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	SUMMARY AND PURPOSE OF DOCUMENT

The document reports on the progress of the space-based observing system design and implementation, as discussed within the CGMS and ET-SAT, including:

· Definition of a CGMS Baseline for operational missions contributing to the space-based GOS 

· Optimization of Low-Earth Orbit missions through the redeployment of the FY-3 morning satellite series to the early-morning orbit;
· Radio-occultation constellation assessment by the IROWG and  subsequent implementation issues;

· Architecture for Climate Monitoring from Space, with focus on the space-based component and its contribution to the provision of FCDRs;

· OSCAR, risk analysis and contingency matters.



ACTION PROPOSED


The Meeting is invited to note the information contained in this document when considering its recommendations.

____________
Appendix:
A. CGMS Baseline for operational missions contributing to the space-based GOS

DISCUSSION
1. INTRODUCTION
1.1  
CGMS

The Coordination Group for Meteorological Satellites (CGMS) plays a major role in the WMO Space Programme as it is the technical coordination body of the satellite operators contributing or planning to contribute to WMO programmes. Therefore, it is the body where the satellite operators can elaborate and agree the high-level technical features of their contribution to the space-based observing system before such features are formally stated in regulatory material endorsed by WMO Members at the Commission for Basic Systems and ultimately by the Executive Council or Congress.

At its 39th meeting, held in October 2011 in St Petersburg, Russiam Federation, CGMS adopted a “Baseline” for future operational missions. At its 40th annual meeting in Lugano, Switzerland in November 2012, it adopted for the first time a five-year High-Level Priority Plan (HLPP).  The 41st meeting was held in Tsukuba, Japan in July 2013.

WMO and the CGMS are co-sponsoring four international science groups, which have each a specialized field of competence and play a strong role in fostering the development of science and applications, and the definition of best practices. These groups are:
· International TOVS Working Group (ITWG) dealing with satellite vertical atmospheric sounding ;
· International Winds Working Group (IWWG), dealing with satellite-derived wind measurements;
· International Precipitation Working group (IPWG), dealing with satellite-derived precipitation measurements;
· International Radio-Occultation Working Group (IROWG), dealing with atmospheric applications of the refraction of radio signals emitted by navigation satellites.  
1.2 
WMO EC-65
The 65th WMO Executive Council adopted a Resolution on “Avoiding gaps in Essential Space-based Observations” inviting the CGMS to monitor the plans and coordinate efforts, in view of the risks of gaps in the following missions:

· Early morning orbit imagery and sounding,

· Afternoon orbit continuity between Suomi-NPP and JPSS-1,

· Geostationary coverage of South America, 

· Geostationary hyperspectral sounding, 

· Operational follow-on of the R&D GPM mission,

· Earth Radiation Budget measurement, 

· Limb sounding observations of atmospheric composition, and

· Space weather. 

1.3
Scope of the document
This document reports on recent progress made in terms of space-based observing system design and implementation within the Space Programme, in particular through the CGMS and the Expert-Team on Satellite Systems (ET-SAT).  The following topics are addressed:
· CGMS baseline

· Optimization of Low-Earth Orbit missions orbital plan distribution;

· Assessment of the Radio-Occultation constellation by IROWG and  implementation issues;

· Architecture for Climate Monitoring from Space;

· Observing System Capability Analysis and Review (OSCAR) tool in support of risk analysis and contingency matters.

2. CGMS BASELINE FOR OPERATIONAL MISSIONS CONTRIBUTING TO THE GOS

In response to the WMO Vision of the GOS in 2025, CGMS has taken an action to define a new “Baseline for operational missions contributing to the space-based GOS”, with the support of ET-SAT. The CGMS baseline reflects the plans that CGMS Members could agree to at this point of time (2011), as an intermediate step towards the implementation of the WMO Vision in 2025.
On this basis, an amendment to the Manual on the GOS has been developed by ET-SAT, recommended by CBS-XV, and approved by EC-65.

