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II  -  EUROPE

A.   METEOSAT (Operated by the European Organisation for the

Exploitation of Meteorological Satellites - EUMETSAT)


EUMETSAT is the European Organisation for the Exploitation of Meteorological Satellites.  The main objective of EUMETSAT is to establish, maintain and operate European meteorological satellites systems.  Following the ratification of its amended Convention, the mandate of EUMETSAT was extended on 29 November 2000 to operational monitoring of climate change.


The seventeen Member States of EUMETSAT are:  Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, The Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, Turkey and the United Kingdom. Since 1999 there are also three Cooperating States: Slovakia, Hungary and Poland.


Whilst the initial system of EUMETSAT is the continuation of the Meteosat System, preparations for the launch and control of a follow-on series of three geostationary meteorological satellites called Meteosat Second Generation (MSG) are well advanced, with a launch of MSG-1 expected in the period from January 2002 to July 2002.  In parallel, within the framework of the EUMETSAT Polar System (EPS) Programme, three polar orbiting METOP satellites will be launched and operated by EUMETSAT.  The first Metop satellite, METOP-1, is currently scheduled for launch in late 2005.


EUMETSAT is responsible for the overall management and operation of these satellite systems and provides the formal interface with the user community.  The development of the MSG and EPS space segments is conducted in cooperation with the European Space Agency (ESA), and, in the case of EPS, with contributions from the French Centre National d'Études Spatiales (CNES) and the US National Oceanic and Atmospheric Administration (NOAA).

Overall authority for the Meteosat, MSG and EPS Systems


The Director-General


EUMETSAT


Am Kavalleriesand 31


D-64295 Darmstadt


Germany

Up-to-date information about EUMETSAT or any of its programmes or products can be obtained from the EUMETSAT web site: www.eumetsat.de
For further questions please contact:

The User Service:


EUMETSAT


Am Kavalleriesand 31 


D-64295 Darmstadt, Germany 


Tel:
+49 (0) 6151 807 369/366 


Fax:
+49 (0) 6151 807 304 


E-mail:
ops@eumetsat.de 

1.
THE METEOSAT SYSTEM

1.1
System outline, status and plans

1.1.1
Introduction


The first Meteosat satellite was launched in November 1977 and services provided by this series of satellites have continued to the present time with only one break between November 1979 and June 1981.  The first two pre-operational satellites, Meteosat-1 and -2 (launched in June 1981), were then followed by the launch of Meteosat-3, a refurbished prototype satellite in June 1988 to ensure continuity before the launch of Meteosat-4 in March 1989, the first satellite developed and launched within the framework of the Meteosat Operational Programme (MOP).  This satellite was then followed by two further MOP satellites, Meteosat-5 and 6, in March 1991 and November 1993, respectively.


Since the next generation of geostationary meteorological satellites would not be immediately available by the end of the Meteosat Operational Programme in 1995, EUMETSAT implemented the Meteosat Transition Programme which included the provision and launch (in September 1997) of a further satellite of the same design (Meteosat-7), the development of a completely new ground system and routine satellite operations from December 1995 until the end of the year 2000.  The EUMETSAT Council has since agreed to extend MTP Operations until 2003 in order to provide a short overlap with the start of operation of Meteosat Second Generation, thereby easing the transition for many thousands of users from one system to the other. 


Meteosat is a spin-stabilised satellite in geostationary orbit at an altitude of 35800 km.  The operational satellite (currently Meteosat-7) is located over the Gulf of Guinea, at the crossing of the Equator and the Greenwich meridian (0 degrees North, 0 degrees East).  An operational stand-by satellite (Meteosat‑6) is located nearby close to 9°W.


The main service provided by the Meteosat system is the generation of images of the Earth, showing its cloud systems both by day and by night, and the transmission of these images to the users in the shortest practical time.  There are several other important supporting services summarised in the following sections.  The overall system is presented in the figure below.
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Figure II.1 - The operational Meteosat system

MARF = Meteorological Archive & Retrieval Facility
PDUS = Primary Data User Station

MPEF = Meteorological Products Extraction Facility
SDUS = Secondary Data User Station

It should also be noted that an Indian Ocean Data Coverage (IODC) Service is provided by Meteosat-5 from 63°E.  The service consists of the provision of image dissemination and product generation and will be continued until the end of 2003.

1.1.2
Earth imaging


The principal payload of Meteosat is a radiometer.  It provides the basic data in the form of radiances from the visible and infrared parts of the electromagnetic spectrum.  These form images of the full earth disc, as seen from geostationary orbit.  The radiometer operates in three spectral bands:


0.4 to 1.0 µm 
the visible band (VIS), used for imaging during daylight;


5.7 to 7.1 µm
the water vapour absorption band (WV), used for determining the amount of water vapour in the middle atmosphere;


10.5 to 12.5 µm
the thermal infrared (window) band (IR), used for imaging by day and by night and also for determining the temperature of cloud tops and of the ocean's surface.


The main characteristics of the Meteosat radiometer are presented below:

Table II-1

Characteristics of the Meteosat radiometer

Parameter
Visible (0.4-1.1µm)
Infrared (10.5-12.5µm)
Water Vapour (5.7-7.1µm)

Number of channels
2 simultaneous
1 + 1 redundant
1 + 1 redundant

Field of view
0.065 mrad
0.14 mrad
0.14 mrad

MTF (optics & detector)
( 0.5 for f ( 5600 cycle/rad
0.5 for f ( 2800 cycle/rad
0.5 for f ( 2800 cycle/rad

Number of lines per image of + 9°
5000
2500
2500

Detector type
Dimensions
Si photodiodes
250 x 250 µm
Hg Cd Te
70 x 70 µm
Hg Cd Te
70 x 70 µm

Electronic bandwidth
60 kHz
30 kHz
30 kHz

Radiometer performance
S/N ( 200 for 25% albedo
NE ((T) ( 0.4K at 290 K
NE ((T) ( 1.0K at 260 K

Earth images are generated each 30 minutes, are transmitted from the satellite to the Primary Ground Station (PGS) in Italy and relayed to the central facilities in Darmstadt, Germany for further processing, distribution and archiving.  Each image covers a substantial portion of the Earth, centred at the sub-satellite point, which is over the equator and 0° longitude.  The distorted perspective introduced by the Earth's curvature makes quantitative use of the data less satisfactory at large distances from the sub-satellite point, but quantitative products are generated routinely for distances of at least 60° great circle arc.

1.1.3
Image dissemination


Meteosat is equipped with high power amplifiers, which are used to rebroadcast processed earth images and other meteorological information to user stations located anywhere within the telecommunications field of view of Meteosat.


The dissemination schedule is dominated by the transmission of Meteosat imagery in all three spectral bands (a typical Meteosat dissemination schedule is shown in Annex II-C).  These images are, however, complemented by image data from other geostationary satellites, including the USA satellites GOES-E and GOES-W over the western Atlantic and eastern Pacific and Japan's GMS satellite over the western Pacific, as well as Meteosat-5 over the Indian Ocean. Images from other satellites may be added as they become available, so that, with a single receiver and antenna system, the Meteosat user station can acquire images covering most of the globe (Annex II-A).


The dissemination schedules are revised as necessary, but in practice normally around once per year.  Changes are announced to the user community either by satellite broadcast ADMIN messages, EUMETSAT Web pages or by Operations Newsletters.


On all Meteosat satellites Channel A1 (1691.0 Mhz) is used for analogue WEFAX transmissions and Channel A2 (1694.5 MHz) is used to relay digital High Resolution Image (HRI) data, some additional WEFAX images, GOES-W and E, GMS, and Meteosat-5 images. 


The HRI data are transmitted to Primary Data User Stations (PDUS), which are designed to serve the needs of larger meteorological and research centres, whilst analogue data are transmitted to the less complex Secondary Data User Stations (SDUS), which are widely implemented in smaller meteorological services as well as in many schools and by private individuals.  The technical specifications of PDUS and SDUS can be found in Annex II-B.

1.1.4
Data collection and distribution


Besides its two image dissemination channels, Meteosat has 66 telecommunication channels which can be used for the relay of environmental data from automatic or semi-automatic Data Collection Platforms (DCP).  Regional DCPs may be located anywhere within the Meteosat field of view and are served exclusively by the Meteosat Data Collection System (DCS), which relays the data through the satellite to the Primary Ground Station for onward distribution.  The International DCPs are mobile platforms, such as ships and aircraft. These can move anywhere in the world and are supported through the International Data Collection System (IDCS), which is coordinated by all of the geostationary meteorological satellite operators.


The DCP data are distributed to users by a variety of means.  The Meteosat DCP Retransmission System (DRS) broadcasts DCP data directly to small user stations, while meteorological data from many DCPs are also transmitted over the Global Telecommunication System (GTS) of the World Meteorological Organization (WMO). DCP system characteristics are shown in Annex II-D.

1.1.5
Meteorological Data Distribution 


Additional Meteosat telecommunication links are used for the transmission of conventional meteorological data, including observations in meteorological transmission codes and meteorological charts containing both data analyses and forecasts.  This service, unique to Meteosat, is called Meteorological Data Distribution (MDD).  The data are transmitted directly to the satellite via three independent up-link sites located at meteorological centres in France, Italy and the UK, and received by relatively small MDD user stations.

1.1.6
Meteorological and climatological products


The Meteorological Products Extraction Facility (MPEF), part of the satellite control centre at the EUMETSAT headquarters, makes use of the digital Meteosat image data to generate a variety of quantitative meteorological and climatological products.  The meteorological products include wind vectors obtained through the automatic tracking of clouds as they move through the atmosphere.  These Cloud Motion Winds (CMW) are of great importance as inputs to the computer models used for numerical weather prediction, especially over tropical areas where there are few other observations of atmospheric dynamics.


The MPEF also generates several climate products, including the data needed for the International Satellite Cloud Climatology Project (ISCCP).  Clouds form a vital part of the Earth's climate system since they help to insulate the Earth from excessive solar radiation during the day and to reduce heat loss from the planet at night.  The ISCCP, to which Meteosat contributes, has been systematically storing global cloud coverage parameters since 1983 and is a major resource for climate studies.


These, and other important products, are described in more detail in later sections.

1.1.7
Archiving and retrieval


The final component of the Meteosat system is the Meteorological Archive and Retrieval Facility (MARF) which is also located within the EUMETSAT headquarters in Darmstadt.  This facility has been archiving all Meteosat image data and derived products in digital format since December 1995.  It provides a comprehensive data retrieval service including on-line access to the data catalogues and other information.


