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Abstract
Remote Sensing from satellites allow a global perspective on observations of the Earth to be developed. This paper gives an overview of some of the international initiatives that have been created to improve the exploitation of remotely sensed data for environmental studies. The focus is on the activities and scientific challenges facing GEO/GEOSS on Earth Observation. Other relevant international initiatives are also presented, such as CEOS, GMES, APARSEN project, and SCIDP - ES project. The benefits of creating a Virtual Centre of Remote Sensing Data in are also discussed.
Аннотация

Исследованы проблемы интеграции научных данных спутниковых исследований и развития научного сообщества в области дистанционного зондирования Земли с целью обеспечить максимальные преимущеста, возникающие в цифровую эру и эпоху Big Data. Рассматриваются Программы Европейской Комиссии и США, проводится анализ  современного состояния исследований и международного сотрудничества в области исследования Земли из космоса. Выполнен анализ структуры программ  GEO/GEOSS, CEOS, GMES. Представлены новейшие проекты APARSEN и SCIDP - ES, обеспечивающие непрерывнй доступ к спутниковым данным  и их долговременное хранение.  Обсуждаются перспективы создания Центров компетенции - Центров данных дистанционного зондирования Земли из космоса.
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   1. Earth Observations and GIS
             First we can clarify the use of the terms Earth Observations and GIS – Geographic Information Systems [9-15]. Often, the term Earth Observation (EO) is used interchangeably with satellite remote sensing. But Earth Observations has a broader scope and can include airborne sensors and in-situ sensors. Earth Observations can include local observations that contribute to global (or regional) understanding. Traditionally, EO scientists used raster based software for processing image data. GIS has grown out of the mapping community and traditionally had a focus on vector based data. EO data used to be low resolution and covered large areas whereas GIS would be high resolution and be used in small areas.
Now that EO data is becoming available at higher resolutions; and computers are becoming more powerful so that large areas can be analysed in fine detail; a closer integration of raster and vector based software is required.
1.1.
 Earth Observation (EO)
· Satellite Remote Sensing
· also embraces aircraft and in-situ sensors
· includes any local observations that contribute to global (or regional) understanding
· GIS
Geographic Information Systems
· vector based (e.g. ESRI ArcGIS (ArcInfo)) 
· raster based (e.g.ERDAS Imagine; IDL(PV-wave))
· but functionality now merging 
 1.2. International organisations involved with trying to co-ordinate global observations
· GEO

Group on Earth Observation
· GEOSS
Global EO System of Systems
· OGC

Open Geospatial Consortium
· CEOS
Committee on Earth Observation Satellites
· G3OS
Global Observing Systems (x3)
· GMES
Global Monitoring for Environment and Security
· APARSEN Alliance for Permanent Access to Records of Science 
But not including

CCSDS, ISO TC20/SC13, INSPIRE etc. 
There are several others we will not cover, such as:

· CCSDS The Consultative Committee on Space Data Systems linked to 

· ISO TC20/SC13 International Standards Organisation, 
· Technical Committee 20 (Aircraft and Space Vehicles), 
· Sub-Committee 13 (Space data and Information transfer systems).
· INPSPIRE – European initiative to harmonise geospatial data across Europe
1.3. GEO & GEOSS
One of the main global co-ordination activities is now GEO [9-14].

· GEO – Group on Earth Observation 

· EOSS - Global Earth Observation System of Systems
GEO - Group on Earth Observation
Driven at government minister level. 
88 countries (plus European Commission) plus over 50 Participating Organisations. Open to all UN countries. Small secretariat & national volunteers. Working on developing GEOSS: Global Earth Observation System of Systems -10 year Implementation plan 2005 to 2015. Now entered final 3-year phase to create long-term operational systems. GEOSS have identified 9 main application themes – referred to as Societal Benefit Areas (SBA’s). These are: Biodiversity, Climate, Disasters, Weather, Water, Energy, Health, Agriculture, Ecosystems. The systems integrate data from a wide range of sources including: Satellites, aircraft, balloons, in-situ land and ocean [13,14].
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GEOSS –Societal Benefit Areas (SBAs)


Fig. 1. GEOSS - Global Earth Observation System of Systems
GEOSS have identified 9 main application themes – referred to as Societal Benefit Areas (SBA’s).

