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	SUMMARY AND PURPOSE OF DOCUMENT

The document provides feedback on the Implementation Plan for the Evolution of Global Observing Systems (EGOS-IP) from the seventh session of the Expert Team on Satellite Systems (ET-SAT).



ACTION PROPOSED

The Meeting is invited:

· To consider the amendments proposed by ET-SAT-7  (See Appendix)

· To consider addressing Space Weather in a separate chapter.
____________
Appendix: 
Annotated extract from EGOS-IP 
DISCUSSION
1. BACKGROUND

The satellite related contents of the draft Implementation Plan for the Evolution of Global Observing Systems (EGOS-IP) had been extensively reviewed in 2011 at the sixth session of the Expert Team on Satellite Systems (ET-SAT). ET-SAT-6 comments had been incorporated in version 10 of the draft EGOS-IP.
At its seventh session, from 17 to 19 April 2012, ET-SAT reviewed the latest draft EGOS-IP and proposed further updates, as summarized in Section 2 below.

In addition, ET-SAT noted the input from the Expert Team on Satellite Utilization and Products (ET-SUP) and the draft text proposed by the Inter-Programme Coordination Team on Space Weather (ICTSW). ET-SAT expressed comments that are summarized in Sections 3 and 4 below.

2. UPDATES PROPOSED BY ET-SAT-7
2.1. Generic issues on surface-based observing systems (Section 5.2)
Considering the potential usefulness of surface-based Automatic Weather Station (AWS) networks for the validation of space-based derived products, two actions are proposed to facilitate the awareness, availability and use of such data for validation purposes.  
2.2. Ground-based GNSS receivers (Section 5.3.1.5)
The potential use of ground-based GNSS receiver data to inform on the vertical Total Electron Content (TEC) for ionospheric monitoring could be mentioned in the text.  Action G24 could be widened accordingly in mentioning the derivation of ionospheric information including TEC.
2.3. Dossier on the Space-based GOS  (Section 6.1 and beyond)
The link to the “Dossier on the Space-based GOS” is : www.wmo.int/pages/prog/sat/gos-dossier_en.php. Moreover, since the Dossier is going to be replaced by a database, the multiple references to the Dossier and the corresponding footnote 49 should ultimately be replaced by a reference to the (future) database.

2.4. Microwave imagers (Section 6.3.2.4)
Whilst microwave imagers are expected to fly in sufficient number, this does not prove that these instruments will include all the bands required for the applications mentioned. An action is proposed to ensure the availability of imagers with a 6-7 GHz frequency band for all-weather Sea Surface Temperature monitoring.  

2.5. Radio-occultation  (Section 6.3.3.2)
The performance of a radio-occultation mission not only depends on the number of instruments operated in orbit, but also on their capability to observe both rising and setting occultation (which requires 2 antennas) or only one of them, and on their compatibility to either one, or two or three of the GNSS systems (GPS, Galileo and GLONASS).  Hence the expected number of occultations per day is a better criterion that the number of satellites or instruments.

2.6. Altimeter constellation (Section 6.3.3.3)

The value of wide swath altimeters should be acknowledged.

2.7. Precipitation radars with passive microwave imagers (Section 6.3.3.7)
Since the GPM radar mission is not yet implemented and there is no plan for a follow-on mission, an action is proposed “to implement at least a Precipitation Radar mission on an inclined orbit and to plan for long-term continuity of such a mission.”
3.  ET-SAT COMMENTS ON THE INPUT FROM ET-SUP 
ET-SAT was generally supportive of the input from ET-SUP, only suggesting minor clarifications to the proposed amendments. In particular, ET-SAT considered that Action C4 proposed by ET-SUP in Section 3.1 was mainly relevant for space-based observing systems and should be removed and replaced by an equivalent action under Section 6.2, aligned with the text of that section. 
From a general perspective, however, ET-SAT had no opinion on whether the points raised by ET-SUP, which are important, should be included in the EGOS-IP itself or rather belong to a separate document focussing more on downstream issues.

