for
these gases, it is highly desirable that efforts are bundled. Such a joined (international) effort is also important and
ongoing in the development of the climate model EC-Earth (KNMI coordinates the development). Also here, accurate
GHG exchange surface models are needed to study the impact of climate change on future concentration levels of
GHGs in our atmosphere.
Theme C) Satellite remote sensing
New satellites
Satellite instruments play an increasingly important role in characterizing and quantifying the chemical composition
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of the atmosphere. This development started with the monitoring of stratospheric chemistry and ozone hole
formation, followed by a gradual shift from the stratospheric ozone layer to photochemical pollutants in the
troposphere, such as NO2, SO2, CO and aerosols. The next challenge is to increase the accuracy of satellite
instruments to a level sufficient to resolve the small concentration gradients of long-lived greenhouse gases.
Currently, a large international effort targets the monitoring of greenhouse gases from space, motivated by the
prospect of a tremendous increase in the number of measurements, in particular, in underdeveloped and poorly
accessible parts of the world that are difficult to monitor from the ground. Pioneering work has been carried out
using SCIAMACHY, which already led to important advances in understanding the global CH4 cycle (Bergamaschi et
al., 2010). CO2 proved to be more difficult, but promising datasets are becoming available from the GOSAT
instrument (Butz et al., 2011). A new generation of satellite instruments is currently under development (OCO-2,
Tropomi) and is planned for launch in the 2014-2015 time frame. These improved sensors will increase the
usefulness for the European domain, which so far received less attention because of less favourable measurement
conditions (cloudiness) and higher performance requirements (due to the already available statistics and the
presence of a surface network). The improved sensitivity and spatial resolution of OCO-2, Tropomi and the
candidate ESA Earth Explorer mission CarbonSat are expected to change this situation in a direction that will, for
example, allow targeting GHG emissions from major industrial centers in Europe (e.g. Randstad, Ruhrgebiet,
Silesia).
Inverse modelling using satellite data
ICOS-NL researchers are not only passive users of satellite data, but actively participate in the development of
retrieval techniques for generating data, and inverse modelling techniques for applying the data to greenhouse gas
source / sink estimation (Meijrink et al., 2008, Bergamaschi et al., 2010, Hooghiemstra et al., 2011). The challenge
is to optimally exploit the combined information that is provided by surface and satellite measurements. This
requires algorithms that can account for internal inconsistencies arising from systematic errors in satellite
measurements and transport models. The way forward is to better characterize those uncertainties, using high
accuracy in situ total column measurements from the Total Carbon Column Observation Network (TCCON) in
combination with the full range of in situ measurements, and high resolution modelling capabilities made available
through the ICOS-NL Carbon Portal.
Within ICOS-NL we will combine the available expertise on satellite data retrieval and atmospheric inverse modelling
to jointly develop improved measurement data sets, initially for GOSAT (CH4 and CO2) and at a later stage for OCO2 (CO2) and TROPOMI (CH4) as measurements become available. This approach has worked well in the past for
SCIAMACHY (Meirink et al., 2008) and is currently also proving successful for GOSAT (Butz et al., 2011). In the case
of CH4, data products have reached a level that allows operational application in the ICOS-NL data assimilation
system. For CO2 the target is to reach this stage by the end of the 5-year ICOS-NL project. Besides the ongoing
algorithm development for use in global models, the activities within ICOS-NL will also take a regional scale
perspective and investigate the application of satellite data to meso-scale (inverse) modelling. The question how
much information is provided by high-resolution satellite measurements in support of resolving meso-scale carbon
fluxes has so far received limited attention, but is becoming relevant in the context of upcoming missions. The
separation between contributions from anthropogenic and natural carbon fluxes is of particular importance for
monitoring the European carbon balance. These activities are highly complementary to the ICOS-NL strategy as
outlined in theme (1) and (2) and put its researchers in an excellent position to take a leading role.
The datasets of CO2 and CH4 satellite measurements will be an important contribution to the ICOS-NL Carbon portal.
The availability of in situ measurements, generated by ICOS-NL, such as CO2 soundings, will assist the
characterization of measurement and model uncertainties. Close cooperation between experts in satellite retrieval
and atmospheric inverse modelling is considered a unique strength of the ICOS-NL consortium. Algorithms for the
application of satellite measurements in the operational data assimilation system will be developed and implemented
as a joined effort.

2 Talent Case
Expanding the Dutch School of Carbon Cycle Science
There is international recognition of the existence of a “Dutch School of Carbon Cycle Science”. Greenhouse gas
cycle and climate change research in the Netherlands has reached high levels of quality with world-renowned
leaders in instrument development (ECN, RUG, SRON, UU), laboratory and field experimentation (ECN, RUG, VU,
UU, WUR), monitoring (ECN, KNMI, WUR, RUG), and modelling (ECN, UU, VU, SRON, WUR). An increased level of
collaboration is already brought about by several European and certainly also national projects (CarboEurope-IP ,
CarboOcean, CcSP, GHG-Europe, COCOS). In the last call of the EU several new projects were granted which are
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coordinated by Dutch Scientists (Amazalert, WUR, INGOS, ECN) or in which Dutch scientist play leading roles
(GeoCarbon, Page21). These historical collaborations make ICOS-NL such a strong bid and provide promising
potential for strengthening further collaboration and excellence. ICOS-NL aims at realising this potential by building
a key central infrastructure, which will initiate closer collaboration and thereby boost the innovative and
interdisciplinary character of Dutch greenhouse gas research. Establishing a central facility such as the data portal
will further strengthen this position and attract junior and senior scientist from ICOS and abroad to the Netherlands.
This improved science environment is the main pillar for attracting talent from abroad and preventing Dutch talent
from leaving the country, for scientific and career opportunity reasons, which is an important and necessary aspect
of the ICOS-NL proposal. ICOS-NL will improve the climate for collaborative greenhouse gas research in the
Netherlands by:
1.
2.
3.
4.
5.

Further strengthening collaboration between participating institutes.
Facilitating access to state of the art research equipment and transparent, quality controlled data
European data archives through ICOS-NL
Developing common (community available) research models related to activities in the data portal.
Creating opportunities for exchange of researchers and students between participating universities
and research institutes.
Offering a platform for enhancing excellence in GHG research in the Netherlands

Excellent collaboration.
Scientific expertise, tools and data are distributed over specialised research institutes in the Netherlands. Regular
collaboration between these institutes exists, but is usually organised on an ad hoc basis, as part of temporary
externally funded projects. It is difficult to invest in strategic lines of collaborative research on the basis of “problem
oriented” short-term research projects. The overarching infrastructural research framework as envisaged within
ICOS triggers the discussion on how scientific collaboration can most effectively be organised in the longer term,
which is what is needed to bring interdisciplinary research to a higher level. Large teams produce exceptionally high
impact research (Science, 2008), even where that distinction was once the domain of solo authors. This suggests
that the process of knowledge creation has fundamentally changed. This is certainly the case for greenhouse gas
cycle research, where the complexity of data collection from various sources and integration of different data
streams requires excellent collaboration between the various partners.
Over the past decades, interdisciplinary research has proven to be an important approach to improve our
understanding of the Earth system. By improving its organisation through the ICOS-NL infrastructure we will
prepare the Dutch interdisciplinary GHG cycle research for the future. The main goal of ICOS is to organise the
monitoring effort to gather high quality data and make it freely available for scientific research and realize the data
sharing and modelling facility as foreseen in the Carbon Portal. At present, especially our young researchers often
spend a excessive amounts of their (Ph.D.) time taking care of measurements, implementing various model codes,
or dealing with inconsistent data sets, and thus only have limited time left for their science. This situation will
improve with the establishment of ICOS-NL as a separate legal entity that takes full responsibility for the routine
side of measurements, data exchange and operational modelling.
Postdoc exchange and meetings
ICOS-NL will not only enable researchers to better focus on science questions, but also guarantees that routine
measurements and maintenance of data archives are entirely operated by dedicated specialists. Similarly, the
processing of large amounts of data requires sophisticated numerical tools. Without sophisticated version
management and software maintenance new model development becomes less efficient and the learning curve for
new students entering the field becomes very steep. Within ICOS-NL, computer specialists streamline the software
development. A highly professional approach to data acquisition and processing in combination with a dense and
high quality measurements network will open up a new suite of exciting research possibilities.
Interdisciplinary research benefits from frequent exchange of students and scientists in the form of temporary
working visits or even part-time jobs. Especially researchers in their post-doctoral phase have the potential to
bridge gaps between research disciplines if they have access to, for example, multiple modelling frameworks or
alternative measurement approaches. In addition, close collaboration between experimentalists and modellers has
proven highly effective. The various meetings that will be organised as part of ICOS-NL, including scientific progress
meetings, thematic workshops, and summer schools will strengthen both national and international scientific
networks. This important component of the ICOS infrastructure and the relative closeness of research institutes in
the Netherlands will facilitate the exchange of students and (postdoctoral) scientists. In addition, ICOS-NL will allow
the appointment of scientists at more than one institute, something that is difficult with the current funding scheme
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in the Netherlands. Last but not least, ICOS-NL will increase the international visibility of Dutch greenhouse gas
research, which will greatly support the advertisement of Dutch research opportunities abroad.
Carbon Portal and Carbon Community Model. Up to now the groups involved in ICOS have run their own
models. ICOS-NL will take the important step of developing a Carbon Community Model, that is based on the
successful TM5 concept coupled to the WRF mesoscale model. Having a single model will allow the group to
concentrate on their complementary expertise and derive maximum synergy from collaboration in ICOS-NL. This will
greatly facilitate the work of researchers and make ICOS-NL a real attraction to new and existing talent. The model
will be linked to the Carbon Portal and be made available for other parties. A similar argument holds of course for
the creation of the densest network in ICOS: this has the potential to attract numerous researchers from both the
Netherlands and abroad to study the pressing fundamental research issues related to the interaction of landatmosphere fluxes at regional scales.