These are: Biodiversity, Climate, Disasters, Weather, Water, Energy, Health, Agriculture, Ecosystems

The systems integrate data from a wide range of sources including: Satellites, aircraft, balloons, in-situ land and ocean. The data are linked to the applications through the GEOSS Common Infrastructure (CGI) [18]. This consists of a web portal providing links to: Registries – which hold information on services, standards, best practices etc. A Clearinghouse – which provides information (metadata) on available data and where it can be obtained
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GEOSS Common Infrastructure (GCI)


Fig. 2. GEOSS Common Infrastructure (GCI) [13].
1.4. GEO Portal
It is based on Google Earth. Provides links to applications areas and links to Resources. Also identifies datasets that are available on-line at no cost. GEO portal achieves several  objectives:
· Where are Earth Observation data catalogues? 

· Why does each EO catalogue have a different interface? 

· What EO data can be used together? 

· What term is used for this EO data catalogue to find my data? 

· What criteria are available for searching? 
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Fig. 3. GEO Portal
Fig. 3 is what the GEO Data Portal looks like. The GEO Portal is the INFEO follow-on.  INFEO was developed in the 90s by the European Joint Research Centre (JRC). It is maintained and enhanced by ESA since 2001. GEO Portal  is based on the Catalogue Interoperability Protocol (CIP), which was designed under the auspices of CEOS. For the user the goal of CIP was one single interface to access to distributed international EO catalogues, locate diverse EO data sets, use data from different disciplines, access data in themes, use browse, inventory, directory, order. 
For the provider, the goal of CIP was one single toolkit to re-use software, access to all my catalogues, save costs,  increase services, increase user community. Collection is the key concept: 
- a collection is a grouping of items that have something in common 
- from the user community point of view (thematic view), or 
- from the archivist point of view (product view) 

- collections are a way for navigating among archives. 

So GEO Portal is Resource Center is being developed to offer capabilities for finding freely available web-based resources about the preservation of geospatial information. A variety of selected resources are being added, including reports, presentations, standards, and information about tools for preparing geospatial assets for long-term access and use. Topics on GIS, preservation formats, satellite imagery, software dependencies, virtual environments.

Some GEO coordination highlights
GEO now in final 3-year phase of its 10 year plan. The focus is on developing sustainable long-term operational systems. Here are some examples of the Projects under development:
· Biodiversity Observation Network (GEO BON)
· Global Forest Observation Initiative (GFOI)
· Hydrological Applications and Run-off Network (HARON)
· Multidisciplinary Weather, Climate and Earth-System Prediction Project
· GeoNETCast data dissemination system
· GLAM – Global Agricultural Monitoring
1.5. CEOS

We now come to CEOS – the Committee on Earth Observation Satellite [14]. CEOS was mentioned earlier that Earth Observations covers both space and in-situ observations.
CEOS provides the space component for GEO. Membership is by space agencies rather than governments.The Working Groups work on:

WGCV – Calibration and Validation. To ensure data from different satellites can be compared.
WGISS – Information Systems and Services. To create interoperable services to find and retrieve satellite data.
WGEdu - recently renamed Working Group on Capacity Building and Data Democracy. To help educate users and encourage free access to data.
WGClimate – Help co-ordinate the measurement of Essential Climate Variables (ECVs).
In addition to the long-standing Working groups, it has developed the concept of 
Virtual Constellations of satellites.

