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OSWG-2 Background

The second meeting of the THORPEX Observing Systems Working Group (OSWG) took place in Louisville, Colorado, from May 2-4, 2007.  The provisional agenda for the meeting appears in Appendix A, and copies of the various presentations may be accessed from the meetings section of the THORPEX web site.  A brief summary of the meeting is given at the end of this report, following the decisions/actions portion below.

A list of OSWG members and other attendees are given in Appendix B.  The meeting took place at the Vaisala complex in Louisville, and the OSWG-2 participants express their appreciation to Vaisala for its kind attention and hospitality extended to the OSWG meeting.  
The following actions and recommendations are noted from both OSWG-1 (March 2006, Reading, UK) and OSWG-2:
Actions and recommendations continuing from 2006 OSWG Meeting:

· Item 1: Develop contact list for space agencies (main points of contact). 

Action: Reconfirmation at CGMS 2007.

· Item 5: OSWG and DAOS-WG Co-Chairs and Regional Committee Co-Chairs to coordinate observational challenges: 

Status:  Continuing.  This was addressed at the Second THORPEX International Science Symposium (STISS, reported later in this summary) and at the OSWG-2.  It continues to be a priority.  It is further noted that DAOS Co-Chair Pierre Gauthier participated fully in OSWG-2 and the STISS meeting of the OSWG.
· Item 8:  Add academic member to OSWG: 

Action:  Still under consideration.
· Item 9: Initiate dialogue with WCRP for a joint approach to observational networks: 

Status: Open.  OSWG co-chairs are seeking a meeting with Kevin Trenberth.
· Item 10:  Provide TIPO with status of capabilities and uses of in-situ and satellite data in NWP: 

Action:  Open.  Proposed at EB Meeting of 15-16 May 2006; this action remains ongoing.
Actions and recommendations arising from 2007 OSWG Meeting (including reference to the section of the report below from which the action arose):

· Item 1 (Section 9):  AMMA dropsonde data availability.

Action: AMMA principals to provide OSWG with protocol for dropsonde releases from the driftsonde gondola and for flight termination (D. Parsons).

· Item 2 (Section 9): Encourage CMA to develop various composite radar analysis products and that WMO to develop standards for such products.  
Action: Draft a related action item for future consideration by OSWG (T. Keenan)

· Item 3 (Section 9.1):  OSWG engage and support the RA-1 Task Force in developing observing aspects of the plan for tropical Africa.  

Action: TIPO Caughey to discuss with Andre Kamga, the Chairman of the Task Force drafting the Plan, and coordinate possible activities with OSWG Co-chairs.  (J. Caughey).
· Item 4 (Section 9.1): Given the importance and underutilization of radar information as part of the forecast process, the OSWG recommends that WMO develop an initiative to build on RQQI and develop procedures to:

· Provide protocols and standards for the international sharing of radar data.

· Support the development of RQQI to provide information on radar applications and their quality.

· Encourage the development of national and regional radar mosaics and the timely sharing of such information as part of THORPEX regional campaigns and ultimately within WMO Information System (WIS).   (T. Keenan)

· Item 5 (Section 10):  Ensure coordination between CBS OPAG-IOS and THORPEX OSWG. 

Action: Establish a coordination mechanism between OSWG and CBS OPAG-IOS Expert Team on the Evolution of the Global Observing System (ET-EGOS).  (This will be undertaken by R. Saunders whose office is co-located with ET-EGOS Chair J. Eyre.)
· Item 6 (Section 10.1):  Possible impacts of future WMO Integrated Global Observing System (WIGOS) on OSWG activities.

Action: Update OSWG members on WIGOS when appropriate (J. Purdom).

· Item 7 (Section 11.1):  Conclusions and action items on surface-based observing systems:
· Need to have a closer look at: data availability and sampling frequency, timeliness, data quality, metadata standards (All OSWG members) 

· establish more comprehensive assessment on the relative importance of different systems for data assimilation and predictability (All OSWG members)
· Promote establishment of new potential systems such as TAMDAR, GPS wet delay and radio occultation systems, Radars…(All OSWG members)  

· Study alternative ways of providing (near simultaneous) soundings in the RAOB program to make these data better suitable for data assimilation in numerical models (All OSWG members)

· Item 8 (Section 11.2):  Help maximize utilization of satellite data. 

Action:  Reconfirm and update as appropriate space agency THORPEX points of contact at CGMS-2007 and to provide Regional Co-Chairs with updated information on satellite systems (J. Purdom).

· Item 9 (Section 11.3):  Summary review of terrestrial sounding and profiling systems that might be applicable for use in remote oceanic and continental regions.

