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	SUMMARY AND PURPOSE OF DOCUMENT

This document provides a report of the work of the Expert Team on Satellite Systems since the sixth Session of the ICT-IOS, together with subsequent progress, and recommendations.

  


ACTION PROPOSED


The ICT is invited to take the contents of this report into consideration during its deliberations.
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DISCUSSION
1.
Introduction 
The EXPERT TEAM ON SATELLITE SYSTEMS (ET-SAT) had two meetings since ICT-IOS-6:

· The sixth session was held in Geneva on 12 to 15 April 2011 with representatives of CMA, ESA, EUMETSAT, JMA, KMA, NOAA and ROSHYDROMET. Its primary focus was the definition of a new baseline to be agreed by the Coordination Group for Meteorological Satellites (CGMS) for the space-based observing system, and the satellite-related aspects of the new Implementation Plan on Evolution of Global Observing Systems (EGOS-IP). It also addressed the concept of an architecture for climate monitoring from space, WIGOS, Space Weather, radio-frequency issues, CIMO Guide, the response to data access issues raised by the Expert Team on Satellite Utilization and Products (ET-SUP), and web sensor technology.
· The seventh session was held in Geneva on 17 to 19 April 2012 with representatives of CMA, ESA, EUMETSAT, ISRO, JMA, KMA, and NOAA.  Its main outcomes were a draft update of the Manual on the GOS, a draft volume of the CIMO Guide for satellite observation, a final review of the new EGOS-IP, guidance for completion of the prototype database on space-based capabilities, an update of the Gap Analysis, and suggestions for updating the Vision for the GOS in 2025.  It also addressed the progress on architecture for climate monitoring from space, WIGOS, WIS, Space Weather, and radio-frequency issues.
2.
Achievements
In the framework of its Terms of Reference (Appendix I.A), the ET-SAT followed the work plan defined by the 10th session of the CBS Management group for the 2010-2012 period (Appendix I.B). With reference to this work plan, it achieved the following:

(1) To contribute to the development and implementation of concept of WIGOS and provide relevant advice and support to the chairperson of ICT-IOS


In April 2010, ET-SAT has reviewed in detail the implications of WIGOS for the Space Programme (ET-SAT-5 Doc. 9.1(2) ). It identified the following areas for further integration efforts:

· Satellite instrument characteristics and inter-calibration

· Satellite data management (incl. metadata) 

· Satellite-derived products and composite products, 

· Global satellite planning, 

· Complementary space and surface-based observations. 
ET-SAT therefore reinforced the importance of actions undertaken within the Space Programme along these lines, namely : 
· the Global Space-based Inter-calibration System (GSICS), 
· the development of a CIMO Guide volume for satellite instruments and the planned development of best practices for key instruments, 
· the Integrated Data Dissemination Service (IGDDS) and related efforts on metadata, 
· the Sustained Coordinated Processing of Environment Satellite Data for Climate Monitoring (SCOPE-CM) and related product developments, 
· the development of a new baseline for implementing the space-based component of the Vision for the GOS, 
· the use of surface and space observation data in support of each other.

ET-SAT was pleased to note that the draft WIGOS Implementation Plan included several  actions that ET-SAT was actively contributing to, in particular:

· Update WMO Regulatory Material:  the GOS Manual is part of the Technical Regulations (Annex V); its update aims to be fully aligned with WIGOS.

· Develop the Architecture for Climate Monitoring from Space:  ET-SAT member organizations are directly supporting this effort.

· Develop and maintain RRR databases:  ET-SAT took an active role in reviewing the capabilities database and provided guidance for its completion. 

· Using the RRR process, (…) carry out a design for WIGOS at the global scale: the Gap Analysis and the development with CGMS of a new baseline provides guidance towards a globally coordinated space-based observing system addressing the needs of all WMO and co-sponsored programmes; it is the understanding of ET-SAT that this enhanced space-based observing system is the space-based component of WIGOS.
· Develop WIGOS related guidelines and training materials and other relevant documentation: the new CIMO Guide volume on satellite observation is expected to contribute to this task.
In addition, ET-SAT considered three particular activities that would have a practical impact on further integration of satellite observations, and that the WIGOS project may wish to consider and support. (See Section 3.1: Issues related to WIGOS and the WIGOS Implementation Plan).
(2) Review capabilities of operational and R&D satellites
A main task of ET-SAT has been to keep under review the status and plans for satellite missions contributing to WMO global observing systems. Information has been compiled and updated three times a year, and made available on line as the Dossier on the space-based GOS. This comprehensive information has been migrated to an on-line database of space-based capabilities, under guidance from ET-SAT. The Gap Analysis which used to be contained in Volume 3 of the Dossier is now part of the database, and its methodology and outcome have been reviewed by ET-SAT-7.  The new database will be in beta-testing mode during Summer 2012 and planned to be open to the public on a pre-operational basis as of September 2012, in advance of CBS-XV. 

