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GMES Climate Service:

Towards a European knowledge base
in support of Mitigation and Adaptation

This paper is summarizing the consultation of etgpen wider range of stakeholders on a fut
GMES Climate Service. This consultation was intehtiecreate a base for discussion towart
more specific system view and the definition ofe@ssary research and operational activities.

The consultation so far consisted of two steps:
A. "Expert Report": Consultation of a small group rperts

B. "Conference Findings Report": Discussion of thipomt at the Conference "GMES a
CLIMATE CHANGE" in Helsinki on 16-17 June 2011.

Both "Report" and "Findings" are contained in tthicument.
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A. Expert Report

GMES CLIMATE SERVICE:

TOWARDS A EUROPEAN KNOWLEDGE BASE
IN SUPPORT OF MITIGATION AND ADAPTATION

Report prepared by the GMES Bureau based on catioiis from

- GMES Climate Change expert group:
Sakari Uppala (chairman, ex ECMWF)
Adrian Broad (UK Met Office)
Pascale Delécluse (Meteo France)
Martin Kéchy (vTl, German Fed. Res. Inst. Rural #sg Forestry, &
Fisheries)
Mikko Strahlendorff (Finnish Ministry for Transp{rt

- Mark Doherty (ESA)

- Jorg Schulz (EUMETSAT)

- Adrian Simmons (ECMWF)

- Arie Kattenberg, Steve Noyes (EUMETNET)
- Tobias Fuchs (DWD)

- André Jol, Markus Ehrhard (EEA)

- European Commission DGs (JRC, ENTR, CLIMA, RTIZHE)
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1 INTRODUCTION

The changing climate has been accepted worldwidenasof the main challenges of our

century. Consequently policy and decision makerd ardustries are concentrating on

reducing the extent and magnitude of change thraadhcing main assumed causes of the
change (mitigation) while at the same time develgpstrategies in order to cope with

unavoidable changing conditions (adaptation) ofanet.

Climate change is a real and overarching challefige.dominant processes occur throughout
the entire earth system and the resulting consegsefor the natural environment have an
impact at all spatial scales from individual, lotalglobal, and all temporal scales from short-
lived extreme events to long-term climate trendd w-frequency variations. Finally, the
effects of climate change are manifested acrosscathomic and societal dimensions.

With GMES (Global Monitoring for Environment and coeity), the European Commission
has begun to sustain and enhance an observatioastincture that is complementary to the
existing operational and research observation sirnature. At the same time it is crucial to
build the analysis tools that will permit the comipensive monitoring of land, atmosphere
and ocean (the entire earth system) utilising tlicesebined infrastructures.

A recent study foresees increases in the volume of climate dia@ne order of magnitude
every 12-15 years due both to the increase in spased observations and climate model
simulations. In 2005, a study of the socio-econovaicie of earth observation in atmospheric
sciences estimated the costs of operational cergxgdoiting space based and-situ
observations to be approximately 5% of the totalestment in the observational
infrastructuré, which in turn is estimated by the Global Clim&teserving System (GCOS) to
be € 3.5-5.0 billion per yearGiven the importance of climate change, the egsscientific
uncertainties in its understanding and its poténtrgpact, together with the considerable
investments into observational infrastructure fartle observation it is of paramount
importance to ensure proper stewardship of climatermation for the future and to
encourage the consolidation of the observationesysind the development of applications
that more optimally exploit these investments. Adawg to the Stern ReviéWthe benefits of
actions to combat climate change outweigh the tnvest costs. Knowledge of the best
available global and regional descriptions of thglesystem therefore serves the urgent need
of policy and decision makers to decide on effecand sustainable measures for mitigation
and adaptation.

The WMO Global Framework for Climate Services (GFC@8efines Climate Services as

“climate information prepared and delivered to mesérs' needs”, indicating that Climate

Services have to be user driven and secondly ltlegthave to be flexible to be able to react to
evolving user needs.

1 Jonathan T. Overpeck, et al. Science 331, 700(2011

2 Anthony Hollingsworth et al., Q. J. R. Meteorol.cS(005), 131

% http://www.wmo.int/pages/prog/gcos/Publicationsid 38.pdf

4The Economics of Climate Change, The Stern Reviewhdlis Stern, Cabinet Office - HM Treasury (2007)
> WMO Position paper on Global Framework of Climasevi&es



2 USER NEEDS ANDCLIMATE QUALITY

GMES services are expected to support both useEu@Epean and national levels, either
directly or through the development of downstregopliaations. For the Climate Service, the
primary users will be the European and nationabracin European Union Climate policy

development. At the European level this is the aasility of the European Commission

Directorate General Climate Action (DG CLIMA). Epean policies are in the end executed
at national, regional and even local level. Consetly additional requirements may also
come from the public institutions in the Membert8saresponsible for policy execution at all
levels. At the member state level National Meteagadal Services and specific research
nstitutions are already advising their governmemtlimate and expect to continue to do so
in the future. This is one of several examples whbe GMES Climate Service will have to

complement and interact with existing services actaities.

In 2009 the Commission White Paper “Adaptation limate change: Towards a European
framework for action® sets out a framework for the EU and the MembeteStarhe White
Paper states that“considerable amount of information and research already exists, but is

not shared across Member Sates. An effective way to improve knowledge management would

be to establish a Clearing House Mechanism (CHM) as an IT tool and database on climate
change impact, vulnerability and best practices on adaptation. The CHM would also rely on
geographical information provided by GMES'. The White Paper states that climate
information includes both observations and modsults. The adaptation CHM aims to
enhance information structuring and sharing, by lmaing consistent scientific information
on impacts, vulnerability, risks and adaptation.tidg same time it will promote the effective
use of this knowledge by offering tools and guidana best practice for the assessment of
vulnerability at different geographical scales. TeM is under development by contractors
on behalf of DG CLIMA. The first stage of the sesidevelopment is due to be operational in
2012 at which point it will be transferred to thargpean Environment Agency (EEA) who
will host and maintain the Clearinghouse.

Science-based information can provide useful gudator users and the GMES Climate
Service can be a place where climate products reagvhilable to users and elaborated to
meet their needs in term of precision, accuracy acckss. The ambition of the GMES
Climate Service must be to provide information pd which are of climate quality i.e.
products that together are capable of meetingitsietiree goals of GCOS:

* Monitoring the climate system
» Detecting and attributing climate change
« Assessing impacts of, and supporting adaptatipalimate variability and change.

How to meet these goals has been extensively dkbatke relevant international fora and is
best encapsulated by GCOS monitoring principhdsich have been variously endorsed by the

® Commission of the European Communities, White pap®M (2009) 147 final on 'Adaptation to climate
change: Towards a European framework for action'.

" http://Mmww.wmo.int/gcos/ Climate Observation needs



World Meteorological Organization (WMO), the Comteé on Earth Observation Satellites
(CEOS) and the Conference of the Parties (CORedJnited Nations framework
Convention on Climate Change (UNFCCC).

In terms of content, climate quality products fbe t50 GCOS Essential Climate Variables
(ECVs) are by definition fundamental componentsaaf/ Climate Service, including the
GMES Climate Service. As stated by GCOS:

« All ECVs are required to support the work of the RCC and the IPCC
(Intergovernmental Panel on Climate Change)

» All the ECVs are technically and economically fédesifor systematic observation

* International exchange of these variables is requfor both current and historical
observations.

GCOS defines the climate quality standards for efi¢che ECVs and one potential goal of the
GMES Climate Service should be to ensure that timeate service products covering the
ECVs meet these standards.