3 Innovation Case
Recognized ESFRI infrastructure
In October 2006, the European Strategy Forum for Research Infrastructures (ESFRI) placed ICOS on the roadmap
for Research Infrastructures (Environmental Sciences). As such, the importance for society is large, because GHG
science tries to answer scientific questions about the future state of our climate. Independent verification of GHG
balances is another important driver for ICOS (see also item 10, social developments). Emission reductions, either
in individual countries or abroad by financing emission reducing measures, or avoiding deforestation (REDD) need
verification and ICOS will contribute to this. The ICOS-infrastructure also provides benefits for industry. In particular
EarthNetworks, IBM, and various instrument-building companies profit from the ICOS infrastructure since there is a
large demand for accurate measurements, new measurement techniques and eScience (storage, distribution, and
value-adding applications).
Within ICOS, ICOS-NL will provide the Carbon Portal facility. The choice of ICOS-NL to provide this infrastructure is
driven by (i) the excellent ICT infrastructure in the Netherlands (ii) the central role of SARA/NCF in large scale
computing (iii) the presence of IBM in Amsterdam, and (iv) the extensive experience of ICOS-NL scientists with
large scale computing. ICT is one of the priorities of the Netherlands, and links are present with other priorities:
water (Delta-ESB), energy (GHG emissions), and Life Sciences (ecosystem functioning). The development of
eScience for the distribution of GHG measurements, added-value products and outreach material fits very well in the
current societal emphasis (e.g. e-Science, De wetenschap in de 21ste eeuw, Adviesraad voor het Wetenschaps- en
Technologiebeleid, 2011).
Role in National Science Priority
Earth Science in the Netherlands is of excellent quality and currently takes a top-5 position in the world (Research
review Earth Sciences, QUANU, 2010), despite the relatively modest means available in this area. In order to keep
and further build on this position more tight cooperation and building of consortia of the players in this field is
strongly recommended, also to keep attracting new talents to this field. In the Agenda 2020 (KNAW 2011) a strong
plea is made to increase the national investments in Earth System Science and to stimulate the formation of strong
consortia on historically excellent areas in Earth System Science in the Netherlands. The interdisciplinary
cooperation (CESAR) as formed around the measurement facility at Cabauw is brought forward as a typical example
of such initiatives. Also an increase of participation in European infrastructure initiatives such as ICOS are strongly
recommended in order to further strengthen the position of Dutch Earth System Science and at the same time work
on challenging scientific and societal relevant issues. In Europe, ICOS has been identified as a vital infrastructure,
and a large central role of the Netherlands in ICOS will be important for the further development of GHG science in
the Netherlands and for answering burning questions about the future evolvement of our climate.
Expected investments
The required investment in the ICOS-NL facility consists of the purchase of state-of-the-art measurement
equipment, hard- and software (short term, 4.6 Meuro) and operational and development costs (long term, 16.7
Meuro). Return benefits are difficult to estimate. Within ICOS, we expect that smaller member states will use our
large scale computing facilities (paid per CPU hour). Linked to the Carbon Portal, we will install an operational GHG
exchange quantification system, based on our models (WRF, TM5) and GHG measurements available through the
Carbon Portal. We will also provide top-down estimates of GHG balances of European counties. To quantify the
potential benefits, we can take the Dutch Kyoto target (6% less GHG emissions in the period 2008-2012 compared
to 1990). According to this target, the Netherlands should emit less than 200 million tons CO2 equivalents averaged
over 2008-2012. The latest emission figures (source: Emission Registration) show that the 2010 emissions were 211
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million tons CO2 equivalents. The surplus of 11 million tons, which should be obtained by emissions reductions
elsewhere, can be valued according to the current price of CO2 emission rights (about 15 Euro per ton) and thus
amounts to 165 Meuro.

4 Partnership case
Figure 7 outlines how the structure of ICOS-NL and the relations with the operational ICOS as established legal
entity (ERIC) are foreseen. The Carbon Portal infrastructure will be run from the legal identity ICOS-NL. Most likely
this entity will be established as a foundation under Dutch law. This entity will employ the staff required for the
infrastructure (see science case). Similarly the GHG observation and ecological stations will be run from ICOS-NL.
ICOS-NL responds to ICOS ERIC in various ways. The Central Facility “Carbon Portal” will establish a legal relation
with ICOS-ERIC. It will be treated at the same level as for instance the ecological or atmospheric thematic centre.
The site infrastructure enter a relation with these latter two centres, partly expressed through the payment of a fee,
but more importantly by the scientific harmonisation and standardisation of the overall European site infrastructure
that is pursued by these centres.
The Carbon portal will greatly enhance the visibility of the Dutch GHG community internationally. The development
of CarbonTracker by NOAA (by one of our current participants) provides a good example of how such a data
dissemination infrastructure, if well designed and tuned to the wishes of stakeholders, boosts the visibility,
attractiveness of the coordination centre (NOAA-ESRL). Establishing a central key facility such as the data portal will
strengthen the position in a similar way and attract junior and senior scientist from ICOS and abroad to the
Netherlands. In fact it will soon exceed the capacities at NOAA, once it gets established as its use of open source
data exchange protocol, the collaboration with an IT partner (its novel concept of ESB) and the collaboration with
Earth Networks, who have a long standing expertise in providing weather information to policy makers and public.
The Carbon Portal as currently envisaged will be unique in the world.
Figure 7. Structure and legal
relations and information flow
between ICOS-NL, ICOS-ERIC
and ATC and ETC. The arrows
denote either legal
relationships (ICOS-NL and
ICOS-ERIC) and show how the
two main infrastructure
components of the Carbon
Portal and site infrastructure
are governed by ICOS-NL (see
also figure 7).

ICOS-NL not just provides a number of sites to ICOS, it provides what will be the world’s densest observation
network of GHGs and its exchange fluxes to date. This unique contribution is made possible through collaboration
with Earth Networks, and is considered unrivalled in the world. As argued before in the science case, the level of
population density, fossil fuel use, and agricultural emissions calls for such a high density network.
The ICOS-NL partnership is a strong collaborative effort between research institutes that have a long track record in
monitoring and supplying high quality data to international networks (KNMI, ECN, Alterra) and Universities with an
equally strong track record in innovation in experimental techniques (RUG, UU) and modelling (WUR, VU). It is
precisely this combination that makes ICOS-NL a strong player in the international GHG community. Now, in the
current project we aim to extend this collaboration with key industrial partners in this field such as Earth Networks
and IBM.
Earth Networks, a US led company, is a pioneer and leader in the area of deployment and operations of
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environmental monitoring systems. For nearly twenty years, the company has been operating real-time weather
sensors on a network scale unmatched by any other organization. Professional grade instrumentation is deployed
with high density and in a multitude of locations from rooftops/buildings to open fields to tall towers. Additionally,
expertise in the operation of automated chemical monitoring analyzers and manual flask collection for determination
of atmospheric concentrations of such gases as carbon dioxide and methane has been performed in recent years.