As an outcome of the Gap Analysis, ET-SAT recognized that gaps were anticipated several areas. The attention of OPAG-IOS is raised to anticipated gaps related to early morning orbit coverage, geostationary sounding, global precipitation measurement, Earth radiation budget, and limb sounding, with a view to recommend urging Members to take initiatives to fill such gaps. (See section 3.2: Issues related to the Gap Analysis of the space-based observing system).  
(3) Assist CBS on coordinating global planning of satellite missions to implement the Vision for the GOS in 2025
It is recalled that, at its second session in September 2006, ET-SAT had been at the origin of the development of a new vision of the GOS aiming to respond to the needs of sustained observations for climate as stated in the GCOS satellite supplement, in addition to supporting operational weather forecasting. Since that time, following the CBS request to develop a new Vision for the GOS in 2025, ET-SAT has been actively pursuing the objective to refine the new Vision and to develop a coordinated planning to implement a response to that Vision.
A major progress was achieved in this respect through the following steps:

· Definition of a new “baseline” for the CGMS contribution to the GOS, which already fulfils now a large part of the goals set in the Vision for the GOS in 2025; this new baseline was adopted by CGMS at its 39th meeting, in October 2011.
· Draft update of Part IV, “Space-based Subsystem”, of the Manual on the Global Observing System (GOS). This Manual specifies the main high-level capabilities of satellite systems to be operated in support of WMO Programmes, as a basis for the commitments of WMO Members through their Space Agencies.  The objective of this update is to align the future manual with the new baseline agreed by CGMS, which is a major step. The draft update of the Manual is included as Appendix IV.
· ET-SAT has thoroughly reviewed the satellite –related parts of the the Implementation Plan for Evolution of Global Observing Systems (EGOS-IP), in particular its Chapter 6 dedicated to space-based observations. The EGOS-IP identifies the implementation actions required for incremental improvement of global observing systems towards full realization of the Vision for the GOS in 2025, including surface- and space-based sub-systems, which are central components of the WMO Integrated Global Observing System (WIGOS).   In reviewing this document, ET-SAT has focused its attention on ensuring that the actions provide a realistic and efficient way forward to implement the Vision.  The outcome of this detailed review was provided to ET-EGOS to be incorporated into the latest draft of EGOS-IP.
In its deliberations, ET-SAT also identified several items of the current Vision for which an update was suggested (See Section 3.3: Issues related to updating and implementing the Vision).
(4) Make recommendations with respect of transition of relevant R&D instruments to operational environmental satellites
Many of the novel aspects of the new baseline for CGMS contribution to the GOS, also referred to in the EGOS-IP, are associated with the transition of some mature mission concepts from R&D to operational status.  In this respect, it is recalled that ET-SAT had thoroughly discussed the R&D to Operations transition process at its third and fourth sessions, in September 2007 and September 2008.

The complementary role of R&D and Operational missions and the possible transition of appropriate, mature missions to operations is also an important element of the Architecture for Climate Monitoring from Space. The conclusions of previous ET-SAT deliberations of the subject have been a valuable input to the strategy document (Chapter 5: Beyond research to operations) for the development of an Architecture for Climate Monitoring from Space.
(5) Assess system capabilities for access and use of environmental satellites in particular in developing countries  (with ET-SUP)
ET-SAT has taken into consideration the expectations communicated by ET-SUP in this respect, and:
· Provided information on data access and software

· Adopted recommendations for the systematic provision of data access information and pre-processing software, if possible in advance of the launch of new generation satellites

· It should be underlined that in response to these recommendations, detailed data transmission specifications have been published bv ROSHYDROMET, CMA, JMA, KMA, NOAA and EUMETSAT for their respective satellite systems

· Pre-processing software have been made available by EUMETSAT for Metop, by NOAA for Suomi-NPP, and by CMA for FY-3.

(6) Space Weather
ET-SAT has been kept informed of the work pursued by the Inter-Programme Coordination Team on Space Weather (ICTSW). It  should be recalled that CGMS has decided to address Space Weather issues as a regular agenda item. ET-SAT was pleased to note that Space Weather activities are addressed by WMO in various fora with a view to advocate for improved observations, to coordinate data exchange and operational products and services, to raise awareness of space weather impacts, to foster partnerships to share responsibilities, and to encourage research to improve these services. 

The following achievements should be highlighted in particular:
· Initial set of Space Weather observing requirements 

· Statement of Guidance for Space Weather observations

· Prototype web-based Space Weather Product Portal

· Training module on Space Weather basics. 

ET-SAT  encouraged the ongoing collaboration with ICAO to review the service specifications of Space Weather to global aviation, as well as the working relationship  that is maintained with ISES, UN-COPUOS, and  with COSPAR.