The CGMS Baseline is provided for information in Appendix A.  It can be noted that the baseline involves a diversity of constellations of satellites, which are not all independent from each other:

· A geostationary constellation,

· A core constellation in Low Earth Orbit distributed over three orbital planes,

· MW imagery sensors included in the latter or other spacecraft, 
· An altimetry constellation composed of a reference altimetry mission in precise orbit plus several altimeters in sun-synchronous orbit 
· A set of at least two scatterometers in separated orbits

· A radio-occultation constellation composed of GNSS radio-occultation receivers in dedicated orbits, regularly distributed in space and time, plus a few on sun-synchronous  orbits
· A Global Precipitation Measurement  (GPM) constellation comprising an active mission (precipitation radar) on an inclined orbit and several passive microwave radiometers
· An atmospheric composition constellation, the details of which still need to be defined,

· Several narrow-band imagers, 
· High Resolution VIS/IR imagery constellation

· A SAR imaging constellation
· Space weather instruments
· Several operational pathfinders and demonstrators including e.g., a constellation of Highly Elliptic Orbit satellites providing continuous monitoring of the Arctic regions.
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Figure 1: Schematic representation of the space-based GOS
3. OPTIMIZATION OF LOW-EARTH ORBIT MISSIONS ORBITAL PLAN DISTRIBUTION
Traditionally, operational meteorological satellites in Low Earth Orbit (LEO) have been implemented on near-polar, sun-synchronous orbits with the aim to maintain at least one satellite in a morning orbit (i.e. the daytime pass has an Equatorial Crossing Time (ECT) before 12:00 pm in Local Solar Time (LST)) and one in an afternoon orbit  (the daytime pass has an ECT after 12:00 pm in LST).  

In order to improve the temporal sampling of the atmosphere the WMO Vision of the GOS in 2025 calls for maintaining satellites on three orbital planes instead of two: mid-morning, afternoon and “early morning”, the latter being in the dawn-dusk zone around 6am/6pm ECT. 

Discussions were held among CGMS operators in order to analyze a possible distribution of roles among the current operational LEO satellite operators: United States (NOAA), Europe (EUMETSAT) and China (CMA). EUMETSAT provides the primary mission in mid-morning orbit with METOP and its follow-on. NOAA provides the primary mission in the afternoon orbit with Suomi-NPP and its follow-on JPSS. Particular effort was undertaken in 2012 and 2013 by the China Meteorological Administration (CMA) with CGMS and WMO to analyze the possibility to redeploy part of its FY-3 satellite programme to an early morning orbit.  
In order to support such an analysis, a Tiger Team was constituted with several NWP centres  conducting OSEs to document the benefit of early morning observation for global or regional NWP. Other applications of early morning observations have been reviewed (such as e.g. typhoon, fog, or air quality monitoring). In parallel, CMA and its satellite development partners have investigated the technical consequences of such a change of flight conditions for a spacecraft originally designed and configured for mid-morning orbit. This bears on the selection and adaptation of the payload, as well as the platform itself.  The outcomes of these studies were reviewed by the “Tiger Team seminar” held in Beijing in April 2013 and reported at CGMS-41. (See: website
).
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Figure 2: Schematic representation of morning, afternoon and early morning orbits.
In summary:

· Subject to governmental approval, CMA is planning to launch the FY-3E and FY-3G satellites on an early morning orbit (6:00 ECT), in 2016 and 2020 respectively, thus providing the primary satellites on this orbit.

· The payload of FY-3E and FY-3G will need to be adapted to the particular context of the early morning orbit, e.g. with the possible inclusion of a day-night imaging channel.

· It is assumed that the plans for FY-3D and FY-3F are unchanged; they would be launched in an afternoon orbit like FY-3B (14:00 ECT) around 2015 and 2018 respectively. They would thus supplement the primary afternoon satellites operated by the USA and be available for back-up e.g., in case of temporary data gap between Suomi-NPP and JPSS-1.

· Satellite observations in the mid-morning orbit would continue to be provided by METOP satellites, followed by the METOP Second Generation (still pending programme approval).  At present two METOP satellites are flying in tandem on the same orbit.