Action:  Provide summary review to OSWG members, the TIPO and THORPEX Regional Co-Chairs (W. Dabberdt)
· Item 10 (Section 11.5):  The observing systems and facilities assessment being conducted in the U.S. for the National Science Foundation may be useful to THORPEX.  To maximize its use by THORPEX, it is important that international facilities and instruments be included in that data base.  The survey web page and instructions for logging on can be found at http://www.eol.ucar.edu/fadb/
Action:  OSWG to take a look at this web site, and as appropriate enter relevant observing facility information.  Further, OSWG members to notify colleagues about the survey and to ask them to contribute to the data base, as appropriate. (All OSWG Members)
· Item 11 (Section 12.2):  OSWG to engage Regional committees. 

Action:  Letter from the OSWG Co-Chairs to all RC Co-Chairs expressing the willingness of the OSWG to help achieve Regional Plan objectives and encouraging feed-back reports identifying difficulties, problems encountered, weaknesses etc., so that “observational” lessons learned can be distributed to the THORPEX community and help improve effectiveness in the future. (W. Dabberdt and J. Purdom)
· Item 12 (Section 12.2): Facilitate the development of new observing systems and promote the use of new technologies.

Actions:

· Monitor regional activities to inform OSWG of new activities (All)

· Complete matrix of terrestrial profiling systems (Dabberdt)

· Link with agencies as required (All)

· Item 13 (Section 12.2): Foster optimized integrated global observing system.

Action:  OSWG to foster close coordination with DAOS through Co-Chairs and OSWG members to engage Regional Coordinators to help bring this to fruition (All OSWG Members).
· Item 14 (Section 12.2):  Encourage the development of an effective baseline Global Observing System
Actions (All OSWG Members):

· Facilitate the underlying observational research that will lead to the development of a robust GOS and provide a pathway forward that maximizes evolution potential for the GOS 

· Work with the CBS by providing guidance from the research community on the best way forward for the evolution of the WWW’s  surface- and space-based sub-systems of the GOS

· Support CIMO in the characterization of the performance of the various terrestrial observing instruments that are part of the GOS as well as to be tested as part of the THORPEX program
· Item 15 (Section 12.2):  Encourage the testing of high-volume data sets.

Actions (All OSWG Members):

· Promote use of new methods and technologies, such as BUFR format, rapid-scan imagery, ADM-Aeolus wind profiles, use of more satellite channels and so forth.

· Coordinate with CGMS and DAOS.
· Item 16 (Section 12.2):  Facilitate interaction with standing activities of the global community (All OSWG Members)
Action:  OSWG to consider establishing an observing systems Interest Group patterned after the PDP and DA WG Interest Groups. 

Summary Overview of OSWG-2

1.0
Opening of the Meeting: The meeting was opened with remarks from Co-Chairs Drs. Walter Dabberdt and James Purdom.  They welcomed the WG members and guests, and stressed the importance of the OSWG to the THORPEX program.  They pointed out that among the main goals of the meeting were to: a) review and adjust the OSWG terms of reference and goals; b) provide an overview of various observing systems; c) work toward the development of a comprehensive observing strategy for THORPEX; and, d) develop observing system guidance to aid Regional Co-Chairs in developing their programs. 
2.0
Observing System Challenges in Support of THORPEX Science and Future Operations: Dr. Mel Shapiro presented some of the science challenges facing THORPEX.  Among the science challenges were investigations of the MJO and observing strategies during the Year of Tropical Convection (YOTC).  Observing system challenges and trends identified by Shapiro included:
· Use of satellite observations is shifting away from targeting and toward more systematic, time-consistent emphasis

· Recent research has demonstrated maximum value (through data assimilation) of observations from geostationary satellites, AMSU and RAOBs

· An important limitation of experimental (terrestrial) targeting studies has been the limited area sampled with in situ soundings

· Terrestrial targeting has been successful for tropical cyclone forecasting

· Time-repetitive observations are critical for successful targeting

3.0
Reports on Action Items from the Reading 2006 OSWG Meeting: The OSWG reviewed the status of action items from the first OSWG meeting. 
· Item 1: Develop contact list for space agencies (main points of contact to avoid confusion). 
Status: Ongoing.  Contacts confirmed at CGMS 2006; needs reconfirmation at CGMS 2007.

· Item 2: Encourage NESDIS to provide or support provision of data and atmospheric motion vectors from GOES-10 at 60 W.  
Status: Closed. GOES-10 providing data to South America since October 2006.  Products are being produced by INPE (Brazil) with plans for products from CONAE (Argentina).