While ensuring provision, quality control and easgess of the majority of the ECV products
are essential for climate system monitoring, detacand attribution of climate change and
impact assessment and supporting adaptation tatdirariability and change pose additional
requirements:

« Climate quality monitoring products need to be uffisient length - a minimum of 30
years - to be able to detect trends and to be lievim attribution studies; longer
chronics are needed to determine the frequenciexteéme events and any changes
thereof

* Many studies of climate change impact utilise iathes which require specific
treatment

» Adaptation to climate change and variability regsiadditional information on, for
example, vulnerability and on future trends

* Mitigation studies require information on anthropog emissions of the climate
modifying agents, and projections of these emissiorthe future.

These requirements motivate the role for the Ckng&ervice for the period 2014-2030 so that
it can add value to existing climate informatioe]ghto fill the gaps and create an optimum
environment for the use of historical observed rimfation and deliver consistent and open
products with maximum quality for the downstrearplagations.

Beyond the current climate and operational numknasather prediction activities a strong
research component has to be included in ordercie@ase the product quality and to develop
and to apply new methods to build long chronicshiistorical data and interpret them. It is
obvious that the Climate Service has to evolve watthnological and scientific developments
as well as the evolving requirements. In this cxintbe traditional research to operations
paradigm is not applicable and the Climate Serthezefore needs to be flexible enough to



adapt to the incremental injection of new resedrth the service at variable intervals.
Therefore the requirements in the early “setup ghatthe Climate Service will be different

from the later years, when a comprehensive setpdated climate information should be
provided at regular intervals, each set of prodbetsefitting from the user feedback, results
and developments since the previous.

More than any other existing service, the Climaggvi8e needs to provide guidance and
expertise, to train people on the use of climatermation and its associated uncertainty, and
to provide generic tools to build the bridge betwéke climate information and the users'
need. The GMES Service should not directly addafisseeds (agriculture, fisheries, ...), but
it should provide guidance about what can be doenath whom.

3 PRODUCTS AND TOOLS FOR MONITORING POLICIES

The combined European Climate Service infrastrectaf which the GMES Climate Service
will be part, must provide a unified and consistieatework for climate data and information
products, whether produced by the GMES Climate iBeper se or from existing national,
European and international infrastructures.

The elements, which the combined service must elelare:

A climate monitoring service providing integrated and cross-calibratietiate quality data
sets from both observations and models

A next generatiorre-analysis using historic data to better characterise andrpné¢ past,
recent and current changes

A portal for climate impact indicators providing global aBdropean climate trends, which
give a more informed indication of what and whenanges are occurring and where they
are occurring faster than predicted

A process for delivering consistent setsof observational data for climate model
initialisation, together with emissions projections support seasonal and decadal
prediction as well as for validation of climate jactions, as well as access to the
projections themselves

An attribution service which delivers tools and results for iptetation of extreme events in
terms of climate change or other causes.

In more technical terms, the combined European &bnService should concentrate on:

« Data integration and climate monitoring: To intégrabservational sources from satellite
and ground-based measurements in order to systathaittontribute to the development
of value added climate monitoring products (focggan GCOS ECVs) and climate impact
indicators. This includes recovery, logging anditdity archiving of historical records,
their homogenization as well as reprocessing ditin- satellite and combined products.
These tasks need to be prioritized and carried iouinternational collaboration. In
particular:




— Development of tools to help users understand latives between physical climate
metrics and impact metrics

— Common benchmarking assessments of data sets atelsno
— Tools to validate and cross calibrate multiple datizs
— Tools to support users in nesting and downscalppdjeations

— Create suites of visualisation tools to sub-samiplespace and time, including
presentation of uncertainty information

— Application of ECVs and/or enhanced integrated plz®nal products, to climate
change model evaluation and verification of botidoasts and projections. This will in
particular support the major international inivas (WMO-GFCS) and national
programmes.

» Earth system re-analysis (including the interactitsetween Atmosphere, Ocean, Land,
etc) at global scale with downscaling at the Euappecale. This should include re-
analysis projects for all the Earth system and ggohbd individual compartments to
provide a truly integrated re-analysis, which inpmates full exchange and interaction
between land, ocean and atmosphere. Earth systeeamalysis will, by using the latest
data assimilation methods together with the integraobservational data, generate
important improved historical climate records feveral ECVs. The historical records also
serve as validation data and initial states fomate model integrations and provide a
benchmark for sustainable records for the futudeypaevelopment and implementation.
The re-analysis monitoring of ECVs and other prdslutrends, means, anomalies)
provides an important resource for climate monigri

e Gridded climate impact indicators: For environméntapact policy development and
implementation there is a recognisable need to angithe historical records of impact
indicators. There is a recognisable need to cons#e-specific records of relevant
indicators into gridded datasets covering datasspaggions. The resulting gridded data
will be directly applicable to adaptation policyvééopment, particularly in sector specific
areas. Providing topic specific indicators like fexample forest fire potential would
support policy needs more directly.

» Attribution information products: To provide a sificant step in linking Disaster Risk
Reduction work with identified Climate Change thghuinformation on how likely high
impact environmental disasters are attributablendtural climate variability or human-
induced effects. This will help quantify enhancestk 1of future high impact environmental
events due to climate change. Adaptation strategies best developed through an
improved understanding of how predicted future gesanrelate to the observed past and
recent variability and changes, either natural ae do human influence. Although
individual events cannot be attributed unequivgctidl climate change, a methodology to
quantify enhanced risk of extreme climate stateksmvere weather need to be developed
using a combination of climate change modelling &mtorical (> 100 years) climate
records.

The elements of the above services that will neetha provided by the GMES Climate
Service are largely dependent upon the abilityhef ¢éxisting infrastructure to sustain and
enhance existing contributions. The actions proppdsethe GMES Climate Service will thus
vary from:



* publicising and providing access to those susté&nelimate quality contributions to
the service from the existing infrastructure

» sustaining and enhancing existing contributions@gropriate, where sustainability
and/or climate quality are not yet guaranteed

» setting up and providing for the entire contribatiwhere it is technically proven but
not yet provided for by the exiting infrastructure

» supporting research into the development of feasithods for delivering climate
quality contributions to the service where no songthods currently exist.

The GMES Climate Service will provide the latesbgucts up to the present day and
regularly updated with a time delay in generatiod availability as appropriate. It will also
provide public access to products and observatignie respecting national and international
data policies, and provide tools to explore therimfation.

4 ACTIONS
4.1  Actions on Essential Climate Variables (ECVSs)

At the European level there are major programmésgiwprovide products and services and
which are relevant to climate monitoring acrossEaeth system compartments. These are the
various EUMETSAT Central applications and distrémitSatellite Application Facilities
including Climate Monitoring (CM-SAF), which altodeer generate products relevant to 17
ECVs and the European Space Agency Climate Changmtive (ESA-CCI), which
addresses the production of 11 ECVs with plansxterel to 3 additional ones. The GMES
Climate Service will need to interact with theséwaiies in order to ensure continuity, further
development and quality control of products fit folimate monitoring. The accepted
standards for data access, continuity and quaktyaptured by the GCOS climate monitoring
principle$ and the EC by virtue of having signed the UNFC@GT.OS provides also in-
depth gap analysis of the existing global obseowati networks, both space-based and in-situ,
for the atmospheric, oceanic, and terrestrial domaigap-analysis documenting areas where
the GMES Climate Service may need to augment th&tiey EU capacity to secure the
provision of ECVs through space-based observationbe found in the JRC reptron the
“European capacity for monitoring and assimilatirgpace-based climate change
observations”.

8 http://www.wmo.int/pages/prog/gcos/index.php?na@larateMonitoringPrinciples
® http://www.wmo.int/pages/prog/gcos/Publicationsid 38.pdf

10 3.wilson, M. Dowell, and A. Belward. European azifyafor monitoring and assimilating space-baséahate
change observations — Status and prospects. EURBZIR — 2010



4.1.1 Atmosphere

A large portion of the atmospheric ECVs can be mrsd to be provided for GMES as a
part of the core mission of the European Meteotioliginfrastructure. Several ECVs are
intrinsic to global atmospheric re-analyses (cfCIReport!). Re-analyses ensure the physical
consistency between different ECVs and thus cawigeoconsistent climate datasets for
downstream applications.