ET-SAT was pleased to note that ICTSW membership was expanding but, unfortunately, has to stress that the resources announced by WMO Members had not been confirmed and the sustainability of the work initiated is thus not guaranteed, in spite of the call from Cg-XVI  to WMO Members. (See Section 3.4: Issues related to Space Weather)
(7) Advise CBS on other relevant matters
ET-SAT underlined the importance of radio-frequency spectrum protection for space-based observation, considering the vital needs of passive and active remote-sensing, and the communications aspects. 
3.
Issues

ET-SAT has identified the following issues for consideration by the ICT-IOS:

3.1 Issues related to WIGOS and the WIGOS Implementation Plan
In reviewing the prototype database of space-based capabilities, which will be a key building block of WIGOS, ET-SAT expressed two recommendations.

· Given the pivotal role of the capabilities database in the RRR process and in support of global coordination of satellite planning, and the need to ensure its sustainability and reliability, it is recommended to assign resources with high priority within the Secretariat for technical maintenance, first level contents updating, and - through consultancy - for technical level updating and quality control.

· Satellite operators, including ET-SAT and CGMS Members, and expert groups, should support the database updating process through submitting inputs and providing reviews and feedback.

ET-SAT furthemore suggested that the following activities would have a practical impact on further integration of satellite observations, and that the WIGOS project may wish to consider and support them: 

· Formalization of GSICS as a WIGOS component;
· Definition of requirements for surface observations in support of calibration or validation of satellite observation products; 

· Workshops on dual use of observing systems by different application areas 
(e.g. GNSS Radio Occultation by atmospheric and space weather communities of practice).

3.2 Issues identified in the Gap Analysis
(i) 
With the termination of the NPOESS programme and the lack of confirmation of a follow-on to the current DMSP, a gap is anticipated by 2020 for imagery and sounding missions on the early morning orbit. Being aware of CMA’s consideration for a possible FY-3 redeployment on such orbit, ET-SAT encouraged such efforts.

(ii) 
The requirement for hyperspectral infrared sounding from geostationary orbit is not expected to be accommodated for the two GOES and the MTSAT positions in current plans. Alternative ways to implement such capability should be explored, including through free flyers.

(iii)
There is no path towards an operational follow-on of the planned Global Precipitation Measurement (GPM) precipitation radar mission.

(iv) The long-term continuity of upward radiation measurements at the top of atmosphere is not planned on the afternoon orbit after JPSS-1.

(v) There is no long-term plan for limb sounders to monitor stratospheric ozone and greenhouse gases. 

The attention of OPAG-IOS is raised to these anticipated gaps related to early morning orbit coverage, geostationary sounding, global precipitation measurement, Earth radiation budget, and limb sounding, with a view to recommend urging Members to take initiatives to fill such gaps. 

3.3 Issues related to updating and implementing the Vision for the GOS
The draft update of the Manual on the GOS included in Appendix IV is proposed for submission to the CBS Rapporteur on Regulatory Material.

In its deliberations, ET-SAT furthermore identified the following items of the current Vision for which an update was suggested:

· Radio-occultation constellation: while the Vision calls for at least 8 GNSS RO receivers, it would be more appropriate to specify a minimum number of occultations per day; 

· Multi-angle, multi-polarization visible/infrared imagery: while the Vision only calls for a “IR dual angle view imager”, the potential of multi-angle and multi-polarization sensors should be recognized for proper monitoring of albedo and aerosols;

· Atmospheric composition: the atmospheric composition constellation is not sufficiently detailed in the Vision to provide a useful reference for planning. Distinction should at least be made between nadir and limb sounders, but more detailed requirements should be expressed by the relevant scientific community,

· Geostationary constellation: it had been noted by E-SAT-6 that the maximum interval of 70 degrees longitude between adjacent satellites would be exceeded (See Action 7.04 above).
3.4 Issues related to Space Weather

It is suggested that Space Weather and the activity of the ICTSW be included in the agenda of future ICT-IOS meetings, in view of the significant activity pursued by this team in the area of Space Weather observations (both surface- and space-based). A whole chapter of the EGOS-IP is dedicated to Space Weather observations, including eight high-level actions.



ET-SAT has to stress that the resources announced by WMO Members have not been confirmed and the sustainability of the work initiated is thus not guaranteed, in spite of the call from Cg-XVI  to WMO Members.
4.
Recommendations

The ET-SAT is proposing the following recommendations to the ICT-IOS and the CBS-XV:

1. Recommendation 1 – Implementation and sustainability of the database of observation requirements and observing capabilities – See Appendix V
2. Recommendation 2 – Actions towards avoiding essential gaps in space-based observation – See Appendix VI
5. 
Proposal for the Terms of reference of the Expert Team / the Rapporteur

The Team proposes some changes to its Terms of Reference. These are provided in Appendix III.