· Item 3: Explore with ESA flexibility of ADM Mission/Doppler lidar (e.g. spatial targeting). 
Status: Closed.  Due to power constraints, ADM-Aeolus is not operated continuously and the laser shot rate is fixed.  With THORPEX there is the possibility to arrange for observations over a portion of the orbit through coordination with ESA (Table 6, Appendix C).
· Item 4: Encourage the retention of Indian Ocean satellite being provided by EUMETSAT until permanent resources available.  
Status: Continuing.  EUMETSAT has agreed to continue coverage through 2008 and has replaced METEOSAT-5 with METEOSAT-7 for that purpose.  
Status: New Development.  China has placed its second geostationary satellite over 86o West and is taking full disc imagery every 30 minutes.
· Item 5: OSWG and DAOS-WG Co-Chairs and Regional Committee Co-Chairs to coordinate observational challenges: 
Status:  Continuing.  This was addressed at the Second THORPEX International Science Symposium (reported later in this summary) and at the OSWG-2.  It continues to be a priority.  Progress to date is noted by the full participation of DAOS Co-Chair Dr. Pierre Gauthier at the STISS meeting of the OSWG as well as the OSWG-2 meeting.  However, there has been only limited interactions to date between the regional committees and the OSWG.
· Item 6: Regional Co-Chairs to provide written responses to questions posed by OSWG (per 11 Jan 2006 email “THORPEX Regional Planning Aids and Questions). 
Status: Reconfigured.  Only Asia responded; this is being subsumed within the action under Item 5 above and the anticipated closer cooperation.
· Item 7:  2nd THORPEX International Science Symposium (STISS).

Report:
· One day for OS presentations, as organized by OSWG. [done]
· Follow-on workshop. [changed: ad hoc open OSWG meeting conducted]
· Develop strategy for terrestrial observations in data-sparse regions. [initiated at STISS meeting of OSWG and continued during OSWG-2]
· Item 8:  Add academic member to OSWG: 
Status:  Open.  
· Item 9: Initiate dialogue with WCRP on a joint approach to observational networks: 
Status: Open.  OSWG co-chairs to initiate dialogue with Kevin Trenberth.
· Item 10:  Provide TIPO with status of capabilities and uses of in-situ and satellite data in NWP: 
Status:  Continuing.  Addressed at EB Meeting of 15-16 May 2006; this action remains ongoing.
4.0
Report from the ad hoc, open meeting of the OSWG at the Second THORPEX International Science Symposium: 
The meeting was chaired by Dr. Walt Dabberdt (WD). About two-thirds of the OSWG members attended this informal meeting including Dr. Pierre Gauthier (Co-Chair of DAOS working group) along with other interested people.

· The group first reviewed actions from OSWG-1. 
· WD proposed OSWG-2 to be held in Boulder in early 2007. 
· Need to have an academic on group, and other gaps were discussed.
· The information collected on terrestrial profiling systems was shown briefly. WD reported on modernization of the U.S. national wind profiler network. VAD winds need additional metadata. New technique of enhanced range resolution for wind profilers using range imaging is under development.  Water vapor mixing ratio now available on some MDCARS aircraft.  Concerns were expressed regarding suitability of data from TAMDAR for THORPEX.  

· Web page for OSWG; to be discussed in April 2007. [Status: TIPO indicates this is feasible; requires only that work products be provided to TIPO].
· Feedback concerning PDP WG interest groups is positive and offers merit for a similar effort by the OSWG.

· Need to have THORPEX OSWG recognized in WMO OPAG.