ET-SUP had also suggested evaluating the benefit of a sounding mission on a low-inclination orbit, which is not currently part of the Vision of the GOS in 2025. ET-SAT would recommend clarifying the scope (e.g. infrared or microwave sounding?) of this proposal and its meteorological rationale.
4. ET-SAT COMMENTS ON THE INPUT FROM  ICTSW
ET-SAT was informed that the ICTSW had recently issued a Statement of Guidance for Space Weather observations (See ET-EGOS-7/Doc.8.3.2(15)). It was anticipated that the current section on Space Weather (6.3.5) would be updated to include actions in line with the Statement of Guidance. Since Space Weather involves both surface-based and space-based observations, ET-SAT suggested that the Space Weather section (Section 6.3.5) be taken out of Chapter 6 (Space-based Observing System) and be elevated to a new chapter dedicated to Space Weather.
5. CONCLUSION

ET-EGOS is invited:
· To consider the amendments proposed by ET-SAT-7  (See Appendix)

· To consider addressing Space Weather as a separate chapter.

__________
Appendix A
ANNOTATED EXTRACT FROM EGOS-IP (Based on V11.02 )
Note:
ET-SAT comments are highlighted in yellow (added text) and strikethrough (deleted text). ET-SUP inputs are indicated in Italic.
3. Over-arching and cross-cutting Actions

[…]
3.1 
Response to user needs
[…]
Action C4

Action: Prepare data users for new generations of observing systems through the provision and upgrade, as appropriate, of data reception, processing and analysis infrastructure, and the provision of education and training programmes.

Who: All organizations operating component observing systems

Time-Frame: Continuous

Performance Indicator: Extent to which users can satisfy their needs
[…]

5.2. 
Generic issues: traceability, instrument calibration, data exchange

[…]

Action Sxx

Action: AWS network operators should provide information on, facilitate access to, and ensure harmonization of surface-based AWS networks with a view to support validation of space-based derivation of surface parameters.
Who:
Time-frame:
Performance indicator

Action Sxx

Action: AWS network operators should consider using space-based observations to monitor and cross-calibrate ground-based instrument networks.
Who:
Time-frame:
Performance indicator
5.3. 
Issues specific to each observing system component

[…]
5.3.1.5. 
GNSS receiver stations

In a similar way to the atmospheric profilers, networks of GNSS ground-based receiver stations have been operational in few regions round the world. The main application of these networks is generally not meteorological. Although they are very heterogeneous in quality and observing practices, the meteorological information has been extracted and collected in real-time from some stations. Starting in 2006, the meteorological information has been assimilated in operational NWP (both global and regional) either in the form of an Integrated Water Vapour (IWV = total water vapour integrated on the vertical), or in the form of a Zenith Total Delay (ZTD). The ZTD contains both the “wet delay” (due to the water vapour) and the “dry delay” directly related to the air density (air density directly related to surface pressure). The positive impact of GNSS ground-based meteorological observations on numerical forecasts has been shown (on the water vapour, precipitation and atmospheric pressure fields). See footnote 20 in section 4 to access to a synthesis of OSEs.

The ground receiver stations in most countries are owned and operated by agencies other than the NMHS. Hence the access to data, the processing to produce meteorological data, and permission to use and redistribute the data are all dependent on collaboration by the NMHS (individually or in multilateral groupings) with the owners/operators. In many cases it is not permitted for the NMHS (individually or in multilateral groupings) to exchange the data with other Members of WMO.

Concerning this observing system which is relatively new in meteorology, one important action is to exploit more the meteorological content of the existing GNSS receiver stations (in the form of IWV or ZTD). This action does not require deployment of new infrastructure. In addition, it would be very beneficial to improve the observation of upper-air humidity with denser receiver networks, taking into account all the other instruments that observe the upper-air humidity, and looking especially at areas for which the climatology is subject to rapid variations (in space and time) of the atmospheric water vapour content. 
Total electron content (TEC) along a given propagation path can also be measured by tracking the time delay and phase shift of GNSS radio signals acquired by a ground receiver, for ionospheric monitoring. For example, high-rate ground GPS and GLONASS observations from the International GNSS Service (IGS) are made every 15 minutes with a typical latency of 2-3 minutes.
Action G24

Action: Exploit more the existing GNSS receiver stations by establishing collaborative arrangements with station owners / operators for access to data, processing of data to derive meteorological or ionospheric information (ZTD or IWV, TEC) and, where possible, permission to exchange the data with other Members of WMO.

Who: NMSs / NMHSs (individually or in multilateral groupings) will lead the Action and will need to collaborate with station owners/operators, with RAs (to determine exchange requirements), and with WMO TCs (for relevant guidance).

Time-scale: Continuous.

