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Introduction

The outcomes of the 19th CEOS Plenary held in London in November 2005, recognised that the CEOS Implementation Plan for Space-Based Observations for GEOSS should:

 identify the supply of space-based observations required to satisfy the requirements expressed by the 10-year implementation plan for GEOSS; and

 propose an innovative process whereby the many disparate types of Earth observing programmes funded by CEOS Member agencies might contribute to the supply of the required observations;

It must be recognised that, with just the requirements alone, CEOS is no closer to achieving implementation results than hitherto; the key part of the new Implementation Plan is the process – as stated in the final report of the CEOS Task Force in 2005: 

“The proposed CEOS Implementation Plan should be the focus for a new planning process which takes account of international users and their requirements from the outset of satellite projects.”

It must be further recognised that national/regional observing requirements will continue to dominate space agency spending, and therefore, realistically, the CEOS IP can at best seek synergies where agency programmes can also contribute to satisfying the GEOSS requirements. To this end, CEOS should provide guidelines and standards to allow agencies to determine from the outset whether and to what extent this can be achieved.

The objective of this paper is to suggest an approach for the new planning process and to identify how it might be implemented by space agencies through the CEOS framework.

The virtual constellation Concept

Being driven as they are by a variety of national/regional needs and capacities – scientific, industrial, economic etc – it has proven extremely difficult to obtain long term commitments aimed at harmonising the Earth observing programmes of the countries and regions covered by CEOS. At least part of this difficulty has stemmed from the lack of a clear and common statement of need from the target user communities. Notable exceptions are the relatively well-organised meteorology and defence user communities whose ability to express and demonstrate pressing needs for data provision has secured continuity of the observing programmes which satisfy those needs.

The lack of a common requirement for observations for other domains – including most of those which are addressed within the GEOSS Societal Benefit Areas (SBAs) - has meant that continuity of supply of observations and consistency of technical performance and application of observations has not been systematic, but rather ad-hoc – although some instances of both intended and fortuitous continuity of observations have emerged over the last decades.

From the user perspective, however, such continuity is rarely as straightforward as it may seem. Over several years they may be required to exploit data from numerous satellites– each with different mission objectives and unlikely to be designed to facilitate comparison with observations from the generation that preceded it.  For example:

· Instruments are often not comparable in terms of performance and types of measurement: eg, there are a number of decametric multi spectral imaging missions (from India, China and Brazil, France, US etc) which, although not planned at the same time, might have followed a basic instrument design; as it is, each of them - including the most recent - utilises different wavelengths or filter widths, which complicates considerably any coordinated use of the data;

· Since missions are (typically) planned one at a time (even those from a single agency) there is no guarantee that data from a group of missions with the same general objectives can be used in an integrated way. The CEOS Working Group on Calibration and Validation (WGCV) has worked for many years - with some real success - on this obstacle to provide various ways to retrospectively develop the inter-comparability of data from different missions. Inter-comparison and inter-calibration of data are topics that are far better addressed from the first definition of new missions – following a set of specifications designed to guide each agency in mission definition with the aim of better satisfying the user needs.

· Data formats, distribution, and access can vary tremendously from agency to agency. There is considerable scope for improvement in ensuring that observations from different missions and agencies aimed at the same community follow the same guidelines. This is the domain of the CEOS Working Group on Information Systems and Services (WGISS).

The concept of the ‘CEOS Virtual Constellations’ is proposed as the basis for a process aimed at addressing these shortcomings in the international planning process for space-based Earth observations without eroding the independence of individual agencies. The basic idea for the establishment of the CEOS Virtual Constellations is:

· To extract from the target user communities, a clear and common statement of requirements – as the basis for planning by CEOS space agencies; the heritage of application of space-based observations is now such that this is feasible in most domains – and the GEO process and GEOSS 10 Year Implementation Plan can serve as the reference for many of these requirements (recognising that some SBAs are more mature than others). One approach for establishing requirements for observations is to study the input requirements (and their associated specifications) for models and decision support tools. (The WCRP Coordination and Predictions for Earth Science (COPES) is a good reference source in this respect.);