Some direct involvement of the GMES Climate Serwad# nevertheless be required to
ensure the provision of climate quality data resdrdm these observational infrastructures.
In addition to the cross compartmental activitieshe EUMETSAT-SAFs and the ESA-CCI
the GMES precursor service MACC (Monitoring Atmosph Composition and Climate) also
contributes towards the development of Atmosph&tV datasets. For now they only
provide a very limited range of products fit fomeate monitoring purposes. This is primarily
due to insufficiently long time periods of recoriigherever possible these datasets have to be
increased in length to be close to or exceed 3fsyadength. Monitoring Greenhouse Gases
is an obvious area for improvement. It is also ingot to remember that many surface
atmospheric variables are also key surface parasépeecipitation, radiation and near-
surface air temperature) for terrestrial and o@gaplications.

Where there are several sources of products cayenany of the atmospheric ECVs, the
GMES Climate Service provides an opportunity fasessment of their quality with the goal
of developing and sustaining improved climate dyadroducts. Assessment results should be
used to improve the quality of next generation ECMace the re-analysis datasets provide a
continuous description of climate from pre-satelty satellite era, the validation products can
also be used to assess the re-analysis produdtyghabughout the period.

412 Marine

Monitoring the ocean is critical to document angbiove the understanding of its role in the
evolution of climate. The ocean surface propertiemperature, salinity, sea ice cover, sea
level), which are relatively well covered by remstnsing and in situ networks, result from
both oceanic dynamics and interactions with theoaphere and land. The critical task here is
to assure the continuity and climate quality of pneducts. The Ocean is also a key player for
climate trend through its storage of the exceskeatt of the warming Earth system, but this
storage is dynamically challenged by the redistrdouwith ocean currents. Temperature,
salinity and currents need to be documented inwthele inner ocean, in order to follow
changes at work and this requires sustained inedigervations and a continuous effort to
recover and re-analyze historical data, a necessigxtent our knowledge with long time
series ECVs. Although progress has been madeocmvery of the ocean historical datasets,
continuing efforts in data rescue, digitization ahata sharing are needed. These data are
mandatory to document the ocean story, to buildoace-analysis, to validate climate model
and to initialize seasonal and decadal projections.

The Ocean is also a key player in the climate syskeough its absorption of the atmospheric
CO2 excess and the response and feedback of gpHace to this evolution. Observing the
evolution of the acidification of the ocean, of @sosystem quality and its productivity is a

1 3.Wilson, M. Dowell, and A. Belward. European azifyafor monitoring and assimilating space-baséahate
change observations — Status and prospects. EURBZIL - 2010



challenge for the next decade. Many of these ptsduld not yet meet the GCOS
requirements but the combination of remote senadyin-situ observations is promising to
develop some quality assessment in this field. @ree key observations for the ocean of
tomorrow, and already now, policy requirements Yeater quality, acidification, good
ecosystem state and resources in coastal areasassary.

The GMES Marine Service is already monitoring tHebgl ocean and producing many
products useful for ocean monitoring and climateydhd a careful assessment of climate
quality of the products, a continuous work is nekde reprocess satellite and in-situ
observations in order to create long time seried anulti-data intercalibration and to

encourage regional ocean model reanalyses to mreviD fully consistent information

413 Terrestrial

Important requirements are already outlined by ic@mations on the Global Component of
the GMES Land Monitoring: In particular, with respeéo Kyoto reporting, it is stated that
‘terrestrial ecosystems are the largest single source uncertainty in the global carbon
budget'*? In order to attain the goal of reducing uncettaiin the global carbon cycle
several key parameters need to be consistenthgrattrl into a global environmental
modelling system. Similarly the capacity to monitee global water cycle is crucially linked
to observing water stocks in forms of snow, glagiece sheets and land water bodies.
Variation in these stocks may contribute to sealleige, which is the second most important
effect of global warming. Cryosphere ECVs and wateservoirs need sustaining and
operational space/in-situ verification.

The space andh-situ components of the observing system need to bedirds they both
contribute to the accuracy of the products. In-slbgervations are essential as i) independent
datasets to validate and calibrate the quality mdice observations, ii) as independent
monitoring datasets, and iii)) as part of the g system observing climate change
variables. Their long-term sustainability needbéqrotected.

Sustainedin-situ measurements are required for river discharges lakels, snow water
content, permafrost active layer thickness & saihperature, soil carbon, soil moisture, and
water use because they cannot be inferred fromtesensing operations. All ECVs require
continuedin-situ measurements for validation and calibration oélfitg products. Refined
satellite products must be validated with concurgenund conditions and cannot rely on less
exact, older satellite products. These in situ mesasents must be conducted at
representative sites at sufficient number.

For upscaling of in-situ measurements and downsgalf national statistics (e.g. fossil fuel
emissions, water use for irrigation, forest biomdasd use, land cover) it is necessary to
support international efforts to develop a commemminology and definitions of sample
classes and accounting schemes.

12|PCC Fourth Assessment Report: Climate Chang@®7 20



4.2  Actions on re-analysis

Reanalysis has come to be seen as an iterativegsoewhere developments in four areas are
needed: modelling, data-analysis techniques angotng power are used together with new
data. New observation systems improve our futuok,ldut especially new historical data
from rescue efforts produce a succession of reaealgf increasing quality. Currently, major
European effort on re-analysis comes from the egpee and expertise of the meteorological
community. ECMWF produces thé? 3jeneration global re-analysis activity (ERA-Inteyi
which is now populated from 1989 to present dayME{F also coordinates the next
generation re-analysis project, ERA-CLIM, with a nther of European national
Meteorological services. ERA-CLIM and ERA-Interineriefit from the analysis and model
developments since ERA-40, in particular in theragation of satellite radiances. Through
three decades of Numerical Weather Prediction (Nd&Relopment and feedback from the
scientific community reanalyses have now achieveddualities required for climate change
studies. Reanalyses conducted in Europe have sobdan global. A new regional
European reanalysis project EURO4M works to provite precisely reliable information
about the state and evolution of the European ¢tdimBy closely monitoring European
climate, its variability and change can be betsseased and predicted. The global reanalysis
is used as the boundary condition in EURO4M andefbee the improvements in the global
reanalysis contribute to the quality of regionanalysis. Similarly ocean reanalyses need the
atmospheric reanalysis to provide surface condition the ocean model together with ceanic
observations.

The components of hydrological cycle, land surfaderaction and surface analyses have
improved over several areas. Equally modern arsmlgshemes during the data sparse
historical periods have demonstrated their capsdslio add value to non-observed areas. 15
years ago temperature trend estimates from reasalgse poor, but since ERA-40 the trends
have become comparable to those based on obsewatndy. Currently ocean reanalyses are
carried out after each main atmospheric reanalysisas been shown that by improving
reanalysis quality better forcing for the ocean gischas been obtained resulting in better
quality ocean products. As for the atmosphere, maeaanalyses have to be regularly re-
visited, in order to benefit from the improvemeifttlee ocean model, from the assimilation
system, and from the improvement of the historilzdh bases. But as it is also obvious that an
improvement for the atmospheric reanalysis wilblskieved from an improved ocean surface
interaction, doing the reanalyses separately slowerall progress. To faster improve the
quality of ECVs and quality of all downstream apptions coupling of the models is
beneficial. It would also mean integration of atpioaric and marine observations into the
same data stream. The same integration shouldreefdothe products to increase the use of
these data.