Performance indicators: Number of GNSS receiver stations making available their data in real-time; number of stations which can be used in NWP according to the usual monitoring (see footnote 18 in section 3.6).
[…]
6. 
Space-based observing system

6.1. 
Introduction

[…]
A detailed description of the current satellites and instruments contributing to global observing systems (or are likely to contribute in the period 2012-2025) can be found in the WMO satellite “Dossier”
 [See updated link] Satellite Observing Capabilities database. This information set contains a “gap analysis”, i.e. the more critical gaps which lead to recommendations on the development/improvement of satellite observing systems. Information on the different instruments and satellite programmes can be found in other chapters of the Dossier.  For the coming 15 years, one can expect an expanded space-based observing capability, an expanded community of space agencies contributing to WMO programmes and an increased collaboration between them. One can expect also a tendency to have more and more satellites serving several applications.

In the following section (6.2), the generic issues concerning the space-based component of global observing systems are described, with the corresponding recommendations appropriate for implementation in the period 2012-2025. Section 6.3 describes the recommended Actions for the different observing systems classified in the following components (as foreseen in the Vision 2025):

· operational geostationary satellites (sub-section 6.3.1);

· operational polar-orbiting satellites on sun-synchronous orbits (6.3.2);
· other miscellaneous operational satellite missions, with various instruments on various orbits (6.3.3), which complement the two previous components, the ensemble being the backbone of the space-based observing systems;

· R&D satellite missions, operational pathfinders and technology demonstrations (6.3.4) whose role within composite observing systems in 2025 is uncertain, but which are likely to have an operational contribution by then;

Note that observations for space weather (which  are discussed in a separate Chapter separately in section 6.3.5) 
6.2. 
Generic issues: data calibration, data exchange, product generation, data stewardship, education and training

[…]
The progress on instrument capabilities and on the use of satellite information will be fully successful only if it is accompanied by actions aiming at improving the availability and the timeliness of the data for the different users and the different applications, from global assimilation in meteorological or oceanic models to the local use in nowcasting. This is more critical for LEO satellites than for GEO. For LEO satellites, direct readout capabilities should be provided wherever possible. In combination with direct readout, the development of the RARS (Regional ATOVS
 Re-transmission Systems) has improved the timely delivery of data.  This type of “quick re-transmission” action on satellite radiances for polar orbiting sounders has considerably helped NWP in the recent years, and it will help more and more regional and local forecast systems in the future. Applying such concepts to other data, e.g. imagery, would be beneficial to many other application areas. 

For GEO satellites, the data delivery is easier within the geographical area corresponding to the Earth disk which is observed directly by each satellite. The main challenge is the rapid processing and the rapid and global exchange of processed data (such as atmospheric motion vectors, AMVs) which are needed for global NWP with an hourly frequency at least. Other applications have identified different requirements for data latency. 

User-friendly data dissemination techniques (internet, Digital Video Broadcast) should be provided as appropriate. These various techniques all contribute to the WIS and should also be used to disseminate products and training material.

Provisions should be made to enable users to effectively use effective use of the capabilities provided by the space-based GOS, and to prepare users for new satellite capabilities well in advance of system deployment. This includes guidance on adequate data reception, processing and analysis infrastructure, including software. 

Users relying on satellite-based datasets and products require sufficient information on their quality (e.g., accuracy), the algorithms used, and fitness for purpose. Satellite operators 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. This should be in adherence with the QMF procedure (see section 2.1). Metadata should follow the WMO core metadata profile and be compliant with internationally-agreed formats recognized by WMO (see WMO Guidelines on the use of metadata for WIS, 2010).

For climate monitoring and studies of other long-term phenomena, extended satellite time-series (e.g., Fundamental Climate Data Records) are needed. Long-term data stewardship under scientific guidance is necessary to achieve homogeneous long-term records, which should include regular reprocessing (roughly every five years). User-friendly arrangements for access to data archives should be put in place. 

As part of continuous improvement in Members’ capacity, such preparation should include the necessary provision of education and training to users, for example through the WMO-CGMS Virtual Laboratory for Education and Training in Satellite Meteorology (VLab) and its Centres of Excellence. The user requirements related to satellite data, products, infrastructure and training should be regularly assessed on global and regional level, as appropriate, in order to monitor the effectiveness of the Actions proposed.

Action Sxx

Action: Prepare data users for new generations of space-based observing systems through the provision of guidance on data reception, processing and analysis infrastructure, the provision of proxy data, and the provision of training programmes.

Who: All organizations operating component observing systems

Time-Frame: Continuous

Performance Indicator: Availability of guidance and training material, proxy data sets.
[…]
6.3.2.4. 
Microwave imagers

[…]
To meet the different user requirements, at least 3 satellites with microwave imagers are needed on well separated orbits. According to current plans the most requirements are expected to be met, except possibly for all-weather Sea Surface Temperature (SST). 

