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	Summary and purpose of document

This document is a copy of the report of the Future Systems Working Group from the GRAS SAF Workshop on Applications of GPS Radio Occultation Measurements held at ECMWF, 16-18 June 2008.




ACTION PROPOSED


The Meeting is invited to take into consideration information provided in the document when discussing the space-based components of the GOS.

____________

GRAS SAF Workshop on Applications of GPS Radio Occultation Measurements

Future Systems Working Group

Chair:  John Eyre; Rapporteur:  Peter Bauer

Participants:  Rob Kursinski; Jens Wickert; Bill Kuo;

Dave Offiler; Axel von Engeln; and Chi Ao

1. Can we give a recommendation that a GPSRO constellation should be part of the global observing system? What is CGMS involvement and is the space agencies’ commitment sufficient?


A radio occultation (RO) constellation is already a part of WMO’s implementation plan for the evolution of the global observing system (GOS) which has been presented to the Coordination Group for Meteorological Satellites (CGMS). It also has a prominent position in the new “Vision for the GOS in 2025” that is under development within WMO. CGMS have requested the user community to provide guidance on the optimal number of RO-soundings per day and hence the number of satellites required in a RO-constellation.


The NWP-impact has been well demonstrated but the optimal number of satellites depends on the application:
· at least 1 for stratospheric bias,

· a constellation for global NWP (the current number of 6-8 receivers is very beneficial, and should be regarded as a minimum, assuming that we have GPS transmitters only),

· number for regional NWP is unknown but the horizontal spatial scale mismatch may be an issue, and
· for climate applications, the lower threshold is 3-6 for resolving the diurnal cycle.


The data is not being fully exploited yet (e.g. assimilation with 1D operators). Important: by the end of the nominal COSMIC lifetime (2011+), the GPSRO coverage will definitely become insufficient unless a follow-on mission has been launched.

2. Are new scientific studies needed for the definition of mission requirements (OSEs, OSSEs, EnDA, etc.)? Studies in late 1990's (MPI) suggested the optimal constellation should be ~24 satellites.


The MPI study does not represent the current status of observing system and data assimilation systems.

The WG strongly supports further studies:
· OSEs should be performed with various scenarios of constellations up to the maximum available number of satellites right now; the background observing system should reflect observing system expected for 2010+.

· OSSEs should simulate similar scenarios and their credibility will depend on how well they match results from OSEs.

· The degree of saturation of NWP impact from the OSEs will determine the relevance of OSSEs for larger constellations.

· The WG encourages trade-off studies (e.g. GRAS vs. COSMIC-type) to evaluate the advantage of high-gain antennas with better sensitivity for lower tropospheric (in the Tropics) sensing against the additional cost.


The WG recommends that OSE/OSSE studies shall be undertaken to evaluate the number of GNSS transmitters-receivers required for optimizing global NWP impact. The WG encourages the extension of these studies to also address issues like: vertical resolution, lower tropospheric sounding, and impact on tropical cyclone prediction. The WG encourages ECMWF to perform OSEs of the above type and further support the envisaged OSSEs hosted by JCSDA.

3. Dedicated GPSRO constellation vs. a constellation of opportunity, e.g. by putting GPS-type receivers on all new Met-satellites. Will the latter meet user requirements?


The decision is affected by cost (e.g. accommodating GRAS on Metop has been costly). The GPS receiver cost alone is not the cost-driver. Being hosted by a meteorological mission may restrict the observation capabilities and the performance (scanning, RFI) that can be driven by other instruments.


Other factors such as implementing high-gain antennas or accommodating the instrument on a satellite may increase cost. However, CHAMP, GRACE, Terrasar are examples for cost-effective opportunity missions with small occultation antennas. Specific mission requirements may be better covered by a dedicated constellation, e.g. diurnal cycle. Dedicated constellations will allow the relaxation of the requirements for operational robustness, with respect to individual components. Satellite attitude control/monitoring seems to be less of an issue. NWP usage is driven by data timeliness - it may therefore be problematic with missions of opportunity unless GPSRO is hosted by operational meteorological satellites.


It was noted that geodesy has contributed greatly to the development of GPSRO science, in particular by helping to improve the near-real time precise orbit determination of GPS receivers and GPS transmitting satellites. Geodesy missions have also contributed to the actual deployment of current GPSRO receivers (e.g. CHAMP and GRACE) that now benefit the meteorological community. The deployment of future GPSRO receivers for meteorology missions may further benefit from a synergy with the planning of geodesy mission carrying GPS receivers.