The digital data are written to Digital Linear Tape (DLT), each having the capacity to store several days' images.  This is a different medium from that used to store images before December 1995 and the same retrieval mechanism cannot be used to directly retrieve the data archived prior to that date.  However, the older data, extending back to 1977, remain available and can be retrieved using independent systems.  A project to systematically transfer the old data from some 40,000 tapes and cartridges to the newer medium is currently in progress but will take some years to complete.

1.2
FUTURE PLANS


With developments in the accuracy of numerical weather prediction, the need for more frequent and comprehensive data from space has evolved which, in turn, has led to the development of the Meteosat Second Generation (MSG) system.  The MSG satellites, the first of which will be launched in the period from January 2002 to July 2002, will be spin-stabilised like the current generation, but with many design improvements including a new radiometer which will produce images every fifteen minutes, in twelve spectral channels.  MSG data will assist more rapid recognition and prediction of dangerous weather phenomena such as thunderstorms, fog and explosive development of small but intense depressions.


The lack of observational coverage in parts of the globe such as the Pacific Ocean and southern continents has increased the importance of polar-orbiting satellites in numerical weather prediction and climate monitoring.  The EUMETSAT Polar System (EPS), now in preparation, is the European component of a joint European/US polar satellite system.  The Metop-1 satellite, planned for launch in late 2005, will carry both European  and US instruments.  The third METOP satellite will provide a service well into the second decade of the 21st century. Brief details of the MSG and EPS programmes are presented below.

1.2.1
Meteosat Second Generation (MSG)

1.2.1.1
The MSG Programme


The MSG Programme covers a series of three identical satellites, MSG-1, -2 and -3, expected to provide observations and services over at least 12 years. MSG-1 is planned for launch between January and July 2002.  The operational data service would start in the autumn of 2002, at the earliest.  The EUMETSAT Council has initiated discussions on a possible extension of the MSG Programme aimed at providing a two-satellite operational MSG service until 2014, based on the procurement of a fourth MSG satellite.


The MSG system is being established in cooperation with ESA.  Under relevant agreements with EUMETSAT, ESA is responsible for the development of the MSG-1 prototype satellite according to EUMETSAT requirements and also acts, on behalf of EUMETSAT, as procurement agent for the MSG-2/-3 satellites.  EUMETSAT contributes one third of the MSG-1 funding, funds the procurement of MSG-2/-3, finalises and maintains  End User Requirements, procures all launch services, develops the Ground Segment, ensures overall system consistency and will operate the MSG system over a nominal period of 12 years.  The Rutherford Appleton Laboratory (RAL), UK is the third partner of the Programme, providing three GERB instruments for flight on all three MSG satellites and associated data services.  The first GERB instrument to be flown on MSG-1 was selected under an ESA Announcement of Opportunity.  Its development and operations are funded by NERC, whilst the procurement of two additional instruments for MSG-2 and MSG-3 and the associated data service are funded by EUMETSAT.

1.2.1.1
MSG Space Segment


The MSG space segment comprises three satellites, which will ensure continuity of service from geostationary orbit until at least 2013.  The satellites are spin-stabilised with a rotation speed of 100 revolutions per minute and will be located in geostationary orbit at 35,800 km, positioned at 0° longitude. Each satellite is designed for a nominal lifetime of seven years.


The MSG satellites will carry a new radiometer called the Spinning Enhanced Visible and Infrared Imager (SEVIRI).  In addition, there will be the Geostationary Earth Radiation Budget (GERB) instrument. The GERB will provide data on reflected solar radiation and thermal radiation emitted by the Earth and atmosphere.  Furthermore, MSG will carry a comprehensive communications payload serving the needs of satellite operations, data communication and user data dissemination.  A Search and Rescue message transponder is also included in this communications package.

1.2.1.2
The MSG Ground Segment 


The MSG Ground Segment will comprise four main elements :

· a set of central facilities located at EUMETSAT Headquarters in Darmstadt, Germany, forming the MSG Mission Control Centre (MCC) which include prototype user stations;

· a Primary Ground Station (PGS), located in Usingen, Germany, also hosting the Back-up Satellite Control Centre (BSCC), and providing the primary interface between the satellite and the MCC, including all ranging functions and communications lines;
· a Back-up and Ranging Ground Station (BRGS), located in Maspalomas, Gran Canaria Island, Spain;

· an Application Ground Segment, which extracts meteorological and geophysical products from the calibrated and geolocated image data generated by the Mission Control Centre, and performs data management functions.


The Applications Ground Segment is composed of the Meteorological Product Extraction Facility (MPEF) and the Unified Meteorological Archive and Retrieval Facility (U-MARF), both located at EUMETSAT Headquarters in Darmstadt, Germany, and a distributed network of Satellites Applications Facilities (SAF) described in section 1.2.3 hereafter.


Archiving and retrieval of MSG data will be performed by the U-MARF, a multi-mission facility serving all EUMETSAT programmes.


The MSG ground segment also supports the Global Earth Radiation Budget (GERB) mission with a GERB ground segment of several facilities in Europe, the central one being at the Rutherford Appleton Laboratory in UK.

1.2.1.3
MSG imaging mission


Imaging will be the main mission of MSG. Its operational observations of the Earth's surface and atmosphere in 12 different spectral channels will upgrade and continue the meteorological applications known from Meteosat, provide enhanced support to nowcasting applications and climate monitoring, and add a land surface monitoring capability.  

1.2.1.4
MSG product extraction mission


The product extraction mission will provide meteorological, geophysical and oceanographic products from SEVIRI imagery. These products will continue the product extraction mission of the current Meteosat system, and provide additional new products:

· Atmospheric wind vectors at various altitudes, derived from the motion of clouds and other tracers such as water vapour and ozone;

· Cloud Analysis providing identification of cloud layers with coverage, height and type for weather forecasting, Numerical Weather prediction, and climate research;

· Tropospheric Humidity at medium and upper levels for weather forecasting, Numerical Weather Prediction, and climate research;

· High Resolution Precipitation Index;

· Cloud Top Height images for aviation meteorology;

· Clear Sky Radiances for Numerical Weather Prediction models;

· Global airmass instability for Nowcasting;

· International Satellite Cloud Climatology Project (ISCCP) data set;

· Total Ozone Product;

· Calibration Monitoring.


Several of the above MSG products will be delivered to the meteorological user community in near real-time via the Global Telecommunication System (GTS) of the WMO or via the satellite.  They will also be archived.


In addition to these centrally produced products there will be a wide range of specialised products from Satellite Applications Facilities located in several EUMETSAT Member States.

1.2.1.5
MSG dissemination mission


The dissemination mission will provide digital image data and meteorological products through two distinct transmission channels:

· High Rate Information Transmission (HRIT) for the complete set of SEVIRI data only, in compressed form (except for the High Resolution VIS (HRV) data);

· Low Rate Information Transmission (LRIT) for a reduced set of SEVIRI image data and other meteorological data, in compressed form.


Different levels of access to HRIT and LRIT data will be provided through encryption.  The Meteorological Data Distribution (MDD) Service and the relay of DCP messages of the current Meteosat system will be integrated into the LRIT dissemination.

1.2.1.6
MSG User stations


Two new types of user station, Low Rate User Stations (LRUS) and High Rate User Stations (HRUS) are required to receive MSG data, making Use of either the Low Rate Information Transmission (LRIT) or High Rate Information Transmission (HRIT) data communications provided via the MSG satellites.  As well as signal reception, the user stations will decrypt and decompress the data.  EUMETSAT published a full set of detailed design specifications of the prototype user stations at the beginning of 1999.  Further information about MSG user stations can be obtained from the EUMETSAT User Service at the address given at the beginning of this Chapter or can be obtained from the EUMETSAT web site.

1.2.1.7
MSG data collection and relay mission 


The data collection and relay mission will collect and relay environmental data from automated data collection platforms via the satellite.  This will be a follow-on of the current Meteosat data collection mission but with significant enhancements.  There will be a significant increase in the number of regional Data Collection Platform (DCP) channels (from the currently available 33 channels on Meteosat to 223 channels on MSG) and DCP data will be distributed in near real-time via the satellite.  A Search and Rescue relay capability will also be supported by MSG.

1.2.1.8
Summary of benefits of the MSG System

· Twelve spectral channels (c/f. three on the Meteosat system) will provide more precise data throughout the atmosphere giving improved quality to the starting conditions for Numerical Weather Prediction models.

· Fifteen-minute cycle of imaging (c/f. 30 minutes on the Meteosat system) will provide more timely data for Nowcasting, improving the accuracy in forecasting of severe weather such as thunderstorms, heavy rain, snow or fog.

· Improved horizontal image resolution for the visible light spectral channel (1 km as opposed to 2.5 km on the current Meteosat) will also greatly aid weather forecasters in detecting and predicting the onset or cessation of severe weather.

· The Geostationary Earth Radiation Budget (GERB) instrument carried on MSG will provide important data for climate research.

· An additional humanitarian payload on MSG satellites will be a Search and Rescue transponder that will relay distress signals from ships, aircraft and others in peril.

· All-digital transmission of MSG data will improve performance and simplify equipment maintenance.

· MSG satellites will have a nominal life in orbit of seven years (two more years than the Meteosat system), this leading to an extended and more cost-effective life-span.

· A completely new Ground Segment will harness the proven operations skills of EUMETSAT and the specialised expertise in its Member States.

1.2.2
The EUMETSAT Polar System (EPS)


The EUMETSAT Polar System (EPS) is the European contribution to the joint European/US operational polar satellite system, the Initial Joint Polar System (IJPS).  The purpose of the EPS system is to provide an end-to-end service for the morning orbit, as well as back-up cross support and data exchange with the US National Oceanic and Atmospheric Administration (NOAA), which will continue to provide the afternoon orbit service.  The cooperation with NOAA was established following the signature of the “Initial Joint Polar System (IJPS)” Agreement  in November 1998. The IJPS covers four satellites, two successive European satellites in the "morning" orbit (METOP‑l and METOP‑2) and two US satellites in the "afternoon" orbit (NOAA‑N and N'). The cooperation with NOAA addresses exchange of sensors, data and services, coordinated operations and Ground Segment cross-support. The IJPS system will deliver continuous global observations for meteorological applications and climate monitoring.

1.2.2.1
EPS Programme 


The EPS Programme was formally approved in June 1999 by the EUMETSAT Council and covers the development or procurement of a three-satellite space segment, associated launch services, a full Ground Segment as well as 14 years of system operations.


