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Abstract. Since 12 years the two VEGETATION instruments provide daily low resolution images at a global scale. The data from the satellites but also the derived products processed in Belgium are used by thousand of users and play a key role in a lot of survey conducted all over the world (and more specifically in the developing countries). To ensure the continuity in the gathering of data related to the vegetation (after the end of the VEGETATION programme foreseen in 2012) ESA and BELGIUM have decided to put in orbit a new sensor called PROBA-V. The satellite is currently in construction and will be launched in 2012 with a lifetime of 2,5 to 5 years. In parallel a preparatory programme shall allow to take advantage of the new technologies on board of the satellite.  
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Introduction
The VEGETATION instruments on board of the SPOT-4 and SPOT-5 satellites have provided researchers and operational users daily low resolution (1 km ground sampling distance, GSD) remote sensing images on a global scale for vegetation monitoring for more than 10 years. The end of these missions is foreseen in 2012 and the first SENTINEL satellite (successor developed as part of GMES) will only be in orbit in 2013 in the best case. To fill the gap between VEGETATION and SENTINEL, the ESA PROBA-V (V for Vegetation) mission is under development, due to be launched in 2012. This article presents the VEGETATION mission and the characteristics as the goals of the PROBA-V mission.
1. Context

In 1998, when the first VEGETATION instrument was placed into orbit aboard the SPOT 4 satellite, the scientific community had high expectations of the applications that this new tool would be able to offer. With its global vision and almost worldwide coverage every day of the year, it promised an exceptional harvest of data on the “green planet” and its health.

After twelve years of almost flawless orbital service, the success of VEGETATION has been spectacular: A top quality instrument with a tried and trusted data distribution service: these are the keys to the programme’s threefold triumph.

Firstly, from a scientific point of view, the mass of publications based on the information obtained thanks to VEGETATION is a reflection of its success. We now have a far better understanding of the planet’s vegetative biosphere, with all its spatial and temporal variations.
The second aspect of this success is of an operational nature. The VEGETATION system makes it possible to monitor European Community policy as it affects the land, notably agricultural policies and, by extension, also allows for the monitoring of crops at a planetary level ... and it is able to do this on a day-by-day basis.
Thirdly, VEGETATION is of strategic importance for Europe. It enables us to independently monitor the global changes that affect our planet, in complete autonomy from the other space “super powers”.  

Over the years, VEGETATION data users have not been disappointed. Hundreds of applications and research programmes have been delivered, sometimes in fields as unexpected as they are fascinating:  famine prevention in the Sahel, gauging the perfect moment to begin harvesting grapes in Portugal or even the effects of war on the abandonment of crops... 

Research efforts have been intensified over the course of the years, notably with the release into orbit of the VEGETATION 2 instrument in May 2002. Great strides forward have also been made with regard to the distribution of data, particularly with the PUMA initiative launched in Africa by Eumetsat, the European organization for the exploitation of meteorological satellites, as well as the DevCoCast programme, which also covers South America.

Along side the research activities, there has also been a marked increase in the number of operational products that have resulted from the data collected through this ambitious programme.  

1.1. It all started with the SPOT programme

The VEGETATION programme is the fruit of a partnership between a variety of actors in the European space project: Belgium, France, Italy, Sweden and the European Commission. In 1998, it was grafted onto the SPOT programme, which had been led since 1978 by Belgium, France and Sweden.

SPOT is itself another fine tale of European satellite detection and an example of successful intergovernmental cooperation. These satellites (“Satellites Pour l’Observation de la Terre”, hence the acronym SPOT) provide high resolution images of the Earth’s surface in the visible light spectrum. The degree of surface detail provided by such high resolution sensors is of the order of 2.5 meters per pixel. The instrument has a 60 km by 60 km field of view.

The first such satellite (SPOT 1) was released into orbit in 1986. Since then, the SPOT range has recorded a series of successes. Five satellites have been launched into orbit and the surface support infrastructure includes data reception, data processing and distribution stations.
1.2. VEGETATION: one programme, two instruments in orbit and several teams on the ground
The VEGETATION programme consists of two observation instruments in orbit, as well as associated infrastructures on the ground. 

