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Geographic Information Systems

Global Earth Observation Initiatives:
European Contributions to GEOSS

Laura Diaz-Sanchez, Carlos Granell-Canut, Joaquin Huerta-Guijarro, and Walter Simonazzi-Dominguez

This article provides an introduction to European initiatives relating to spatial and environmental data policy contribut-
ing to the Global Earth Observation System of Systems (GEQOSS). We begin by describing the background to and goals of
GEOSS as a system of systems which encompasses and coordinates a multitude of independent systems. Then we go on to
describe the main aims, players, and collaborations of individual European initiatives that are making a positive contri-

bution to GEOSS.

Keywords. Earth Observation Data, GEOSS, GMES,
INSPIRE, Interoperability, Kopernikus, SEIS, SDI, SISE.

1 Introduction

Since the launch of Sputnik over fifty years ago [1], sat-
ellites have been performing vital communications, mili-
tary and meteorological related functions, among others.
They are our eyes in space, which constantly observe and
monitor the Earth, sending back a wealth of data and im-
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ages for Earth Observation (EO). This EO information is
essential if we are to understand and address some of to-
day’s scientific challenges, such as achieving a greater un-
derstanding of the complexity of our planet and throwing a
little light on the processes affecting the surface of our planet,
which to a large extent we are yet to fully understand.

As citizens we may question whether the high cost of
space programmes and satellites is justifiable if their use is
limited to predicting the weather for the day after tomor-
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Figure 1: Important GEOSS-Related Areas of Social Benefit [8].

row. However, we need to be aware of our vulnerability to
natural disasters such as desertification, droughts, floods,
or to inefficient energy use and the pollution caused by the
uncontrolled spread of our towns and cities. The proper
monitoring and management of natural resources and the
environment by means of systems that are able to collect
environmental information has an inevitable impact on so-
ciety as a whole and on our present and future way of life on
this planet of ours. Paradoxically, given the close to three
thousand satellites currently orbiting the Earth (according
to data from NASA, the North American Space Agency), it
might seem incredible that we were not able to detect such
natural disasters as hurricane Katrina early enough, largely
as a result of the absence of sufficient collaboration and in-
terrelation between Earth Observation systems.

The need for EO data for the sustainable development
of our planet was recognized by the 2002 World Summit on
Sustainable Development [2], where it was agreed that "in-
ternational collaboration is essential for exploiting the grow-
ing potential of Earth Observations to support decision mak-
ing in an increasingly complex and environmentally stressed
world". One of the decisions of this world summit was to
set up the Group on Earth Observations (GEO*) to provide
a framework for international collaboration in the coordi-
nation and implementation of EO data-related projects by
international, national, and regional organizations. The im-
portance of sustainable development and of appropriate en-
vironmental policies was reflected in GEO’s action plan for
the forthcoming years [3] [4], with the sole aim of setting
up a Global Earth Observation System of Systems (GEOSS).
The goal of this ambitious project, initiated in 2005 and
scheduled to be completed by 2015, is to create a world-
wide network connecting the geographic information and
Earth Observation systems of all the different countries in-

1 <http://www.earthobservations.org/>.
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volved. In short, GEOSS will enable us to access, exchange,
and use the data collected by the systems involved in order
to deliver useful services to interested communities (scien-
tific, political, technical, citizens, etc.).

The success of any large scale project that brings to-
gether other projects that are already underway ultimately
depends on two factors [5]. On the one hand, organizational
aspects; that is, finding a way to administrate and coordi-
nate the project in a sustainable manner over a long period
of time, with the added complication that GEOSS has a
global scope and involves a great variety of international
organizations such as the WMO, FAO, UNESCO or 10C,
to name but a few. On the other hand, care must be taken to
ensure that the parties involved are integrated into a cohe-
sive and functional unit to form an interoperable system of
systems allowing GEOSS to provide real added value in all
aspects related to environmental information, from its ac-
cess and use to its application to decision making proc-
esses in any environmental domain. These aspects are
GEOSS’s two major challenges.