Combine data from different satellites launched by different countries.
Atmospheric Composition  (NASA/ESA)
Precipitation 
(JAXA/NASA)
Land Surface Imaging  (USGS/ISRO/INPE)
· Ocean Surface Topography 
(NASA/EUMETSAT)
· Ocean Colour Radiometry 
(ESA/ISRO/NASA)
· Ocean Surface Vector Wind 
(NOAA/ISRO/EUMETSAT)
· Sea Surface Temperature 
(ESA/NOAA)
· Theme based rather than sensor based
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Fig. 4. Sources of Satellite Data.
CEOS achievements

Some CEOS Achievements are: 

· Space Agency co-operation and sharing
· Contributions to GEO & GEOSS
· Virtual Constellations (theme based)
· IDN – International Directory Network (based on NASA’s GCMD) 
· Developing CEOS WGISS Integrated Catalogue (CWIC) as a contribution to the GEOSS Common Infrastructure (GCI)
2. INTERNATIONAL ACTIVITIES FOR EARTH OBSERVATION
GMES - Global Monitoring for Environment and Security
European initiative GMES [15] to make EO satellites be driven by operational(/commercial) requirements, rather than just science.Developing operational services for:
Land


(Geoland2)

Ocean


(MyOcean)

Atmosphere

(MACC)

Disasters

(SAFER)

Security

(MOSAIC)

From 2013, supported by Sentinel missions.

Sentinel Missions
Sentinel missions following on from excellent track record of ERS-1, ERS-2, and Envisat (which stopped operating just a few months ago). Each Sentinel mission based on two satellites in same plane. 7 year target lifetime – will hold consumables to support 12 years of operations.

Launches starting with first Sentinel 1 in 2013.

They will carry different types of instrument

Sentinel 1

SAR (C-band)

Sentinel 2

Multispectral Optical (10m res) (land)

Sentinel 3

IR and microwave (marine)

Sentinel 4

Atmosphere - geostationary orbit

Sentinel 5

Atmosphere - polar orbit
3.  e-SCIENCE INFRASTRUCTURE FOR DIGITAL PRESERVATION
3.1. Earth Science domain is

· pretty complex and geterogeneous
· data accuired from different sensors and from satellites

· data stored, maintained and exchanged in different format (different models used by different organizations)

· different Earth Science domen approaches (e.g. preservation policies, infrastructures, technologies for data discovery, management, access and visualization).
3.2. e-Science Infrastructure 
e-Science Infrastructure is the set of tools and technologies  to support data federation and collaboration [2,3,8] 

· For analysis and data mining 
· For data visualization and exploration 
· For scholarly communication and dissemination
             The National Science Foundation needs to create a sustainable data infrastructure fit to support world-class research and innovation [7,8]. Such infrastructure is essential to sustain the USA’s long-term leadership in scientific research and a legacy which can drive future discoveries, innovation and national prosperity. To realize this potential the Task Force identified challenges and opportunities that need focused and sustained investment. These recommendations are clustered into main areas: 

· Acknowledge that data infrastructure and services are essential research assets fundamental to today’s science and worthy of long-term investments. 

· Make specific budget allocations for the establishment and maintenance of research data sets and services and associated software and visualization tools. 
· To develop and deploy generic and sustainable digital data preservation services and toolkits.

· Validate and use them in the Earth Science domain

· To harmonise data preservation policies and approaches, metadata and ontologies in the Earth Science domain: paving the way for the Long Term Data Preservation (LTDP) of Earth Science Data.
3.3. Scientific e-infrastructure – some challenges to overcome

· Collection

How can we make sure that data are collected together with the information necessary to reuse them?

· Trust 

How can we make informed judgements about whether certain data are authentic and can be trusted?

How can we judge which repositories we can trust? How can appropriate access and use of resources be granted or controlled?

· Usability

How can we move to a situation where non-specialists can overcome the high barriers to their being able to start sensible work on unfamiliar data, perhaps using intelligent automated tools for an initial investigation?

· Interoperability

How can we implement interoperability within disciplines and move to an overarching multi-disciplinary way of understanding and using data?