· To define a series of ‘virtual satellite constellations’ to satisfy these requirements; each constellation would be the focus for the planning and coordination by CEOS agencies individually and collectively; each definition would serve as a guide to all agencies as to the characteristics of the space and ground segment for their mission which would best satisfy the needs of the agreed users; The CEOS Implementation Plan would therefore be structured around these CEOS Constellations - each aimed at satisfying a major grouping of requirements from the GEOSS IP (most likely the SBAs). The first and most mature example could be: The CEOS Virtual Constellations for Climate Applications. For climate and some other well-developed requirements the constellation could be specified in more detail, built from key measurements or sets of measurements – eg: The CEOS Virtual Constellation for Ozone Monitoring.
· At the heart of the application of the Constellations concept is the definition of a series of standards – required to be satisfied for a mission to be included in the constellation – and a process of recognition/acceptance, whereby an agency applies to CEOS to have one or more of their missions (ideally from the outset of planning)  recognised as meeting the constellation standards and thereby satisfying the relevant user community needs. Since part of the purpose of the Constellations Concept is to allow all space agencies, from the largest to the smallest, to plan to contribute to the coordination effort, the standards should be set using a balanced approach. The specification/cost should ideally be within the reach of a large number of agencies – and broadly address the community needs (perhaps without meeting the most ambitious wishes of the science community). It is suggested that – to achieve this balance - the standards and recognition/acceptance process could be embedded within the activities of SIT using the kind of peer review system, of both space agencies and user groups, employed in the IGOS Partnership. It needs to be emphasised that the “recognition” process is not an evaluation of the mission as such, but only its appropriateness within the context of the constellation.
· It is hoped that achieving recognition of a new programme as part of the relevant CEOS Constellation will be attractive and compelling to all space agencies. The fact that the criteria for acceptance will be based on a process endorsed by the relevant international user community should present a strong case for the programme to satisfy those criteria. If it does not, and the mission is thus not recognised by the CEOS-User review process, its value for its declared purpose may be questioned by the international user community. This should apply at all levels – from the accuracy of measurements, to the ease of access and interoperability of data. Not all missions need this international recognition, but for most – including all related to climate – it is increasingly part of the approval process.
Realistically, continuity of supply (timing of mission launches and coverage) will remain problematic – there is no easy solution to this co-ordination challenge. But the constellations approach will at least provide optimal circumstances for the user communities to make best use of whatever observing assets are provided by CEOS agencies, and will allow space agencies to see how best their planned missions could help to meet the needs of the SBAs. To achieve this will require the minimum standards to address every aspect of the user experience:

· Science requirement for the measurement being undertaken, consisting of a specification of the spatial, spectral and radiometric performance required to use the measurement for the intended application.  Although the science requirement standard avoids prescribing particular technical solutions, it does provide guidance on minimum instrument performance specification, including signal-to noise, spectral band co-registration and radiometric accuracy/sensitivity.

· Technical specifications for inter calibration (with other spacecraft in the constellation and with ground systems) and definition of common calibration practices;

· Technical specifications for the data format and inter-operability of the data acquisition and distribution networks;

· Agreement on some general principles of data policy, eg the WMO resolution 40, at least for a part of the data, taking into account that the mission could have been decided for other purposes than to fulfil GEOSS requirements.

The recognition/acceptance process could be applied in several stages – with preliminary recognition being granted by CEOS based on mission specifications and final recognition confirmed when data are successfully provided to the target users. Ideally, the process for each constellation should fully involve the target user community. For climate, the first of the proposed constellations, GCOS has already expressed interest in participating in the process to develop a ‘..useful stamp of CEOS/GCOS recognition..’ for space agency programmes.

A process for determining the “minimum acceptable threshold” for instrument specifications and mission profiles can be achieved through project benchmarks for the performance of the sources of data for specific purposes.  Such benchmark reports are already available for some satellite projects.

With the objective to build an inclusive coordination process, which means that it must remain open to all agencies or institutions, participation in a particular virtual constellation could include the following deliveries as examples:

· An entire space mission, which could comprise instruments, satellite, ground segment and part of a distribution system or only a part of it;

· An instrument on board a tiers mission, for example an instrument for a virtual constellation dedicated to ozone monitoring;

· Part of a receiving network, as a receiving antenna which could help to avoid expensive on board data recording;

· An element of a ground calibration system, as a radiometricaly stable site for a virtual constellation dedicated to vegetation monitoring, a reference site for altimetric virtual constellation or a participation to an international network to measure the density of aerosols.