In this article we look at the most important European
initiatives, the ones that have spawned and developed the
European systems that are playing a vital role in the growth
of GEOSS; initiatives which ultimately provide geospatial
and EO information and services to European citizens and,
as an added value, to all the world’s citizens.

2 GEOSS: A Global System of Interoperable Sys-
tems

GEOSS is defined as a global system of systems for
Earth Observation, but it is not really a system per se, if we
consider a system as being autonomous. The aim of this
political initiative is to coordinate the various Earth Obser-
vation and monitoring devices and systems by creating an
interoperable framework capable of enabling access to and
the use of data and services available in existing systems.

© Novatica
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Organizations, institutions, research groups, universities
and, in short, all GEOSS’s participating members, are who
ultimately own, manage, and operate the systems making
up the GEOSS network of systems.

So, what value can GEOSS add to the individual sys-
tems of the participating members? First of all, the nature
of GEOSS’s mission is sufficiently broad and general as to
allow it to benefit society as a whole [6]. GEOSS’s efforts
are aimed at areas of great social impact. Figure 1 shows
the nine areas of social benefit addressed by GEOSS. These
areas are essential for sustainable development and are pre-
cisely those that correspond to the basic needs that are still
unresolved in many developing countries [7].

Secondly, GEOSS is a an intergovernmental organiza-
tion which strives to coordinate the multitude of complex
interrelationships that can arise between the different indi-
vidual systems around the world, while supporting new col-
laborative initiatives and the development of new systems
that may have an important contribution to make in the ar-
eas of social benefit mentioned above. A flood alert system
covering an international area such as Europe is only possi-
ble if it is conceived as a cross-cutting project that brings
together a number of systems from several different the-
matic areas (such as disasters, water, and climate) and from
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various organizations and institutions. Therefore the address-
ing of global problems must necessarily involve interna-
tional coordination and collaboration to avoid unnecessary
duplication of projects while leveraging possible synergies
between projects to ensure a sustained socio-economic de-
velopment and environmental benefits for society at large.
GEOSS’s mission is to ensure that there is no lack of coor-
dination and collaboration between geospatial and Earth
Observation systems belonging to different countries so that
the mistakes of the past in the detection of natural disasters
can be avoided.

In this respect, GEOSS pursues the dream of an
interoperable system of systems which allows users to search
for, access, and use data, images, services, tools and soft-
ware packages, and where it will also be possible to com-
bine sets of data from different remote systems in a coher-
ent manner. However, the cross-cutting, coordinated and
global approach to multiple systems adopted by GEOSS
would not be possible without the individual contributions
from each of the organizations and participating members.
Without the individual effort of its members to keep their
own systems operational with up-to-date and reliable infor-
mation, the system of systems promoted by GEOSS would
simply be doomed to failure.
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In order to meet the above challenges, it is necessary to
establish a common framework within which the various
systems can communicate with one another and share data
in an interoperable manner, while remaining sufficiently
agile and flexible to allow for changes and the incorpora-
tion of new individual systems to the worldwide network.
This interoperable framework defines GEOSS’s common
architecture which promotes the use of common principles,
rules, techniques, and standards for all GEOSS systems [9].
Figure 2 shows the home page of the GEOSS geoportal, the
backbone element in GEOSS’s common architecture, which
acts as a point of entry and enables members to connect
directly with all the network’s systems, services and com-
ponents. In accordance with the implementation plan [3],
the Geoportal is currently limited to registering any compo-
nents, services, and standards that are of interest to GEOSS’s
purpose. Each participating member voluntarily registers the
services and components which it manages and which will
contribute to the growth and expansion of the global system
of systems. The portal also provides a catalogue of stand-
ards to be used in these services and components in order to
facilitate the integration of services and information.