The EPS Space Segment includes three successive Metop satellites, developed and procured under the responsibility of a joint ESA-EUMETSAT Team.  EUMETSAT is directly responsible for the delivery of the MHS, IASI, ARGOS-DCS, SEM, AMSU-A, HIRS-4 and AVHRR-3 payloads.  MHS is directly procured from industry, while the IASI advanced infrared sounder and ARGOS-DCS are procured through Centre National d'Études Spatiales (CNES).  NOAA contributes the other instruments. EUMETSAT will operate the EPS system over a nominal 14-year period, starting in late 2005.


The first Metop satellite (Metop-1) is being developed within the framework of the Metop-1 Programme of the European Space Agency (ESA), in co-operation with EUMETSAT. The development and procurement of the three Metop satellites is under the responsibility of a joint ESA-EUMETSAT Single Space Segment Team. The related Cooperation Agreement with ESA was signed in December 1999.  In addition, EUMETSAT is directly responsible for the delivery of the MHS, IASI, ARGOS-DCS, SEM, AMSU-A, HIRS-4 and AVHRR-3 payloads.  MHS is directly procured from industry, while the IASI advanced infrared sounder and ARGOS-DCS are procured through the Centre National d'Études Spatiales (CNES).  The other instruments are contributed by NOAA, under the IJPS co-operation agreement, which covers also the establishment and operation of the Initial Joint Polar System and provision of MHS instruments to be flown on NOAA N and N’. 
1.2.2.2
The EPS Space Segment: the Metop satellites


The Metop satellite is a 4.3-ton class th7ree-axis earth pointing satellite carrying an instrument payload of about 840 kg, with a design lifetime of 5 years and generating a 3.5 Mbps data flow.  The nominal orbit is sun-synchronous with an inclination of 98.7 o and an Equator local crossing time at 09.30 hrs.  The main mission objectives of the EPS morning orbit mission relate to operational meteorology and climate monitoring.


Metop carries eight instruments dedicated  to meteorological and climatological observations as well as a Search and Rescue transponder and a Space Environment Monitor (SEM) sensor.  The latter will provide continuity with the humanitarian and space environment monitoring services already available from the NOAA spacecraft.  The Metop satellites will also carry an ARGOS-DCS-2 data collection system to gather information from ground-based systems. 


The satellite will also be equipped with facilities supporting Direct Broadcast of meteorological data to local users by means of the LRPT and AHRPT links, and with solid-state recorders for on-board storage of global data at full resolution. Global data will be dumped once per orbit in X-band to a Command and Data Acquisition Station (CDA Station) to be located in Svalbard, Norway.

1.2.2.3
The Metop Instruments


Metop-1 and Metop-2 will fly a set of sensors identical to those flying on the NOAA-N and N' satellites (i.e., AVHRR/3, AMSU-A, HIRS/4 and MHS) and additional European sensors, namely IASI, GRAS, ASCAT and GOME-2.  The European instruments aim at improving atmospheric soundings, as well as measuring atmospheric ozone and near-surface wind vectors over the ocean. 


The mission objectives of the instruments are the following:

· Advanced Very High Resolution Radiometer (AVHRR/3): global imagery of clouds, the ocean and land surface;

· High Resolution Infrared Radiation Sounder (HIRS/4): measurement of temperature and humidity of the global atmosphere in cloud-free conditions (Metop-1 and -2 only);

· Advanced Microwave Sounding Unit-A (AMSU-A): measurement of temperature of the global atmosphere in all weather conditions;

· Microwave Humidity Sounder (MHS): measurement of humidity, ozone and trace gases of the global atmosphere;

· Infrared Atmospheric Sounding Interferometer (IASI): provision of enhanced atmospheric soundings of temperature, humidity and trace gases;

· GPS Receiver for Atmospheric Sounding (GRAS): measurement of temperature of the upper troposphere and in the stratosphere with high vertical resolution;

· Advanced Scatterometer (ASCAT): provision of near-surface wind speed and direction over the global oceans;

· Global Ozone Monitoring Experiment-2 : provision of profiles of ozone and other atmospheric constituents.


It is assumed that Metop-3, the subject of an extension of the current cooperation with the USA, will accommodate the same payload as Metop-1 and Metop-2, including USA instruments, with the exception of HIRS/4.


The Metop instruments will gather essential global information by day and by night, about the atmosphere, land and ocean surfaces.  A primary mission objective is to measure the temperature and the humidity of the global atmosphere, using instruments capable of sounding the atmosphere throughout its depth.  A second important mission objective is to obtain global images of clouds and weather systems, and information about the sea and land surfaces, in particular, on ocean surface winds.  Atmospheric ozone will also be monitored.

1.2.2.4
The EPS Ground Segment


The EPS Overall Ground Segment (OGS) is composed of the Core Ground Segment (CGS), which performs the acquisition, control, pre-processing and dissemination functions, and additional facilities, including the U-MARF multi-mission archiving facility, the network of Satellite Applications Facilities (SAFs) and external support facilities, e.g., for external calibration &  validation.  The CGS will be procured as an end-to-end system from a Prime Contractor leading a European industrial consortium.


The Command and Data Acquisition (CDA) station located in Svalbard, Norway, at 78°N will host two dedicated EPS antennas allowing the parallel operation of two Metop satellites and also providing ‘blind orbit support’ for the NOAA POESS satellites.

1.2.2.5
The EPS Broadcast Services


The Metop satellites will broadcast two data streams continuously to user stations throughout the world.  By this means users will receive high quality local data in real-time, each time the satellite passes.  Most users can expect to receive data from at least three consecutive orbits twice each day.  Data formats will be coordinated with NOAA and other satellite operators and will be evolutionary developments of current practice.


The Low Resolution Picture Transmission (LRPT) broadcast will provide data for relatively small user stations and will be the long-term replacement, using digital technology, for the analogue Automatic Picture Transmission (APT) system currently used on NOAA satellites.  It will transmit a selection of instrument data, including image data which has been re-sampled on board the satellite to give an approximately constant 4 km resolution across the full swathe width.


The Advanced High Resolution Picture Transmission (AHRPT) broadcast will be an evolutionary development of the broadcast of the same name on current NOAA satellites, based on a CGMS-approved standard.  The AHRPT broadcasts will include all data from the Metop scientific instruments, including image data at full resolution, around 1.1 km at the sub-satellite point.


Users will need to upgrade their user stations in order to make use of these new data streams.

1.2.3
The EUMETSAT Satellite Application Facilities


In November 1992 EUMETSAT adopted the concept of a distributed Applications Ground Segment, including the central Meteorological Products Extraction Facilities (MPEF) and the Unified Meteorological Archive and Retrieval Facility (U‑MARF), both located in Darmstadt, Germany, and a network of elements known as Satellite Applications Facilities (SAF).  The MPEF produces an agreed set of basic meteorological products, while the Satellite Applications Facilities (SAF) are more specialised development and processing centres, which, based on specific expertise in Member States, will deliver additional meteorological and geophysical products and related services.  The SAFs form an integral part of the overall EUMETSAT data provision service.


The SAFs are developed by consortia of organisations from the Member States, based in National Meteorological Services or other agreed entities, and responsible for research, development and operational activities.  EUMETSAT contributes up to 50% of the development cost of each SAF, and the EUMETSAT Secretariat coordinates and manages the SAF Network level activities and all activities necessary to integrate the SAFs and the central services into coherent end-to-end systems providing the operational services expected by the end users.  EUMETSAT also provides managerial, technical and scientific support to the SAFs, including the organisation of reviews, interface and planning meetings.  A SAF Network Management Scheme has been established and agreed for this purpose.


Seven SAFs are currently under development and address the following topics:

· Support to Nowcasting and Very Short Range Forecasting (NWC SAF);

· Ocean and Sea Ice (OSI SAF);

· Ozone Monitoring (O3M SAF);

· Climate Monitoring (CLM SAF);

· Numerical Weather Prediction (NWP SAF);

· GRAS Meteorology (GRAS SAF);

· Land Surface Analysis (LSA SAF).


SAFs will use data from Meteosat, MSG and EPS and, in some cases, data from non-EUMETSAT missions.  Until such data become available, information from current satellites will be used for development activities.


Considering the need to phase SAF activities with the periods of commissioning of the MSG and Metop satellites, the NWC and OSI SAFs will enter an Initial Operational Phase (IOP), which will be concluded after Metop commissioning.  During the IOP, the development of EPS related products will be finalised, whilst MSG products will be provided on an operational basis after their validation using real MSG data .  Continuous research and development will take place during the IOP to sustain the needs for product improvements and innovation.


For all SAFs, the full Operational Phase will start upon completion of validation of EPS products and will aim to:

· Put into operations the accepted SAF Products and Services;

· Maintain these products;

· Improve the Products, based on the results of the continuous research and development effort as well as on user feedback.

2.
IMAGING AND METEOROLOGICAL PRODUCT EXTRACTION

2.1
THE METEOSAT RADIOMETER


The Meteosat Visible and InfraRed Spin Scan Radiometer (VISSR) is a high resolution radiometer imaging in three spectral bands and constituting the main payload of Meteosat.  The instrument allows continuous imaging of the Earth. Radiance data from the full earth disc are acquired during a 25 minute period.  This is followed by a five minute retrace and stabilisation interval, so that one complete set of full earth disc images is available every half-hour.

2.1.1
Scanning concept


The satellite scans the full earth disc within a 30 minute period. Scanning from east to west is achieved through the spin of the satellite.  During each spacecraft spin period the radiometer views the earth for only 1/20 of a revolution, however, a memory on board the satellite allows one line of the image to be stored and transmitted to the ground during the remaining 19/20 of the revolution.  Scanning from south to north is achieved by small incremental steps in the pointing of the radiometer telescope.


By this means, with every rotation of the spacecraft, the telescope scans a new line on the Earth approximately 5 km north of the previous scan line.  By successive scan steps, the telescope is made to scan through 18 degrees in the direction from south to north, generating a full earth scan of 2,500 lines in 25 minutes.  The telescope then retraces to its starting position in 2.5 minutes, during which time a black body calibration of the infrared and water vapour channels may be performed.  A 2.5 minute stabilisation period is used for nutation (satellite wobble) damping before the next scanning period is initiated.  Thus the radiometer generates a new image in three spectral bands during every half-hour period.


The image radiance data are sampled electronically 2,500 times as the telescope sweeps out each east-west line.  Consequently, the infrared and water vapour images each comprise 2,500 lines of 2,500 picture elements (pixels).  The visible channel is sampled 5,000 times rather than 2,500 times, and there are two visible detectors in operation.  The visible image therefore comprises a total of 5,000 pixels in each of 5,000 lines, the lines interleaved between the two detectors.