5 Business case
5.1 Total Costs
An overview of the total budget for ICOS-NL for the 5 year initial period and a project life-time of 10 years is shown
in the above table. Initial investments amount to 4.6 M€, most of this will be invested in the first year of the project.
A substantial part of the budget is expected to be contributed by the partners and from fees from the ICOS
members (see 5.2). In order to assure a quick start-up of the project and to allow early delivery of a working Data
Portal the investment in man hours is largest in the first two years of the project. In the fifth year most of the
innovation work will have ended and then the products will be consolidated into the infrastructure. In the
operational phase after the five year project the personnel costs have decreased from an annual of 2.8 M€ per year
to 1.3 M€/year, total costs of the ICOS-NL project are then estimated to be 2.4 M€ per year. Upgrades of hard- and
software are likely to be needed at that time, but the uncertainty on the costs for this are too large at this moment
of time to justify a cost estimate.
Table 1: ICOS-NL total budget for the initial 5 year project period and estimated total costs for a 10 year running
period in (k€).
YEAR 1

ICOS-NL Total Budget

YEAR 2

YEAR 3

YEAR 4

YEAR 5

next

TOTAL 5 yrs

TOTAL 10 yrs

Construction and investment costs
Carbon portal

1020

0

20

0

0

0

1040

1040

Level 1 concentration monitoring

650

0

0

0

0

0

650

650

Level 2 concentration monitoring

725

0

0

0

0

0

725

725

Level 1 flux monitoring

950

0

0

0

0

0

950

950

Level 2 flux monitoring

225

0

0

0

0

0

225

225

Innovation in measurements

840

200

0

0

0

0

1040

1040

Innovations in modelling

35

0

0

0

0

0

35

35

Exploitation

1082

1101

1070

1050

987

795

5288

9263

Upgrades

0

0

0

0

0

0

0

0

Personnel costs

2695

2643

2243

2176

1677

1346

11433

18163

Management

254

254

254

254

254

254

1271

2542

8475

4197

3587

3480

2917

2395

22657

34633

Running costs

Other costs
Total

5.2 Non-NWO contributions
Non-NWO contributions are expected from contributions to the personnel rates from the participating institutes ECN,
KNMI and Alterra, amounting to a total of 1.8 million euro over the five year project period. A substantial
contribution of 156 k€ is expected from Earth Networks as a contribution to the level II atmospheric network.
At RUG a new laboratory for atmospheric instrumentation innovations will be facilitated, and a senior scientist
position will be created to lead the efforts. Both items will be financed by RUG, amounting to a contribution to the
investments and personnel costs in the innovation of observations of 500 k€. The concentration of efforts for
observation innovation at this laboratory will make the innovation process more efficient, and will lead to cross
fertilization between the different projects.
Furthermore we expect to receive a fee from the ICOS partners covering 20% of the running costs of the Carbon
Portal facility, amounting up to approximately 209 k€/year. Revenues from added value products from the Carbon
Portal or other parts of ICOS and ICOS-NL are not foreseen for the first five years of the project. However,
substantial revenues are certainly possible after that period, depending on how the situation on mitigation policies
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and binding climate treaties evolves in Europe and the world. Overall we expect that 16% of the total budget of the
project can be covered by non-NWO contributions. About 100 k€ contribution from the InGOS FP7 project is
foreseen for the CH4 isotope facility.
Table 2: ICOS-NL budget own contributions from partners and contributions from ICOS fees for the 5 year initial
project period and estimated for a 10 year running period in (k€).

YEAR 1

ICOS-NL non-NWO contrib.

YEAR 2

YEAR 3

YEAR 4

YEAR 5

next

TOTAL 5 yrs

TOTAL 10 yrs

Construction and investment costs
Carbon portal

0

0

0

0

0

0

0

0

Level 1 concentration monitoring

156

0

0

0

0

0

156

156

Level 2 concentration monitoring

0

0

0

0

0

0

0

0

Level 1 flux monitoring

0

0

0

0

0

0

0

0

Level 2 flux monitoring

0

0

0

0

0

0

0

0

Innovation in measurements

250

0

0

0

0

0

250

250

Innovations in modelling

0

0

0

0

0

0

0

0

Exploitation

233

209

209

209

209

209

1070

2117

Running costs
Upgrades

0

0

0

0

0

0

0

0

Personnel costs

514

514

397

397

331

213

2153

3217

Management

11

11

11

11

11

11

54

107

1164

734

617

617

551

433

3683

5847

Other costs
Total
5.3 Requested NWO Financing
Table 3: ICOS-NL NWO requested budget for the initial 5 year project period and estimated budget request for a 10
year running period in (k€).

YEAR 1

ICOS-NL Budget requested

YEAR 2

YEAR 3

YEAR 4

YEAR 5

next

TOTAL 5 yrs TOTAL 10 yrs

Construction and investment costs
Carbon portal

1020

0

20

0

0

0

1040

1040

Level 1 concentration monitoring

494

0

0

0

0

0

494

494

Level 2 concentration monitoring

725

0

0

0

0

0

725

725

Level 1 flux monitoring

950

0

0

0

0

0

950

950

Level 2 flux monitoring

225

0

0

0

0

0

225

225

Innovation in measurements

590

200

0

0

0

0

790

790

Innovations in modelling

35

0

0

0

0

0

35

35

Exploitation

848

891

860

840

777

586

4217

7146

Upgrades

0

0

0

0

0

0

0

0

Personnel costs

2181

2129

1846

1779

1346

1133

9280

14947

Management

244

244

244

244

244

244

1218

2435

7312

3463

2969

2863

2367

1962

18974

28786

Running costs

Other costs
Total

The total budget requested from NWO to cover the project costs not covered by contributions from the consortium
and ICOS are shown in the above table. Costs for upgrades of hard- and software after the 5 year initial project
period have not been estimated here, for the reasons explained in 5.1.
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5.4 Cost risks and mitigation measures
A substantial part of the investments in equipment will be spent in non-European companies, mainly the USA. The
associated risks in currency fluctuations are hard to assess, especially in the light of the current unstable world
economic situation. In case of significant price increases expressed in Euros, we will consider the spread of
investments over longer periods to await lower prices, negotiate for lower prices with suppliers or ultimately reduce
the number of instruments being acquired.
The personnel costs for the ICOS-NL budget have been based on the current tariffs for NWO funded research,
version 1-7-2011. We assumed a 100% own contribution on top of the NWO rates for the institutes ECN, Alterra and
KNMI. One of the risks is that in the coming years these own contributions cannot be sustained, for example due to
reductions in the base subsidies for the institutes or a strong reduction in external associated projects from e.g. the
European Framework Programs. These risks are, for as far at this moment can be said, small. When this occurs, we
will have to try to reallocate tasks to partners with lower rates or will eventually transfer expertise and/or work to
the ICOS-NL institute.
Another risk is the possible end of the cooperation between ICOS-NL research partners and the business partners,
for example due to bankruptcy or loss of interest of a business partner. We consider this risk low, as we have
carefully select our business partners to be solid and healthy companies with long-term vision and commitment to
the scientific research subject of this project. As the relevant investments are secured in the first year of the project
changes in the longer future will not heavily affect the viability of the project. In case the cooperation with the Earth
Networks company would end preliminary, the level II atmospheric stations can be run by the ICOS-NL consortium
at more or less comparable costs, but we would lose one station in the network, requiring an investment in the
order of the foreseen contribution of the Earth Network company.