The term "system of systems" in the acronym GEOSS
underlines the fact that it groups together a set of elements
(components, services, systems, etc.) which operate, are
managed, and are developed independently of the other el-
ements in the system and even of the global system itself,
but which work collaboratively towards common goals. The
following section presents some specific European initia-
tives which aim to promote the development of geospatial
and Earth Observation systems forming part of the global
system of interoperable systems.

3 European Contributions to GEOSS

3.1 Spatial Initiatives

To observe and monitor the Earth requires an infrastruc-
ture of operational satellites which enable EO data to be
captured continuously. Europe’s contribution to this infra-
structure is centred mainly on two major initiatives
(Kopernikus, formerly known as GMES, and Galileo) jointly
developed by the European Commission (EC) and the Eu-
ropean Space Agency (ESA). Galileo is the EC’s flagship
space programme and gives its name to the future European
satellite-based global navigation and positioning system.
Kopernikus addresses another key space-related issue; Earth
Observation. In the short term, both initiatives strive to cre-
ate a service and marketing industry for the space sector
[10] but without losing sight of what is really the funda-
mental goal of the two projects; to establish an autonomous
and operationally reliable infrastructure in the medium to
long term that will ensure European independence in strate-
gic areas of the space sector.

In spite of its recent change of name, the Kopernikus
programme remains true to the original principles of GMES
(Global Monitoring for Environment and Security) [11] with
the aim of meeting the Europe’s needs in environmental af-
fairs and ensuring the resources and capabilities required
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by Earth Observation from space. The collaboration be-
tween the EC and the ESA in the Kopernikus programme
hinges fundamentally on two types of components: one
space-related and the other service-related. The ESA is re-
sponsible for space components covers the coordination,
development and commissioning of Europe’s own satellite
infrastructure, space missions, and land-based space com-
ponents for the capture of regular, up-to-the-minute EO data.
Meanwhile, the EC is responsible for the initiative as a
whole, and of the management of the future set of public
and private data integration and management services.
Kopernikus aims to make efficient use of the space infra-
structure available so as to develop a comprehensive set of
operational services upon this base, services that can really
act as decision making support systems, capable of acquir-
ing, processing, and interpreting information related to, say,
the monitoring of natural resources (soil, etc.), oceano-
graphic and atmospheric information, risk and emergency
management (fires, floods, etc.) and security.

Kopernikus is doubtless Europe’s most important con-
tribution to GEOSS in terms of monitoring and Earth Ob-
servation. A number of pilot services related to the man-
agement of emergencies and marine services, and which to
a great extent address GEOSS’s areas of social benefit, are
already in their development stage. Since the aims of
Kopernikus and GEOSS are perfectly aligned, as more serv-
ices come into existence as a result of developments from
R&D projects funded by Kopernikus and other similar pro-
grammes (see Section 4.1), so Europe’s contribution to the
expansion of GEOSS will increase.

3.2 SDI Initiatives

In Europe there are a number of initiatives being devel-
oped jointly to create a technical, political and social infra-
structure to support the implementation of an interoperable
space for sharing and managing environmental informa-
tion and tools. Adopted as a European directive in Febru-
ary 2007, INSPIRE (Infrastructure for Spatial Information
in Europe) [12] sets out a legal framework for the Euro-
pean Spatial Data Infrastructure (SDI), with regard to poli-
cies and activities having an environmental impact.

INSPIRE is actually based on infrastructures which have
already been set up and are managed by each member state,
thereby creating an infrastructure or network of SDI nodes
that are operational at a national, sub-national (regional,
local, etc.) and thematic level (i.e. devoted to specific do-
mains such as natural parks, etc.) for the shared use of and
access to data in multidisciplinary and cross-border projects.

SDI initiatives as a whole contribute to GEOSS by pro-
viding a portfolio of standards, protocols, and interfaces to
allow geospatial data to be accessed and exchanged. All
this set of detailed specifications and standards promoted
by INSPIRE considerably enhances interoperability be-
tween the services and components provided by distributed
SDI nodes. In short, SDI infrastructure, which is made up
of SDI nodes (member states, and autonomous community,
regional and local governments) managed independently

© Novatica
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Figure 3: SISE and How it Relates to Other EU Policies [13].

but under principles of collaboration and reuse, is a good
practical demonstration of the fact that the approach adopted
by GEOSS for its global system of systems may be viable
in the future.