The first of the two instruments in orbit is aboard the SPOT 4 satellite and was launched into orbit on 24 March 1998. The second is aboard the SPOT 5, which was placed into orbit on 3 May 2002.
Unlike the sensors aboard SPOT 4 and SPOT 5, which deliver high resolution images of the Earth’s surface, the data from the VEGETATION instruments are provided in a spatial resolution of approximately one kilometer. Each pixel of the VEGETATION images therefore represents one square kilometer on the ground. It is possible to precisely locate this square to within 300 meters.  

Whilst the SPOT instruments have a quite limited swath (60 km width), VEGETATION is able to visualize a “wider” frame: 2,200 kilometers at a glance.

During its daily orbits around the planet, this wide view allows it to observe almost the total surface of the globe and its vegetation cover. Only a tiny piece of the earth, at the equator, escapes this daily inspection. However, this “gap” is immediately filled the following day as the orbits overlap from one day to the next.
1.3. A visual sensor called a radiometer
The VEGETATION instrument is a radiometer that has been specially designed to track the evolution of vegetation and its links to changes in climate. A radiometer is a device that collects and measures the electro-magnetic energy emitted, for example, by the Earth’s surface, ice or clouds. Each surface radiates in a precise wavelength, depending on its nature or health. This information makes possible the (re)construction “images” of natural vegetation, agriculture, woodlands and forests etc.

The radiometer is sensitive to four types of radiation (in four spectral bandwidths): blue (in wavelengths from 430 to 470 nanometers), red (610 to 680 nm), near infra-red (780 to 890 nm) and mid-infrared (1.58 to 1.75 micrometers).

Red and near infrared are spectra that are particularly appropriate to describe the photosynthetic activity of vegetation, while mid-infrared detects surface humidity and the moisture content of vegetation. The blue channel is primarily used to make atmospheric corrections.

1.4. The SPOT-VEGETATION programme
VITO houses the CTIV or “Centre de traitement des images VEGETATION” (Centre for VEGETATION Image Processing), one of the principle nodes of the VEGETATION ground infrastructure and the archive for its data. Since 1 January 2007, VITO has also held exclusive rights to the distribution of data from the orbital instruments.

1.4.1. How do images get to the CTIV from the orbiting instruments?

The satellite is on a near polar orbit. During its sweep over Scandinavia, it passes several times above the ground reception station at Kiruna, in the north of Sweden, at which time it transmits its data to Earth. Once their quality has been checked, the images are subsequently channeled directly to VITO where any defect (radiometric and geometric calibration) is corrected before the processing of these into a range of data products. These data are then transmitted to users within two to four days, sometimes even quicker.
1.4.2. What sort of products is available for the users?

There are three main types of data available. Firstly the “P” (Physical) range of products: raw data transmitted by the instrument and which is then corrected. This takes the form of partial images of the earth’s surface, sections of the ground as observed by the satellite.

Every day, on the basis of this data, products call “S1” (daily synthesis) are processed. Using “P” data in this way, it’s possible to build up a daily image of almost the entire surface of the earth.

Finally, the ten day syntheses called “S10”. To create these complete images of the earth’s surface, the best example of each pixel received is used. In this way, a full global image of the state of terrestrial vegetation is obtained and VITO is also able to eliminate, in so far as is possible, any “holes” that might appear on certain days, in other words the “blank” pixels that indicate the presence of cloud cover.
The images produced at CTIV are available within 2 to 4 days of their acquisition for the system’s paying clients. Images may also be made available free of charge as part of framework cooperation agreements or for scientific teams. But for anyone interested, S10 and D10 data over three months old are accessible free of charge on line! Just go to http://free.vgt.vito.be  

1.4.3. Who are the main users of VEGETATION data?

There are several types of users. Companies in the agricultural and food sectors make use of the products, for example, to monitor developments in the production of certain prime commodities, such as coffee, so that they can anticipate market fluctuations. There are also institutional clients, such as the FAO, the UN Food and Agriculture agency, and the United States’ FAS (Foreign Agricultural Service). The Joint Research Centre of the European Union (JRC) is also interested in the products, as are a variety of State institutions. Russia has also worked with the data as part of a study to measure the extent of forest fires in that country. In this particular case, the aim was to test an algorithm. Finally, VEGETATION data are used for the purposes of pure research by thousands of scientists throughout the world. Some 7,500 users have thus far used the data.