Assuming that this scenario is officially confirmed, it will be a major step forward for the space-based observing system, and a remarkable example of international coordination by WMO and CGMS.
4. RADIO-OCCULTATION CONSTELLATION
Thanks to high vertical resolution, excellent accuracy, and the limited investment it requires in comparison to the amount of information delivered, GNSS Radio-Occultation (RO) has become a major component of the global observing systems for weather forecasting, climate monitoring and ionosphere monitoring. The fifth WMO Workshop on Impact of Observing Systems
 held in 2012 in Sedona, USA, has ranked RO temperature sounding among the top-five data sources for its impact on Numerical Weather Prediction (NWP). Furthermore, the Global Climate Observing System (GCOS) regards RO as a potential benchmark observation of the upper atmosphere thanks to the lack of significant instrumental bias in the fundamental records it provides, i.e. the vertical profile of atmospheric refractivity. 
The Implementation Plan for Evolution of Global Observing systems (EGOS-IP)
 defined an action (S21) “to ensure and maintain a radio-occultation constellation of GNSS receivers onboard platforms on different orbits producing at least 10,000 occultations per day (to be refined by impact studies) [and to] organize the real-time delivery to processing centres.”  
The status of the global RO constellation was assessed in September 2013 by the IROWG (see document on the web
). About 3,000 occultations are available per day in Near Real Time (NRT). They are primarily provided by the operational GRAS on METOP-B and METOP-A (about 1,300) and by the COSMIC-1/FORMOSAT-3 constellation (about 1,300). Research missions provide some additional data: GRACE (about 100), and TerraSAR-X (about 180), but other were not reliable enough for operations so far (C/NOFS; Oceansat-2/ROSA; SAC-D/ROSA; Megha-Tropiques/ROSA). 
The COSMIC/FORMOSAT-3 constellation is however aging and has started to decay. The global community looks forward to the COSMIC-2/FORMOSAT-7 programme and its two components: a first constellation of 6 satellites to be launched in 2016 on near-equatorial orbits, and another of 6 satellites to be launched in 2018 on high-inclination orbits. These two constellations, together with  METOP/GRAS and (once demonstrated) FY-3/GNOS on sun-synchronous orbits, will allow reaching the EGOS-IP objective of at least 10,000 occultations per day.

At CGMS-41, NOAA reported that the United States funding of the high-inclination constellation of COSMIC-2/FORMOSAT-7 was at threat. A clear outcome of the IROWG is that the WMO objective of 10,000 occultations per day would not be met if this constellation was cancelled, causing a noticeable degradation of weather forecast accuracy, e.g. for severe weather warning. Furthermore, in removing the polar component, the radio-occultation observations would be biased towards the lower latitudes and certain hours of the day, reducing the relevance of radio-occultation as climate benchmark. Finally, the lack of electron density measurements at high latitude would seriously degrade the nowcasting of ionospheric disturbances. WMO therefore formally invited the USA to consider as a priority the full implementation of the COSMIC-2/FORMOSAT-7 programme, including both the low-inclination and the high-inclination constellations.
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Figure 3: Compared coverage of COSMIC-1 and future COSMIC-2 constellations.

5. ARCHITECTURE FOR CLIMATE MONITORING FROM SPACE
Following the publication of the “Strategy Towards an Architecture for Climate Monitoring from Space”
 jointly drafted by CEOS, CGMS and WMO representatives, the Architecture for Climate Monitoring from Space (the Architecture) is seen as a key component of the Observations and Monitoring pillar of the Global Framework for Climate Services (GFCS)  

CGMS and the Committee on Earth Observation Satellites (CEOS) have developed the terms of reference of a proposed joint CEOS-CGMS working group on climate that will take up the task of further developing the Architecture concept. 

Current activity is focused on the development of an inventory of Essential Climate Variable (ECV) products. Three particular recommendations were made by ET-SAT and supported by CGMS:

· To extend the ECV product inventory to include fundamental climate data records (FCDRs). 

· To develop a finer categorisation of CGMS baseline missions that could be used to draw a list of sustained FCDRs coordinated by CGMS. 
· To include in the design phase of every new sensors an analysis of compatibility with heritage sensors. 

CGMS emphasised the need to identify FCDRs that CGMS members can commit to on a sustained basis, and to communicate on the CGMS priorities and how they are complementing CEOS priorities. Once the FCDRs are captured with traceability to missions, instruments and possibly the ECVs, the issue of how to ensure interaction with users shall be addressed. 
6. OSCAR, RISK ANALYSIS AND CONTINGENCY MATTERS
The Observing System Capability Analysis and Review (OSCAR) tool is available on-line to serve as a reference for information on requirements, space capabilities and (in future) surface observing capabilities, and to support gap or risk analysis.  Its space capabilities part currently includes details and timelines of more than 800 instruments and more than 500 satellites, together with a qualitative assessment of their relevance for the measurement of particular variables. In average, OSCAR/space attracts more than 150 visits per day.  Significant developments are envisaged in the coming years with the aim to support the qualitative assessments by a quantitative evaluation of the typical resolution and uncertainty of each class of instrument.
OSCAR supports the work of ET-SAT and of the CGMS Working Group on Operational Continuity and Global Contingency Planning (CGMS WG III).  