6 Technical case
The Carbon Portal
The software architecture for the Carbon Portal needs to be state-of-the-art. Various activities in the Netherlands
are currently seeking similar solutions for the coupling and distribution of large amounts of data. For instance, the
“Digital Delta” infrastructure appears very similar to the ICT-infrastructure we want to develop for ICOS. The
rationale behind the Digital Delta is to develop a robust, scalable and reusable infrastructure. As mentioned earlier,
our advisor IBM-research is currently involved in a feasibility study, in which private and academic partners will
share data through an ESB. Aligned with our needs in ICOS, this infrastructure will be ideally suited for (i) data
distribution and analysis (ii) visualization and outreach. Our specific expertise with the operational CarbonTracker
gives us a good starting position, from which we will extend the service to other GHGs CH4 and N2O, to higher
resolution modelling, implementation of new observational streams (satellite data), and computational services for
other partners in ICOS. Technically, there are no serious limitations, and the large experience of IBM is available on
consultancy basis. The ICOS infrastructure will be housed at the excellent national facilities at SARA/NCF and
consists of computers, disk space, and fast internet connections. Partners within ICOS and external partners can link
data and services to the ICOS ESB, which will become the major GHG-data distribution centre in Europe.
One of the major challenges for the Carbon Portal is the communication with the other ICOS partners. Currently,
GHG measurements are stored in different repositories in Europe, in different formats, with often unknown data
quality, and sometimes available upon request only. Our approach will be to move our data-assimilation system for
CO2, CH4, and N2O into an operational phase. Multiple measurement data streams are required to operate these
systems and to validate the GHG balance calculations. These data-streams are collected, quality-checked, and
coupled to the Carbon Portal together with the calculated GHG balances and assessments of the associated errors.
Other ICOS partners will be provided by a set of software tools to access these data through the Carbon Portal, and
to couple potential additional data to the Carbon Portal. Man-power will be available to assist in these operations,
and international meetings with the main ICOS data providers and data-assimilation experts will be organized to
discuss needs and wishes outside ICOS-NL. Finally, a broader public will be able to access the data through
dedicated applications, explaining GHG science and presenting real-time measurements.
The infrastructure of the ICOS-ESB closely resembles the ‘Delta-ESB’, an initiative around Open Data sharing of
heterogeneous measurement data and models that are used in the water management and water research sectors.
IBM is currently involved in a feasibility study, in which ten combinations of private and academic partners will
access a large number of data sources through the Delta-ESB and add value (data interpretation, analysis,
visualization) for potential end-users from private, public and academic sectors. In this study a case will be defined
around the ICOS-ESB, allowing for a quick start. Results of this pilot project will be presented October 4th, 2011. In
subsequent stages a dedicated project will further develop the ICOS-ESB in consultation with all national and
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international partners.
Reliable observations
Reliable, trustworthy observations in the atmosphere are the prerequisite for the ICOS operation as a whole. For
atmospheric concentration measurements, the accuracy of the measurement result is of utmost importance:
accurate and well-maintained calibration, a reliable preferably linear behaviour, drifts as small as possible, etc. For
Eddy covariance measurements, high temporal resolution, linearity and precision are the most important aspects.
For both fields, methods should also be economical, which includes purchase and installation costs, but most of all
low, as well as low-tech, maintenance.
Greenhouse gas concentration observations
The challenge of measuring continuous high precision and accurate ambient concentrations of greenhouse gases
with minimal data loss for calibration, maintenance or instrument failure has been strongly reduced with the arrival
of reliable, precise, accurate, ultra-low drift and low maintenance instruments on the market, all based on new
optical techniques like Cavity Ringdown Spectroscopy. In ICOS preparatory phase several instruments have been
put to the test, and the instrument chosen from the candidates displayed an excellent performance and reliability in
the ICOS demo experiment (in Cabauw and the French OPE station). The same instrument has been chosen by the
Earth Network company for their global network and also other networks like that of NOAA and of China will
standardise on this instrument of choice. In order to establish the link with the existing data series from Cabauw
and Lutjewad and to detect and correct for any possible offsets, inconsistencies or defects in any method, we will
continue to run the older measurement instruments in parallel for at least one or two years, but then we will phase
out the old measurements as far as possible in order to save on maintenance costs. In the innovation part we will
work with partner companies on developing further promising optical techniques like the in-situ closed cell FTIR into
market ready application and will follow the developments in CRD systems on the market.
Network design
In the extended network our partner Earth Network will deploy the station setup they designed together with the
international experts and reference labs from NOAA and Scripps, all connected to the same concentration scale and
QA/QC strategy as the ICOS network. The professional experience of Earth Networks with a global network of
several thousand meteorological station will guarantee a smooth operation of the atmospheric Level II stations.
Risks involved include the disturbance of measurements by local emissions, that can be avoided by selecting
carefully the sampling locations. Logistical limitations are here the availability of existing (telecommunication)
towers as these are located by definition in non-rural areas. We are in close contact with the logistical people of the
candidate towers that can provide the access needed. If for some reason a potential tower turns out to be suboptimal or not available we will consider erecting a small alternative tower of adequate height (about 60 m agl). For
concentration observations only a minimal tower structure is needed that carries 2 small 1/4" dekabon tubings to
two sampling levels and a small instrument container with minimal power consumption.
Data processing and standardization of GHG instruments
All data processing from raw data to actual calibrated and drift corrected observation units (concentrations) will be
performed by the ICOS ATC en the Earth Networks data processing units. In case one of these systems fails we can
use the open source code developed by the ICOS ATC to process the data streams within the ICOS-NL data portal.
Instrument failure of the CRDS systems can be corrected by using the spare backup instruments that will be
provided by the ICOS ATC for these cases. This is one of the advantages of choosing standard equipment in the
coordinated European network. In the innovation part we will work with partner companies on developing further
promising optical techniques like the in-situ closed cell FTIR into market ready application and will follow the
developments in CRD systems on the market.
Eddy Covariance flux measurements
Direct measurement of GHG fluxes at the scale of individual ecosystems is of great importance for understanding
their behaviour and the main processes behind these dynamics across a range of time scales. For many ecosystems
it is crucial to address the three GHGs (carbon dioxide, methane and nitrous oxide) simultaneously, because each
contributes significantly to the total GHG balance and because their fluxes are linked at physiological levels in
vegetation and/or soil. This basic linkage explains why manipulation of one of these GHGs (mitigation) may also
affect the emissions of the others.
Two basic techniques are available for in-situ flux measurements: eddy-covariance and closely related techniques
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that target spatial scales on the order of km2 and chamber based techniques that target spatial scales of m2. The
first is generally preferable since it integrates a lot of within ecosystem spatial variation, but technical limitations
(i.e. the availability of sufficiently fast response GHG sensors) make that we may need to fall back to the latter
technique. Within ICOS-NL (as in ICOS) we aim to continuously measure fluxes of CO2, CH4 and N2O at each of the
flux sites using eddy covariance (EC) based techniques. In EC research either closed-path or open-path designs of
high-speed gas analysers are widely used. Typically such devices for H2O and CO2 use NDIR technology due to
combination of good performance, low cost, field robustness, low maintenance and power demands. For CO2 the
instrumentation and processing methods are well developed and robust allowing for continuous monitoring for many
years and monitoring uncertainties are reasonably well established (Elbers et al., 2011). Recently, new analysers
have been developed to measure also fluxes of CH4 and N2O using laser spectroscopy. For methane we are entering
an era where quasi-continuous, eddy covariance measurement have become feasible (Dolman et al., 2008). This
ability is associated with recent technological advances in commercially available and affordable, laser
spectrometers that are suitable for measuring methane concentrations at sufficiently high sampling rates.
Non-CO2 fluxes
For measuring N2O fluxes the situation is still more challenging. For eddy covariance systems, only closed path
systems based on quantum cascade lasers are currently field-tested. Though feasibility for continuous operation in
campaigns (i.e. up to several months) has been proven, problems with possible underestimation of fluxes remain to
be solved. For multi-year continuous operation several steps still remain to be made. As a result chamber based
systems are still often preferred despite scaling problems associated with such very local and often also still
discontinuous (when hand operated) measurements. Also in ICOS initially (automated) chamber-based systems will
be used, until instruments practically suitable for (disjunct) eddy covariance come available (see also Innovation).
For CO2 and CH4 open and closed paths systems exist and give very comparable results, for N2O presently only
closed path systems exist. However, in either system intensive data processing is required and optimal correction
procedures for density and spectroscopy effects (open path) or synchronisation and spectral losses (closed path) are
continuously being refined. Therefore it is important to always save raw data to allow reprocessing according to
state-of-art insights at any time, and thus minimizing the risk of non-correctable monitoring errors when the most
modern instruments are used.
Progress since 2008
In ICOS preparatory phase a large number of alternative equipment have been explored and tested in order to find
the right candidate for the instrumentation needed in the network. Also a lot of work has been invested in the
design and setup of the measurement systems and data processing software. As a result the Picarro G2301 system
has been selected by ICOS as the instrument of choice. This instrument complies to all demands on reliability, drift,
precision and maintenance costs. In the demo experiment this instrument will be tested in practice and compared to
existing systems and the travelling standard instrument (an in-situ FTIR system), together with testing of the
developed data processing software. Cabauw has been selected as one of the three sites for the demonstration
experiment in the atmospheric component of ICOS and the demo experiment has been running at Cabauw since
April 2011 and will continue until November 2011. Similarly for eddy covariance measurements an intercomparison
has yielded the Gill Sonic and the Licor 7200 as key instruments. These will be installed at all flux stations.