1.4.4. The information made available by the VEGETATION system is of great interest to countries of the South. 
Given the size of the continents to be observed and the inaccessibility of many of their biotopes, one can easily understand that data sourced from equipment in orbit represent some of the most attractive information available. But such information still has to reach its destination.

This is something that Eumetsat, the European organization for the exploitation of meteorological satellites, has been quick to understand. At the beginning of this millennium, it launched the PUMA programme which, in concrete terms, involved the installation of dozens of ground reception stations for the capture of meteorological data from space for the continent’s weather services.

Since the band width of this network is very large, some room remained available on one of the channels for the distribution of complementary information. This opportunity was then seized upon by the VEGETATION programme, which decided, henceforward, to distribute its ten day syntheses (VEGETATION-S10 data) to Africa.

This project, which is called ‘VGT4Africa’, together with ‘DevCoCast’, allows to provide local public services with information that can help them improve the way in which they manage their resources, to anticipate health crises or unforeseeable natural catastrophes, such as floods or forest fires. 
2. The PROBA-V mission
2.1.  Sentinel 3 as successor of VEGETATION instruments
In the frame of the Global Monitoring for Environment and security (GMES) programme, ESA plans to put in orbit some sensors called Sentinel. The satellites will cover all domains within GMES, starting with the all-weather, day and night radar imaging from Sentinel-1 for land and ocean services. Sentinel-2 will deliver high-resolution optical imaging for land services and Sentinel-3 will provide services for ocean and global land monitoring. Sentinel-4 and Sentinel-5 will provide data for atmospheric composition monitoring from geostationary and polar orbits, respectively.
Sentinel-3 is a multi-instrument mission to support services relating to the marine environment, with capability to serve numerous lands, atmospheric- and cryospheric-based application areas. The first Sentinel-3 satellite is expected to launch in 2013, followed by a second so that they work together to provide maximum coverage.

The pair of Sentinel-3 satellites will continue Envisat’s altimetry, the multispectral, medium-resolution visible and infrared ocean and land-surface observations of ERS, Envisat and Spot VEGETATION. 

2.2. PROBA-V gap filler
For the purposes of the monitoring of vegetation worldwide and in order to fill the gap left between the end of service of the SPOT 5 and the release into orbit of Sentinel-3, a small Belgian satellite from the Proba range (Project for on board autonomy) is due to be commissioned in order to cover the interim period.

This Proba-V (“V” for Vegetation), could be ready for launch by 2012. It will have an operational life of 2,5 to 5 years in orbit. The satellite’s basic platform will be constructed in Belgium by Verhaert Space, whilst the construction of the satellite’s payload will be entrusted to OIP also in Belgium (Oudenaarde).

This interim satellite is currently in the phase of development. Its spectral characteristics will be the same as those for the VEGETATION instrument and Proba-V will provide a better spatial resolution of 300m.  
One of the strengths of the VEGETATION system is the wealth of its archives: twelve uninterrupted years of monitoring the world’s vegetation, its seasonal fluctuations, catastrophic events, the effects of global warming, etc. The continuity of data acquisition in the years to come is an important challenge in the context of the global monitoring of our environment. 
2.3. The PROBA-V characteristics

2.3.1. The PROBA-V mission main characteristics
· A nearly daily global cover 

· at least one acquisition per day beyond 35° latitude

· 90% daily coverage of equatorial zones 

· Sun-synchronous orbit

· Acquisition time: 10:30-11:30 AM 

· Altitude: 820 ± 10 km

· Swath: 2250 km 
2.3.2. The PROBA-V instruments main characteristics

· Spectral characteristics: 4 spectral bands: blue (0.44-0.48µ), red (0.62-0.698µ), near infrared (0.79-0.90µ), and SW infrared (1.56-1.65µ)

· Field of view > 100°. A combination of 3 optical systems each having equal FOV is to cover the entire FOV.