6.
Work plan

A draft Work Plan for ET-SAT for the period 2012-2014 is in Appendix II.

_______________

Appendix I.A: – Terms of Reference of the EXPERT TEAM ON SATELLITE SYSTEMS
(As adopted by CBS-XIV)
(a) Provide technical advice with respect to both operational and R&D environmental satellites to assist in the integration of WMO-coordinated observing systems;

(b) Advise CBS through ICT-IOS on matters requiring feedback to the WMO Consultative Meetings on High-level Policy on Satellite Matters;

(c) Assess the observation, collection, and analysis systems relating to the use of operational and R&D environmental satellites contributing, or with the potential to contribute, to the space-based subsystem of the GOS, and to suggest improvements of system capabilities, particularly with respect to developing countries;

(d) Assist CBS in assessing the status of implementation of the space-based subsystem of the GOS and the adequacy of plans for implementation for meeting established requirements for satellite data and products;

(e) Make recommendations with respect to the transition of relevant R&D instruments to operational environmental satellites;

(f) Coordinate with other relevant CBS teams with a view to making recommendations on matters, such as the exchange, management, and archiving of satellite data and products, radio frequency utilization, as well as education an training and other appropriate capacity-building measures related to satellite meteorology;

(g) Identify and assess opportunities and/or problem areas concerning satellite technology and plans of relevant satellite operators, and inform CBS timely and comprehensively through the ICT-IOS;

(h) Provide advice and support to the Chairperson of OPAG-IOS on development and implementation of WIGOS concept.
_______________

APPENDIX I.B– ET-SAT WORK PROGRAMME DEFINED BY THE TENTH CBS MANAGEMENT GROUP  (for 2010-2012)
	
	Task
	Deliverable/Activity
	Source Committee
	Source
id
	Due
	Responsible
	Status

	1
	To contribute to the development and implementation of concept of WIGOS and provide relevant advice and support to the chairperson of ICT-IOS
	Advice on integration of operational and R&D environmental satellites within WIGOS and in particular:
- Intercalibration, including  GSICS WPP
- Satellite instrument standardization
	CBS-XIV
	12.2.3
	2010/4

2011/4
	
	 

	2
	Review capabilities of operational and R&D satellites
	Update on current/planned satellite missions
Update of the Gap Analysis of the space-based component of the GOS
Identification of opportunities and/or problem areas concerning satellite plans
	CBS-XIV
	12.2.3
	2010/2

(continuing yearly)
	
	 

	3
	Assist CBS on coordinating global planning of satellite missions to implement the Vision for the GOS in 2025
	Review the Implementation Plan of Evolution of the GOS (space aspects)
Advise on implementation of the  Vision for the GOS, as concerns space-based aspects and observation strategies
	CBS-XIV
	12.2.3
	2010/2

(Continuing yearly)
	
	 

	4
	Make recommendations with respect of transition of relevant R&D instruments to operational environmental satellites
	Recommendations on opportunities for transition of relevant R&D missions to operations
Recommendations for increased use of R&D mission data
	CBS-XIV
	12.2.3
	2010/4

(continuing)
	
	 

	5
	Assess system capabilities for access and use of environmental satellites in particular in developing countries  (with ET-SUP)
	Assessment of capabilities and suggestions for improvements
	CBS-XIV
	12.2.3
	2011/2
	
	 

	6
	Space Weather
	Input to the Inter-programme Coordination Team on Space Weather
	CBS-XIV
	12.2.3
	2010/2

(continuing yearly)
	
	 

	7


	Advise CBS on other relevant matters
	Advice on radio frequency utilization
	CBS-XIV
	12.2.3
	2010/3
	
	 


Appendix II - draft Work Plan for the EXPERT TEAM ON SATELLITE SYSTEMS for the period 2012-2014

(this workplan is to be presented to the CBS-XV, then updated by the Team to assign responsibilities, deadlines, and indicate status)

	No.
	Task
	Deliverable/Activity
	Due
	Responsible
	Status
	Comment

	1
	Review capabilities of operational and R&D satellites
	Update on current/planned satellite missions
Update the Gap Analysis of the space-based component of WIGOS GOS
Identification of opportunities and/or problem areas concerning satellite plans
	
	
	
	

	2
	Assist CBS on coordinating global planning of satellite missions to implement the Vision for the GOS in 2025
	Review and monitor the progress the Implementation Plan of Evolution of GOS (space aspects)
	
	
	
	

	3
	To contribute to the development  of the WIGOS concept and provide relevant advice and support to the CBS via the chairperson of ICT-IOS
	Advice on mechanisms and procedures for integration of operational and R&D environmental satellites within WIGOS and in particular for instrument intercalibration and standardization
	