The following gaps or risks were addressed at CGMS-41:

- Continuity of the Radio-Occultation constellation (See Section 4 above). 
- Geostationary coverage over South America and the Indian Ocean
· In order to mitigate the loss of South America imagery after termination of GOES-12 spacecraft operations, NOAA has optimized the GOES-East scan schedule with the aim to secure a minimum coverage of the South American continent every hour even during severe weather situations over North America.
· EUMETSAT, India, China and the Russian Federation will consult each other in order to define a medium-term plan for the coverage of the Indian Ocean with advanced geostationary imagery.
- Afternoon orbit transition  

· NOAA indicated that the JPSS programme schedule was maintained, the risk related to the critical transition between Suomi-NPP and JPSS-1 should be closely monitored.

The general issue of user preparedness for new generations of satellites was raised by WMO, following ET-SUP and ET-SAT discussions and the “CBS Guideline for Ensuring User Readiness for New Generation Satellites” adopted by CBS-XV. CGMS agreed to form a task team to support the implementation of best practices in this respect, and the development of a portal to inform users on these matters.
__________
CGMS BASELINE FOR THE OPERATIONAL CONTRIBUTION TO THE GOS

(adopted by CGMS-39 on 6 October 2011)

FUTURE SATELLITE MISSIONS TO BE PERFORMED 
ON OPERATIONAL/SUSTAINED BASIS

Introduction

In support of the programmes coordinated or co-sponsored by WMO for weather and climate, CGMS Members plan to maintain the operational capabilities and services described below, that constitute the “CGMS baseline for the operational contribution to the GOS”. 

While this particular document focuses on missions that are decided and managed in an operational or sustained framework, with a perspective of long-term follow-on, this in no way precludes the importance of other missions undertaken e.g. on a research or demonstration basis. First of all, because today’s research and development are the foundation of tomorrow’s operational missions. Furthermore, because many missions initiated in an R&D framework for a limited duration are eventually extended well beyond their design life time and provide longstanding support to both scientific and operational activities. 
This baseline defines a constellation of geostationary satellites, a core meteorological mission on three sun-synchronous orbits, other missions in sun-synchronous orbits, missions in other Low Earth Orbits, and contains cross-cutting considerations on contingency planning, inter-calibration, data availability and dissemination.

I. Constellation in geostationary orbit

At least six geostationary satellites shall be operated at evenly distributed locations with in orbit redundancy, and perform the following missions:
(a) Advanced visible and infrared imagery (at least 16 spectral channels, 2km resolution) over the full disc at least every 15 minutes

(b) Infrared sounding (hyperspectral on some positions)

(c) Lightning detection 

(d) Data collection

(e) Space environment monitoring

On selected positions, the following missions shall be performed:

(f) Earth Radiation Budget monitoring

(g) High spectral resolution UV sounding

(h) Solar activity monitoring

II. LEO sun-synchronous missions

Operational sun-synchronous satellites shall be operated around three orbital planes in mid-morning (“am”, nominally 09:30 descending, 21:30 ascending ECT), afternoon (“pm”, nominally 13:30 ascending ECT) and early morning (nominally 05:30 descending, 17:30 ascending ECT) and, as a constellation, shall perform the following missions:
1) Core meteorological mission nominally on 3 orbital planes
(i) Multispectral visible and infrared imagery 

(j) Infrared hyperspectral sounding (at least am and pm)

(k) Microwave sounding 

(l) Microwave imagery 

2) Other missions on sun-synchronous orbits

(m) Wind scatterometry over sea surfaces (at least two orbital planes)

(n) Ocean surface topography by radar altimetry (at least on am and pm orbits, supplemented by a reference mission on a high-precision, inclined orbit)

(o) Radio-occultation sounding (at least am and pm, supplemented by a constellation in specific orbits)

(p) Broadband VIS/IR radiometer for Earth Radiation balance (at least am and pm)

(q) Total Solar Irradiance (at least one)

(r) Contribution to atmospheric composition observations (at least am and pm)

