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	Summary and Purpose of Document

The document contains proposals for updates to Part IV (Space–based subsystem) of the Manual on GOS, WMO-No. 544. The main proposed updates are meant to reflect recent developments concerning :

· Ocean Surface Topography mission as a new kind of operational mission that is neither in geostationary nor in polar orbit;

· Advanced Dissemination Methods (ADM) and Regional Retransmission Services as an alternative to Direct Broadcast;

· On-line access to archive catalogue and data sets

· Virtual Laboratory as core component of the training strategy




ACTION PROPOSED

TT/GRM-2 is invited to consider and approve the updates proposed in the attached document.
Reference:

1. Manual on GOS, WMO-No. 544

2. CBS, Extraordinary Session, Cairns, 4-12 December 2002, Abridged Final Report with Resolutions and Recommendations, WMO-No. 955

P A R T IV

SPACE-BASED SUB-SYSTEM

1.
COMPOSITION OF THE SUB-SYSTEM

The space-based sub-system shall be composed of a ground segment in addition to the space segment consisting of operational geostationary and polar-orbiting satellites and research and development (R&D) satellites. 

NOTE:
Information on the characteristics, capabilities and uses of the current system of operational meteorological satellites is contained in the Coordination Group of Meteorological Satellites (CGMS) Directory of Meteorological Satellite Applications. Additional up-to-date information can be found via the WMO Space Programme Homepage: http://www.wmo.int/web/sat/satsun.html. Information on Meteorological and Other Environmental Satellites contains further relevant information and is available on the WMO Space Programme publications web pages: http://www.wmo.int/web/sat/Publications.html.

1.1
Space segment

The space segment shall provide for a global coverage.

NOTES:
(1)
The different capabilities of the operational and research and development satellites complement each other and are necessary parts of the space-based sub-system of the GOS.


(2)
Operational satellites, are also capable of accomplishing data collection and data dissemination missions.

1.1.1
Operational polar-orbiting satellites

Missions

The following missions should be performed:

(a)
Visible, infrared and microwave imagery missions;

(b)
Infrared and microwave sounding missions;

(c)
Data collection missions;

(d)
Direct broadcast missions;

(e)
Other missions as appropriate, e.g. active measurements such as scatterometry.
1.1.2
Operational geostationary satellites

Missions

The following missions should be performed:

(a)
Visible, infrared and microwave imagery missions;

(b)
Infrared sounding missions;

(c)
Data collection missions;

(d)
Dissemination missions:

(e)
Other missions as appropriate, e.g. earth radiation budget, etc..

1.1.3 Operational ocean surface topography satellites
The following mission should be performed :

a) Altimetry mision
1.1.4 Research and Development satellites

Missions

The following missions, to the extent possible, should be performed:

(a)
Visible, infrared and microwave imagery missions;

(b)
Infrared and/or microwave sounding missions;

(c)
Dissemination missions;

(d)
Missions capable of measuring parameters stated as WMO observational requirements.

1.2
Ground segment

Receiving and processing facilities should provide for the reception of remote-sensing and DCP data from operational satellites and/or the processing, formatting and display of meaningful environmental observation information, with a view to further distributing it to users over the Global Telecommunications System (GTS) or any other convenient means, as required.

2.
IMPLEMENTATION OF THE SUB-SYSTEM

Members operating environmental observation satellite programmes shall make the satellite data reliably available to other Members and shall inform the Members of the means of obtaining these data.

2.1
Space segment

Members operating environmental observation satellites should meet, to the extent possible, the accuracy, timeliness and time and space resolution requirements of the GOS.

2.1.1
Number, distribution and availability of operational spacecraft

2.1.1.1
The number of satellites in polar orbit should be sufficient to provide global coverage at least eight times per day for instruments with horizon-to-horizon scanning.  Typically this will require two sun-synchronous satellites in ante-meridian (a.m.) orbit and two in post-meridian (p.m.) orbit.
2.1.1.2
At least two satellites in Low Earth Orbit (LEO) should be equipped with altimeters for ocean surface topography monitoring.
2.1.1.3
The number of satellites in geostationary orbit should be sufficient to obtain observations, typically at 30 or 15 minute intervals, throughout a field of view between 600 S and 600 N. This implies the availability of at least six satellites, near-equally spaced around the equator.