How can we find unfamiliar but relevant data resource beyond simple keyword searches, but involving a deeper probing into the data?

How can automated tools find the information needed to tackle unfamiliar data?

· Diversity

How do we overcome the problems of diversity – heterogeneity of data, but also of backgrounds and data-sharing cultures in the scientific community?

How do we deal with the diversity of data repositories and access rules – within or between disciplines, and within or across national borders?

· Security

How can we guarantee data integrity?

How can we avoid data poisoning by individuals or groups intending to bias them in their interest?

How can we react in the case of security breaches to limit their impact?

· Data publication and access

How can data producers be rewarded for publishing data?

How can we know who has deposited what data and who is re-using them – or who has the right to access data which are restricted in some way?

How do we deal with the various ‘filters’ that different disciplines use when choosing and describing data? What about differences in these attitudes within disciplines, or from one time to another?

· Commercial exploitation

How can the infrastructure benefit from commercial developments in data management?

How can the revenue-generating expertise of the commercial world be brought into play for the long-term sustainability of these resources?

· Preservation and Sustainability

How can we be sure that the important information we collect will be usable and understandable in the future; in particular how can we fund our information resources in the long term?

How can we share the costs and efforts required for sustainability?

How can we decide what to preserve?

4. e- INFRASTRUCTURE - APARSEN PROJECT 
The APARSEN (Alliance Permanent Access to the Records of Science in Europe Network) project involves a very broad set of organizations from academia, research laboratories, major national libraries, national membership organizations and industry.

The EU is now very concerned in promoting and funding activities to organizations that are providing services and tools to the research, library, public and commercial communities. This information then allows us to put the services on the web site that research organizations can offer to both Alliance for Permanent Access (APA) members, the APARSEN group (Alliance for Permanent Access to the Records of Science in Europe Network) and all global organizations engaged and interested in preserving their digital assets [4.5]. This enables all the organizations involved to promote their particular expertise and tools and provides them with an added revenue stream to a global audience through the promotional activities of the APA. Aparsen brings together expertise from across Europe including 31 partners and will bring coherence, cohesion and continuity to research into barriers to the long term accessibility and usability of digital information and data. 
Data Preservation 
• More than keeping the data safe
 • “the bits are retrievable and are the same as the original”
  • Keeping the data usable 
 • “the data can be understood and reused at a later date”  [1,6]
5. Conclusions          
We have seen there are a broad range of international programmes aiming to improve the exploitation of global Earth Observations. Integration of information systems requires the adoption of international standards and other interoperability measures.
A Virtual Centre of Remote Sensing Data could help strengthen contribution to global research and operational environment systems. This is the very idea that has brought to success the open-source community. Developments in ICT mean that distance is no longer a barrier to participating in international co-operatative activities aiming to improve the exploitation of global Earth Observation.
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This is global activity and so it would be good to get Russian datasets included in the Clearinghouse; and Russian services included in the Registries.
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This is what the GEO Data Portal looks like.

It is based on Google Earth.

Provides links to applications areas.

And links to Resources.

Also identifies datasets that are available on-line at no cost.
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IRS & KVR, DK little used as largely supplanted by the other optical systems which offer superior resolution and quality of service.





Radar is used when appropriate, but current resolution limits its usefulness for much of the tasking received.
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GEOSS – Societal Benefit Areas (SBAs)
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GEOSS have identified 9 main application themes – referred to as Societal Benefit Areas (SBA’s).

These are:

Biodiversity, Climate, Disasters, Weather, Water, Energy, Health, Agriculture, Ecosystems

The systems integrate data from a wide range of sources including:

Satellites, aircraft, balloons, in-situ land and ocean.



The data are linked to the applications through the GEOSS Common Infrastructure (CGI)

This consists of a web portal providing links to:

Registries – which hold information on services, standards, best practices etc.

A Clearinghouse – which provides information (metadata) on available data and where it can be obtained
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