(s) Narrow-band Vis/NIR imagers (at least one sun-synchronous, am spacecraft) for ocean colour, vegetation and aerosol monitoring

(t) High-resolution multi-spectral Vis/IR imagers  (constellation of sun-synchronous satellites, preferably in am)

(u) IR dual-angle view imagery for high-accuracy SST (at least one am spacecraft)

(v) Particle detection and / or electron density (at least am and pm)

(w) Magnetic field (at least am and pm)

(x) Solar activity (at least two)

(y) Data collection 

III. Other LEO missions

The following missions shall be performed on an operational basis by Low Earth Orbit satellites on appropriate orbits:
(z) Ocean surface topography by radar altimetry (A reference mission on high-precision, inclined orbit, complementing two instruments on sun-synchronous am and pm orbit)

(aa) Radio-Occultation sounding (dedicated constellation of sensors on appropriate orbits) 

IV. Contingency Planning
The CGMS baseline is associated with contingency plans for geostationary and polar-orbiting satellite systems, which are detailed in the CGMS Global Contingency Plan
. 

V. Inter-calibration 

Instruments should be inter-calibrated on a routine basis against reference instruments or calibration sites. The routine and operational intercalibration and corrections shall be performed in accordance with standards as agreed by the Global Space-based Inter-calibration System (GSICS).

VI. Data availability and dissemination

VI.1. Data open availability with suitable timeliness 
All operational environmental observation satellite systems should be designed to ensure the provision of data with suitable timeliness, as appropriate for their intended applications. Data should be preserved for the long term and documented with metadata allowing their interpretation and utilization. The satellite operators should establish dissemination contents and schedules that take into account the data requirements of users. Re-broadcast via telecommunication satellites should complement and supplement direct broadcast services, which allows cost-efficient access to integrated data streams including data from different satellites, non-satellite data and geophysical products. The dissemination systems should utilize all-weather resilient telecommunication means.

VI.2. Direct broadcast for core meteorological missions in LEO

The core meteorological satellite systems in LEO orbits, and other operational observation satellite systems when relevant, should ensure near-real-time data dissemination of imagery, sounding, and other real-time data of interest to Members by direct broadcast. Direct broadcast frequencies, modulations, and formats for polar-orbiting satellites should allow a particular user to acquire data from either satellite by a single antenna and signal processing hardware. Direct Broadcast should use allocations in all-weather resilient frequency bands.

VII. Note

The present update of the CGMS baseline is adopted in the light of satellite mission plans as they are known in October 2011.
________________
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� 	� HYPERLINK "http://www.wmo.int/pages/prog/sat/documents/CGMS_LEO-TigerTeam-Final-Report-April-2013.pdf" ��http://www.wmo.int/pages/prog/sat/documents/CGMS_LEO-TigerTeam-Final-Report-April-2013.pdf� 


� 	Final Report of the Fifth WMO Workshop on the Impact of Various Observing Systems on Numerical Weather Prediction, Sedona, Arizona, USA, 22-25 May 2012, WMO Integrated Global Observing System, Technical Report No. 2012 - 1


� 	� HYPERLINK "http://www.wmo.int/pages/prog/www/OSY/Publications/EGOS-IP-2025/EGOS-IP-2025-en.pdf" ��http://www.wmo.int/pages/prog/www/OSY/Publications/EGOS-IP-2025/EGOS-IP-2025-en.pdf�


� 	� HYPERLINK "http://www.irowg.org/docs/Status_Global_Observing_System_for_RO.pdf" ��http://www.irowg.org/docs/Status_Global_Observing_System_for_RO.pdf� 


� 	� HYPERLINK "http://www.wmo.int/pages/prog/sat/documents/ARCH_strategy-climate-architecture-space.pdf" ��http://www.wmo.int/pages/prog/sat/documents/ARCH_strategy-climate-architecture-space.pdf�


�	The Global Contingency Plan (�HYPERLINK "http://www.wmo.int/pages/prog/sat/documents/CGMS_Global-Contingency-Plan_version2_070507.pdf"��http://www.wmo.int/pages/prog/sat/documents/CGMS_Global-Contingency-Plan_version2_070507.pdf�)  should be updated accordingly. It should indicate that in case of potential gaps on core sun-synchronous missions, absolute priority should be given to observation from mid-morning and early afternoon orbits, in order to maintain the continuity of these datasets. 