Recommendations:
-
To operational agencies:  Given the above considerations, dedicated constellations appear to be the most cost-effective option to fulfil user requirements for future operational missions.
-
To research agencies:  The WG also encourages research agencies to implement additional receivers on experimental satellites.

4. Summary of the status of proposed constellations (COSMIC-2, CICERO, Iridium, others). What are the user requirements that drive the choice for a constellation?

· Ensure strong interaction between data users and data providers on definition of data content (including raw data, information on detailed instrument specifications, characterization and processing) and data quality.

· Future systems should conform to WMO requirements for systems to be part of the GOS, including free and timely data distribution to all users as well as optimal global coverage, including the diurnal cycle (climate).


Given the option of commercial data acquisition, it will be important that data/metadata are provided in sufficiently raw form to serve the diverse needs of the user community and to allow for future developments given the early stage of the exploitation of GNSS observations at this time.


The WG was aware of the following mission concepts:
· COSMIC-2: 6+1 from Taiwan, +6 from USA, GPS/GALILEO/GLONASS with governmental funding. 

· CICERO: 12-24 satellites, GPS/GALILEO/GLONASS.

· Iridium-2: 66 satellites, many or all of which could have RO-receivers. The status of Iridium-2 and possible NOAA involvement is unclear. EUMETSAT and the EU are not likely to consider cooperation in the near future.

· National initiatives: German constellation of nano-satellites subject to funding - but this not planned as an operational mission.

· Decadal survey recommendation: CLARREO (3 satellites) in NASA study-phase. Note that all 9 recommended missions are supposed to carry GNSS receivers.

Timeliness:  Final cost/design is also a function of the timeliness requirements. For example the stated space weather warning requirements is 5-minute access, but some benefits may still be obtained with a longer delay. Whether a 5-minute requirement is realistic for the combined measurement time, down-link and processing/distribution is unclear.

5. Multiple-GNSS receivers (GPS/GALILEO/GLONASS and others): Should any new mission have multiple-GNSS receivers (Metop-C)? What is the cost impact?


Yes, receiver upgrade will be cheaper than launching separate satellites. Specifically, upgrading Metop-C’s GRAS to receive GALILEO transmission should be considered. Accurate orbit determination is required for any new transmitter system to ensure optimal data usage. A fiducial ground network is required to provide support for precise orbit/clock determination. 

6. What is the value of LEO-LEO measurements and the information content compared to existing satellite measurements?


The primary purpose of LEO-LEO measurements is UT/LS humidity for climate variability monitoring. 

The NWP application is difficult to estimate due to uncertain moisture distributions near UT/LS in models (also manifested in lack of moisture radiance data assimilation). LEO-LEO promises to better distinguish between temperature and moisture and therefore provide additional capabilities to profile frontal zones at high vertical resolution, PBL identification and more accurate surface pressure information. 

The WG encourages more simulation (e.g. cloud impact) and airborne demonstrator studies, potentially followed by a LEO-LEO proof-of-concept demonstration using 22 and 183 GHz channels (183-channels have more sensitivity where moisture contents are low). The active observation principle will provide better bias characteristics than existing limb MW radiometers. 

7. What is the potential of exploiting reflected GNSS data?


Grazing reflections can be exploited now using the given occultation geometry:
· Improvement of atmospheric applications.

· Ocean altimetry: coverage better than altimeters, accuracy about 20 cm or better.

· Ice depth/coverage: Depth more relevant than coverage, accuracy?


Additionally, nadir (possibly with large antennas) observations can provide:
· Soil moisture: accuracy open, more studies should be undertaken to demonstrate sensitivity. Observation geometry and antennas may not be sufficient.

· Wind speed/direction (nadir-view) over oceans: Accuracy may be sufficient at low wind speeds with current systems. Large antennas required.

· Ocean topography resolving smaller-scale eddies.


The WG encourages more detailed studies on the exploitation of existing grazing reflection signals and in those areas requiring different observational capabilities.

8. Do we need an international GNSS RO Working Group, similar to ITWG, IWWG, IPWG?


The WG supports the idea of a new WMO-endorsed working group (also to not distract from focus of others by integrating group in, e.g., ITWG). An interface to the WMO space programme is expected to have a beneficial impact on future mission support (COSMIC-2).


The group could report to CGMS.
_________________


