Action Sxx

Action: Ensure availability of microwave imagers with all necessary channels to monitor SST
Who: 

Time-Frame: 
Performance Indicator:
[…]
6.3.3.2. 
Radio-occultation constellation

[…]
Most of the existing satellites currently providing radio-occultation measurements to operational applications are not operational satellites and do not belong to any satellite programme whose future continuity is guaranteed. For the period 2012-2025, it is important to plan the continuity of a sufficient number of receiving satellites, to avoid losing the benefits of the important investments made on the production of radio-occultation measurements and on their use in operational meteorology. It should be noted that the amount of information delivered by a radio-occultation sensor depends by a factor of 6 on the number of on-board antennas and number of GNSS systems it is compatible with.
Action S15

Action: Ensure and maintain a radio-occultation constellation of at least 8 GNSS receivers onboard 8 platforms on different orbits, and organize the real-time delivery to processing centres.

Who: CGMS to lead the action, with WMO commissions, satellite agencies and data processing centres.

Time-frame: Continuous. 

Performance indicator: Number of satellites providing GNSS signals in real time GNSS occultations per day that are processed in near-real time.
Action S16

Action: Perform an Observing System Simulation Experiment (OSSE) to evaluate the impact of different numbers of platforms in a GNSS constellation, and to estimate the optimal number of platforms required.

Who: NWP centres, in coordination with CBS/ET-EGOS (to lead the action) and CAS/THORPEX.

Time-scale: Before 2013 (end of THORPEX).

Performance indicators: A number of OSSEs carried out.

Another application of the GNSS signals and radio-occultation is the measurement of electron density in the ionosphere. Therefore the future radio-occultation constellations will contribute also to the space weather applications (see section 6.3.5).
6.3.3.3. 
Altimeter constellation

SSH is one of the key variables to observe for ocean analysis and forecasting and for coupled ocean-atmosphere modelling. SSH has been observed through a series of satellite altimeters since the beginning of the decade 1990-2000: ERS-1 and 2, JASON-1
 and 2, ENVISAT
, GEOSAT
, etc. - see the WMO Dossier database (footnote 49) for documentation on these satellites and their instrument characteristics. Satellite altimeters provide measurements of the ocean topography and of the significant wave height with a global coverage and a good accuracy. The interest of wide-swath altimeters could be highlighted. The surface wind can also be estimated from the wave observation. However the horizontal and temporal resolutions are limited by the instrument producing observations only at the nadir of the satellite (for most instruments). The horizontal resolution can be good along the satellite track, and the main limitation is “across-track” in mid-latitudes: there is generally a 300km gap between measurements from two consecutive orbits. 

[…]
6.3.3.7. 
Precipitation radars with passive microwave imagers

[…]
Action Sxx
Action: To implement at least one Precipitation Radar mission on an inclined orbit, and a follow-on operational mission

Who:

Time-frame:

Performance indicator : Availability of one mission
Action S19

Action: In support of GPM, implement at least one passive MW mission on a low-inclination orbit 

Who: CGMS leading the action, with WMO commissions, satellite agencies and data processing centres.

Time-frame: Continuous. 

Performance indicator: Availability of one passive MW satellite mission on a low-inclination orbit.

 […]
6.3.3.9. 
Atmospheric composition instrument constellation

For the future, the OMPS is planned for some American operational satellites The OMPS-nadir
 is present on Suomi-NPP and planned for its follow-on JPSS-1.  It will add to the nadir measurements the limb sounding for high vertical resolution in the stratosphere. It will measure ozone, but also NO2, SO2 and a few other constituents. In the European programme GMES
, the platforms missions called Sentinel-4 (GEO, MTG) and Sentinel-5 (LEO, EPS-SG) should carry ultra-violet, visible and near-infra-red sounders for supporting atmospheric chemistry. See the WMO Dossier database (footnote 49) for more details.
[…]
�	http://www.wmo.int/pages/prog/sat/gos-dossier_en.php : this WMO web page contains a comprehensive dossier on past, present and future satellites with their instruments. (Should ultimately refer to the future database).


�	Advanced TIROS Operational Vertical Sounder


�	Ocean Surface Topography mission (USA/France)


�	ESA Environmental Satellite mission


�� HYPERLINK "http://en.wikipedia.org/wiki/Geodesy"��	GEOdetic� SATellite 


�	OMPS: Ozone Mapping and Profiler Suite


�	GMES: Global Monitoring for Environment and Security