	
	
	

	4
	To contribute to the implementation of WIGOS and provide relevant advice and support to the CBS via the chairperson of ICT-IOS
	To provide oversight to GSICS and to develop guidelines for standardization of instruments
	
	
	
	

	5
	Advise CBS on other relevant matters
	Advice on radio frequency utilization
	
	
	
	


_______________

Appendix III – Proposed changes to the Terms of Reference of the EXPERT TEAM ON SATELLITE SYSTEMS
Terms of Reference of the EXPERT TEAM ON SATELLITE SYSTEMS
(a) Assist CBS in assessing the status of implementation of the space-based subsystem of WIGOS and the adequacy of implementation plans for meeting established requirements for satellite data and products;
(b) Provide technical advice with respect to both operational and R&D environmental satellites to assist in the implementation of integrated WMO-coordinated observing systems;

(c) Identify and assess opportunities and/or problem areas concerning satellite technology and plans of relevant satellite operators, and inform CBS timely and comprehensively through the ICT-IOS;
(d) Coordinate with other relevant CBS teams with a view to making recommendations on matters, such as the exchange, management, and archiving of satellite data and products, radio frequency utilization, as well as education and training and other appropriate capacity-building measures related to satellite meteorology.
_______________

Appendix IV - DRAFT UPDATE OF THE MANUAL ON THE GOS AGREED BY ET-SAT-7
PART IV: SPACE-BASED SUB-SYSTEM  
1 
COMPOSITION OF THE SUB-SYSTEM

The main elements of the space-based sub-system are:

a. An Earth observation space segment:

i) Operational satellites on Geostationary Earth Orbit (GEO);
ii) Operational satellites on distributed,  sun-synchronous, Low Earth Orbits (LEO);
iii) Other operational/sustained satellites or instruments on appropriate orbits;
iv) Research and development (R&D) satellites.
b. A space-based intercalibration system.
c. Associated ground segment for data reception, dissemination, and stewardship.
d. A user segment.

NOTES:
1. Information on the detailed characteristics and capabilities of current and planned systems of environmental satellites of the GOS is contained in the Database on Space-based Observation Capabilities, which is available on line: http://www.wmo.int/sat . 
(Note: the direct link will be indicated when the database will be officially released. Information is currently available in the Dossier on the Space-based GOS that can be downloaded from the same website, and on the “Satellite Status” pages:http://www.wmo.int/pages/prog/sat/satellitestatus.php “  

2.   Information on the principles of remote sensing from space and on the derivation of geophysical variables from space-based measurements can be found in the Guide on Instruments and Methods of Observations, Part IV (being developed).
2.
IMPLEMENTATION OF THE SUB-SYSTEM

2.1
General

2.1.1
Requirements: Operators of environmental satellites should meet, to the extent possible, the uncertainty, timeliness, temporal resolution, spatial resolution, and coverage requirements of the GOS as defined in the Rolling Requirements Review (RRR) process described in Part II of this Manual, and recorded in the requirements database: http://www.wmo-sat.info/db . 

2.1.2
Technical coordination: Members operating satellites should ensure the greatest possible compatibility between their different systems, through following recommended Coordination Group for Meteorological Satellites (CGMS) practices, and publish details of the technical characteristics of their instrumentation, data processing and transmissions, as well as the dissemination schedules.

2.1.3
Continuity: A period of overlap of new and old satellite systems should be ensured to determine inter-satellite biases and maintain the homogeneity and consistency of time series observations, unless reliable transfer standards are available.

2.1.4
Contingency arrangements: The satellite operators, working together under the auspices of the CGMS or otherwise, should ensure the continuity of operation, and the data dissemination and distribution services of the operational satellites within the sub-system.
2.1.5 
Data collection platforms: 

(i) Members operating satellites with a capability to receive data from Data Collection Platforms (DCP) should maintain technical and operational co-ordination under the auspices of CGMS in order to ensure compatibility. 
(ii) A number of “international” DCP channels should be identical on all geostationary satellites to allow movement of mobile platforms across 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.

2.2
Operational satellites on Geostationary Earth Orbit
2.2.1
Missions

The following capability should be provided:

a) Multispectral visible and infrared imagery;

b) Infrared sounding;

c) Lightning mapping;

d) Data collection from in-situ observing systems;

e) Space environment monitoring;

f) Other capabilities as appropriate, e.g. Broadband and spectral visible and infrared (for Earth radiation budget estimates), high spectral resolution UV sounding (for atmospheric composition), high-spectral resolution visible and infrared imaging (for ocean colour), solar activity monitoring.