2.1.2
Image processing

Apart from the control function, a primary task of the Core Facility of the EUMETSAT Ground Segment is to process the image data in real-time.  Meteosat image processing is conducted in two stages.  First, the raw image is received at the Primary Ground Station in Fucino, Italy, and is subject to preliminary pre-processing before transmission to the MCC in Darmstadt, Germany.  This ensures a common format before transmission.  The pre-processing is completed within the Core Facility of the MCC, to ensure that the data are in the most suitable form for further use, removing and compensating for the artefacts inherent in the radiometer and satellite characteristics.

2.1.2.1
Data pre-processing


Image processing starts when individual lines of raw image data arrive at the PGS in Fucino.  At this stage the data are still in the original line-by-line format as sampled by the spacecraft radiometer.  The data are then sent in a standard format to the Mission control Centre (MCC) in Darmstadt, Germany.  Each line contains interleaved visible, infrared and water vapour data, corresponding to one line scan of the Earth by the radiometer.  Housekeeping telemetry data are included in the line data.


Within the MCC the first task is to demultiplex (i.e., separate) the raw image data into the different radiometric channels.  The individual data elements are adjusted to a common calibration standard and a compensation is made for minor imaging system imperfections.  The amplitude response of the two visible channels is also normalised to the same level.

2.1.2.2
Rectification


No geostationary satellite stays precisely at the nominal location. Meteosat is no exception, and in normal operation may be allowed to deviate by up to 1° of latitude and 1° of longitude from its nominal orbital location.  The spacecraft attitude with respect to the Earth's axis also varies and these variations cause undesirable changes in the image perspective.  Variations in spin rate and the instant of line start also affect the image.  All of these variations make the images appear deformed with respect to a reference image which would be observed from the nominal location under nominal conditions.  These deformations occur between images and, to a lesser extent, within one image.  They make it much harder for the user to locate individual scene features in terms of latitude and longitude and make it impossible to create smoothly animated image sequences.  The rectification process is the means by which such effects are removed.

2.2
OPERATIONAL PRODUCTS


The Meteosat system includes provision for the extraction of synoptic scale meteorological and climatological products.  This is accomplished by the Meteorological Products Extraction Facility (MPEF), located within the Mission Control Centre in the EUMETSAT Headquarters.  Many additional products are generated at user facilities under user responsibility.  This chapter describes the products for which EUMETSAT is responsible.

2.2.1
Segmentation


The meteorological products of the Meteosat system are obtained through the systematic processing of image segments.  Each segment is an array of 32 x 32 IR and WV pixels (64 x 64 VIS pixels) cut from the image in such a way that the centre of each segment is always at a fixed geographical location.  Routine processing is restricted to the 64 x 64 segments within 60° of great circle arc from the sub-satellite point. Segments have dimensions of about 150 km x 150 km at the sub-satellite point.  Away from this location these dimensions increase, up to a maximum of about 250 km.


Before segment processing for an individual image can begin it is necessary to have some background information on the characteristics of the segment.  This includes the physical characteristics (presence of land and sea), meteorological characteristics (expected state of the atmosphere for modelling atmospheric corrections) and a cloud climatology (probability of occurrence and radiance range).


The first stage of processing is a multi-spectral analysis of the radiance data within each segment, the purpose of which is to assign each pixel to a particular cluster of radiances.  Each cluster of radiances will correspond to a particular source of radiation within the segment and is defined in terms of its mean radiance, variance and number of pixels.  The second stage in the processing, the interpretation stage, assigns each cluster of pixels to a source of radiation, knowing in advance the expected range of radiances for the possible sources (cloud, land, sea).


Up to three cloud layers and the surface can be identified using this technique and the output of the segment processing is the starting point for the calculation of individual products.

2.2.2
Meteorological products

2.2.2.1
Cloud motion winds


Although the generic name for this product is Cloud Motion Winds (CMW), in fact, any tracer could be used. In practice, cloud tracers are supplemented by features in the Water Vapour (WV) images.  By this means it is possible to generate wind vectors in areas and at levels where there are no clouds and thereby extend the coverage of the product.  These wind vectors are distributed as the Clear Sky Water Vapour Winds (WVW) product.  Also, vectors are generated from visible images in full resolution and distributed three-hourly during daylight hours as the High Resolution Visible Winds (HRV) product, as well as High Resolution Water Vapour winds (HWW), both with a higher spatial resolution that CMW.


The automatic processing generates a field of CMW at intervals of 90 minutes.  Three consecutive images are taken at half-hourly intervals and individual segments in the central image are in turn treated as the target segment.  The search windows comprise the 3 x 3 segments centred on the target segment in each of the adjacent images.  Both windows are searched for good matches with the target segment.  This is achieved by the calculation of cross-correlation coefficients for all possible displacements of the target segment within the search window.  The correlation surface is analysed for significant peaks, and the peak displacements are accepted as wind vectors if there is an acceptable degree of symmetry between the displacements obtained from two image pairs.  The wind value finally generated combines these two half-hour vector pairs and therefore corresponds to the movement of the tracer over a period of one hour.


The final vector is then assigned a height, given as an atmospheric pressure level.  This is obtained by fitting the scene cloud top temperature to the forecast pressure-temperature profile applicable to the particular segment.


An automatic quality control process performs several internal checks on each vector before the completion of processing.  Checks include spatial and height consistency tests and a comparison of results with the wind field forecast from the European Centre for Medium-Range Weather Forecasts (ECMWF), in order to indicate those results which deviate considerably from the forecast.  The results of the quality control are distributed with flags giving a quality assessment for each individual vector.


Wind products (CMW, HRV, HWW, WVW) are derived each 90 minutes and are distributed over the Global Telecommunication System (GTS) of the WMO.  WMO standard BUFR formats are used for the distribution of all products.  In addition, a SATOB encoded format of the CMW-product is provided every 6 hours to support weather services not yet operationally using BUFR data.

2.2.2.2
Sea Surface Temperatures


Sea Surface Temperatures (SST) are extracted on a 12-hourly cycle for the nominal times of 00 and 12 UTC, but in order to eliminate cloud contamination they are based on segmented image data acquired at half-hourly intervals over the previous 12 hours.


The product is derived directly from segment processing.  This identifies any pixels in the multi-spectral histogram which view the sea.  Corrections are made to the radiance data to eliminate the effects of atmospheric absorption, and the final product is a measure of the ocean skin temperature on the scale of the segment, that is, with a horizontal resolution of about 200 km.  The results are automatically quality controlled by comparison with a continuously updated background field.  A continuous statistical comparison is made between the SST product and ship observations as a check on the satellite calibration coefficients.

2.2.2.3
Cloud analysis


The Cloud Analysis (CLA) product is a direct derivative of segment processing, which identifies the pixels associated with up to three layers of cloud. The product provides the percentage cloud cover and the cloud top temperature for up to three different cloud layers in each of the processed segments and is distributed at six-hourly intervals (00, 06, 12, 18 UTC).

2.2.2.4
Upper tropospheric humidity


The Meteosat water vapour channel provides radiance data representative of the water vapour present in the upper troposphere, between approximately 600 hPa and 300 hPa.  These data are used to generate the Upper Tropospheric Humidity (UTH) product.  The MPEF processing scheme is based on the calculation of the radiances to be expected from given water vapour concentrations, and generates a value for the percentage relative humidity of each segment, that is, with a horizontal resolution of about 200 km.  The product is calculated and distributed six-hourly.

2.2.2.5
Clear sky radiances


Advanced meteorological systems can use the radiance information directly, and therefore the Water Vapour and Infrared channel radiances, are distributed hourly as a separate product called Clear Sky Radiances (CSR).

2.2.2.6
Cloud top heights


The height of the tops of clouds is important in operational aviation weather forecasting , and the Cloud Top Height (CTH) product is intended to support this requirement. CTH provides information on the highest cloud found in each area of 3 x 3 IR pixels, giving a horizontal resolution of about 15 km at the sub-satellite point.


The product is distributed as a map in WEFAX format through Meteosat's dissemination system. Eight grey levels, from white to black, are used to indicate cloud layers in 1500 m vertical bands.  These CTH maps are disseminated in the WEFAX schedule several times a day.

2.2.3
Climate products

2.2.3.1
Climate data set


The primary Meteosat climate archive comprises images providing a global perspective of evolving cloud patterns over more than two decades.  Even with the higher recording densities of more modern media, it is still a huge task to read the full archive for each individual study of climatic trends.  For this reason several summary data sets are systematically extracted from current image data and archived to provide a concise and easily accessible overview of the changing world.  The first of these is the Climate Data Set (CDS), which records the results of the segment processing performed on the images.  Early data are available at three-hourly (synoptic) intervals, while data accumulated from December 1995 are at hourly intervals.


The CDS contains data from the multispectral analyses, including the mean radiance, the variance and the number of pixels associated with each of the identified clusters in the IR-WV and IR-VIS bi-dimensional segment histograms.  The corrections applied to the radiances are also stored.  By this means, a systematic record is kept of the radiances obtained from the land, sea and for up to three cloud layers, over the entire Meteosat disc, at hourly intervals and with a horizontal resolution of about 200 km.  This product is not routinely distributed but is archived for climatological purposes and can be supplied on magnetic media.

2.2.3.2
ISCCP


The second climate product is the Meteosat contribution to the International Satellite Cloud Climatology Project, the ISCCP.  This project, supporting the programmes of the World Meteorological Organization (WMO) and the World Climate Research Programme (WCRP), aims to provide a global summary of cross-calibrated cloud statistics derived in a coherent way from all of the world's meteorological satellites.


The Meteosat system contributes to this project using an approach similar to the CDS product to derive some 80 cloud-related parameters at three-hourly intervals, on a grid of 2.5° of latitude and longitude.  In addition, selected image sectors are stored to facilitate research and for cross-calibration amongst satellites.  This project has been accumulating data world-wide since 1983 and has proven to be an invaluable resource for climate studies.

2.2.3.3
GPCP


The Global Precipitation Climatology Project (GPCP) is a similar initiative, but aimed at recording a first global climatology of precipitation.  Whilst no observing system is fully adequate for this purpose, current satellite observations can provide a first estimate of this vital parameter.  The method links the probability of precipitation to the occurrence of clouds which are simultaneously cold in the infrared and intensely white in the visible images. In other words, it associates rain with very high, thick clouds.  This method is not ideal but is one of the few methods available for estimating precipitation patterns over the oceans and over the tropics, where no reliable measurements exist with sufficient density.  The Meteosat system has been contributing to GPCP since 1983, and the product is again based on three-hourly data computed on a grid of 1° of latitude and longitude.