A coupled Atmosphere — Ocean — Land - Ice/Snow -drélggical Cycle — Dynamical

Vegetation model in the reanalysis model shouldhieelong-term target for GMES Climate
Service. The development of such a model will tegaificant research requirement within
this service. The key actions are to sustain globanalysis after 2013 when ERA-CLIM
finishes and European regional downscaling aftely 2014 when EURO4M finishes. In

parallel also actions to extend coupling are needed

Because of its important role in the hydrologicaicle, it is worth mentioning that

precipitation is not analyzed in the global reasily but is produced during the model



integration. However in the European downscalingualc high resolution precipitation
observations are used.

4.3 Actions on impact indicators

Impact indicators have evolved from simple ECV istats such as global temperature or
precipitation averages to more complex ones. Denmafwl cost information, more accurate
extreme statistics and higher resolution localiagglication specific information. GMES
Climate Service will have great potential to adtleao this area of the already vast variety of
climate services and research.

There are limits to deriving indicators as somengeaparameters like wheat yields or some
animal or tree species abundance are not direetited to ECVs, but some application
specific indices (like forest fire potential, avaat turbulence or winter road conditions) are. In
an initial phase indicators to be derived by theEBVService are those that can be calculated
from one or many ECVs in a straightforward manfdrese could even be integrated into
reanalysis computing runs for timely and efficigmmbduction of information and related
statistics (including trends).

For additional, more complex, indicators it is &@en that downstream applications will be
encouraged to implement more intelligent algoritHorsrelating ECVs to the indirect impact

indicators. To contribute to this process the Ctan&ervice will need an efficient and user-
friendly statistics tool for Climate Service outpoformation.

4.4 Actions on access to climate predictiori data

At the European level, future development plans kndlve to incorporate climate information
at all time scales from history to a few decadés the future. DG CLIMA's ClearingHouse
Mechanism effort to share all climate change relaérmation across the EU is yet to prove
itself, but it is clear that also the value of a E®Climate Service depends on having climate
prediction information available. Otherwise the dgiveam applications are left short of
crucial information to make meaningful assessmérdlimate change. Under the UNFCCC
auspices WMO is arranging a Global Framework fam@te Services (GFCS) with climate
prediction being a key ingredient. The Europeaneareiogical infrastructure is preparing its
action and a coherent approach would benefit Eutiopenost. For IPCC Assessment Report
5 research includes the Coupled Model IntercomparRroject 5 run by the US (Lawrence
Livermore National Lab) providing technical meaws &ll modelling centres to share their
output data. Many necessary parts therefore eXisbommon decision in Europe is yet to be
formed to combine IPCC efforts with more practigs¢r demand.

It is known that climate prediction information fnoall stakeholders in Europe is already a
huge pool of data with significant growth in thdute. GMES Climate Service data should

3 Here we follow the IPCC and WMO terminology: "Eoast" for a short-time period of less than a month
"Prediction" for a climate forecast of between sea$ and decadal time-scale, "Projection” for analie
forecast of beyond decadal (to centennial and kbyontime-scale, "Scenario” is a term used to diesc
anthropogenic GHG emissions for a period into tltere, used as constraining conditions for IPCC ehod
runs.



include climate predictions enabling the accessability to process data, and lowering the
barrier to downstream users.

4.5 Actions on attribution

Attribution is the process of establishing the midstly cause for a detected change with
some level of confidence. It seeks to determineckvhéxternal forcing factors have
significantly affected the climate, where exterfwaiting factors are agents outside the climate
system that cause it to change by altering, fotaimse, the radiative balance or other
properties of the climate. The major factors aresatered to be anthropogenic external
forcing factors including increases in greenhouaseg and changes in atmospheric aerosol
concentrations. Attribution products are developsihg a climate model to determine the
expected response to a particular climate forcigdel projections are performed with
different climate forcings; i) with natural forciagsolar radiation and geological factors) only;
i) with natural and anthropogenic forcings. Di#eces in the projections can then be
attributed to the effect of anthropogenic forcikgjth an increasing number of climate change
impacts being reported, many related to extremeheeaobjective methods of distinguishing
actual impacts are needed.

A first step could be to realize a systematic deiacand documentation of extreme events,
characterizing their physical orrurence and theipacts. Building on this data base an
Attribution Service will provide a significant stap linking Disaster Risk Reduction with
Climate Change through information on whether higipact environmental disasters are
attributable to natural climate variability or naatural effects. This will help quantify
enhanced risk of future high impact environmentants due to climate change, and provide
a useful tool for evidence based climate changptatian policies.

) INFRASTRUCTURE

5.1 Satellite observations

Satellite monitoring capacity for climate monitagihas been analysed in the 2009 report by
JRC". It recommends raising climate monitoring to a mbégher priority in future satellite
mission planning.

The global observing system contains a lot of dp@ral and research missions that constitute
today’s potential for climate monitoring. To cowbe needed ECVs several components of
the global observing system need to be betterigastan the future. This is in particular true
for research missions that serve a specific siemurpose but not necessarily a monitoring
application. A highly complementary system consggtof the GMES space infrastructure,
operational meteorological missions and speciseaech missions is the most promising way
to achieve consistent product quality over longesmwhich is key to many climate
applications. Sustainability is often best achiewredhultipurpose mission concepts that take
specific climate monitoring requirements into aaupuhereby following the GCOS Climate
Monitoring Principles. In cooperation with non-Epean space agencies Climate Services

14 3.Wilson, M. Dowell, and A. Belward. Ibid.



need to support this for other satellite systeneguRar reanalyses and production of ECVs are
integral parts in improving the exploitation of efite data. Europe should take a role in
continuing the infrastructure needed for the siédetlata and their use. The historical satellite
data together with derived ECVs and user applioatioan also support the definition of
requirements for the planned new missions.

All in all it would be very beneficial to identifand carry out a user requirements review
process to feed the climate monitoring requiremémtthe GMES space component. GMES
Climate Services have to impose their requiremaritsthe multipurpose Sentinel missions

and other complementary multipurpose missions, sagkhthe operational meteorological

missions. EUMETSAT is expected to play a role fiotn@sphere and ocean requirements and
it would seem beneficial to expect the same fanate.

5.2 In-situ observations

The main global surface based observations aresadde and surface stations around the
world. These can be either used directly to es@nthe atmospheric ECVs or indirectly
through data assimilation together with all saelilata. The Climate Service will need to
rely on the WMO for the global exchange of nationbkervations and for the European
exchange of national observations on EUMETNET cioatéd programmes such as EUCOS
(EUMETNET Composite Observing System) and ECA&D r@pean Climate and
Assessment Dataset).

For the historical observations Climate Servicd vély on international collaboration. The
collection of observations and their digitizatiorogrammes in Europe and worldwide are
fundamental. The planned Global Reference Upper Métwork (GRUAN) should be
supported to provide benchmark profile measuremi@ntsomparison with satellite. The in-
situ observations as well as aircraft data progidey anchoring data for the bias adjustments
carried out within data assimilation and therefare important elements in derivation of
climate quality ECVs.

For atmospheric composition, data from differertimoeks should be combined to achieve an
optimal coverage and to facilitate assessment efngeds for improvement. Likewise data
availability from multiple networks to users neddsbe facilitated. In Europe the Research
Infrastructure projects ICOS (Integrated Carbonédliag System) and IAGOS (In-service
Aircraft for a Global Observing System) begin tanfiointo more operational observation
providers. This process needs to be supportedpfrational status upgrades and close to real
time dissemination.

For oceanic ECVs the international ARGO networlessential to form the basis for most
subsurface variables. In Europe the EuroARGO rekaafrastructure is to be supported to be
able to sustain 25% of this global system as &igstshare for Europe to carry. Also the deep
ocean mooring station network EuroSITES is esdetttidave fixed point verification sites
with long time series. Also ICOS includes an oceamntre for carbon related ECVs that are
not in EuroARGO and/or EuroSites.