· Spatial resolution: VNIR: 100 m in centre, 350 m at edge and SWIR: 200 m in centre, 700 m at edge 

· Geolocation accuracies: multispectral registration error : 100 m VNIR, 150 m VNIR+SWIR; multitemporal registration error: 150 m VNIR, 225 m VNIR+SWIR; absolute location error: 300 m VNIR, 450 m VNIR+SWIR

· Signal to noise ratio: 188 (blue), 333 (red), 393 (NIR), 393 (SWIR)

2.3.3. Platform
A small satellite from the Proba range (Project for on board autonomy): 

· Mass: 160 kg with (10% system margin) 

· Dimensions: 765x730x840 mm³ 

· Three axis-stabilized 

· Body mounted Solar Array 
3. The preparatory programme

The goal of the preparatory programme is to finance projects defining, developing and validating tools and algorithms suitable for PROBA-V data, as well as assessing quality and continuity issues. The call for proposals applies to small-scale projects, covering 12 months for individual research teams or partnerships. The total budget provides by the Belgian Science Policy Office for this call is 1.000.000 EUR with an average budget per proposal of 100.000 EURO.

3.1. Objectives
While being designed as a continuity mission to the SPOT VEGETATION series, Proba-V will provide some different characteristics, either through the technology used to collect data or through enhancements in spatial resolution. 

The main objectives of the Preparatory Programme are:

· to get future users acquainted with these new data sets and their full characteristics and quality, 

· to prepare the full exploitation of Proba-V data sets, mainly to the technical enhancements which are planned (typically spatial resolution)

Research projects should concentrate on the definition of Proba-V characteristics and use any existing data set as simulation of real Proba-V data. Simulation techniques should be presented as well as justification of representativeness. Some limited data sets could be provided by the programme: their extend and location should be described for discussion in the letter of interest before a proposal can be based on such data sets.

3.2. Research priorities
Proposals should focus on one of the following areas:

· Assessment of Proba-V mission as a continuity mission to VEGETATION 1 & 2 : applied comparison of characteristics as well as combined use of both data sources for historical studies.

· Impact of enhancements of Proba-V relatively to VEGETATION on the main uses of VEGETATION data sets. Application areas should concentrate on vegetation and land cover studies, extraction of biophysical surface parameters... Improvements due to enhancement of the spatial resolution to 1/3rd km should be discussed and evaluated.

· Some project dealing with non-vegetation missions could be selected: they should put forward the interest of the new characteristics for missions which were not feasible with the VEGETATION series 
4. Conclusion
Now a lot of scientists and commercial users can benefit from a huge database provided by the VEGETATION programme. The continuity in time of these data, one of the major strength of the VEGETATION mission, is threatened by the end of the life of the SPOT satellites in orbit. 
Belgium and ESA are aware that a lot of crucial studies which are dealing with land use, land cover and its changes, vegetation behavior in response to strong meteorological events (e.g. severe drought) and to climatic changes (long term behavior of the vegetation), biophysical parameters for models devoted to water budget and primary productivity (agriculture, ecosystem vulnerability, etc) and disaster management (detection of fires and surface water bodies) are dependant of the data and products provided by the two sensors. That’s why they have decided to define the PROBA-V mission as a priority. This choice is strengthened by the fact that:
· a lot of projects are focusing on developing countries and
· this project fit with the objectives of Europe and more specifically in the context of the GMES initiative.
The advanced platforms developed for the Proba-1 and 2 missions refined with the demonstrated technologies, will be used to carry the PROBA-V sensor. The sensor itself will deploy new technologies and show how they allow small satellites to support operational systems.