7 Possible focus for the Netherlands
A crucial central facility
Our ICOS-NL team has the realistic ambition to win the coordination of the Carbon Portal central facility for Dutch
members. This ambition is based on the high level of experience, quality and organisation that already exists within
the Dutch groups, and on the fortunate fact that the Netherlands are in the vanguard of ICOS with this present call:
an already established facility in the Netherlands will have a high chance of getting one of the central roles.
Many of the other contributions to ICOS, mentioned in the science case, are all co-operative ventures between two
or more of the ICOS-NL partners: existing and new atmospheric stations RUG & ECN, existing and new flux
measurement sites WUR and VUA, model infrastructures WU-SRON-VU-KNMI, innovative instrument development
RUG-UU-ECN-WU. In more detail, even more groups work together on various sub-themes: IMAU-UU will co-operate
with both the atmospheric and flux partners to improve existing and add additional measurement techniques
concerning fast-isotopic measurements of 13C. UU-SRON will participate within ICOS-NL as the institute with worldclass expertise on satellite observations of green-house gases. Existing and upcoming satellite observations of CO2
and CH4 will be made available for assimilation in the ICOS-NL and ICOS models. As the central facilities obviously
will not exist when ICOS-NL starts, analyses and quality control, that in a later phase will be the task of the central
lab(s), will have to be accomplished by the ICOS-NL partners. Investments in these techniques, for example in the
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highly precise measurements of atmospheric oxygen, will still be valuable, since they will add to the common
expertise in ICOS, and strengthen once more the role of the Dutch researchers.
ICOS-NL is aiming to take the task of coordinating of the ICOS Carbon Portal Facility. The Carbon Portal of ICOS will
be the most sophisticated open network for the distribution of European GHG measurement data, and will connect
ICOS with the global observation networks (GAW, GEOSS), also providing value added products across the EU, to
national stakeholders and to the key central facilities. The Carbon Portal will be developed together with the other
ICOS partners in an open cooperation, based on the user needs and using open standards. Part of the Carbon Portal
will also be to provide ancillary data and a test bed for other data assimilation systems, together with
supercomputing facilities, that will allow to perform multi-model inversion comparisons and ensemble calculations, It
can also provide ICOS members without national facilities with a framework for a regional data assimilation systems
linked to optimized fluxes and boundary conditions from our state-of-the-art global modelling frameworks.

Dissemination
Dissemination to the general public and the scientific community is an essential task of projects like ICOS. Userfriendly, open and transparent access to all data is essential to convince the public (as tax-payers) of the usefulness
and quality of the project and to communicate what the project results tell us on the Earth System and how we
interact with it through our actions. The Carbon Portal is an important tool for this task as it will allow us to
communicate the observations and the flux products directly and where possible real-time with the public, policy
makers, the scientific community and companies. A significant part of the effort in the Carbon Portal will be invested
in presenting the ICOS data and model products on the Carbon Portal web-site, all in cooperation with the ICOS
headquarter, in forms that the general public and the other target audiences understand and appreciate. We will use
the latest web technologies to enable the maximum interactive experiences for the public.
The Carbon Portal will also bring the observations close to the users by presenting the 'school web' CO2 Class-B
observations real-time to the public and the participating schools. We of course hope that this contribution to the
education of our children will increase the interest and involvement of our youth with the environment, climate and
the science that enables us to better understand and interact with our Earth System for a sustainable future.