5.3 Supercomputing facilities, Data portals and clearig houses

The computing infrastructure needs are also inorgafor network and data handling
capacity. As a crucial part the GMES Climate Sexrsbould provide advanced data mining



(KDD - Knowledge Discovery in Data) and visualinati tools adding to the necessary
processing power and network capacity. The clindatia holdings are spread out in several
institutes now. So a comprehensive database imgudita mining tools should be developed
to contain all observed information for each newegation of observations. Various database
concepts should be explored such as the EUMETNBWshse portal EUROGRID, or the
European Virtual Observatdfy developed and used currently to manage and explor
astronomical datasets. There should be a posgilbditadd information to the database on
datum level from models and downstream applicatiemgs feedback data (QC, departure)
from the data assimilation systems and ECVs frofferdint sources. This will increase
interaction between climate service components,rong the product quality and help to
reduce redundancy.

There is a need to provide input to the DG CLIMAnded activity to develop an EU
Clearinghouse Mechanism on Adaptation (CHM). Thidl Wwe an information storage
structure to be populated with data on both mommgpand projections. The ESA-CCI, WMO-
GFCS programme, GMES, FP7/Climate and other dataces are contributing and are
expected to contribute more data information indbarse of the development phase by the
contractor and thereafter for maintenance by tha.EE

5.4  Governance and operation

Governance of a GMES Climate Service is challengberause there exist several global
international and European frameworks with diffgrstopes and organisational backgrounds.
The Group on Earth Observation and the World Metegical Organisation have global
efforts to shape partly overlapping actions to émalbservation based information provision.
Overlap is not a negative issue as GEO aims tceaeha system of systems GEOSS under
which many of the WMO efforts like GCOS, GFCS, WCRMRI others are accredited. Still
the leading requirements process is diffusedla.l@MES is safe to follow at least the GCOS
requirements and their respective governance psaethese are acknowledged by both GEO
and WMO.

The development of an operational GMES Climate i8erwwill involve the EC in the
operational support of several European organissitiagth their own Member States, charters,
statutes and rules. In designing the funding meshanfor the operational services, finding a
balance between the financial support of thesenisgtions by the EC for the provision of
said operational services, and the involvementhef EC in the decision making processes
relating to the provision of the same operatiorabises, within the organisations, will be
very important.

A second feature of the European situation is thier pexistence of several consortia
providing services tonter-alia the other GMES services, the EUMETSAT-SAFs, thdAES
CCl and DG RTD funded consortia that are activelyedoping new indicator and attribution
methodologies. In preparing the future GMES Seritiedll be important to respect both the
prior existence of expert consortia for particutarvice elements (such as individual ECV
records, global reanalyses, regional reanalysesiatd predictions etc) and the need to

'3 http://www.e-grid.eu/public/

'8 http: //www.euro-vo.org/pub/



provide for and encourage flexibility in the compias of the consortia, allowing members to
join and leave as appropriate.

Thirdly the GMES Climate Service will need to bdfisiently flexible to be able to adapt to
the evolution of users needs over time

The GMES Climate Service will thus need a centealigovernance structure to deal with:

i.  Scientific analysis of the evolving needs of thevee users and the capabilities of
the current service providers to meet these needs

ii.  Liaison with and co-ordination of the pan-Europemstors among the service
providers (ESA-CCI, EUMETSAT-SAFs & Central Faddds, ECMWF,
EUMETNET) to ensure concurrence between the GME®&€ Service and their
own activities

iii.  Formulation of calls for the provision of GMES Chie Services
iv.  Evaluation of the tenders to the above calls

v. Evaluation of the performance of service providarsmeeting the users needs for
the services.

These tasks should be covered by the European Gsiomyj in particular taking into account
DG-CLIMA’s political mandate and responsibility, BIRC’s technical and scientific
expertise, and DG-ENTR'’s overall responsibility foe GMES programme.

6 CONCLUSIONS

Information derived from the application of Earthb$@rvations for the monitoring and

assessment of climate change must sufficientlyrdesthe current and historical status of the
Earth environment from national to global scaled fitom essential climate variables (ECVs)
to impact indicators. It should also provide totdsdevelop European and national climate
change policies to monitor policy implementationddo provide information on attribution

of high impact events such as recent Europeanviats, cold winters, and flooding. A

range of spatial- and time-scales should be coreidéo provide systematic, up-to-date
credible information for climate change impact,esssnent, policy and attribution strategies
to reduce the anticipated detrimental environmeatal socio-economic impact of climate
change.

It is proposed that a GMES Climate Service showddhmrise the following initial service
elements:

» Data integration from various sources amtimate monitoring

* Re-analysisof the Earth system (with interactions between dd¢phere, Ocean, Land
Services, etc)

» ECVs quality control and assessment through targetedtaes

« Climateprediction/projections



» Gridded climatempact indicators
e Attribution information products
* Gridded GHGemission inventories

It is essential that any GMES Climate Service retpesupports and coordinates effectively
with the major global initiative on the developmensita Global Framework for Climate
Services (GFCS) in order to avoid duplication. TB#CS is in the process of submitting its
recommendations to the UN agency WMO for endorseérbgrnGovernments at the WMO
Congress in June 2011. It is expected that onbeokéy objectives of the GFCS will be the
development of climate projection products and isess/to support countries around the
world for developing adaptation initiatives.

In conclusion, the above elements of a GMES Clingsevice will substantially support (in
combination with other major climate prediction\gee initiatives) Climate Change impact,
mitigation and adaptation action assessments,ypdbewelopment and policy monitoring for
Global, European and national users. It will als dn important asset for the academic
community, and the development of downstream sesgecific, regional and local climate
application services. Finally, with appropriate elepment and support tools, this will
become a useful tool for the public.



ANNEX 1 GRAPHICAL ILLUSTRATION

The following chart attempts to give a graphicélstration of the issues addressed in the
report.
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ANNEX 2 LISTOF ECVsS

From the GCOS Web site:

The Essential Climate Variables (ECVs) are requit@dsupport the work of the United

Nations Framework Convention on Climate Change (ONE) and the Intergovernmental

Panel on Climate Change (IPCC). All ECVs are tecdlty and economically feasible for

systematic observation. It is these variables fbictv international exchange is required for
both current and historical observations. It is bagized that the ordering within the table is
simply for convenience and is not an indicator eftive priority. Currently, there are 50

ECVs.

ATMOSPHERE (over Land, Sea, and Ice)

Surface: Pressure, Air Temperature, Precipitat®urface Radiation Budget, Water
Vapour, Wind Speed and Direction

Upper-air: Cloud Properties, Earth Radiation Budgeemperature, Water Vapour,
Wind Speed and Direction

Composition: Aerosols properties, Carbon Dioxidliethane and other Long-Lived Green
House Gases (0, CFCs), Ozone, Ozone and Aerosol Precursors,,(NO
SO, HCHO, CO)

OCEANIC

Surface: Carbon Diozide Partial Pressure, Curr@agan Acidity, Ocean Colour,
Phytoplankton, Sea Ice, Sea Level, Sea State, 8dacg& Salinity (SSS),
Sea Surface Temperature (SST)

Sub-Surface: Carbon, Current, Nutrients, OcearlifgiOgygen, Salinity, Temperature,
Tracers, Global Ocean Heat Content (?)

TERRESTRIAL

River Discharge, Water Use, Ground Water, Lal8&syw Cover, Glacier
and Ice Caps, Permafrost, Albedo, Land Cover, kmacof Absorbed
Photosynthetically Active Radiation, Leaf Area IrndeAbove Ground
Biomass, Fire Disturbance, Soil Moisture, Soil @arbice Sheets



ANNEX 3 ACRONYMS

AMIP Atmospheric Model Intercomparison Project

ARGO Array for Real-time Geostrophic Oceanography

CCl Climate Change Initiative (ESA)

CEOS Committee on Earth Observation Satellites

CHM Clearing House Mechanism of DG-CLIMA

CM-SAF Climate Monitoring - Satellite Applicatidfacility (EUMETSAT)

COP Conference of the Parties

CORINE Coordination of information on the envirogm

ECMWEF European Centre for Medium-Range Weatheedasts

ECV Essential Climate Variables

EEA European Environmental Agency

ERA-40 European Re-Analysis project (1957-2002)

ERA-CLIM European Re-Analysis of global CLIMatesaovations

ERA-Interim ECMWEF Re-Analysis in preparation fdret next-generation extended
reanalysis to replace ERA-40.

