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EVOLUTION OF THE SPACE-BASED GOS

(Submitted by the WMO Secretariat)
	Summary and Purpose of Document

This document summarizes the status of the space-based Global Observing System and its evolution planned in the short- and long-term, based in particular on the outcome of the last meeting of the Coordination Group of Meteorological Satellites. 
Major evolutions are being prepared, including a transition to new generation of geostationary satellites occurring around 2015 for several satellite operators. 
The attention is raised to the impact of these forthcoming evolutions for the user community, both in terms of opportunity and in terms of risk. Some suggestions are made to ensure readiness of the user community for such changes.


ACTION PROPOSED


The session is invited to:

(a) Note the current status and planned evolution of the Space-based Global Observing system;

(b) Review in particular the potential impact, for the user community, of the forthcoming evolutions;

(c) Consider actions to ensure user readiness for a smooth migration to the new generations of satellite systems before the current ones are phased out.

______________________

DISCUSSION

INTRODUCTION
1.
The globally coordinated space-based component of the Global Observing System (GOS) serves the needs of a range of activities including operational weather forecasting, climate monitoring, and their applications to a number of specific Societal Benefit Areas. A major goal of the WMO Space Programme is to enhance the space-based component of the GOS, expanding its capabilities, securing its continuity and sustainability, and pursuing its integration in the context of the WMO Integrated Global Observing System (WIGOS). An equally important goal is to facilitate wide and meaningful use of these space-based capabilities by WMO Members and throughout WMO programmes.

2.
This document summarizes the status of the space-based component of the Global Observing system (GOS) and its planned evolution in the short and longer term. Information is based on the reports provided by satellite operators, either directly or in the context of the Coordination Group for Meteorological Satellites (CGMS). The purpose of this document is to provide ET-SUP with a basis for discussion from a user perspective, with a view to identify opportunities and issues or challenges that may require specific actions towards the user community, or feedback to the satellite operators. Particular emphasis is put on the need for user readiness for the forthcoming transition to new generations of satellites in the next five years.
3.
It is recalled that the current status of satellites contributing to the GOS is provided on the WMO Space Programme web pages, which are frequently updated. These pages are also accessible from the CGMS web site (http://cgms.wmo.int). Information related to geostationary satellites, operational Low-Earth Orbit (LEO) satellites, and “Research and Development” satellites respectively is available at the following URL: 
· http://www.wmo.int/pages/prog/sat/GOSgeo.html
· http://www.wmo.int/pages/prog/sat/GOSleo.html
· http://www.wmo.int/pages/prog/sat/GOSresearch.html 
4.
These pages also contain links to the relevant web sites of satellite operators for more detailed and first-hand information on the satellite programme itself, as well as on data access mechanisms.

Geostationary Satellites Current Status and Short-Term Evolution
5.
Table 1 summarizes the status of the operational geostationary constellation in March 2010. 
	
	BASELINE
	ACTUAL (March 2010)
	PLANNED CHANGES
in 2010

	AREA
	Operators
	Nominal
Location
	Operators
	Location
	Spacecraft
	

	Americas

& East Pacific
	USA 

USA
	135° W

75° W
	USA 
USA
	135° W

75° W
60°W
	GOES-11
GOES-12  
----
	
GOES-13  (14 April)
GOES-12   (11 May)

	Europe 
& Africa
	EUMETSAT
	0°
	EUMETSAT
	0°

9.5°E
	Meteosat-9
Meteosat-8 (rapid scan)
	

	Indian Ocean 
Asia &

West Pacific
	
Russian Fed.


China

Japan
	
76° E


105° E

140° E
	EUMETSAT

India

China
China

Japan
	57.5° 

74°

86.5°E

105°E

140°E
	Meteosat-7 

Kalpana

FY-2D

FY-2E

MTSAT-1R
	




Table 1: Operational geostationary constellation 

6.
The GOES-10 spacecraft has been providing coverage of South America from 60°W until 30 November 2009. NOAA will resume South America coverage in May 2010 with GOES-12, after the replacement of GOES-12 by GOES-13 in GOES-East position.  It is expected that the future generation of GOES satellites starting with GOES-R will be able to provide regular coverage of both the northern and southern parts of the Earth’s disc. 

7.
The planned schedule for these GOES satellite changes, as announced by NOAA, is:

· 4 March: 
GOES-15 was launched and is now in storage position

· 14 April:
Start of GOES-13 operation as GOES-East with dissemination via GOES-12

· 26 April:
GOES-East dissemination taken up by GOES-13 

· 11 May:
Start of GOES-12 operation for South America coverage

· 17 May;
GOES-12 in final position at 60°W.