2.2.4
Product quality

2.2.4.1
Quality control


Some aspects of quality control have already been mentioned.  Fully automatic quality control methods have been implemented for all MPEF products, and the intention is to steadily increase confidence in these methods and continuously improve the products in a systematic way.  The aim is to provide reliable quality information for the observed meteorological quantities, e.g., wind speed and direction, enabling the end-user to make intelligent decisions on the usage of the products.

2.2.4.2
Calibration


The quality of the MPEF products is extremely dependent on the accuracy of the calibration of the detectors.  For Meteosat-7 an on-board blackbody and a transmission model for the front optics is used for calibration of the thermal channels.  For the satellites that do not support blackbody calibration, the routine calibration of the thermal infrared and water vapour channels is achieved through twice-daily statistical comparison of the SST and UTH products with conventional measurements used as ground truth data.  Calibration coefficients are calculated such that the mean differences between the two types of measurement are reduced to zero.  These coefficients are used internally within the MPEF for product generation and are also transmitted to end-users through the HRI dissemination service.

2.2.4.3

Quality monitoring


In addition to the internal checks described above, the meteorological products are systematically monitored by reference to conventional products, where equivalent products exist. Conventional wind data, obtained by tracking radiosonde balloons, are compared with collocated cloud track winds.  Monthly statistics are used to monitor trends  and for comparison with results provided by other satellite operators. 


Similar statistics are prepared for comparisons of the radiosonde humidity observations with the UTH product, and of ship measurements with the SST product.  These routine checks help to maintain a consistently high and known quality for the Meteosat products. 

2.2.5
Image and Product Archive


The EUMETSAT data archive is established at the EUMETSAT headquarters in Darmstadt, Germany, and has been operational since December 1995.  Its objective is to archive all of the Meteosat imagery (including all historical data) and supporting information, as well as all centrally produced meteorological and climatological products.  The archive facility is supported by a comprehensive data retrieval capability serving user needs, including requirements for data archived on earlier systems.

2.2.5.1
System description


The archiving of satellite image data in digital form is a considerable challenge, as the data from Meteosat arrive almost continuously at an average rate of some 230 kbps per satellite, generating around 20 Gigabits of information daily for each satellite service being supported.  The Meteorological Archive and Retrieval Facility (MARF) addresses this challenge with new technology.


The MARF is an integrated facility within the Mission Control Centre, connected directly to the Core Facility for the acquisition of imagery data and all supporting information.  It is also connected to the Meteorological Products Extraction Facility (MPEF) to enable acquisition of meteorological and climatological products.


The central feature of the MARF is its digital archive.  This is under the control of a Hierarchical Storage Management system (HSM) which maintains the physical archive, in two copies, on modern storage media.  Currently the prime medium is Digital Linear Tape (DLT), each having the capacity to store data from several days of Meteosat operations.  As technology advances so the possibility of migration to other media will be under continuous review.  Currently over 500 DLTs can be kept in near-line library storage units, enabling rapid access to the entire archive.


The complete digital archive is complemented by facilities for retrieving and recording digital data in a variety of formats and on a variety of media, and also for generating printed image products directly from the digital imagery.

2.2.5.2
Historical data


Meteosat images have been archived on a variety of magnetic media since operations started in 1977, changing in line with the currently available technology. Initially, data were archived on high rate data recorders, using special wide tapes and very high data densities.  These recorders were superseded by a system using high density Computer Compatible Tapes (CCT) and the early data were copied to those media.  The CCT system was in turn superseded by a system using magnetic cartridges as the recording media.  The historical Meteosat data recorded before December 1995 are stored on some 40,000 of these tapes and cartridges.  Although the MARF records new data on DLT, it has access to the previous media and to equipment which can read the data, so that a retrieval service continues to be available from the old data.


Since data life on CCTs or cartridges is limited to about ten years and also since it will not be possible to maintain the relevant equipment indefinitely, EUMETSAT was faced with a significant problem of maintaining data integrity when taking over the physical historic archive in 1995.  In order to avoid loss of data and to facilitate efficient data retrieval, a long-running project was initiated, and is still ongoing, to copy and reformat all of the older data from the historic CCTs and cartridges on to the current media.  This project will take some years to complete; meanwhile the retrieval system and data catalogue structure ensures that any data not yet copied can still be supplied by accessing the older media.

2.2.5.3
Retrieval services


The comprehensive data service supported by the MARF includes the facility to retrieve and dispatch to end-users digital data as well as printed products.  Digital data may be recorded in a variety of formats (including most of the commonly used graphical representations) and also delivered on a variety of magnetic media. Full images or any part of an image can be provided.  Additionally, with the explosive development of the Internet, digital data may be delivered to customers electronically.  The MARF catalogue may be queried on-line as part of the EUMETSAT Web site, and access to user documentation is provided through this interface.  Also, on-line users can register their orders for MARF products through forms displayed on the MARF Web pages.  The MARF Web pages are continually under development with the intention to offer the user a complete on-line service.

2.2.6
EUMETSAT data policy


The reader should note that EUMETSAT applies a Data Policy with respect to its data, products and services.  Details are available via the EUMETSAT User Service address shown on page 5.

3.
Meteosat User Stations


The primary task of the Meteosat system is to deliver images of the highest quality, in the minimum possible time, to the end-users.  After more than two decades of Meteosat operation, many thousands of user stations have been established in over 100 countries, illustrating the popularity of this service, which is used extensively for operational weather forecasting as well as for research, education and for many other applications. 

3.1
Dissemination system - Overview

The Meteosat dissemination service prepares image sectors for transmission to two types of user station, using the Meteosat images, which have been rectified in the Mission Control Centre. One of the two disseminated data streams is composed entirely of digital data.  This is known as High Resolution Image (HRI) dissemination.  The second data stream is the WEFAX dissemination, containing images in analogue form.


The Meteosat image sectors are transmitted from the MCC in Darmstadt through commercial communication links to the Primary Ground Station (PGS) in Fucino, Italy.  The PGS then transmits the image data to the satellite over two communications channels for subsequent relay to the users.  Both data streams operate on an almost continuous basis, using two separate dissemination channels.


Images from similar geostationary meteorological satellites operated by Japan, Russia and the USA are interleaved with the transmissions of Meteosat imagery and up-linked directly to Meteosat from the EUMETSAT facility in Lannion, France.

3.2
High Resolution Image dissemination

3.2.1.
General Description

The High Resolution Imagery (HRI) dissemination system provides pre-processed image data in a digital format which is designed for further processing in the user facility.  Standard corrections, including registration between image channels, calibration adjustment and rectification are applied to the image before transmission.


Meteosat HRI imagery is transmitted to users in several standard formats.  The A-Format covers the full earth disc and is transmitted in various combinations of spectral channels and image resolution once in each half-hour image cycle.  The B-Format gives priority to the visible and infrared imagery covering the European sector and is also transmitted every half-hour.  In addition, the X-Format (includes the E-, I-, J- and W- formats) is used to transmit digital imagery from the American GOES-E, GOES-W, Japanese GMS and IODC (Meteosat-5) satellites (format details can be found in Annex II-A).


By using this service the user has almost immediate access to the highest quality image data covering most of the world.  The images are in digital form, suitable for use in sophisticated processing techniques in local computer systems.  Meteosat image formats covering the European sector are available at the user site within a maximum of 10 minutes from the end of image acquisition. Images covering Africa and the Middle East are transmitted within about 20 minutes.  All these data are available at half-hourly intervals, while digital data from the GOES and GMS satellites are transmitted at least once every three hours, arriving at the user site within 30 minutes of the nominal image time.


Since September 1995, most HRI data have been transmitted in encrypted form.  Images at six-hourly intervals are transmitted without encryption but the reception of all other data does require the user station to be registered.  A key unit, obtained from EUMETSAT, is required for the decryption of HRI data.

3.2.2
Primary Data User Stations


The HRI image transmissions can be received by a Meteosat Primary Data User Station (PDUS). which basically comprises an antenna, receiver, workstation or personal computer, monitor and hard copy device (the PDUS technical specification can be found in Annex II-B).


There are large variations in the sizes of the antenna supplied with PDUS systems.  They vary in diameter from four metres down to two metres or even smaller, depending on the location and performance of the receiver.  Some of the Meteosat satellites exceed broadcast specification during the early part of their life and this can temporarily enable good reception with antennas which are smaller than recommended.  However, it is not advisable to rely on high performance at the start of satellite life because its continuation cannot be guaranteed.  Users should therefore take care to ensure that the receiving system is compliant with the system specifications.


A Meteosat Key Unit (MKU), obtainable only from EUMETSAT, needs to be incorporated in the PDUS to ensure that it can receive all of the transmitted images.

3.3
WEFAX dissemination

3.3.1
Description


The WEFAX dissemination system provides imagery in analogue format for qualitative use in simpler types of user stations.  The rectified images received in the MCC are cut into a number of small formats and transmitted over commercial communications facilities to the PGS.  In the PGS the image formats are converted into analogue form and transmitted to Meteosat for reception by users.  Infrared images are each cut into nine sectors (Formats D1 to D9).  Visible and water vapour images are also transmitted in these same nine sectors (respectively, Formats CnD and En, n=1..9).  A range of visible data are also transmitted in higher resolution (C Formats).  On a few occasions each day a full earth disc image, in reduced resolution, is also transmitted.


As well as the Meteosat imagery, the WEFAX dissemination schedule includes analogue imagery from GOES-E, GOMS (Russia) and GMS satellites.


The areas covered by the various formats are shown in Annex II-A.  Each format takes nearly four minutes to transmit and consequently the WEFAX system can transmit only a selection of the available data. The European D2 infrared format is transmitted each half-hour, while other areas are covered at three- to six-hourly intervals.  Through this service, using very simple receiving equipment, a user can acquire images of the European sector at half-hourly intervals, day and night, in less than 10 minutes from the end of image acquisition by Meteosat. With the same equipment the user can receive images at intervals of three to six hours covering three-quarters of the world, including all of Africa and the Middle East, the Americas, all of eastern Asia and the Australasia region. 


The WEFAX images are not encrypted and there are no plans to encrypt these transmissions.

3.3.2
Secondary Data User Stations


Meteosat Secondary Data User Stations (SDUS) are small and very simple stations originally intended to make direct use of a hard copy device such as a facsimile machine.  This specification was based on the very first transmissions using the APT (Automatic Picture Transmission) system of the USA NOAA polar orbiting satellites.  Most modern SDUS today use a personal computer to display the images and a laser or colour printer to obtain hard copy.  The complete SDUS includes an antenna and receiver as well as the display device.  A fairly small antenna will often work, but as with the PDUS receiver, care should be taken not to undersize the antenna if the system is required for operational use.