ESA European Space Agency

EU European Union

EUCOS EUMETNET Composite Observing System

EUMETNET Network of European Meteorological Seedc

EUMETSAT European Organisation for the Exploitataf Meteorological Satellites

EURO4M European Reanalysis and Observations faritdiong

EUSC European Satellite Centre

FAO Food and Agriculture Organization (United iNas)

FLUXNET coordinates regional and global analysi®b$ervations to measure the

exchanges of carbon dioxide (CO2), water vapout,arergy between
terrestrial ecosystems and the atmosphere.



FP7 Seventh Framework Programme of the Europeam@ssion

GCOS Global Climate Observing System

GEO Group on Earth Observations

GEOSS Global Earth Observation System of Systems

GFCS Global Framework for Climate Services

GHG Green House Gas

GLOSS Global Sea Level Observing System

GMES Global Monitoring for Environment and SetyrEU Commission
GRUAN GCOS Reference Upper-Air Network

GTOS Global Terrestrial Observing System

IAGOS In-Service Aircraft for a Global Observingsgem

ICOS Integrated Carbon Observation System

IPCC Intergovernmental Panel on Climate Change

KDD Knowledge Discovery in Data

MACC Monitoring Atmospheric Composition and Clitea

NWP Numerical Weather Prediction

QC Quality Check (here by observation screenimglata assimilation)
SMOS Soil Moisture and Ocean Salinity

UN GFCS Global Framework for Climate Services

UNFCCC United Nations Framework Convention on @lienChange
WCRP World Climate Research Programme

wDC World Data Centre

WMO World Meteorological Organization

WMO GAW Global Atmosphere Watch



THE HELSINKI QUESTIONS

» How to integrateesearch needn evolving service and which
are priorities — FP7/87?

» Where to invest isupercomputin@nd how to integrate existing
capacities?

» How to support Climaterediction/projection/scenartoown
simulation and/or facilitate access to existingvatots?

» Will it be possible to address the huge challerfganattribution
service and how to interface with user?

» Impact indicatorservice- direct generation and/or supporting
tools?

» How to implement links between GMES Climate Sendod
GFC

» Expectations regardingata policy

> Which is theroadmapfor GMES Climate Service?



B. Conference Findings Report

Executive summary and conclusions

The Helsinki conference generally endorsed theastihat the current GMES climate service
plans include. Concerns were raised over the peapatribution service, but more to

question whether attribution services can at piteseliver valuable information rather than to
question them as elements of a GMES climate service

ECV monitoring from Earth Observation systems wasnsas a key activity and combined
with a global coupled re-analysis as an esserdrabdir society to manage within a changing
climate. Ambition is needed, but there was sceptidf GMES can deliver all ECVs. A large
debate discussed for needs to prioritize and thatneeds to be derived from the EU climate
policy agenda.

The European Union is a high-level source of rexjugnts based on its’ policy priorities.

These need to be defined by DG CLIMA as part ofmission “to help the EU to deal with the

consequences of Climate change”. Additionally tHeAEequires “objective, reliable and

comparable information at European level” on thedlgy of, pressures on, and sensitivity of
the environment” to support both the union and riiember states”. Together they can be
considered high-level targets of the climate sendcope. GMES operational services will
coexist with and need to co-ordinated with both R&DOmprove and expand them and basic
research on climate change. This implies co-ordohgirogramming within the European

Union for GMES and research, development and intmva

The GMES climate services must be properly integiah a complex field of international
organisational frameworks. Most notably both the RMCC/WMO born GCOS and the
future GFCS need to be linked to the GMES climagvise. For GCOS this is
straightforward as the implementation plan and pasg reporting already involves the EC
and GMES. For GFCS the link is still to be estdi#i and discussions with WMO need to be
opened, logically also involving the national Eueap Meteorological Infrastructures. Many
service needs can be drawn from the GCOS implerientalans, but they need to be refined
for practical implementation.

The EMI as a whole is one of several stakeholdetdre eager to collaborate with the EU in
building a comprehensive and consistent climatevicerfor Europe. It is a valuable
combination of national level downstream actord ttwuld be coordinated with established
European organisations to contribute to a GMES @&inservice. User requirements are being
gathered by EMI at the moment and they can aladibzed for GMES. Many meteorological
infrastructures (space and in-situ) are key asmeds their role in contributing to a GMES
climate service needs to be acknowledged.

ESA satellites are other key assets to be suppagednecessity for a GMES climate service.
Within the space component, GMES needs to statelglerhether the current Sentinel plans
are sufficient for climate, or if further missioase needed. Also a transition of activities from
the ESA CCI programme to future operational GME®ate service needs to be arranged.

Model based future climate studies and scenariesnacessary components of a GMES
climate service, however supporting the modellinfyaistructure is outside the scope of a



GMES climate service, which could instead focushentechnical challenges of archiving and
disseminating model output data.

European national meteorological services are otiyredeveloping climate services.

Increasingly these are addressing application Speoeeds that require input variables
beyond current ECVs. There is therefore a balancbet made between concentrating on
application specific services and ensuring susthpr@vision of climate quality ECV data

streams, across all domains which are the bedrboek @dimate service. A GMES climate

service concentrating on the latter has a goldgrompnity to become something essential.
On the other hand the engineering application exesngre promising for giving face to the

private sector opportunities that GMES climate mervcan greatly support for new

downstream services and innovation.

Improving the report for scoping a GMES climate sevice:

Mainly the report needs to be more detailed for msiveam service opportunity and where the
cut in the value adding chain is placed.

Another vision of where existing Land, Marine antinsphere should be carrying additional
tasks or tougher requirements to produce climataitgudata is needed. It needs to be
distinguished from the new actions proposed. Fang{e the question poses itself for how
does the coupling of marine and atmosphere modelsefnalysis impact the current limited
actions in Marine and Atmosphere GMES serviceso Alzace monitoring requirements need
to be detailed.

On another string the need for having a bettercpadrive for user requirements suggests a
more detailed treatment of policy issues relevantcfimate actions in the EU. This should
also provide some guidance on how to prioritize eémabse actions for funding if GMES will
face a cutting of resources.



Conference findings

Input from sessions

Most presentations had focused very practicallytlom question of GMES actions in the
domain of climate services. The background andcadis summarized below. The aim to
gather user requirements for a GMES climate sewa® partly successful as a number of use
cases were highlighted, but there is much innoagpiatential for services not envisioned yet
and a general aim for releasing more data for reewice developments seems viable.

European Union activities

A major function is the considerable funding therdpean Union (EU) is channelling to
climate change related research. The main mecharsisthe Framework programme for
research and technological development 7 (FP7)evlspecially the Environment theme is
specifically addressing the topic. Also Space the€BMES funding has been targeted to
develop climate service precursors.