2.1.1.4
Data from polar satellites should be acquired on a global basis, without gaps (blind orbits), and delivered to users to meet timeliness requirements. Imagery and sounding data should be available from at least four polar orbiting satellites, two in a.m. and two in p.m. orbit, on not less than 99 per cent of occasions. The system design should provide for ground segment, instrument and satellite redundancy, and rapid call up of replacement launches or a.m. and p.m. spares, to achieve this.

2.1.1.5
Imagery from at least six equi-spaced geostationary satellites should be accessible on not less than 90 per cent of occasions and from four such satellites on 99 per cent of occasions. Contingency plans, involving the use of in-orbit stand-by flight models and rapid call up of replacement systems and launches, should be in place to maximise the utility of the available data. 

2.1.2
Missions

2.1.2.1
The satellites should be equipped at a minimum to provide the following missions:

(a)
Imagery and sounding missions: satellites should be equipped to provide characteristics (including spatial and temporal resolution, accuracy and timeliness) meeting user requirements to the greatest extent possible, independently or in conjunction with surface-based observations, quantitative data and qualitative information to enable determination of:

(i)
Fields of atmospheric temperature and humidity;

(ii)
Temperatures of sea and land surfaces;

(iii)
Wind fields at the surface and aloft;

(iv)
Cloud amount, cloud type, cloud top height and temperature, and cloud water content;

(v)
Precipitation;

(vi)
Snow and ice cover;

(vii)
Total column ozone;
(viii)
Vegetation cover

(ix)
Radiation balance data.

NOTES:
(1)
The movements of clouds and water vapour features provide a useful determination of the wind field but only at one or two levels in the vertical and only when suitable tracers exist. 


(2)
Operational environmental satellites have made useful contributions to many of the information types listed in 2.1.4.

(b)
Direct broadcast, data dissemination missions and alternative dissemination methods (ADM) : All operational environmental observation satellite systems should be equipped to provide direct broadcast or near-real-time data dissemination of the cloud imagery and, to the extent possible, of other real-time data of interest to Members. Additionally:

(i)
Members responsible for satellites with these facilities should ensure the greatest possible compatibility between their different systems, and publish details of the technical characteristics of their instrumentation, data processing and transmissions, as well as the dissemination schedules.

(ii)
Direct broadcast frequencies, modulations, and formats for the a.m. and p.m. satellites should be such as to allow a particular user to acquire data from either satellite by a single antenna and signal processing hardware. To the extent possible, the existing frequency bands should continue to be used.

(iii)
Direct broadcast should be provided in two data streams as follows:

- a high data rate stream, such as the present High Resolution Picture Transmission (HRPT) and its planned evolution, to provide large and medium-sized meteorological centres with all the data required for Nowcasting and numerical weather prediction (NWP), when required, and other real-time applications;

- a low data rate stream, such as the present low rate picture transmission (LRPT) and low rate information transmission (LRIT) services, to convey an essential volume of data for Nowcasting and short period forecasting to low-cost receiving stations. 

(iv)
Advanced dissemination methods (ADM) should complement and supplement direct broadcast servicesto allow cost-efficient access to integrated data streams including data from different satellites, non-satellite data and geophysical products.
(c)
Data-collection missions: All operational environmental observation satellites should be equipped to provide for the collection and relay of data from various kinds of observing and data-collection platforms (DCP);

(i)
Members responsible for satellites with this capability should establish and maintain the necessary technical and operational co-ordination, in order to ensure compatibility. A number of channels should be identical on all geostationary satellites to allow movement of mobile platforms between their individual footprints. 

(ii)
The satellite operators should publish details of the technical characteristics and operational procedures of their data-collection missions, including the admission and certification procedures.

NOTE:
ARGOS, based on polar orbiting satellites, provides an operational system for locating low power transmitters and relaying small amounts of data from them. 

2.1.2.2 Global data coverage should be provided for the benefit of the WMO World Meteorological Centres, Regional Specialized Meteorological Centres, and a number of WMO Members engaged in global NWP. Availability of global data is required without gaps in coverage or time. For Global NWP applications, data are required no later than 4 hours, and with a goal of 1 hour, after the instrument has made the observation. This may be achieved from polar-orbiting satellites by on-board storage and successive transmission when in view of Command and Data Acquisition stations, or by regional retransmission services from a network of direct broadcast receiving stations, or by using Data Relay Satellites, or by a combination of these systems.