An SDUS based on a personal computer must convert the analogue signal to digital form before data ingest.  This means that to a very limited extent local quantitative processing is feasible although this is not recommended.  Users should be aware that the WEFAX images are optimised for visual interpretation before transmission from the PGS, using image grey scale enhancements which may not be linear.  Furthermore, the double conversion, from digital to analogue at the PGS and then from analogue to digital at the SDUS, loses a considerable amount of grey scale information. Data, which are available on a PDUS with 256 grey levels would be reduced to 32 levels at most on a typical SDUS, with the temperature sensitivity of the infrared images reduced accordingly. 

3.4
Operational aspects

3.4.1
User Registration


Users need to register their systems with EUMETSAT for three important reasons:

· It informs the responsible authorities that the transmission frequencies are in use and enables the EUMETSAT Member States to take appropriate action to protect these valuable telecommunication frequencies from the ever increasing competition from large and powerful commercial entities;

· It places the user on the EUMETSAT mailing list to receive newsletters and other information.


For all PDUS operators, it ensures that encrypted images can be decoded, (subject to compliance with the data policy).


The registration procedure varies according to the country in which the user station is located.  To obtain up-to-date advice, the prospective user should contact the EUMETSAT User Service at the address shown at the beginning of this Chapter. 

3.4.2
Operational information


Operational information is distributed to users in a variety of ways.  Administrative messages are transmitted as a scheduled WEFAX format several times a day and are also included in the header information of each digital HRI transmission.  In each case, these administrative messages inform users about special operations or possible breaks in service, giving as much notice as possible.


In addition, operational information is regularly published and updated on EUMETSAT's Web pages.


Finally, registered users will, from time to time, receive newsletters which give up-to-date information about the system and include the latest dissemination schedule.

4
DATA COLLECTION AND DISTRIBUTION

4.1
Data Collection Platforms


Data Collection Platforms (DCP) are automatic or semi-automatic in situ environmental observing systems.  They may take the form of an automatic weather station at a remote site, or an automatic river or tide gauge, or an instrumented aircraft, ship, balloon or buoy.  In all cases they transmit their environmental data to Meteosat, which relays the information to the Meteosat Primary Ground Station (PGS).  The first examples are fixed platforms.  They will always communicate with one particular geostationary satellite and are known as Regional DCPs, supported by the Meteosat Data Collection System (DCS).  The latter examples are mobile platforms which can move anywhere in the world.  These are known as International DCPs, supported by the International DCS (IDCS) of the geostationary meteorological satellites operated by EUMETSAT, Japan, People's Republic of China, Russia and USA. 


Besides this distinction between regional and international DCP, there are two further categories of platform.  The simplest type is self-timed, which transmits a message to Meteosat at fixed times, for example, every hour or every three hours.  The second type is an  alert platform, which transmits a warning message when fixed environmental parameters such as the amount of rain, or the height of a river, have been exceeded.  Both functions can be combined in one hybrid platform and both types are supported by the regional and the international systems.


Unlike the image transmission systems, which operate at speeds of up to 166 kbps, the DCP transmissions are made at only 100 bps.  This low data rate is adequate for most instruments and ensures that a very large number of low power DCPs can be supported within a very limited bandwidth.


The basic technical specification of DCP messages is given in Annex II-D.

4.2
Meteosat Regional Data Collection System


Thirty-three regional telecommunications channels are used to relay environmental data from DCP permanently located in the Meteosat field of view, via the satellite, to the PGS in Fucino, Italy.  Selected data are then retransmitted back through Meteosat over the DCP Retransmission System  (see section 4.4).  In parallel, the PGS transmits the data to the Mission Control Centre (MCC) in Darmstadt for further processing and distribution.  The data of interest to the programmes of the World Meteorological Organization (WMO) are transmitted over the Global Telecommunication System (GTS), while a variety of other distribution systems are also used. 


Users can also access their DCP data via the EUMETSAT Internet Service.  Users wishing to take advantage of this on-line service should contact the EUMETSAT User Service in order to acquire a user ID and password which will allow entry to the Internet Service. 

4.3
The International DCS


Meteosat contributes towards the International Data Collection System (IDCS), which is coordinated amongst satellite operators through the CGMS. 33 international channels are made available for this purpose on the satellite and at the PGS, meaning that mobile platforms moving through the Meteosat coverage area are supported in exactly the same way as the regional platforms described previously.  The major difference is that the system provides almost world-wide coverage.

4.4
Meteosat DCP Retransmission System


The main virtue of the Meteosat DCS is that it rapidly transmits environmental data from any DCP at any location to the Mission Control Centre in Darmstadt.  From there it can be rapidly transmitted to the users over conventional communications systems.  The problem is that many potential users of these data, especially those in Africa, do not have access to efficient communications systems hence the DCP data do not get to where they are most needed.  The Meteosat DCP Retransmission System (DRS) is designed to overcome this difficulty in a cost-effective way.


DCP data arriving at the PGS are selected for transmission over the DRS and are transmitted back to Meteosat in the short time gaps (26.5 seconds) occurring every four minutes between transmissions of individual WEFAX formats.  The transmission speed of 12,500 bps is adequate to send many reports, which arrive individually at the PGS at a rate of only 100 bps.  This concept means that a slightly modified SDUS receiver can be used to receive the DCP reports anywhere in the field of view of Meteosat and a normal personal computer can be used to filter out the observations of local interest.  This capability has proven to be extremely useful in Africa where many meteorological services have installed a DRS terminal and can receive reliable local observational data for the first time.

5.
METEOROLOGICAL DATA DISTRIBUTION (MDD)

In spite of the excellent and rapid communications systems taken for granted in most parts of Europe, many other parts of the world are not so fortunate.  In Africa, in particular, communication within individual countries and between neighbouring countries is often difficult and sometimes impossible.  Meteorology depends on the rapid exchange and distribution of observational data through the Global Telecommunication System (GTS) of the World Meteorological Organization (WMO) and consequently these poor communications systems are a severe problem for the meteorological services of Africa.  This is not only a problem for the African meteorologists but also for those in the rest of the world who depend on a global observational network.


Transmission of data from Data Collection Platforms (DCP) through the Meteosat Data Collection System (DCS) to some extent addresses the problem of obtaining basic observational data from Africa. The associated DCP Retransmission System (DRS) helps to ensure that local observational data are returned to Africa.  However, it still does not enable countries of this continent to receive other forms of observation, or analyses and forecasts from major meteorological centres.  The Meteorological Data Distribution (MDD) service is designed to meet this requirement and, especially within the continent of Africa, it serves as a component of the GTS between meteorological services.

5.1
The MDD system


The Meteosat MDD system provides up to four dedicated transmission channels, together with the corresponding up-link sites.  Three up-link sites have been implemented at meteorological centres in Bracknell (UK), Rome (Italy) and Toulouse (France) and are more than able to meet current system data requirements.  Each can transmit a variety of meteorological information in the form of WMO alphanumeric bulletins, WMO binary coded bulletins, or as pictorial products. 


The alphanumeric messages are mainly meteorological reports in conventional numeric codes which are suitable for human interpretation but can also be used within computer systems.  The binary data are bit-level transmissions for use within user computer systems to generate charts, and the pictorial products are mainly charts for direct human interpretation. 


The system is completed by the MDD user terminals, located at meteorological centres at any point within the Meteosat telecommunications field of view.  First launched in 1990 on an experimental basis, over the last ten years use of the system has expanded significantly and now attracts meteorological users in nearly every country within Africa, thus illustrating its effectiveness in meeting a real user requirement. 

5.2
MDD Up-link transmitters


The three MDD up-link transmitters are EUMETSAT facilities installed at major meteorological centres where appropriate types of data are readily available.  Each up-link station transmits data at 2,400 bps via a specific communications channel directly to the spacecraft. Meteosat then broadcasts the data streams to the user stations.


The uplink stations have the capability to transmit all three types of data transmission and each can, to a considerable extent, act as a back-up for the others, so there is a considerable amount of flexibility in the system.  For the time being, the Bracknell, UK, up-link provides mostly graphical products and some binary data, while Rome, Italy, provides alphanumeric data and Toulouse, France, a combination of all three data types.

5.3
MDD User stations


The MDD data streams exceed, by far, the capacity of conventional communications used for the GTS in many parts of Africa, and the MDD terminal has become an important feature of many meteorological services.  Often it is the only reliable source of external data and has proved to be of major benefit, not only for local and regional forecasts but also to meet the requirements of the airline industry which can now be assured of up-to-date weather information from any meteorological service equipped with an MDD user station.


An MDD user station is quite simple and consists mainly of a small parabolic antenna, a receiver, a personal computer (or workstation) and a printer.  The computer can be used to display alphanumeric messages, convert these data into graphical displays or route the received data to a message switching system to allow further distribution of data within a country.  It can also process and display the binary data and display the pictorial information.  Since all MDD transmissions are encrypted, a Meteosat Key Unit (MKU) is also a vital part of the MDD user station.  Only National Meteorological Services are allowed access to MDD data and may obtain an MKU directly from EUMETSAT.

B.  SPOT (FRANCE)

1.
SPOT Programme


The SPOT satellite Earth Observation System was designed by the CNES (Centre National d'Études Spatiales), in France, and developed with the participation of Sweden and Belgium.  The system comprises a series of spacecraft plus ground facilities for satellite control and programming, image production and distribution.


The SPOT programme is based on two key principles: 


-
Continuity of the service to the customers;


-
Steadily improving quality of SPOT data and services in response to changing customer needs.


Thanks to the SPOT satellites, the system has been operational for more than thirteen years. 

· SPOT 1 was launched on 22 February 1986, and withdrawn from active service on 31 December 1990;


-
SPOT 2 was launched on 22 January 1990 and is still operational;

· SPOT 3 was launched on 26 September 1993.  An incident occurred on SPOT 3 on 14 November 1997.   After 3 years in orbit the satellite stopped functioning. 

· SPOT 4 was launched on 24 March 1998 and is now fully operational.


Engineering work for SPOT 5 has begun so that the satellite can be launched late 2001 to ensure service continuity.


To meet the increasing demand for SPOT imagery, notably during the Northern Hemisphere growing season, SPOT 2 and SPOT 1 will still be operational as well as SPOT 4.


SPOT's unique features - high resolution, stereo imaging and revisit capability - enable to collect data on areas of special interest for various applications (cartography, agriculture, environment, land use/ land cover, etc.).


Since 1986, more than 5.5 million images have been archived to provide an unparalleled record of our planet.


Satellite-based remote sensing is not only a key segment of Earth observation, but also a prime source of geographic information. SPOT data has become essential to a wide spectrum of users who look to the continuation of the SPOT family to prove just how reliable and operational the system has become.