2.2.2
The constellation of satellites in geostationary orbit should provide full disc imagery at least every 15 minutes, throughout a field of view between 600 S and 600 N. This implies the availability of at least six operational geostationary satellites located at evenly distributed longitudes, with in-orbit redundancy. On-demand rapid-scan capabilities should be implemented where feasible.

2.2.3
 For the imagery mission the availability rate of rectified and calibrated data should be at least 99 per cent as a target. 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 in order to achieve continuity. 

2.3
Operational spacecraft on distributed sun-synchronous Low Earth Orbits

2.3.1
 Missions

The following capability should be provided on several, distributed orbital planes:

a) Multispectral visible and infrared imagery;

b) Infrared sounding;

c) Microwave imagery;

d) Microwave sounding;

e) Scatterometry (for ocean surface winds);

f) Radar altimetry (for ocean surface topography);

g) Radio-occultation sounding;

h) Broadband visible and infrared radiometry for Earth radiation budget measurements;

i) Passive UV sounding (for atmospheric composition monitoring);

j) Space environment monitoring including particle detection and magnetic field measurement;

k) Solar activity monitoring;

l) Data collection from in-situ observing systems;

m) Direct broadcast;

n) Other capabilities as appropriate.

2.3.2
The orbital configuration of satellites in sun-synchronous orbits should enable to provide global coverage for Visible, Infrared and microwave imagery and Infrared and microwave sounding, which represents the core meteorological mission, at least six times per day with a regular temporal sampling. This will require sun-synchronous satellites operated along three orbital planes: one ante-meridian (a.m.) orbit with a descending equatorial crossing around 9:30 Local Solar Time (LST), one post-meridian (p.m.) orbit with an ascending equatorial crossing around 13:30 LST, and one early-morning orbit with an ascending equatorial crossing around 17:30 LST. There should be at least one operational satellite on each of these planes, with redundancy on the am and pm orbits.

2.3.3
At least two of these satellites, one in am and one in pm, should perform Infrared sounding with an hyperspectral sensor.

2.3.4
At least two satellites, one in am and one in pm, should be equipped with radio-occultation receivers;

2.3.5
At least two satellites, on well separated orbits, should be equipped with wind scatterometers;

2.3.6
At least two satellites, one in am and one in pm, should perform broadband Visible/Infrared Earth radiation monitoring;

2.3.7
At least two sun-synchronous satellites, on well separated orbits, should be equipped with altimeter packages for global ocean surface topography monitoring.
2.3.8
Data from these satellites should be acquired on a global basis, without temporal gaps for blind orbits, and delivered to users to meet timeliness requirements. 
2.3.9
The constellation should be designed to achieve a high level of robustness allowing the delivery of imagery and sounding data from at least three polar orbiting planes, in a.m., p.m. and early morning orbit, on not less than 99 per cent of occasions. This implies provisions for ground segment, instrument and satellite redundancy, and rapid call up of replacement launches or a.m. and p.m. spares,.

2.4
Other operational/sustained spacecraft on appropriate Low Earth Orbits
2.4.1
Missions

The following capability should be provided:

a) High-precision radar altimetry (for ocean surface topography);

b) Radio-occultation sounding from non sun-synchronous orbits;

c) Total solar irradiance;

d) Dual-angle view infrared imagery (for high-accuracy sea surface temperature measurement);

e) Narrow-band Visible and Near Infrared imagers for ocean colour, vegetation and aerosol monitoring;

f) High-spatial resolution multispectral Visible and Infrared imagery.

2.4.2
An altimetry mission on high-precision, inclined orbit should complement the two altimetry missions in sun-synchronous orbits to build a robust ocean surface topography constellation;

2.4.3
A constellation of dedicated spacecraft with radio-occultation sensors on appropriate orbits should complement the radio-occultation missions on sun-synchronous orbits;

2.4.4
At least one satellite should perform downward solar irradiance monitoring, with provisions for overlap between consecutive missions in order to maintain measurement continuity;

2.4.5
A sun-synchronous spacecraft should be maintained on an a.m. orbit with high-accuracy Infrared imagery to provide reference measurements of sea surface temperature;

2.4.6
Continuity should be provided for at least one narrow-band Visible and Near Infrared imager on a sun-synchronous a.m. orbit to monitor ocean colour, vegetation and aerosols;

2.4.7
Several sun-synchronous satellites in a.m. orbit should be equipped with high-resolution (10-m class) multispectral Visible / Infrared imagers to build a constellation providing sufficient coverage of the land surface.

2.5 
Research and Development satellites

2.5.1
Purposes: The main purposes of research and development satellites are:
(i) To support scientific investigations on atmospheric, oceanic, and other environment related processes, 
(ii) To test or demonstrate new or improved sensors and satellite systems in preparation for new generations of operational capabilities to meet WMO observational requirements. 