Two examples of what could be done rapidly:

The CEOS Virtual Constellation for Ozone Monitoring 

The GCOS Implementation Plan identifies Ozone as one of the Essential Climate Variables (ECVs) and summarises the community requirements for measurements. The requirements for ozone are one of the most studied and specified – thanks to the ‘WMO/CEOS Report on a Strategy for Integrating Satellite and Ground-based Observations of Ozone’ (in January 2001) and to the development of an IGOS Theme on Atmospheric Chemistry. Further requirements are available from the ‘Workshop on Satellite Instrument Calibration’ (Nov 2002 - involving 75 scientists specialising in satellite calibration and researchers who develop and analyse long-term satellite data and recommending instrumentation improvements to accurately measure Earth’s changing climate).
The requirements tables in these publications demonstrate that the community need is extremely well developed. (The GCOS IP summary generally agrees with these assessments). Notably, current observing systems were assessed in the 2002 workshop as not meeting ‘accuracy’ and ‘stability’ requirements of the climate community.

Most of the foundation data required to specify minimum standards for an Ozone monitoring constellation of satellites appears to exist. Hopefully, further development of the CEOS Constellations concept will breathe new life into the substantial bodies of work (quoted above) which explore the community requirements and will provide space agencies with a fresh chance to consider how best to address them in a coordinated fashion. Good links already exist between CEOS and the key community experts and a suitable technical team could be assembled quickly to develop and populate a template for specification of the accreditation standards. Such a team would likely include: CEOS agencies active in Ozone monitoring observations; GCOS JPO and Atmospheric Panel; IGACO Theme leader; and CEOS WGISS and WGCV. Linkage to the workshop ‘Achieving Satellite Instrument Calibration for Climate Change (May 16-18, 2006 – a follow-up to the 2002 workshop described above) should be ensured.
Ideally, a sample accreditation standard for this constellation could be developed in time for review by the SIT-19 meeting in September 2006.

The CEOS Virtual Constellation for Agriculture (SBA)

Land observation from space has been a reality since the beginning of the space technology era. Numerous missions have been launched and used, each generally with very different characteristics from its predecessors. Experience developed from these missions together with improved understanding of the functioning of the soil/vegetation/atmosphere complex and the development of growth models have helped to build agro-meteorological models which aim to evaluate growing season potential and actual yields. 

The role of space observations is today widely recognized and even incorporated within number of vegetation growth models. It is possible, based on these past experiences, to define two major domains of the agriculture SBA requirements for which these techniques are, if not crucial, at least very useful:

· Land cover and its changes at local, regional and global scale

· Monitoring of vegetation growth and yield estimation

For the first objective, simple multi spectral imagers are sufficient, and such space missions already exist. They have been developed by a number of agencies, from the biggest ones such as NASA or CNES to the smallest ones such as the Algerian Space Agency. The virtual Constellation Concept could help to build on synergies between all these missions to ensure that communities belonging to Agriculture SBA might optimise their use of all of these data. In this context, the coordination effort must be developed on calibration standards and data policies.

For the second objective, what is needed is comparable multi frequency imaging radiometers (optical, microwaves and radar). To catch the rapid changes which occur during the year, high re-visit frequency is needed, together with a ground resolution fine enough to be compatible with the typical agricultural practices world-wide. Agencies are presently preparing the next generation of such missions. It is obvious that one agency will not be able to support the cost of a global system. Therefore, the burden must be shared through an enhanced coordination, which could be based on a CEOS Virtual Constellation.

The same type of Virtual Constellation could also be set up for ocean colour missions, to monitor the ocean biomass at regional and global scales.

The way forward

The following way forward is proposed:

1. CEOS Implementation Plan Task Force to review and revise this concept paper for the CEOS Constellations.

2. SIT Chair arrange a session at SIT-18 for CEOS Principals to evaluate and provide feedback on the paper – including a preliminary decision on whether it is suitable as the basis for the new planning process required by the CEOS Implementation Plan. CEOS Principals might also be invited to consider the resources required to further define and prototype the concept.

3. Taking account of the conclusions of SIT-18, the Task Force should finalise the scope of one or more examples of Constellations for rapid development in 2006 – to demonstrate the concept to CEOS agencies.

4. SIT Chair to ensure participation of the CEOS WG Chairs in the process. (And of GEO SEC where relevant to ensure GEOSS IP requirements are adequately addressed.)

5. The Task Force to assemble a (small) technical team charged with developing and populating the minimum standard template for the example constellation(s).

6. The Task Force to further develop the detail of a possible recognition/acceptance process and its various stages – and to illustrate the mechanics of it by describing how accreditation of the example constellation(s) would be achieved.

7. Present progress to SIT-19 in September – with a request for a decision from CEOS Principals on whether their agencies are prepared to help resource further study and implementation of the CEOS Constellations concept. Principals should also decide on what proposal shall be presented to CEOS Plenary in November.
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