2.
SPOT characteristics

2.1
Orbit


All SPOT satellites have the same orbit: near circular (altitude: perigee 818.3 km, apogee 833.2 km), sun synchronous (descending node at 10:30 a.m.) and phased (inclination: 98.7°, orbital cycle of 26 days)

2.2
Spot 1, 2 and 3 payloads


The SPOT payload comprises two identical HRV (High-Resolution Visible) imaging instruments, two tape recorders for image data, and a payload telemetry package for image transmission to ground receiving stations.


The position of each HRV entrance mirror can be commanded by ground control to observe a region of interest not necessarily vertically beneath the satellite.  Thus, each HRV offers an oblique viewing capability, the viewing angle being adjustable through +/- 27degrees relative to the vertical.


Two spectral modes of acquisition are employed, covering the same swath (60 km at nadir):


(
panchromatic (P : 0.51-0.73 µm) with 6000 pixels at 10 m resolution;


(
multispectral (XS with 3 spectral bands: B1 green 0.5-0.59 µm, B2 red 0.61-0.68 µm, B3 infrared 0.79-0.89 µm) with 3000 pixels at 20 m resolution.


Both HRVs can operate in either mode, either simultaneously or individually.

2.3
Spot 4 payload

Improvements to the payload include:

· Addition of a new band in the Short Wave Infrared (1.58-1.75 µm);

· Onboard registration of all spectral bands.  This has been achieved by replacing the panchromatic band (0.51-0.73 µm) by band B2 (0.61-0.68 µm) operating in both a 10 m and 20 m resolution mode.  Improved knowledge of ground reflectances, acquired by SPOT 1and 2, is used to introduce electronic sensor gains matching according to landscape type and season, thus ensuring greater dynamic range.  In addition, the imaging instruments are no longer susceptible to glare or be affected by the polarization of the incident light;

· The two HRVIR imaging instruments are programmable for independent image acquisition, increasing significantly the total number of imaging opportunities. In particular, it is possible to change the viewing direction of one instrument without affecting the quality of the images acquired at the same time by the other instrument.  The recording capacity of each of the two onboard recorders is increased from 22 to 40 minutes.  In addition, a solid-state memory of about 10 Gbit has been added to increase the overall reliability of onboard recording and extend the design life, while insuring a greater storage capacity;

· Payload telemetry transmission to direct receiving stations is made secure to protect the commercial confidentiality of transmitted data.


The prime SPOT 4 mission is supplemented by technical and scientific passenger payloads among which:


Vegetation instrument, a very wide angle (2 000 km-wide swath) earth observation instrument offering a spatial resolution of about 1 km and high radiometric resolution.  It uses the same spectral bands as the HRVIR instruments (B2, B3 and mid-IR) plus an additional band known as B0 (0.43-0.47 µm) for oceanographic applications and for atmospheric corrections.  The vegetation instrument has been developed as a European cooperative project including the European Commission.


Poam 3 (Polar Ozone and Aerosol Measurement) will ensure continuity of the US Poam 2 mission on SPOT 3. Poam 3 will measure ozone and aerosol levels above the polar regions.

3.
SPOT operations

3.1
Organization


CNES is in charge of the satellite control and of the image quality assessment and SPOT Image is in charge of the programming, acquisition, processing and commercial distribution of the data.  Two main receiving stations, in Toulouse (France) and Kiruna (Sweden) can get either real-time acquisitions or onboard recorded data.  More than twenty other Direct Receiving Stations, receiving only real-time data and covering almost all land surfaces over the world, are also available (see Fig hereunder)

3.2
Onboard data storage and transmission to ground 


SPOT satellites can transmit image data to the ground in two ways, depending on whether or not the spacecraft is within range of a receiving station.  As the satellite proceeds along its orbit, four situations arise concerning imagery acquisition and image data transmission to ground.

· The satellite is within range of a Direct Receiving Station (DRS), so imagery can be downlinked in real-time provided both satellite and DRS are suitably programmed;

· The satellite is not within range of a SPOT DRS. Programmed acquisitions are executed and the image data stored on the onboard recorders;

· The satellite is within range of a main receiving station (Kiruna or Toulouse).  It can thus be programmed either to downlink image data in real-time or play back the onboard recorders and transmit image data recorded earlier during the same orbital revolution;

· The rest of the time, the satellite is on standby ready to acquire imagery in accordance with uplinked commands.

4.
Operational performances

4.1
Repeat viewing capability


SPOT's oblique viewing capacity allows it to image any area within a 900 kilometre swath.  Oblique viewing can be used to increase the viewing frequency for a given point during a given cycle.  The frequency varies with latitude: at the equator, a given area can be imaged 7 times during the same 26-day orbital cycle.  At latitude 45 degrees, a given area can be imaged 11 times during the orbital cycle, i.e. 157 times yearly and an average of 2.4 days, with an interval ranging from a maximum of 4 days to a minimum of 1 day.


The constellation of SPOT satellites increases dramatically this unique revisit capability: any point on 95% of the earth may be imaged any day by one of the three satellites.


With 3 operational satellites, above 40° latitude, any point is reachable any day, by a SPOT viewing.


At the equator, on a given day, only a small strip or about 250-km wide (out of the 2800 km separating two consecutive SPOT tracks) is out of access,

4.2
Stereoscopy

SPOT's oblique viewing capacity makes it possible to produce stereopairs by combining two images of the same area acquired on different dates and at different angles, due to the parallax thus created.


A Base/Height (B/H) ratio of 1 can be obtained for a viewing angle of 24 degrees to the East and to the West.  For a stereopair comprising a vertical view and one acquired at 27degrees, a B/H of 0.5 is obtained.


Stereo acquisition can be performed in "tandem mode" the same day using two out of the three satellites (SPOT 1, SPOT 2 and SPOT 4).


Stereopairs are mainly used for stereoplotting, topographic mapping, and automatic stereocorrelation, from which Digital Elevation Models (DEMs) can be directly derived without the need for maps.

5.
SPOT products


A "SPOT Scene" is a portion of the landscape which has been scanned by the line of detectors, framed into elementary scenes of 6000 lines each (panchromatic or monospectral mode) or 3000 lines each (multispectral mode).  Such a "SPOT Scene" is about 60 km long and from 60 to 80 km wide, depending on the viewing angle.  The raw data strips imaged by the instruments are cut in a way such as the centres of the resulting SPOT Scenes are located on parallels containing the nodes of the GRS SPOT grid.  However, it is, possible to order a scene "shifted" along the track, by a quantity of a tenth of a scene (multiple of 600 raw lines, in panchromatic or monospectral mode, multiple of 300 raw lines in multispectral mode).


The pre-processing levels range from the least to the most sophisticated level (1A to Ortho), covering a wide spectrum of utilization. Products are available either on digital tapes - CD-ROM or on photographic films.

6.
Future plans

6.1
Spot 5


The future SPOT 5 satellite, to be launched end of 2001, will bring the continuity of data acquisition but also new very important improvements.


The continuity will be on the orbit (sunsynchronous with a 26-day cycle), on the number of instruments (2 HRG), on the image size (60 km per instrument), on the off track viewing (27°) and on the spectral coverage (P, B1,B2,B3 and SWIR).


The resolution will be greatly improved, down to 3 m (2.5 m pixel size) in the panchromatic band (instead of 10 m), 10m in the visible and near infrared bands (instead of 20m), while the short wave infrared band will remain at 20 m.


Adding to the main payload two other instruments will be available:

· VEGETATION 2 (identical to VEGETATION 1 on SPOT 4);

· HRS (High Resolution Stereoscopic instrument) which will provide along track stereopairs (120 km swath, 5 m pixel size) in order to derive Digital Elevation Models at about 10m accuracy.

7.
Overall Authority 

7.1
Overall Authority For The SPOT Programme

The Director

Centre National d'Études Spatiales

2 place Maurice-Quentin

75039 Paris Cedex 01

France

7.2
Authority in Charge of SPOT Operations

Mission and Operations Control Centre

Centre Spatiale de Toulouse

18 avenue Edouard-Belin

31055 Toulouse Cedex

France

7.3
Authority in Charge of Relations With Users of Archived Data

SPOT IMAGE

16 bis avenue Edouard-Belin

31030 Toulouse Cedex,

France

8.
TOPEX-POSEIDON


The Franco-American TOPEX/POSEIDON altimetry mission, which began in August 1992, is the reference element of the space-based component of the observing system for the World Ocean Circulation Experiment (WOCE) of the World Climate Research Programme.  Given its exceptional level of performance, the mission provides data for the study of the geoid, large- and medium-scale oceanic circulation, the evolution of the sea level and tides.


Apart from the ARIANE 42P launcher, CNES has supplied an altimeter designed with new solid-state technologies, the DORIS precision orbitographic system, and a ground segment which processes and distributes all of the mission data.


The abundant scientific results are based on high accuracy measurements whose potential has still not been exhausted, being in constant expansion since the start of the mission which is to continue beyond the first half of 2000.


TOPEX/POSEIDON data assimilation in various oceanic models, which has been successfully attempted by several groups world-wide, shows the advantage of these measurements for improving understanding of the physical processes taking part, and eventually predicting the related climate changes.  Thanks to TOPEX/POSEIDOIN data, several bodies were thus able to make early forecasts of the 1997 El Niño event, which was subsequently confirmed as being very significant.

9.
JASON


The JASON-1 mission has been designed to ensure continuity in the service which is currently provided by TOPEX/PESEIDON, by making accurate, repetitive and global measurements of the sea level and currents as well as wave height and wind.  JASON-1 will contribute towards the further development of civil and military operational oceanography and the prediction of planetary climate anomalies such as El Niño events.  This mission opens the way for a series of altimetric mini-satellites.  It will give France a major role in setting up the Global Ocean Observing System proposed by the UNCED in Rio and the Second World Climate Conference.


Just like TOPEX/POSEIDON, JASON-1 is being carried out through Franco-American cooperation.  For example, the launch, under American responsibility, is scheduled for Max 2000 with a DELTA 2 launcher.