3.3 Digital Information Initiatives

There are other initiatives in Europe working towards
developing digital information infrastructure in general but
which encompass environmental information and are there-
fore important in the context of GEOSS.

3.3.1 SISE

i2010? is the European framework for information so-
ciety policies. It aims to facilitate the positive contribution
that communication and information technologies make to
the economy, to society, and to the quality of life. The pri-
mary aim of i2010 is to establish a Single European Infor-
mation Space® (SEIS) offering affordable and secure high-
bandwidth communications. And within this space we find
SISE (Single Information Space for the Environment in
Europe), which bears a direct relation to other important
initiatives in the field of environmental information. The
actions promoted in this area combine laws and other regu-
latory instruments to create a legal framework for the dig-
ital economy.

Figure 3 shows who the main players are in SISE and
what relation it has to some of the initiatives mentioned
earlier. Thus we can see that not only does SISE’s scope of
action include environmental information, but it is also di-
rectly related to SEIS (Shared Environmental Information
System for Europe*), which is coordinated by DG-ENV,
whose main purpose is to manage everything to do with
European environmental information. SEIS is in turn di-
rectly related to GMES-Kopernikus (coordinated by DG-
ENTR and ESA) and INSPIRE (coordinated by DG-ENV)

2 <http://lec.europa.eu/information_society/eeurope/i2010/
index_en.htm>.

3 <http://lec.europa.eu/information_society/eeurope/i2010/
single_infor_space/index_en.htm>.

4 <http://ec.europa.eu/environment/seis/index.htm>.
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with a view to creating a common framework for data man-
agement, the creation of legal and social infrastructure, and
the development of software, satellite, and space mission
infrastructure for monitoring the Earth, all with the ultimate
purpose of ensuring sustainable growth and efficient Earth
Observation.

3.3.2SEIS

SEIS is another important European initiative due to its
intersection with GEOSS, INSPIRE and Kopernikus. SEIS
is a collaborative initiative involving the EC and the Euro-
pean Environment Agency (EEA) and member states, the
main objectives of which are:

m To establish a common, integrated information sys-
tem in order to improve the availability and quality of Eu-
ropean environmental information and to provide e-Gov-
ernment/e-Environment services to citizens and politicians.

m To provide member states and European institutions
with an up-to-date reporting system to meet their reporting
obligations arising from their adoption of European envi-
ronmental policy and so avoid duplication of effort, over-
laps and redundancy. To this end the European Commis-
sion also plans to update its Directive on reporting (Direc-
tive 91/692/CEE) to bring it in line with SEIS principles.

Like other initiatives, the general goal pursued by SEIS
is to preserve and improve the quality, comparability, and
availability of environmental information. To do this SEIS
has developed a set of principles in order to ensure that (i)
the environmental information is organized in the most ef-
ficient way possible and (ii) the investment in data collec-
tion and monitoring procedures produce the greatest possi-
ble benefits.

Among the benefits that a system like SEIS would pro-
duce, apart from improving the quality and comparability
of and access to European environmental information, would
be to simplify (with a concomitant increase in efficiency)
reporting processes, which would lead to a greater citizen
involvement and would make the work of our legislators
easier thanks to the availability of better quality and more
timely information.

The EEA and its thematic centres play a fundamental
role in the application of the SEIS system, since they clearly
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play a key role in the collection and delivery of environ-
mental information (with the aid of its European Environ-
ment Information and Observation Network (EIONET)),
which has made it the driving force behind many of the prin-
ciples outlined above. In order to continue to fulfil its man-
date to provide timely and reliable environmental informa-
tion, the EEA has made the SEIS system central to its strat-
egy for the years 2009 to 2013.