8.
Starting with GOES-14, currently in storage position, there will be a slight modification of the GVAR format for direct readout users. Information is available from NOAA at:
 
http://www.osd.noaa.gov/gvar/gvardownload.htm. 
Transition to new generation geostationary satellites
9.
Current plans for the rest of the decade offer exciting opportunities for the weather and climate user communities, thanks to:

· New missions expanding the range of parameters to be measured; a remaining challenge is however to ensure a sustainable framework to provide a long-term continuity of these missions, as required for climate monitoring; 
· Considerably improved performances for the continuation of currently operational missions, with the advent of new generations of spacecraft and instruments, as can be seen in Table 2 below:
	Planned year
	New Operational 
Spacecraft Series
	Comments

	2014
	Himawari-8
	MTSAT Follow-on

	2014
	NPOESS-C1
	NOAA-K,L,M,N,N’ Follow-on

	2015
	FY-4 O
	FY-2 Follow-on  (Optical series)

	2015
	GOES-R
	GOES-K,L,M,N,O,P Follow-on

	2015
	Elektro-M1
	Elektro-L1,2 Follow-on

	2016
	MTG-I1
	MSG Follow-on (Imaging series)


Table 2: New generation of geostationary meteorological satellites planned to start around 2015
10.
While bearing in mind that the planning of new missions is always subject to some evolution, attention must be raised on the concentration of these changes in a relatively short period of time, and the associated risks.  The start of every new generation always entails a certain level of challenge; this will be particularly true as several operational satellite programmes are planned to transition to a new generation at the same time. From the users’ point of view we should emphasize that:
· These new missions will provide considerable amount of new types of data, that users should anticipate in terms of product development, processing systems and operational schemes;

· These new missions may also require that the users plan and implement new data access equipment.

11.
From the lessons learnt from previous transitions (GOES-GOES-next, MFG/MTG, GMS/MTSAT) suggestions can be made to facilitate readiness of the user community for such changes.  At its fifth session held on 15-19 March 2010, the CBS Expert Team on Satellite Utilization and Products (ET-SUP) suggested to investigate the following range of initiatives:
· Systematic information effort, with regularly updated details on the status of the new systems and the plans for starting operations;
· Maintaining parallel operation of old and new generation for a sufficient period of time (as was done with Meteosat First and Second Generation)
· Maintaining parallel data dissemination in old and new format for a certain period of time  (as was done with VISSR and HRIT on MTSAT, and planned with GRP for GOES-R);
· Data dissemination capability independent from the spacecraft itself, in accordance with the recommended IGDDS approach (e.g. like EUMETCast or GEONETCast), in such a way that the migration to new dissemination protocol and format can be planned and implemented without being driven by the schedule of the new spacecraft 
· Sharing of experience and tools among user communities

· Preparing key satellite products (See e.g. the GOES-R Proving Ground initiatives of NOAA)

· Encouraging WMO Members to set up a project management to prepare the various aspects of their migration (budgetary provisions, product development, software, hardware, telecommunications, information and training);

· Particular support to developing countries. 
It is suggested that the Regional Association investigate the need and possibility of such actions at the regional level.

Operational meteorological satellites in sun-synchronous LEO
12.
The status of operational meteorological satellites in sun-synchronous LEO is summarized in Figure 1, which illustrates the orbital planes of the satellites that are currently available either as primary operational, or as secondary or back-up spacecraft, as well as the military DMSP satellites whose microwave data is available through NOAA.
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Figure 1 - Orbital planes of the currently available meteorological spacecraft on sun-synchronous orbit, represented over the Northern hemisphere (North Pole at the centre, Sun on the right side). 
Dark blue: Primary operational spacecraft (NOAA-19, Metop-A, FY-3A); Green: Secondary, back-up or pre-operational spacecraft (NOAA-18, NOAA-16, FY-1D, NOAA-17, Meteor-M1); Brown: DMSP satellites.
13.
Although Figure 1 gives the impression of a dense coverage, the following must be underlined:
· Current coverage takes into account several older spacecraft that provide very useful complementary data as secondary satellites, but are no longer 100% functional; 

· Continuity of the primary imaging and sounding (infrared and microwave) missions is currently provided, however the situation must continue to be monitored carefully, especially for the afternoon orbit since it will entirely rely on new generation satellites in the coming years, with Meteor-M2, FY-3B, and NPP. 