For GMES climate services an even more importamisiceration is the EU role in
negotiating on behalf of its Member States in thetédl Nations Framework Convention on
Climate Change (UNFCCC) to achieve global agreesnentactions for mitigating climate
change. The European Commission has since 201@dieatkd Directorate General Climate
Action to emphasize the importance of this EU resgality. DG CLIMA is the natural
policy driver for GMES climate services and its manission is to develop and drive
evidence based climate policy. This is a clear esgjdor climate service and DG CLIMA
should be considered as the GMES climate servigeinaments driver. REDD and the
Adaptation Clearing House Mechanism are curremgsfigp activities. The overlying policy is
the EU 2020 goals to reach 20% reductions of Gheerse gas emissions, reach a portion of
20% of renewable energy solutions in the EU engogyduction and gain 20% more
efficiency in energy consumption. For the firsta2gets the EU is on track and has agreed the
plans for reaching these targets. The efficiencygetais agreed for a 10% gain, so more
agreements will be added there. On the longer bor@n 80 % reduction in GHG emissions is
targeted for 2050, with milestones also to be afjfee2030 and 2040.

The European Environment Agency EEA collects ammms information on climate change
impacts on vulnerabilities identified by adaptatiglans. Most of these depend on estimates
that natural hazards will be stronger and moreuieeg in climate predictions. The challenge
is however to go from straightforward ECV infornmeti to derived socio-economic and
application specific impact indicators. It is cleaging to examine this need in light of where
is the cut off from European GMES core service tavilstream user specific services.
Another important user demand that the EEA needssjpond to is to have climate prediction
information in addition to monitoring data. The EE#o-ordinated GMES In-Situ
Coordination GISC is not yet addressing climateises.

In conclusion the European Union is the main sowfceequirements based on the policy
priorities. These need to be defined by DG CLIMA.addition, a good deal of the demands
for climate information that are made to the EEA a#s0 be considered as within the climate
service scope. A coordinated coexistence of GMESatnal services, the R&D to improve



and expand them and basic research on climate ehaegds to be arranged within the
European Union programmes for GMES and researctelalement and innovation.

International frameworks

In light of a certain growing need for climate chanadaptation the World Meteorological
Organization (WMO) has initiated a new Global Framek for Climate Services GFCS,
which follows on earlier initiations of key globelimate actions: the Intergovernmental Panel
for Climate Change (IPCC), the World Climate Reskd&rogramme (WCRP) and the Global
Climate Observing System. The latter is the bestlajice for GMES climate actions to
answer to the global initiative Group on Earth Qtaagon Societal Benefit area Climate. It is
the main action called for under this GEO area.

GCOS has produced both reports on the state ofablolbmate monitoring as well as
Implementation plans for national and internationators to react for. The definition of
climate observation requirements and the Essentialate variables have been born in
GCOS. Space based climate monitoring actions haee prominently picked up by CEOS
and ESA and EUMETSAT actively contribute to fulfifg GCOS implementation actions.

GMES has been proclaimed as the main Europeanilmoidn to GEOs system of systems
and consequently would follow GCOS implementatiangp, too.

In conclusion it is important to note that GMEShddite services need to be integrated in a
complex field of international organisational franmeks. Most notably UNFCCC/WMO born
GCOS and future GFCS need to be linked to the GMlEfate service. For GCOS this is
easy as the implementation plan and progress megatready involves the EC and GMES.
For GFCS the link is still to be established. Savestakeholders including CEQOS, the
European meteorological infrastructure and othéisuksl be used to facilitate discussions
with GFCS. Many service needs can be drawn fronG@©S implementation plans, but they
need to be refined for practical implementation.

European Meteorological Infrastructure EMI

The conference attendance had a strong representdtiom European National
Meteorological Services ENMS and their Europeaergdvernmental organisations European
Centre for Medium ranged Weather Forecasting ECNVaNG The European organisation for
the exploitation of meteorological satellites EUMEAT. Also EUMETNET, an economic
interest group for arranging collaboration prograsnfor ENMSs in many other fields
including climate services was present. The ENM$ssgnt were at least the Finnish
Meteorological Institute, Deutscher Wetterdiengt{NK from the Netherlands, Meteo France,
Danish Meteorological Institute and the UK MetofficTogether these organisations with the
other European national meteorological servicesmfothe European Meteorological
Infrastructure EMI.

As climate is the long-term effect of weather, @benmonitoring and services are a core part
of EMI activities and EMI is committed to deliveatd on the physical atmospheric Essential
Climate Variables. In fact this has been a key fioncot NMSs for over 100 years and many
more applications and services have been born tinsfunction since.



This activity has also been fostering European aboltation and EUMETNET has a
programme called EuroGRID for combining stationeylations into gridded analysis fields
and is fostering the European Climate Service N&KWECSN, which is serving a set of
European climate quality station records and rdlatatistics ECA&D.

EUMETSAT has climate monitoring as one of its mossobjectives and it is contributing to
many ECVs thru its satellite missions Meteosat iedop. EUMETSAT is also prominently
organising global actions to improve the past resaf satellite observations in GSICS.

It was observed, by a number of workshop partidipatinat one area of concern lies in the
sustained production of ECVs that fall outside ttaalitional thematic scope of the ENMS
(e.g. the land surface biosphere products and oced@ur). These ECVs will play an
important role in the development of Climate Seggiat a variety of scale and steps need to
be undertaken to ensure that they are adequatebuated for when identifying role and
responsibilities for sustained product generation.

In conclusion the EMI as a whole is one of sevetakeholders that are eager to collaborate
with the EU in building a comprehensive and coesistlimate service for Europe. It is a
valuable combination of national level downstreaotoes that could be coordinated with
established European organisations to contributeat?GMES Climate service. User
requirements are being gathered by EMI at the moraed they can also be utilized for
GMES, too. Many meteorological infrastructures laeg assets and their role in contributing
to a GMES climate service needs to be acknowledged.

European Space Agency ESA actions

ESA has been contributing to climate monitoring lfmmg by developing new capacities for
space based monitoring. Earth Explorer missionse hanoduced many climate relevant
capacities and future Sentinels will continue mahyhese to establish climate quality time
series. Since 2009 ESA has already expanded th&aring actions to also improve the post
processing of past records to produce Essentiaha@di Variables. This activity has been
organised in a 6 year programme called ESA ClinGitange Initiative CCI. In its first batch
of actions it is producing 11 ECVs and it plans footentially 10 more. ESA also
commissioned a socioeconomic benefit analysis frBnceWaterhouseCoopers, which
showed that almost half of all GMES benefits lie tire climate adaptation application
domain. As the overall benefit was estimated abdlibn € in 20 years the importance of
GMES climate service needs to be viewed accordingly

In conclusion ESA satellites are a key asset teupported for the GMES climate service.
Also a transition from the ESA CCI programme taufet operational GMES climate service
needs to be arranged.

Climate modelling and GMES

Most of the information used for UNFCCC planningasming from the predictions of
scenarios from climate models where certain emisgaiterns for the future are given and the
models predict how this would change the climatetaphe year 2100. The extremely
complex combination of predicting long into theug with a global earth system model with
land, ocean and atmosphere components to be ysefdbelled is a very long-term
challenge. Several have been developed for overeds, but there is still a vast amount of



work ahead as representing the earth system maasply by raising the resolution of
models also demands the better representationstdraycomponents. The biggest sources of
uncertainty at the moment come from the carbonecydleraction with the climate and this
demands more phenomena to be modelled to be algettmore confidence in the model
results. For example permafrost is known as a Ipigtential source of GHG, but is not
currently modelled in state of the art models. Atsodels themselves are adding uncertainty
and to lower this impact an ensemble combinationthote (developed for weather
forecasting) has proven effective in climate modat&l provides now more confidence
information along side climate prediction infornati

The causes of climate change are global, but tipadts local. But the resolution of global
climate models has not yet reached useful detalde Separate limited area model runs have
been developed to bring more detail. This in addito ensemble information future climate
prediction will improve in more detailed informatidor the next 30 years to produce more
useful regional information. Also the inclusion@bud processes shows great promises. All
this is however constrained by the need for muchremsupercomputing. Europe is not
keeping pace with other international actors irs théspect and is facing a diminishing
influence is this respect.