2.1.2.3 The above missions make a useful contribution to the monitoring of climate, but to maximise their effectiveness for this purpose data records possessing long term consistency are essential. Members responsible for operational environmental satellites should consider this requirement when planning their launch, calibration, validation, processing and archival strategies. Advantage should be taken of satellite collocation to perform instrument intercalibration. There should be sufficient overlap  between consecutive missions,  to allow intercalibration .
2.1.3 Contingency arrangements

2.1.3.1
The satellite operators, working together under the auspices of CGMS or otherwise, should ensure the continuity of operation, and the data dissemination and distribution services of the satellites comprising the Baseline Space Segment.

2.1.4
Research and development satellites

 NOTE:
Research and development satellites provide, when possible, information for operational use. The purposes of research and development satellites are to acquire a defined set of research data, to test new instrumentation and/or to improve existing sensors and satellite systems.

Although neither long term continuity of service nor a reliable replacement policy are assured, these satellites provide such information as:

(a)
Improved information on atmospheric temperature and humidity fields;

(b)
Improved information on wind fields, including ocean surface and 3D winds;

(c)
Soil moisture distribution;

(d)
Improved information on sea ice type and extent;

(e)
Improved information on snow cover and on snow water content;

(f)
Wave heights, directions and spectra;

(g)
Improved accuracy and frequency in rainfall monitoring;

(h)
Three-dimensional cloud water/ice fields;

(i)
Height of cloud base 

(j)
Improved monitoring of the Earth radiation budget;

(k)
Sea-surface temperatures of improved accuracy;

(l)
Distribution of particulate matter in the atmosphere, including volcanic ash;

(m) Ocean surface height;

(n) Ocean surface salinity;

(o) Ocean colour, related to marine pollution and biological properties;

(p) Sea and land ice topography;

(q) Improved information on ozone distribution;

(r) Improved information on land cover and vegetation mapping;

(s) Flood and forest fire monitoring;

(t) Information on fields of chemically-active atmospheric constitutents;

(u) Information on carbon dioxide and other greenhouse gases

(v) Lightning detection

2.2
Ground segment

2.2.1
 Processing and dissemination
2.2.1.1
In order to guarantee that comparable meteorological parameters or information are obtained, all Members operating processing facilities that distribute satellite products to other WMO members should do their utmost in co-ordinating the extraction of meteorological information.

2.2.1.2
The satellite operators should establish dissemination schedules that take into account the requirements of users.

2.2.2
Users' stations

(a)
Receiving stations

(i)
All Members should endeavour to install in their territory at least one system enabling access to digital data from both polar and geostationary satellite constellations. This should be either a receiver of an ADM service providing the required information, or a combination of a direct broadcast receiving station for cloud imagery data from polar satellites and one such station for receiving data from a geostationary satellite;

(ii)

(iii)
Members requiring access to data from research and development satellites will need to download these data from the appropriate servers, or install a relevant ADM receiver, or install an appropriate direct broadcast user station, which may be different from the user station for the operational satellites, if the R&D satellite has a direct broadcast capability.
(b)
Data-collection platforms : In order to extend the Global Observing Systems by the use of the data-collection and relay capability of the environmental observation satellites, Members should establish fixed or moving DP/ARGOS systems, in particular to cover data-sparse areas.

2.2.3
Archiving strategy

Satellite data should be archived at CEOS Level 1B, together with all relevant metadata pertaining to the location, orbit and calibration procedures used. The archiving system should be capable of providing on-line access to the archive catalogue with a browse facility, and  description of data formats, and allowing users to download data.
2.2.4
Education and Training strategy 

The highest priority should be given to the education and training of instructors in the use of satellite data and capabilities at a sub-set of Regional Meteorological Training Centres (RMTCs) acting as Centres of Excellence (CoE) in satellite meteorology, in order to build up expertise and facilities at a number of regional growth points. In order to help bring this about, individual environmental satellite operators should focus their assistance, to the extent possible, on one or more of these RMTCs within their service areasand contribute to the Virtual Resource Library of the Virtual Laboratory for training and education in satellite meteorology.
NOTE 
(1)
The aim of this strategy is to systematically improve the use of satellite data for meteorology and operational hydrology, with a focus on meeting the needs of developing countries.


(2)
It is designed to focus the participation of all organizations that have a vested interest in improving the use of satellite data and recognises that the satellite operator is one such, with ready access to much of the necessary infrastructure and expertise.


(3)
Implementation requires access to appropriate receiving and processing facilities at the RMTCs but training can be carried out through seminars and/or remotely through  on-line Internet sessions
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