· The use of FY-3A data has been reported to be very positive by some NWP users, however there is still little awareness of the global user community regarding practical data access modalities;

· Meteor-M1 is currently in commissioning phase and the preliminary feedback is very positive; the spacecraft has a direct broadcast capability in HRPT/LRPT standard, however  there is still limited awareness of the user community on practical access details;

· NPP will have direct broadcast capability in X-Band, unlike NOAA-19 and METOP.
Vision of the GOS in 2025

14.
The Vision for the Global Observing System (GOS) in 2025, that addresses both the space-based and the surface-based component of the GOS, was finalized by the time of the fourteenth session of the Commission for Basic Systems (CBS-XIV) and approved by the Executive Council in June 2009 (EC-LXI). The Vision calls for integration, response to user needs, expansion of observing systems, automation, calibration and quality control. As concerns the space-based component, it also lists the missions to be continued, enhanced or implemented, and highlights the necessary process of transition of some demonstrated R&D missions to operational status. (The Vision is available on: http://www.wmo.int/pages/prog/www/OSY/WorkingStructure/documents/CBS-2009_Vision-GOS-2025.pdf).

Dossier on the space-based component of the GOS

15.
The Dossier on the space-based component of the GOS gathers detailed information on satellite programmes, missions and instruments that are actually or potentially contributing to the space-based GOS, as well as a Gap Analysis with respect to the Vision for the GOS, and an assessment of the expected quality of the space-based geophysical products compared with the current requirements from WMO and other Organizations.  This five-volume reference material is maintained by WMO with input from all contributing space agencies, in coordination with CGMS and CEOS; it is updated three times a year. The first issue of 2010, which is available on line since 18 January (ftp://ftp.wmo.int/Documents/PublicWeb/sat/DossierGOS/),  contains information on 168 missions, 221 satellites, and 263 instruments.  In addition, the first Volume of the Dossier, describing the satellite programmes, has been published as a WMO Technical Document (SP-7 / WMO-TD No.1513).

16.
 Figure 2 and 3 below, extracted from Volume III (Gap Analysis) of the Dossier, illustrate the coverage to be provided in the 2020-2025 timeframe by the planned constellations of operational satellite systems in geostationary orbit and in sun-synchronous LEO respectively.

	The backbone meteorological satellite system in the 2020-2025 timeframe
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	Figure 2 - Prospective scenario of meteorological satellites in geostationary orbit in the 2020-2025 timeframe - 16 satellites in 3 classes of operability: Primary (‘P’, blue), Secondary (‘S’, green, operated in addition to the primary, if available), Hot standby (‘H’, red, stored in orbit but not operated).  Working assumption: GOES and FY-4 consist of 3-satellite systems (two “P” + one “H”); GOMS and INSAT/Kalpana of two operated satellites (one “P” + one “S”); Meteosat, COMS and Himawari of one satellite with hot standy (one “P” + one “H”). The figure shows, from left to right, the position of:  GOES/W-P (135°W),  GOES-H (105°W),  GOES/E-P (75°W),  GOMS-S (14.5°W),  Meteosat-P (0°),  Meteosat-H (10°E),  Kalpana/INSAT-S (74°E),  GOMS-P (76°E),  INSAT-P (83°E),  FY-4W-P (86.5°E),  FY-4-H (105°E), COMS-H (116.2°E),  FY-4E-P (123.5),  COMS-P (128.2°E),  Himawari-P (140°E) and Himawari-H (145°E).

	[image: image3.jpg]





	Figure 3 - Prospective scenario of meteorological satellites in LEO in the 2020-2025 timeframe. The figure shows typical relative positions of satellite ground tracks in a 100-minute time window. Seven satellites are taken into account, with the following Local Solar Time (LST) at the equatorial ascending/descending node: NPOESS early morning (05:30 d),  Meteor a.m. (09:00 d),  post-EPS (09:30 d),  FY-3 a.m. (10:00 d), NPOESS p.m. (13:30 a),  FY-3 p.m. (14:00 a) and Meteor p.m. (15:30 a). For illustration purpose only, these tracks are calculated as if all the satellites were phased to cross the equatorial plane simultaneously at the middle of this time window, either ascending (for afternoon orbits) or descending (for morning and early morning orbits). In this example, the absolute locations correspond to a time window centered at 12:00 UTC.


CONCLUSION
17.
The session is invited to note the planned evolution of the operational space-based infrastructure in the short and medium-term, and their potential impact for the user community both in terms of opportunities and risks. 
18.
The session is invited to consider in particular the relevance of actions to facilitate the readiness of the operational user community to a smooth transition to the new generations of satellite systems before the current ones are phased out.
_____________
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