In conclusion, model based future climate studie$ scenarios are necessary components of
a GMES climate service, however supporting the tiodenfrastructure is outside the scope
of a GMES climate service, which could rather foonghe technical challenges of archiving
and disseminating model output data.

National climate services

Some climate services have already a very longtyists the basic climate services have been
produced by meteorological services since manydéscal hese services are based most often
on 30 yearlong time series of station observatemords and the statistical description of it.
The main application areas have been agricultullespatial planning. Characteristic for these
services has been the low application specificevaldding as the information served consists
of station record statistics with very little pgebcessing. Very valuable attention has been
put on the time series quality and many methodsc@wrecting station instrumentation or
other changes and still maintaining correct infdrora

Other services are developing from consultancy typee of actions to more regularly
repeated information production. Spatial plannisgan example of this kind of application
field with probability distribution of conditionsha especially extreme weather conditions is a
key downstream service. Also the expansion of humperations in the arctic like sea
transports from Far East Asia to Europe or nattgsburce exploitation are growing the need
for monitoring climate change more closely for neessel designs and for enabling safe
operations in a hostile environment including iod axtreme conditions.

Traditional national meteorological services areveli@ping climate services that are
increasingly addressing application specific nebds before. This calls much more broadly
for input variables even beyond current ECVs, hawékiere is a balance to be made between
concentrating on application specific services anduring sustained provision of climate
quality ECV data streams, across all domains whieh the bedrock of a climate service.
GMES climate service has here a golden opportunityecome something essential. On the
other hand the engineering application examplegparmising for giving face to the private



sector opportunities that GMES climate service gasatly support for new downstream
services and innovation.

EC questions to the conference

How to integrate research needs in evolving serviand which are priorities — FP7/8?

Many of the proposed GMES climate service actioepetid on first doing significant
research actions, for example decadal climate &stschave yet to show enough skill for
useful applications, but the progress is promising useful information is foreseeable after a
few years of more research. Similarly attributigoplecations need further development and
improved access to observations of extreme evenbgecome a more widely used tool.

Hence all GMES climate service actions need nat stia as operational immediately, but
will develop over time, fed by the outcomes of frparallel R&D efforts.

For ECV time series the conference noted that snefated variables for the northern
hemisphere were potentially mature enough to beatipealized, as a result of combined
efforts by ESA (GlobSnow), Eumetsat (H-SAF), anel @GMES Cryoland project...

In conclusion a three tier system of continued dabmate research without a strong need to
link with GMES services, targeted research for iowprg and expanding climate service and
operational funding for the services is needed.

Where to invest in supercomputing and how to integate existing capacities?

An important message is that Europe is falling béhin HPC at the same time as our
ambitions for more information are very high, cansently more capacity is needed.
However the conference considered that GMES ighw@appropriate means of solving this
issue. A more general EU action by DG INFSO is unwdgy and GMES needs should be fed
into this process. Furthermore high performanceprding is the responsibility of individual

Member States, so there is also a need, to endsrsecessity in the Member States so
capacities are being kept and maybe even improwether behalf. There is already some
progress with the PRACE European Research Infigdsiei ERIC. The goal for this

computing is however research but the kind of reutomputing that GMES service and on
the other hand climate model runs for IPCC assessmepresent is not solved by PRACE.

The conference noted that in addition to supercdamguesources, European climate services
will also need significant data storage, archivémgl recovery capacity.

How to support Climate prediction/projection/scenaro — own simulation and/or
facilitate access to existing activities?

The conference signaled strongly that additionalE=\tlimate simulations are not necessary.
Instead existing national actions on climate miougl and developing pan-European
collaborations such as ES-NENES and the new JRliomate, need to be well connected to
and their products integrated within GMES climagvie. GMES might consider some
actions to support the technical disseminationlehge for climate model output to help
enforce the GMES data policy also in this data domalthough with recent IPCC
developments the latter seems less necessary diarebThere is a need to develop how to



articulate this to MS on the one hand and the dthéne non GMES EC research funding so
that their support can also be in a long term sustia

Will it be possible to address the huge challengd an attribution service and how to
interface with user?

Attribution questions are typically local but crel@i answers require a complex global
analysis. The UK is convinced of the potential tlms method, given access to high quality
observations of extreme events; however this mositis not universally accepted.

Nevertheless, a meaningful attribution service wexognised as a valuable GMES climate
action. Whether further pre-service research isired, or whether the GMES climate service
should develop a potential service precursor resi@re decided.

Impact indicator service — direct generation and/orsupporting tools?

Impacts of climate change are a complex chainsthisdinevitably means that for higher

order impacts, the provision of relevant indicatare more appropriate to the downstream
services. Nevertheless policy needs will drive gievision of many indicators and the

provision of key policy relevant indicators woulé B highly visible GMES climate service

action. The challenge to make the GMES climate iserattractive to policy makers was

emphasized by the participants from the US; fortieigghe GMES climate service situation

differs somewhat from US in that GMES is much larggan just a climate service so many
motivations can be presented for different integestps.

How to implement links between GMES Climate Servicand GFCS?

The national climate services provided by Europdégteorological Infrastructure will
contribute to the Global Framework of Climate See¢i The GFCS foresees a pyramidal
structure of global, continental and national legtbrts, but it is yet to be seen if and how
broadly a GMES Climate Service could fulfil the Bpean level in this framework. There is a
basic willingness by the EMI to work towards cooation between GFCS and EU actions
within a GMES climate service. There is a stroegdfor a robust dialogue between the EU,
WMO & the EMI, perhaps using EUMETRep to ensuredberdination and consolidation of
the European contribution to GFCS. This questidh rsises the open issue of the GMES
Climate Service governance. A European thematititttor to devise a plan how an optimal
complement can be achieved could be a good ideareTis an issue of how to involve
stakeholders outside the NMHIs in the process, whaoh of a GFCS service is outside the
current remit of the NMHIs — role for GEO, CEOS?

Expectations regarding data policy?

The conference supported a full and open data agmey; however whether this is free of
charge or with cost of production/transmission atiads to be resolved.

Improving the GMES climate service scope

Mainly the scope report needs to describe a visiothe downstream service opportunities
and the boundaries of core versus downstream ssrfac each of the proposed actions. Also
a vision of where existing Land, Marine and Atmaamghshould be carrying additional tasks



or tougher requirements to produce climate qualdta needs to be distinguished from the
new actions started. For example the questionsagséow does the coupling of marine and
atmosphere models for reanalysis impact the curtenited actions in Marine and
Atmosphere GMES services.

On another string the need for having a bettercpadrive for user requirements suggests a
more detailed treatment of policy issues relevantcfimate actions in the EU. This should
also provide some guidance on how to prioritize eémabse actions for funding if GMES will
face a cutting of resources.

Priorities for the GMES Climate service actions

The conference unanimously endorsed the concefhieofGMES climate service having a
consolidating function building on the wide landseaof existing activities. Furthermore,
provision of ECVs meeting the GCOS requirements waanimously identified as the
number one priority, as these were acknowledgdxktthe foundations of the service. Within
the ECVs it was also observed that priorities faryefunding could either be those that are
easiest to deliver, so called “low hanging fruitt, those that are weakest or not covered by
existing activities primarily ESA-CCI, EUMETSAT CA& Climate SAF, EUMETNET &
MACC-II. These latter are predominantly Oceanic &rrBstrial, where both the existing
GMES pre-operational services are active, but db produce ECV quality data sets.
Conversely atmospheric ECVs need support for coratibn of data access etc.

Actions on impact indicators and reanalyses wese @aidely supported both by the EMI and
other stakeholders including the downstream se@ace again the necessity of the GMES
climate service consolidating existing activitiels as EURO4M and ERA-CLIM in the case
of reanalyses was emphasised. Finally it was atdednthat the GMES Climate service will
also have definite research priorities, including tontinuing development of European earth
system modelling capacities and the developmentalhdation of attribution tools.