The mission’s technical characteristics are as follows:

· small dedicate satellite;

· Non-synchronous orbit at 1,335 km with 66° tilt;

· Instantaneous absolute local RMS error at seal level:  3-4 cm;

· Satellite mass;  450 kg

· Satellite dimensioned to last 5 years (consumables);

· PROTEUS 


At the international level, the Integrated Global Observing Strategy (IGOS) project of the Committee on Earth Observation Satellites (CEOS) continues and consolidates the French initiative in this field: the Global Ocean Data Assimilation Experiment (GODAE) has been widely supported by oceanographers world-wide and should contribute towards the emergence  of operational ocean prediction activities, as occurred in satellite meteorology more than 20 years ago.
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ANNEX II-A

Meteosat Dissemination Formats

(Annex to Part A, paragraph 3.1)
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03

 D1
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    METEOSAT WEFAX Formats

          METEOSAT HRI Formats

    Foreign Wefax Formats

(uplinked by CMS Lannion)

Foreign HRI Formats

C'nn'

Sector 'nn' VIS Full Res

 AIVH

Full Disc IR & Half Res VIS

C'n' D

Sector 'n' VIS Half Res

 AW

Full Disc WV

LY

GOES-E WEFAX Sector N. America IR

XI

HRI Full Disc IR

D'n'

Sector 'n' IR

 AV

Full Disc Full Res VIS

LR

GOES- E WEFAX Sector S.America IR

XVH

HRI Full Disc Half Res VIS

E'n'

Sector 'n' WV

 AIW

Full Disc IR & WV

LZ

GOES-E WEFAX Sector N.America,

   Prefixes used in the schedule as satellite indicators:

CTOT

Full Disc VIS

 AI

Full Disc IR

East Coast VIS

E_: 

GOES- E

DTOT

Full Disc IR

 BIW

European Sector IR & WV

GMS'x'

GMS WEFAX Sector 'x' IR

W_:

GOES-W

ETOT

Full Disc WV

 BIV 

European Sector IR & Full Res VIS

GOMS

GOMS WEFAX Full Disc IR

J_:

GMS

ITOT

Full Disc IR INDOEX

 BW

European Sector WV

CTH

Cloud Top Height Product

 I_XI

HRI Full Disc Half Res, IR

ATEST 02

  Test Pattern (Identified as AW 02)

ADMN

Administration Message

 I_XVH

HRI Full Disc Half Res VIS south

TEST

Test Pattern

 I_XW

HRI Full Disc Half Res, WV

(I prefixe used in the schedule as MET-5 Indian Ocean indicator)

 ATEST 01

Test Pattern (Identified as AW 01)

'Ranging gap'

 HRI encrypted data in 'bold'




Annex II-A (continued)

In all Meteosat dissemination schedules the following basic programme is included

Format
Type
Transmission interval

A
B
HRI
HRI
Every half hour
Every half hour

C02 and C03
C1D – C9D
WEFAX
WEFAX
Every half hour (during daylight)
Every three hours (during daylight) (C2D more frequent)

D2
D1, D3
D4 – D9
WEFAX
WEFAX
WEFAX
Every half hour
Every hour
Approximately every three hours

E1 – E9
WEFAX
Twice daily (selected images more frequent)

C-, D- ETOT, ITOT (IODC)
WEFAX
WEFAX
Approximately every three hours (C-TOT in daylight)
Approximately every three hours

I- (IODC)
HRI
Every hour

Uplinked by CMS

Foreign Satellite Data (FSD

L - (GOES-E)
WEFAX
Every  three hours

GMS-
WEFAX
Every three hours

GOMS
WEFAX
Currently not available

E - (GOES-E)
HRI
Every  three hours

W- (GOES W)
HRI
Every  three hours

J - GMS
HRI
Every  three hours

X -
HRI
Every three hours

Annex II-B

Meteosat Data User Stations

(Annex to Part A, paragraphs 3.2.2 & 3.3.2)

1.
Primary Data User Station (PDUS)


A PDUS comprises the following two sub-systems:

(a) receiving station

(b) image handling system


The receiving station consists of an antenna, preamplifier, down converter, receiver, demodulator, and bit and frame synchroniser.  The image handling system varies according to the user requirements. Options include: workstation, data handling and processing software, colour image display, hard copy, archive, intra-network connectivity, etc.

1.1
Input/output specifications

· Frequencies - dissemination channel 1:
1691 MHz

· - dissemination channel 2:
1694.5 MHz

· Long term RA carrier frequency stability:

+20kHz


1 dBW (Ch 1)

· Worst case power flux at earth station:

· 5°° antenna elevation:
Ch. 1:  145.2 dBW -2

Ch. 2:  145.0 dBW m-2
· 30° antenna elevation
Ch. 1:  144.3 dBW m-2

Ch. 2:  144.1 dBW m-2

· Recommended G/T
11.5 dB/K

1.2
Modulation specifications

· Modulation
PCM (SP-L)/PM

· Index
1.2 rad + 5%

· Bit rate
166.66 kbit/s

· FF/IF bandwidth
660 Hz

· Min. signal/noise ratio C/No. for receiver

 (= 67.0 dB Hz-1
1.3
Digital transmission format


Formats are organised into frames of 364 bytes which are grouped into subframes of 8 frames for A-formats, and 4 frames for B- and X-formats (format description in Annex II-I). A complete format comprises:

(a) A heading subframe repeated 42 times for the A-format, 84 times for the B-forma and 90 times for the X-format;

(b) Sets of data subframes;

(c) Subframes of annotation (B-formats only)

(d) A conclusion

2.
Secondary Data User Stations (SDUS)


An SDUS is designed for the reception of weather facsimile (WEFAX) dissemination.  It comprises an antenna, preamplifier, down converter, receiver, demodulator, (PC) computer system and hard copy unit.  With minor modification, an SDUS can also be used to receive DCP messages (see 2.2).

2.1
Input/output specification


This is listed under section 1.1 with the exception of the recommended G/T, which is 2.5 dB K-1 for the SDUS.

· Modulation
AM/FM

· Frequency deviation
9 KHz peak

· Baseband video
1600 Hz

· Black-to-white modulation index
80%

· Subcarrier frequency
2400 Hz

· Start signal
300 Hz, duration: 3s

· Phasing signal
5% of line duration black, followed by 95% white, duration 5s

· Line start signal
1.2 ms of white signal, followed by 7 periods of alternating black and white signal at 840 Hz, followed by 2.4 ms of white signal; total duration, 1/21 of each line;

· Line rate
4 lines per second

· Stopping signal
450 Hz; duration 5s

2.2
Modulation Specifications for DCP Data

· Modulation
PCM (NRZ-L) PSK/FM

· Frequency deviation
12.5 kHz peak

· Subcarrier
12.5 kHz sine

· Bit rate
12.5 kbit/s

· Format
HDLC structure


In addition to the image data, the following meteorological data are transmitted as WEFAX formats:

· Cloud top height (CTH) charts, originated in the EUMETSAT Meteorological Product Extraction Facility (MPEF) and based upon Meteosat data.

3.
Transmission times


Transmission times for WEFAX formats are 3.6 min. For digital formats the times depend upon the sector and the spectral channels used.  Thus, the time for transmission of high resolution image (HRI) formats varies between 0.9 min (B-format) to 29.3 min (AIV format). nTo standardise the start times of individual formats, slots of four minutes are used, therefore, formats start at the nominal times H+02 min., +06 min., +10 min. etc.

ANNEX II-C

Meteosat Dissemination Schedule

(Annex to Part A, paragraph 3.3)

The Meteosat dissemination schedule is designed according to the following:

(a) channel 1 - 1691 MHz, used mainly for the transmission of analogue (WEFAX) formats;

(b) channel 2 -  1694.5 MHz, used for the transmission of all digital (HRI) formats, some analogue (WEFAX) formats plus all Foreign Satellite Data (FSD) transmissions formatted by CMS Lannion.


Administrative messages are transmitted simultaneously on both channels in WEFAX format.  Space is reserved on both channels simultaneously for the operation of Meteosat ranging measurements and for the retransmission of DCP data to specially adapted SDUS reception stations.  This allocation of channels is subject to modification at short notice for a variety of operational considerations.  For this reason, users are recommended to adapt their equipment for the reception of either dissemination channel and to constantly monitor the administration messages and the EUMETSAT web site www.eumetsat.de.


A copy of a (November 2000) Meteosat dissemination schedule is shown overleaf.  This schedule is subject to changes, in particular, caused by eclipse operation of the satellite (approximately 1 March to 15 April and 1 September to 15 October each year, where a few formats around local midnight may be lost. Details of the current schedule can be found at the above website.

Dissemination Schedule S0011M01 – METEOSAT at 0° W

Synoptic Hour AW Formats

Valid from 28.11.00, 08:30 UTC

ANNEX II-D

Meteosat Data Collection System Characteristics

(Annex to Part A, paragraph 4.1)

Technical data

Table I

Transmission of messages from platform to satellite

Parameter
International DCPs
Regional DCPs

Frequency band
402.0 to 402.1  MHz
402.1 to 402.2 MHz

Number of channels
33
29 (+ 4 reserved)

Width of channels
3 kHz

Type of modulation
PCM/bi-phase Manchester +60°

Bit rate
100 bit/s

E.I.R.P. limits of one platform1
13 to 22 dBW

Limit of power flux density per channel2
-145 + 5 dBW m-1

Satellite antenna polarisation
Right Hand Circular

Satellite receiver system G/T
29 dBK

1
The E.I.R.P. limits of the platforms are calculated on the basis of the F.F.D. limits in the two extreme cases where the satellite is seen by the platform at angles of 5° and 90°, respectively, polarisation being right hand circular.

2
The power flux density involved is that produced by a platform at the satellite location in the case of right hand circular polarisation.  It is calculated by means of the formula: E.I.R.P. (dBW)–10log 4(  D2, D being the distance from the platform to the satellite expressed in metres.

Table II

Format of messages from platforms

Parameter
Description

Unmodulated carrier
5 s

Bit preamble
250 bits, alternate 0, 1

Synchronised word
PN code, 15 bits, 100010011010111

Address word
31 bits (31, 21 BCH)

Data*
( = 649 words of 8 bits

End Of Transmission (EOT)
31 bits, 0010000010100011010100111100011

*
The only authorised form of data are the approved characters from International Alphabet No. 5, coded over 8 bits.

Figure II.2 : SPOT receiving station network





                Direct receiving station





             Main receiving station








HRI   A and B Formats





WEFAX   CnD, D and E Formats





WEFAX     C Formats





WEFAX     L Formats





WEFAX      GMS Formats





WEFAX     ITOT Format (IODC)





Annex II-A (continued)


Meteosat Dissemination Formats


(Annex to Part A, paragraph 3.1)





HRI   I_X format (for IODC)





HRI   J_X format (for GMS)





HRI   W_X format (for GOES-W)





HRI    E_X format (for GOES-E)











� Plate-forme Reconfigurable pour l’Observation, les Télécommunications et les Usages Scientifiques [Reconfigurable platform for observation, telecommunications and scientific uses]