8 Critical mass
Previous projects
The foundations for the observational capability of the consortium around ICOS-NL were laid by participation in
European projects (FP4-FP7) and later the Climate changes Space Planning (CcSP) programmes, while model
development also took place at JRC-Ispra and NOAA. After the discovery of 14C in 1948, the RUG was among the
very first labs in the world to start a 14C analysis facility, based on radioactivity measurement. In the early 1990s
the group under Prof. Mook acquired one of the first accelerator mass spectrometer installations explicitly designed
and built for 14C analysis. Since the very beginning, 14C has been used as a fossil fuel tracer. This work got
intensified ever since the first FP4 projects that dealt with carbon. The lab is considered one of the most experienced
in the world. Dutch researchers were among the first in the late 1990s to recognise the potential of long term eddy
covariance measurements for water and carbon fluxes, and over the years they have contributed substantially to
the further improvement of the method (Alterra, VU). The first long term eddy covariance observation site in the
Netherlands was established in 1997 at Loobos. The Loobos data set is still one of the most frequently used in
modelling and integration studies worldwide Dutch researchers were strongly involved in writing the 2000 much
cited Nature publication describing the first results of the FP4 EUROFLUX project. As part of EU and CcSP
programmes a further set of five sites was established that now routinely measure CO2, and some also N2O and CH4.
In the CcSP/CarboEurope project, the VU Amsterdam was the first in the world to make direct observations of CH4
fluxes by the eddy covariance technique using a new fast CH4 response analyser (cavity ringdown spectroscopy
meter). This technique is now being considered for other sites in the world and as standard for ICOS. The degree of
collaboration and coordination in European carbon cycle research was considerably strengthened when the
CarboEurope cluster of projects (FP5) and the CarboEurope Integrated Project (FP6) were formed. The coordinator
of the current proposal was the chairman of the CarboEurope cluster. A timely workshop at the Royal Academy of
Sciences in Amsterdam defined the blueprint of a future greenhouse gas observation system in Europe. The current
ICOS design follows almost directly from this workshop. In 2009 a landmark publication appeared in Nature
Geoscience in which the results of several of these projects were integrated and that provided for the first time a
fully integrated GHG balance, albeit with considerable uncertainties, of Europe. Several of the current team coauthored this paper (Schulze et al., 2009).
Dutch researchers (Alterra, VUA, ECN) led the first European projects with emphasis on regional aspects of the
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carbon cycle and implemented the first set of tall towers, now the backbone of this proposal (CHIOTTO, TTorch).
Installation of a network of ceilometers to determine the atmospheric boundary layer height was a key innovation in
the experimental capability (WUR, KNMI), helping the regional modelling and data assimilation.
The development of the modelling capability took place at SRON, NOAA, UU, Ispra and now WU. TM5, a zoomed
atmospheric chemistry transport model is considered to be world leading and was largely developed by Dutch
researchers; it forms the basis of what is arguably one of the current best carbon assimilation system in the world,
CarbonTracker.
Innovative science
Individual researchers involved in this proposal have been involved in various novel findings, among which the, still
controversial, finding of a dry CH4 source in plants and development of isotope and oxygen measurements. The
group as whole, has over the years of collaborating together in various projects, developed a strong coherence and
complementarity (see also 10, willingness to collaborate). Working together in ICOS(-NL) and will allow them to
capitalise on this and consolidate their position as one of the top groups in the world.
High level publications
This is already evidenced by a large number of new publications including in Science (Krol, van der Werf,
Röckmann), Nature (Dolman, Peters, Houweling, Röckmann), and PNAS (van der Werf, Peters), successful personal
applications for a VIDI (Peters), VICI (Röckmann), and ERC (van der Werf) grant, and leading positions in the new
FP7 EU programs focusing on the GHG budget (InGOS, GEOCARBON, GHGEurope, and Amazalert). Finally, several
PhD students started their scientific careers with the university professors in our consortium since our last bid for a
national infrastructure, demonstrating the vitality of ICOS-NL and the cutting edge nature of our work. Dutch
scientist have participated in the executive board of ICOS and played important roles in defining the standards for
the observing stations and
Critical mass
With all PhD’s and postdocs counted, the number of FTE’s working on GHG subjects relevant to ICOS is about 50 full
time equivalent. This is a significant component of environmental (geo)sciences in the Netherlands and sufficient
number to warrant the investments required to set up ICOS-NL. Furthermore the groups have proven track records
both individually, as well as the “Dutch School in Carbon Cycle Science”. This critical mass provide an excellent
starting point for further consolidation and development.
Five of our top publications:
Wouter Peters, Andrew R. Jacobson, Colm Sweeney, Arlyn E. Andrews, Thomas J. Conway, Kenneth
Masarie, John B. Miller, Lori M. P. Bruhwiler, Gabrielle Pétron, Adam I. Hirsch, Douglas E. J. Worthy, Guido R. van
der Werf, James T. Randerson, Paul O. Wennberg, Maarten C. Krol, and Pieter P. Tans (2007) An atmospheric
perspective on North American carbon dioxide exchange: CarbonTracker. PNAS 2007 104 (48) 18925-18930;
doi:10.1073/pnas.0708986104
Schulze, E. D., Luyssaert, S., Ciais, P., Freibauer, A., Janssens, I. A., Soussana, J. F., Smith, P., Grace, J.,
Levin, I., Thiruchittampalam, B, Heimann, M., Dolman, A. J., Valentini, R., Bousquet, P., Peylin, P., Peters, W.,
Rödenbeck, C., Etiope, G., Vuichard, N., Wattenbach, M., Nabuurs, G. J., Poussi, Z., Nieschulze, J., Gash, J. H., and
the CarboEurope Team: Importance of methane and nitrous oxide for Europe’s terrestrial greenhouse gas balance,
Nature Geoscience, 2, 842–850, 2009
Houweling, S., G. van der Werf, K. Klein Goldewijk, T. Röckmann and I. Aben, Early anthropogenic
emissions and the variation of CH4 and 13CH4 over the last millennium, Glob. Biogeochem. Cycl., 22, GB1002,
doi:10.1029/2007GB002961, 2008
van Huissteden, J., C. Berrittella, F. J. W. Parmentier, Y. Mi, T. C. Maximov & A. J. Dolman, 2011.
Methane emissions from permafrost thaw lakes limited by lake drainage. Nature Climate Change 1, 119–123
doi:10.1038/nclimate1101
S. A. Montzka, M. Krol, E. Dlugokencky, B. Hall, P. Jöckel, and J. Lelieveld (2011). Small Interannual
Variability of Global Atmospheric Hydroxyl, Science: 331 (6013), 67-69. [DOI:10.1126/science.1197640]
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9 Embedding
By uniting leading national (ICOS-NL) and European (ICOS) partners in a single infrastructure, with uniform
measurement protocols and models, ICOS will become the world-renowned institute that will communicate
greenhouse gas cycle knowledge with European, national and local governments, companies and the public. ICOS
itself is the first of its kind in the world and will therefore perform an exemplary role to other continents.
ICOS-NL is part of the distributed large scale facility ICOS. This will acquire legal status as a European Research
Infrastructure (ERIC). From the current proposal to the European council: “An ERIC is a legal entity with legal
personality and full legal capacity recognised in all Member States. It is based on membership: its members
(Member States, third countries and intergovernmental organisations) jointly contribute to the achievement of the
objectives of an ERIC, primarily the establishment and operation of a research infrastructure of European
importance. Its internal structure is very flexible, allowing the members to define, in the Statutes, their member
rights and obligations, the organs and their competences and other internal arrangements.”
Governance structure.
The ICOS-NL partnership will consist of a legal entity (foreseen is "Stichting" under Dutch Law) that will run the
operational part of the Carbon Portal and the site infrastructure in collaboration with Earth Networks. The board of
this entity, ICOS-NL, will be composed of participating universities and institutes (Figure 8). The participating
organisations have signed a Letter of Intent that indicates their willingness to collaborate in setting up ICOS-NL.
At the European level, a number of countries (Finland, France, Germany, Netherlands, Italy amongst others) have
signed a letter of Intent that gives Finland the brief to explore the foundation of an ERIC for ICOS. The Netherlands
Secretary of State for Education, Culture and Science has signed this LoI on 3 August 2011. Prof. Dolman is
currently a member of the task force of ICOS that draws up a draft set of regulations for ICOS, such as voting rights
and participation entry qualifications.

Figure 8. Proposed governance structure of ICOS-NL as part of the ICOS European Infrastructure. The ICOS-NL
block in the middle is the Dutch legal structure (Foundation) that will run the key infrastructure contribution, the
atmospheric and ecological observatories and the Central Carbon Portal Facility. These are integrated into the ICOSERIC, currently under development. The participating institutes are represented in the ICOS-NL. The ICOS-NL entity
will also be related to the other central facilities, for which a fee will be asked.
ICOS-NL will be managed by a small office liaised to VUA consisting of an executive director with part time
administrative support and the chairman. The chairman will be chosen among the participating partners for an initial
period of three years. ICOS-NL will be supervised by a board that contains representation of participating partners

31

National Roadmap for Large-Scale Research Facilities

ICOS-NL

1
2
3
4

General information
Research proposal
Timetable
Declaration/signature

at the level of deans and directors of institutes, representatives of key stakeholders from government departments
(VROM, VenW, EZ, and LNV), It may also contain a representative of ICOS. The PI’s of the institutes form an ICOSNL scientific steering group. The relation between the ICOS Infrastructure and ICOS-NL will be legally binding and
will be given by the ERIC regulation and the way this is implemented in ICOS. Within ICOS specific advisory boards
exist to align the purposes of ICOS with those of the global (WMO-GAW, GCP,GEOSS,GCOS,GTOS) carbon and
greenhouse gas observation programmes. It is expected that Dutch scientist will take part in the advisory bodies of
other facilities. The Dutch Government has voting rights within the ERIC once funding is established.
The distributed nature of ICOS site infrastructure is a vital element of ICOS, as the larger part of the infrastructure
will be nationally based. In such a distributed large-scale facility, international co-operation is pre-programmed.
Many groups in Europe, including the Dutch partners, will contribute to the network by operating their measurement
site(s). They will closely work together in the design of the optimum ways of measurement for the different types of
sites, in co-operation with the atmospheric and ecosystem thematic centres that are being established in
France/Finland and Italy/Belgium/France respectively.
ICOS partners who get awarded one of the central facilities such as the Carbon Portal, will by default become more
influential in the whole ICOS process, although the precise level of influence such as voting rights is being discussed
at present as part of the development of the ERIC. Several ESFRI projects are in the process to establish
cooperation in order to add value to their operations. This holds especially for the Integrated Carbon Observatory
System (ICOS) and LifeWatch.. These infrastructure projects are interested in a monitoring network of ecological
observatories, and synergy between monitoring sites will be explored. Another issue is data management and
interoperability to promote the scientific use of the data from both infrastructures. The latter is a priority issue in the
Dutch research community. Our Carbon Portal facility addresses key elements of this priority.