2.5.2 Missions: Observing capabilities should be provided to enable for instance the following:

(i) Observation of the parameters necessary to understand and model the water cycle, the carbon cycle, the energy budget and the chemical processes of the atmosphere;

(i) Pathfinders for future operational missions should include for instance: precipitation radars, Doppler lidars, low-frequency microwave radiometers, geostationary microwave imagers and sounders, geostationary narrow-band Visible and Near Infrared imagers, gravimetric sensors, and imagery missions in high-inclination highly elliptical orbits.

2.5.3
Although neither long term continuity of service nor a reliable replacement policy are assured, research and development satellites also provide, in many cases, information of great value for operational use.  To this purpose, and in order to promote the early use of new types of data in an operational environment, provisions shall be made when relevant to enable near-real time data availability.

2.6
Inter-calibration system
2.6.1
Operators of environmental satellites should perform rigorous prelaunch instrument characterization and calibration, including radiance confirmation against an international radiance scale provided by a National Metrology Institute. 

2.6.2
After launch, all passive instruments should be inter-calibrated on a routine basis against reference instruments or calibration targets, using established and documented methodologies.
2.6.3
Spacecraft with at least one high-quality Hyperspectral Infrared instrument should be maintained in a LEO orbit to provide reference measurements for intercalibration of operational Infrared instruments respectively in geostationary or LEO orbit.  Advantage should be taken of satellite collocation to perform instrument intercalibration.

2.6.4
A range of ground-based calibration targets should be maintained, with precise characterization, in order to support routine Visible channel calibration operations.

2.7
Associated ground segments 

2.7.1 
Members operating environmental observation satellites should make satellite data available to other Members over the WMO Information System (WIS) in accordance with WIS data management practices, and shall inform the Members of the means of obtaining these data through catalogue entries and metadata enabling their meaningful use.

2.7.2
Receiving and processing facilities should provide for the reception of remote-sensing and DCP data from operational satellites and for the processing of quality-controlled environmental observation information, with a view of further near-real time distribution.

2.7.3
Satellite data archives should include 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.
2.7.4
 Data dissemination 

All operational environmental observation satellite systems should ensure near-real-time data dissemination of the appropriate data sets, per the requirement of Members, either by direct broadcast or re-broadcast via telecommunication satellites.
2.7.5
In particular, the operational sun-synchronous satellites providing the core meteorological imagery and sounding mission should have Direct Broadcast capability as follows:

(i)
Direct broadcast frequencies, modulations, and formats should allow a particular user to acquire data from either satellite by a single antenna and signal processing hardware. To the extent possible, the frequency bands allocated to Meteorological Satellites should be used.

(ii)
Direct broadcast should be provided through a high data rate stream, such as the High Resolution Picture Transmission (HRPT) or its evolution, to provide meteorological centres with all the data required for numerical weather prediction (NWP), Nowcasting, and other real-time applications;
(iii)
If possible, a low data rate stream should also be provided, such as the Low Rate Picture Transmission (LRPT), to convey an essential volume of data to users with lower connectivity or low-cost receiving stations. 
2.7.6
Re-broadcast via telecommunication satellites
 should complement and supplement direct broadcast services, to facilitate access to integrated data streams including data from different satellites, non-satellite data and geophysical products.

2.7.6
Data stewardship

It is essential to preserve long term, raw data records and ancillary data required for their calibration, reprocessing them as appropriate, with the necessary traceability information to achieve consistent Fundamental Climate Data Records. Operators of environmental satellites should provide full description of all steps taken in the generation of satellite products, including algorithms used, specific satellite datasets used, and characteristics and outcomes of validation activities.

2.8
User Segment

2.8.1 Users' stations

2.8.1.1
All Members should endeavour to install and maintain in their territory at least one system enabling access to digital data from both LEO and geostationary operational satellite constellations, either a receiver of re-broadcast service providing the required information in an integrated way, or a combination of dedicated direct readout stations.

2.8.1.2
Members requiring access to data from research and development satellites will need to download these data from the appropriate servers, or install a relevant re-broadcast service providing the required information, or install an appropriate direct broadcast user station, if the R&D satellite has such direct broadcast capability.