From a more technological point of view, SEIS is a "sys-
tem of systems"; an integrated system which is Web distrib-
uted and accessible. It will be developed gradually on top
of existing infrastructures, systems, and e-Services, in both
member states and other European institutions. To a great
extent SEIS’s objectives overlap the objectives pursued by
INSPIRE and Kopernikus, which has led to the develop-
ment of approaches that try to ensure that these initiatives
work together and pull in the same direction, providing a
common added value in the shape of a European contribu-
tion to GEQOSS, as we shall see later in the section on
synergies.

SEIS shares the same commitment to interoperability and
data sharing that underpins GEOSS. Early projects in this
field focused on improving data access and sharing, the pro-
duction of specifications and standards and other agreements
in respect of interoperability, and the performance of viabil-
ity tests on the underlying architecture and on user interface
components. As SEIS development progresses, this initia-
tive will deliver a European system of systems to GEOSS
capable of providing comparable, quality, and timely envi-
ronmental information.

4 Synergies

Having reviewed the scope and main lines of action of
the various initiatives, we will now look at some of the over-
laps and synergies that exist between them®. In principle
these are initiatives that mutually support each other; they
provide complementary mechanisms that enable users to
enjoy global interoperable access to data and tools [14].

Looking first at INSPIRE, this initiative establishes a
legal framework including the implementation rules gov-
erning how to create data, metadata, and services, in a man-
ner that ensures interoperability between the different sys-
tems administrating geographic information. Meanwhile
SEIS ensures the availability of data in the form of a decen-
tralized network, and Kopernikus provides funding for space
missions and satellites as well as for projects creating added
value geospatial services which will increase the use and
amount of EO information. Thus Kopernikus is at the same
time a user and a supplier of SEIS, and vice versa: the two
initiatives are mutual customers [14]. For example, the serv-
ices created by Kopernikus projects use inputs consisting of
data provided by SEIS’s data infrastructure, while the out-

5 The existence of such synergies is borne out by recent forums
such as the European Towards e-Environment Conference < http:/
/www.e-envi2009.0rg>.
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put produced by these services may also be part of that
same infrastructure. Finally, it should be mentioned that
Kopernikus, like SEIS, contributes to the availability of
important data and products, thereby promoting the open
data policy. In this respect, while INSPIRE does address
certain inefficiencies relating to the usability and use of
spatial data, it also has certain limitations. For example, it
only refers to public and spatial data and does not consider
other aspects such as improving the creation and manage-
ment of reporting of European environmental legislation
(use of an integrated e-reporting system). Neither does IN-
SPIRE lead directly to an improvement in the quality, com-
parability and timeliness of environmental data, since these
aspects will be addressed by SEIS.

To sum up, Table 1 shows the aspects that, while they
being addressed at least partially by all the initiatives, are
more important in some than in others. As we can see in the
table, INSPIRE is focused mainly on the establishment of
an interoperable infrastructure within a legal framework.
GMES-Kopernikus is responsible for the creation of a criti-
cal mass of projects and services in order to consolidate
and build up the spatial information market. Finally, SEIS
will work more on content management; i.e. managing the
data and also the services used by that data.

Thus, INSPIRE and Kopernikus are key elements in the
development of SEIS. The effective implementation of the
INSPIRE directive is essential to the provision of the
interoperability between systems that SEIS requires in or-
der to share and access geospatial environmental data. Out-
side the scope of the INSPIRE directive, SEIS will also
provide non-geospatial data. Kopernikus will contribute by
developing environmental services.

Finally we should say that these European initiatives
will not only help establish infrastructures capable of sup-
porting other infrastructures of a global and cross-cutting
nature, such as GSDI (Global SDI) and UNSDI (United
Nations SDI), but will also help the development of GEOSS
which, as we have seen earlier, will make use of (and in
fact be comprised of) existing systems to form a global sys-
tem of systems for Earth Observation.