10 Proven willingness to collaborate
Letter of Intent to collaborate on ICOS-NL
Since 2008 the partners of this proposal have strengthened their collaboration in various ways. As mentioned above
a number of times, they work together in producing joint papers (Science, Nature Geoscience, PNAS), participated
in NL funded projects in the Climate Changes, Spatial Planning programmes and worked together in several EU
funded programs. In recent years they have increasingly worked together as a team in obtaining considerable
participation in EU programs (e.g. InGOS, GEOCarbon). To formalize this relationship and prepare for the current
application and the establishment of ICOS-NL, the partners signed a Letter of Intent in the summer of 2011 to
1. Share the knowledge of the partners in the field of GHG research
2. Work together in informing each other of new subsidy opportunities
3. Communicate as best as possible and operate in a coherent partnership.
The LoI was signed by the directors of institutes, CEO of Universities and presents the framework for further
collaboration. The LoI was formally launched at 18 August under considerable attention of national press (e.g. 8
o’clock news).
The VU has undertaken to coordinate ICOS-NL as expressed by the LoI. VU has been coordinating the COCOS
coordination action of carbon observing systems that produced the GEO-Carbon Strategy report. VU has long
experience in coordinating large interdisciplinary projects, and has recently, through its start of the Amsterdam
Global Change Institute, an interdisciplinary, interfaculty research institute, restated its intention to expand its
activities in this field. For ICOS-NL VU will establish a legal entity, most probably a foundation under Dutch law
under which the Carbon Portal facilities and the site infrastructure will fall. In the buildup of the infrastructure
personnel from ICOS-NL will be based at research institutes and universities, but after 2-3 years the infrastructure
will be run independently (details in the milestones and deliverables table).
Carbon Portal
The Carbon portal will be developed under the leadership of WU. They have the largest experience within the
consortium in data assimilation (with KNMI) and development of the TM5 transport model and CarbonTracker EU.
This expertise will be used to setup the data assimilation facility, the ESB with IBM and the development of the
Carbon Community Model. They will also have responsibility for operating the regional modelling system WRF. The
operational context of the facility is ensured through its placement with the ICOS-NL legal entity. It is expected that
after 1 year the facility will be available as a prototype. In the development of the higher resolution tools, VUA,
KNMI and ECN will perform development work. These partners have worked together previously, resulting on co
supervision of PhD projects and joint publications a.o. in the Climate Changes Spatial Planning project ME-1 and ME2. These collaboration will be pursued in the development of the modelling as part of the innovation of this proposal.
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Observations
The GHG observations will be coordinated by ECN who has long term experience in taking these measurements from
Cabauw and leads InGOS (see inset), the non-CO2 infrastructure project related to ICOS. Partners here are RUG and
UU, who both have considerable expertise (see partnership) in developing innovative GHG measurements,
particularly of GHG isotopes. While RUG is the classic institution for C14 observations, UU has been the world
leading expert in CH4 isotopes. These three institutes are highly complementary and their collaboration in ICOS-NL
is of great added value to the ICOS consortium Alterra/WU will coordinate the ecological observations. The Loobos
site is one of the world’s longest running observatories since it was established in 1997. In collaboration with VUA,
KNMI and ECN several campaigns and other long term observations were established in the Climate changes Spatial
Planning project ME-1. This has also resulted in a large number of joint publications and participation in several new
projects (AMAZALERT, InGOS). KNMI fulfils a natural role as the Netherlands data and modelling centre in the field
of meteorology. Several partners of the current consortium have been involved in strong collaborations with KNMI
through the CESAR project in Cabauw (ECN, WU, UU) and EC-Earth, the new Earth System modelling project (WUR,
VU, UU).
InGOS is an FP7 infrastructure project coordinated by ECN with 35 partners from 17 countries. The partners from the
Netherlands involved in InGOS are: ECN, VU, WU, UU, RUG. The project will run from 2011-2015, total budget is 10.5
M€. InGOS supports and integrates the observing capacity of Europe for non-CO2 greenhouse gases (NCGHG: CH4,
N2O, SF6, H2 and halocarbons). The emissions of these gases are very uncertain and it is unknown how future climate
change will feedback into the land use coupled emissions of CH4 and N2O. The NCGHG atmospheric abundances will
increase further in the future and the emissions of these gases are an attractive target for climate change mitigation
policies. InGOS aims to improve the existing European observation system so that this will provide us insight into the
concentration levels and European and extra-European emissions of the NCGHGs. The data from the network will
enable to better constrain the emissions of NCGHGs within the EU and show whether emission reduction policies are
effective. The data from the network is designed to allow to detect the spatial and temporal distribution (hotspots) of
the sources and to detect changes in emissions due to mitigation and feedbacks with climate change.
To strengthen the European observation system, the project has as objectives:
• Harmonize and standardize the measurements
• Provide capacity building in new member states and countries with inadequate existing infrastructure
• Support existing observation sites and transfer of selected sites into supersites
• Integrate and further integrate marine observations of the NCGHGs with land-based observations
• Improve measurement methods by testing new innovative techniques and strategies
• Test advanced isotope techniques for application in the network to enable attribution of the atmospheric
fractions to source categories
• Integrate data for network evaluation by using inverse modeling and data-assimilation methods and
developments in bottom up inventories
• Link the network to remote sensing data of column abundances from in-situ and satellite observations
• Prepare for the integration of the NCGHG network with the Integrated Carbon Observation System ICOS

Adding value
The added value of working with these institutes in a single consortium is clear. Carbon cycle science is not just
observing the concentration of CO2 in the atmosphere. It also needs reliable information on all aspects of the path of
CO2, uptake and release by plants, transport by the atmosphere. The current consortium brings together expertise
of the participating institutes in a hitherto not possible way. By having a consistent and well-proportioned effort, all
the relevant aspects of carbon cycle can be monitored and modelled. This will greatly enhance the potential for
generating breakthroughs in GHG research as stated in the Science case.

11 Reflection of social trends
The relevance of carbon cycle research
The GEO report on carbon (Ciais et al., 2011) explains in great detail why monitoring the carbon cycle is so
important. The carbon cycle has significant relevance to climate change mitigation and adaptation in three ways:
First, implementing effective GHG management strategies to safeguard climate requires a full knowledge of the
natural and anthropogenic carbon cycle. Today, only about half of the CO2 emitted from fossil fuels remains in the
atmosphere, but we do not know if or by how much this fraction is changing, nor do we understand the forces
driving global and regional changes to land and ocean carbon uptake and release. Individual nations may implement
emission controls but a comprehensive strategy of emission offsets and natural sink conservation must be designed
to effectively curve down the increase of CO2 (and CH4) concentrations in the future and verify that in an
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independent transparent manner. ICOS aims to form the basis of the European component of this system, the
ICOS-NL data facility a key contribution. Second, it is possible that continued GHG emissions will take us past what
is referred to as “tipping points”. Tipping points describe positive feedbacks mechanisms in the Earth system
whereby increased climate forcing leads, for example, to an increase in natural CO2 emissions from the biosphere, in
a spiral of increasing global warming. The impacts of these thresholds, whether in the Arctic, tropics, or elsewhere,
are difficult to specify, much less to quantify. ICOS provides the data and interpretation how close we are to such
tipping points. Third, and finally, uptake of anthropogenic CO2 by the Earth system causes changes to ecosystems,
both beneficial and deleterious. One of these is the fertilization effect, through which plants grow faster in a richer
CO2 environment and thus perhaps sequester a larger fraction of the CO2 emitted by human action. Another is
acidification of the oceans caused by the uptake of CO2 by seawater, with substantial consequences on marine
ecosystems. Therefore climate mitigation measures that target atmospheric CO2 concentrations will also have
collateral benefits such as combating ocean acidification. ICOS provides the data that allow us to quantify these
effects and predict their future scenarios.
It is critical that we quantify and understand the current and potential impacts of the anthropogenic perturbations
on the carbon cycle, both globally and regionally. Selecting the appropriate mitigation options (e.g. changing
agricultural or forestry practices) depends upon this understanding, as do possibilities for sequestration. Although
managing carbon emissions will require the involvement of industry, financial markets, and governments at all
levels, the ready availability of the best possible, accurate and open information will be critical to the success of
these endeavours.
Emission reductions: “trust but verify”
Because of the urgency and potential severity of climate change, it is likely that society will strengthen efforts to
substantially reduce CO2 and other GHG emissions. The UNFCCC talks at Copenhagen and Cajun bear evidence of
both the need and difficulty of achieving consensus for these emission reduction targets. Unlike other large-scale
emission reduction efforts such as the 1987 Montreal protocol against ozone-depleting substances, these will likely
involve many economic sectors of society. Large-scale non-carbon emission reductions in the past have all required
on-going verification to ensure that the desired outcomes are achieved. These include measurements of pH in lakes
and rain for sulphur emission reduction; measurements of ozone and ozone-depleting gases for stratospheric ozone
recovery; and measurements of ozone, other reactive gases, and particulate matter for regional air quality
improvement. The scale, complexity and variability of the carbon cycle, along with the involvement of other GHG,
the global nature of the problem, and the number and variety of emitters and offset options as well as the presence
of natural sources and sinks, make independent verification of the effectiveness of GHG management strategies a
daunting task.
The ability of nations to implement policies that limit atmospheric CO2 and other GHG concentrations will depend on
their ability to monitor progress and determine what is, and what is not working. Uncertainties in existing
observations and analyses need to be reduced substantially to support effective national-level policies and
international reporting on climate change mitigation. ICOS aims to fill this gap. To date, efforts to monitor and
report CO₂ and other GHG emissions have been based mostly on limited land-use observations, self-reported data
on energy use, and extrapolated point-source emission measurements. Such data are known to have many
uncertainties that limit their ability to support GHG management strategies. This presents a challenge to
implementing the range of GHG policies that are being discussed in many countries. These policies include
supporting treaty negotiations, verifying treaty obligations, certifying tradable permits, offsetting GHG emissions,
and providing more accurate inventories of emissions and offsets. UN-level negotiations on the inclusion of land use
activities in developing countries, for instance, have been held back for many reasons, including key technical
challenges such as access to regular and sufficient-quality satellite data and associated analysis tools for nationallevel forest-cover and annual change mapping at sub-hectare resolution.
Integrated observations
Thus to develop effective GHG management strategies, there is an urgent need for a regionally and globally
integrated observation and analysis systems that track changes in atmospheric GHGs and provide routine estimates
(with confidence limits) of net atmosphere-surface exchange at regional or sub-regional scales.
Systematic global observations are also essential to improve our knowledge of the carbon-cycle feedbacks between
the ocean and land components. National and sovereign circumstances will naturally dictate the complexity and type
of national monitoring, reporting and verification (MRV) systems, which individual countries might agree to establish
for reporting emissions to the UNFCCC. GEO plays an important role in coordinating global observation and
facilitating unencumbered access by all countries to relevant data, tools and methodologies.
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A complete list of references can be found on the ICOS-nl website:
Click here to view the references
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Duration of the project:

5 years

Planned starting date

October 2012

Expected completion date

October 2017
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Month

Milestone

6
6

2.9 Support additional sampling (soil+C14)

New ICOS instrumental setup operational at three level II
ecological sites
Design of sampling protocol ready

12

12

60
24

18

24
12

Final report on performance of the system
Journal publication on flux measurements including flux
divergence
ICOS flux instrumentation at Level II ecological sites
delivering (near-)real time to ETC and ESB
Sampling of soil and vegetation for 14C isotope analyses
started and regular data delivery to ESB operational

ICOS flux instrumentation at all Level I ecological sites
delivering (near-)real time data to ETC and ESB

New ICOS instrumental setup coupled to ESB and ATC data
streams
Level II towers and F3 delivering real time data to ESB
KNMI ceilometer network data transfer routines operational
at ESB
Report on results of CO2 radio sounding campaigns
Class B network upgraded and coupled to ESB\

Independent CH4+N2O budget for Europe released through
ESB

1.
2.
3.
4.

2.8 Level II: Veenkampen+Lutjewad

12 New ICOS instrumental setup operational at level I ecological
grassland and forest site
6 New cropland site selected
6 Installation of equipment
6 Routine CH4 flux measurements at different levels

12 quality assessment of CO2 sounding system

18
24

18

30

36

36

9

36

Technical report demonstrating proof-of-concept of nested
TM5-WRF
Full GHG balance report through ESB

Data repository with all ICOS-NL data
Detailed plan for Carbon Portal Thematic Centre operation
and implementation
Detailed plan for Carbon Portal Thematic Centre operation
and implementation
Level-2 satellite data files in NetCDF4 format for use in
operation CO2 and CH4 data assimilation, available through
ESB
HPC support delivers accounts to users

60
12
12

Working ESB at SARA/NCF, acceptance test reports

Month
12

Deliverable

ICOS-NL

2.6c Level I: Cropland site
2.7a Level II: Cabauw CO2 flux gradient
2.7b Level II: Cabauw non-CO2 fluxes

2.6a Level I: Loobos+Horstermeer

2b Ecological Observations

2.4 CO2 radiosonde soundings
2.5 Class B network

2.2 Level II: five towers + F3
2.3 Ceilometer network integration

2.1 Level I: Cabauw+Lutjewad

2 Observational Infrastructure
2a GHG observations

1.9 Operational CH4+N2O assimilation

18 New ICOS instrumental setup operational at the level I
towers
3 Contract on level II operation agreed with Earth Networks

36 Integration of CO2 budgets with CH4 and N2O to provide full
GHG balance, as custom ESB product
30 JRC N2O data assimilation ported to ICOS-NL and first release
of annual N2O budget through ESB

1.8 Operational CO2 assimilation

1.7 Model support

Delivery of required capacity (first phase), users get access to
resources
48 First coupled TM5+WRF CO2 simulations in inverse mode

9

1.6 HPC Computing

6 Selection of IT-partner to provide ESB
12 Acceptance tests of Enterprise System Bus system at
SARA/NCF, marks start of phase 1
1.2 Data facility
12 First ICOS-NL data transferred to new storage capacity
1.3a Initial construction database, web
6 Final design of Carbon Portal Thematic Centre provided to
interface
ICOS ERIC for consultation
1.3b Operational data services, Web services, 9,30 Carbon Portal stake holder meeting, used to gather extensive
input and harmonize design with desire
1.4 Satellite observation data management 30 Retrievals on all available CH4 and CO2 data from SCIAMACHY
and GoSat operationalized, data transferred to SARA/NCF

1.1 Enterprise service bus

1 Carbon Portal Facility

Main deliverables and milestones
part 1 of 2
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Month
Establishment of the ICOS-NL foundation under Dutch Law

18 Establishment of legally binding relationship between ICOSNL infrastructure facilities and ICOS-ERIC

6

12,24, Annual report
36,48,
60

48

Documentation and code for operational processing of GOSAT
CO2 data
Documentation and code for operational processing of OCO-2
CO2 data
Paper on coupled inversions at mesoscale
report and paper on the performance of embedded
lagrangian models for high resolution flux inversions
WRF-CHEM model that optimizes energy, water, and carbon
exchange based on datasets, journal paper
journal paper on complete multi-tracer system
Paper on advancement of integrated GHG (& isotope) land
surface model
Journal paper on transfer of operational crop yield data to
carbon balance system
Journal paper on methodology for transport error
characterization

1.
2.
3.
4.

4.1 Management

Management

48 Operational algorithm for transport model error
parameterizations completed and transferred

48

48
40

48

32
44

48

36

report on monitor performance and field test results
Comparison study on the various optical techniques, and
design for implementation of the winning technique into
level I stations
Publication on methane isotope observations at ICOS sites

IRMS set-up with full suite of O2-related measurments, able
to meaure on flasks and in continuous mode
Publication on dataset obtained with FTIR setup and
comparison to standard techiques

Deliverable

ICOS-NL

4

3.11 Transport model errors

3.10 Agriculture+lateral transport

48 Transfer of framework to operational ICOS-NL
36 Model framework for integrated GHG balance +isotopes
operational
48 Inclusion of crop carbon system in operational CO2 balance

Framework available for use in operational ICOS-NL systems

48

3.7d Mesoscale assimilation of
tracers+meteorology
3.8 Multi component inversions
3.9 Land surface model development

3.7b Meso-scale inversions (WRF)
3.7c Lagrangian methods meso-scale

Inverse modelling of GOSAT CO2 retrievals ready for
operational use
48 Inverse modelling of OCO-2 CO2 retrievals ready for
operational use
24 Inversion results at 10 km scale for CO2, CH4, and N2O
24 lagrangian model ready for real-time flux inversions

36

3.7a Assimilation of remote sensing data

3b Model innovations

48

3.6 CH4 isotopes

18 Facility for high precision isotope measurements on methane
samples developed and running

30
36

3.4 Novel N2O photoacoustics
3.5 Online CO2 isotopes

48

is-FTIR Instrument innovations completed and instrument
measuring routinely
30 prototype FTIR+REA system ready for field test

24

3.3 Innovative in-situ FTIR for GHG+fluxes

Innovation laboratory fully equipped and in use for several of
the planned innovation activities
48

9

Milestone

Month

3.2 Innovative O2 observations

3.1 Laboratory infrastructure

3 Novel observations and modelling techniques
3a Measurement innovations

Main deliverables and milestones
part 2 of 2
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Declaration and signature
Have you requested funding for this research elsewhere?
x

No
Yes,

Please include details of any
additional grants you have
requested for this research
project

Declaration
x

By submitting this form through Iris, I declare that I have completed this form truthfully and completely.
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