2.8.1.3

Data-collection platforms: In order to extend the GOS by the use of the data-collection and relay capability of the environmental observation satellites, Members should establish fixed or moving DCP systems, in particular to cover data-sparse areas.
2.8.2 Education and Training 
2.8.2.1 Centres of Excellence
Support should be provided to education and training of instructors in the use of satellite data and capabilities e.g. at specialized Regional Meteorological Training Centres (RMTCs) or other training institutes designated as Centres of Excellence (CoE) in satellite meteorology, in order to build up expertise and facilities at a number of regional growth points. 
2.8.2.2 Training strategy

Individual environmental satellite operators should focus their assistance, to the extent possible, on one or more of these CoEs within their service areas and contribute to the Virtual Laboratory (VLab) for Training and Education in Satellite Meteorology. The aim of the Education and Training strategy implemented through the VLab is to systematically improve the use of satellite data for meteorology, operational hydrology, and climate applications, with a focus on meeting the needs of developing countries. 
2.8.2.3
For smooth transition to new satellite capabilities, provisions should be made for appropriate preparation of the users through training, and plans to upgrade receiving equipment and processing software. In addition to working through the VLab, Members should, as appropriate, exploit partnerships with organizations providing education and training in environmental satellite applications, depending on their specific needs.
3  OBSERVATIONS FROM SPACE

3.1 Observed variables 

Satellite systems should provide quantitative data and qualitative information enabling, independently, as a constellation, or in conjunction with surface-based observations, the determination of:

(i)
Three-dimension fields of atmospheric temperature and humidity;

(ii)
Temperature of sea and land surfaces;

(iii)
Wind fields at the ocean surface and aloft;

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

(v)
Radiation balance;

(vi)
Precipitation;

(vii)
Lightning detection; 
(viii) Ozone concentration (Total column and vertical profile);
(ix) Greenhouse gases;

(ix)
Aerosol concentration and properties

(x)
Volcanic ash cloud monitoring;

(xi)
Vegetation characterization;

(xii)
Flood and forest fire monitoring;

(xiii)
Snow and ice cover;

(xiv)
Ocean colour;

(xv)
Wave height, direction and spectra;

(xvi)
Sea level and surface currents;

(xvii) Sea ice monitoring;

(xviii) Solar activity;

(xix)  Space environment (Electric and magnetic field, particle flows, electron content)
NOTES: 
1. Information on the principles of Earth Observation from space and on the different types of space-based instruments can be found in the Guide on Instruments and Methods of Observations, Part IV  (being developed).
2. The WMO Database on Space-based Observing Capabilities provides an indication of the main instruments that are relevant for each specific variable observable from space, as well as the potential performance of each instrument technique for the relevant variables. (Being developed)
_________________________
Appendix V - Draft Recommendation No. ??? (CBS-XV)

Implementation and sustainability of the database of observation requirements and observing capabilities
The Commission for Basic Systems,

Noting:

(1) 
The pivotal role of the RRR database in the RRR process within WIGOS

(2) 
The benefit of maintaining a unique reference source of information on evolving satellite plans in support of global coordination of the space-based observing system, and in support of user studies and projects;
(3)
The scope of this database which includes potentially all WMO programmes and co-sponsored programmes, including new fields of activities such as Space Weather

Considering that:

(1)  
It is critical to ensure sustainability and reliability of such type of complex information,
(2)
This must rely on collaborative efforts of satellite operators, expert groups, and the Secretariat, under the guidance of CBS;
Recommends that:

(1)
Resources be assigned with high priority within the Secretariat for technical maintenance, first level contents updating, and - through consultancy - for technical level updating and quality control.

(2)
Satellite operators, including ET-SAT and CGMS Members, and expert groups, support the database updating process through submitting inputs and providing reviews and feedback.

Requests that the Secretary-General includes the maintenance of the observation requirements and capabilities database among the activities to be funded in high-priority for WIGOS.
_______________

Appendix VI - Draft Recommendation No. ??? (CBS-XV)

Actions towards avoiding essential gaps in space-based observation
The Commission for Basic Systems,

Noting:

(1) 

The crucial importance of space-based observations, which provide the far major part of input data to NWP and play a unique role for global climate monitoring

Considering that:
(1) 

With the lack of plan for a follow-on to the current DMSP programme, a gap is anticipated by 2020 for imagery and sounding missions on the early morning orbit. 

(2) 

The requirement for hyperspectral infrared sounding from geostationary orbit will not be accommodated on all geostationary positions in the coming decade according to current plans, but that the possibility to implement such capability through alternative ways, including through free flyers, can be explored.

(3) 

There is no path towards an operational follow-on of the planned Global Precipitation Measurement (GPM) precipitation radar mission, which is expected to play an important role for global climate monitoring, operational hydrology and tropical cyclone monitoring, building on the TRMM mission successfully operated over 14 years.

(4) 

The long-term continuity of upward radiation measurements at the top of atmosphere is not planned on the afternoon orbit after the first JPSS mission.

(5) 

There is no long-term plan for limb sounders to monitor stratospheric ozone and greenhouse gases. 

Urges Members to take initiatives and develop plans to fill such gaps. 

Recommends that the CGMS continues to monitor the plans with the support of the CBS/ET-SAT and coordinate efforts towards a comprehensive, robust and optimized space-based observing system.
_______________

� Formerly referred to as “Advanced dissemination methods” (ADM), this technique generally uses Digital Video Broadcast (DVB) standard or its evolution.