Figure 4 shows the synergies existing between these ini-
tiatives. At the bottom we can see how the three European
initiatives mentioned in the previous section help dissemi-
nate the spatial data information systems and infrastruc-

INSPIRE GMES SEIS
Contant Content Content
Infra Infra ' Infea

structure structure EATEE
Services Sarvicas Searvices
. Obligation | onigation Obligation?
. Business . Business BusIness

Table 1: Main Lines of these European Initiatives
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Figure 4: Synergies Between GEOSS/GMES/SEIS/INSPIRE.

tures of member states at different administrative levels.
These individual systems will support larger global systems,
all of which help make up the global system of systems
which is GEOSS.

4.1 Harmonization Projects

As a result of the proliferation of these initiatives there
are overlaps in the goals which not only cause a duplication
of effort but may give rise to similar action lines and objec-
tives being steered towards the use of different standards,
thereby impeding interoperability between the systems pro-
duced by each initiative. Therefore there is a need to organ-
ize the initiatives so that requirements are standardized and
objectives are harmonized. This has led to the appearance
of projects whose mission is to integrate these initiatives.
This is the case of GIGAS® (GEOSS, INSPIRE and GMES,
in a "Support Action") which promotes the coherent
interoperable development of the initiatives GMES-
Kopernikus, INSPIRE and GEOSS through the adoption of
agreed upon standards and protocols and open architectures.
Given the complexity and dynamic nature of the initiatives
and the large number of interested parties, the key to
GIGAS’s added value is to ensure that the European or-
ganizations promoting these initiatives guide them towards
a synergetic convergence.

SOSI (Spatial Observation Services & Infrastructure)
[15] is a similar project, the main aim of which is to check
the concepts behind SEIS in respect of infrastructure and
services, and to evaluate SSE (Service Support Environ-
ment) where it touches upon the sustainability of SEIS, for
example with regard to the existence of reusable technol-

6 <http://www.thegigasforum.eu/>.
7 <http://www.esdi-humboldt.eu/>.
8 <http://www.esdinetplus.eu/>.
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ogy. The coherence of the SOSI project with the above and
other initiatives should be ensured through collaboration
with the project GIGAS.

Moving away from the organizational level, there are
other projects within the same European framework that
take a more practical approach to monitoring the synergies
between these initiatives, such as the Humboldt” project,
which aims to harmonize spatial data and services. Along
similar lines we can find such projects as the thematic eSDI-
Net+® network, funded under the auspices of the European
e-contentPlus programme, which aims to encourage col-
laboration and the exchange of experiences and best prac-
tices in SDI project implementations at sub-national levels
throughout Europe.

5 Conclusions

International governments and organizations often tend
towards the use of ad hoc agreements to address specific
situations rather than implementing a general policy that
might prove hard to negotiate. This approach may end up
wasting a considerable amount of time, mainly due to ne-
gotiations with, for example, the public agencies which pos-
sess the data. If a prior agreement is reached, immediate
access to the required data can help institutions act more
swiftly in response to critical situations. Therefore, in a glo-
bal and international context, the establishment of global
infrastructures and agreements regarding data access poli-
cies, and the use of standardized interoperable systems,
should bring about a reduction in response times to critical
natural or environmental situations.

GEO enables collaboration in three different ways.
Firstly, by encouraging countries that develop their own
national SDI to register their systems, services and stand-
ards with GEOSS, so they can be used both by GEOSS and
by GSDI. Secondly, by harmonizing GSDI’s and GEOSS’s
approach. And, finally, by ensuring that the EO community
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moves towards the open exchange of information, just as is
happening in the SDI community.

The downside to this long-term benefit is precisely the
timeframe: when we talk about the development of all these
initiatives, we are talking in terms of years, and in some
cases even decades. However, there is a clear political com-
mitment at an international level to participate in these ini-
tiatives due to the current level of interest being generated.
This means that agreements need to be reached not only on
how to implement the systems, how to access the data, and
which standards to use, but we also need to ensure that all
the organizations involved are pulling in the same direc-
tion, and that any agreements reached are compatible and
achievable.
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