· Determine how THORPEX WG meetings will be set up to ensure interaction with other groups. (This was discussed at OSWG-2; see section 6.0 below)
5.0
Review of OSWG Terms of Reference: The preamble and terms of reference were reviewed at the beginning of the meeting and again on the final day.  Selected portions remain under revision.
6.0
Report of ICSC/EB Meetings:  Dr. Jim Caughey, representing the THORPEX International Program Office (TIPO) reported on the results from the ICSC meeting that had taken place a week earlier in WMO, Geneva (25-27 April, 2007).  The major issue reported was the reorganization of the THORPEX ICSC and the elimination of the current EB, SAB and TAB with their roles subsumed in a newly constituted ICSC and a much reduced EB consisting of the Chair of the ICSC, an Ex-Officio member from the WWRP-JSC, a technical representative, a Trust Fund Advisor (initially from the USA) and the Chief, WWRP.  It was expected that the WGs would meet once a year: a) one year in association with the ICSC, which also includes the regional co-chairs, representatives from the THORPEX donor nations, and synergistic programs (e.g. EUMETNET); and b) in alternate years with the THORPEX International Science Symposium.  The TIPO will be an integral part of the WMO AREP department and managed by the Chief, WWRP.
7.0
Report from the Co-Chair of the DAOS WG. 
Dr. Pierre Gauthier reported on recent activities of the THORPEX Data Assimilation and Observing Strategies (DAOS) Working Group.  The DAOS has established a community interest group (patterned after the PDP WG) that provides a mechanism to communicate DAOS actions and also to receive community input and feedback.  The URL for the DAOS interest group website is: daos-ig@lists.ec.gc.ca .  The DAOS is conducting a study comparing data assimilation systems and assessing the sensitivity of different observing systems in the design of the Global Observing System.
8.0
Establish Goals for OSWG-2 Meeting.  The OSWG discussed the broad goals for the OSWG-2.  Among them: targeting of observations; review of the OSWG TORs; OSWG strategy; interaction with the WMO GOS; THORPEX Regional Committees and other WGs; and dealing with various action items.
9.0
Review of Regional Plans and Regional Experiments: Activities underway and plans were presented for AMMA, T-PARC and ETReC-07.  A status report on IPY and THORPEX was also presented and discussed. 

T-PARC (presented by Dr. David Parsons)
AMMA (presented by Dr. David Parsons)
ETReC-07 (presented by Dr. Jim Caughey)
Status report on IPY and THORPEX (presented by Dr. Wenjian Zhang)

It was noted in the discussions that there were plans for the operational satellite agencies to undertake special rapid scanning in support of THORPEX Regional Campaigns: Japan will utilize its stand-by MTSAT to provide special rapid scans around tropical storms during T-PARC;  the United States will provide special rapid scans from its GOES system to support various TReCs; EUMETSAT will provide special rapid scanning from its standby METEOSAT-8 (MSG-1) during the COPS program which is part of the ETReC-07; and, China announced plans to test rapid scanning from its western FY-2 satellite this July and August to assess the feasibility of rapid scan support for THORPEX-related activities.
Dr. Parsons described the performance of the driftsonde system during AMMA and reviewed some of the early scientific observations and related opportunities.  OSWG members expressed interest in obtaining information on AMMA’s protocol for dropsonde releases from the driftsonde gondola and for flight termination.

During discussion of the planned T-PARC program, it was agreed that the OSWG should encourage CMA to develop various composite radar analysis products and that WMO should develop standards for such products. Dr. Keenan will lead activities in this area.
Dr. Caughey reported on plans for the THORPEX ETReC-2007 program, which will focus on: multi-scale observation of convective events; predictability and the relative importance of large and small scales; adaptive ensemble forecasting and regional ensembles.  In large part, ETREC-2007 will be built around the COPS and MAP regional campaigns that are focusing on quantifying estimation and prediction of precipitation.  ETREC-2007 will focus on in situ and remote satellite data targeting in the 24- to 36-hour domain.  The following illustration (source: G. Craig, 2007) indicates the scope of the program and the multi-scale aspects of the various experiments.
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9.1
Discussion of Observing Activities and Strategies within Regions, and the Role of THORPEX in Meeting Goals for the Future Global Observing System 

RA 6

Europe

(Caughey, Saunders, Heikinheimo)
RA 4



(Parsons)
RA 2



(Zhang)
RA 5 and SH


(Keenan)
RA 1

Africa

(Caughey)
RA-6 is developing a European THORPEX Science Plan; it is currently in near final draft and will be distributed more widely in mid-2007. It lists the important scientific challenges to improve predictions of European weather and identifies key topics that need to be addressed as a matter of priority. A separate implementation plan is not being considered at this time.
RA-1 expects to have a new version of the African THORPEX science plan by July 2007; that plan will be based on a draft prepared by WMO and discussed at the 1st African THORPEX Planning meeting held in Ouagadougou, Burkina Faso from the 12th – 14th February 2007.  . The 2nd Planning meeting is scheduled for Nov. 2007 in association with the AMMA Conference.  Several important issues emerged during discussion, including how OSWG could engage and support the RA-1 Task Force in developing the observing aspects of the plan for tropical Africa.  
Dr. Zhang described China’s plans for renewing its terrestrial and satellite observing systems.  Input was solicited regarding potential strategies for enhancing the surface-based observing system in western China.  CMA is considering a plan for typhoon reconnaissance and associated observation targeting.  Also under consideration is a plan to develop expertise in identifying sensitive areas for various targeting strategies.

Dr. Tom Keenan discussed radar products and the significant role they play in hydrometeorological forecasting, impacting a range of time scales.  The use of radar in nowcasting is well known but radar products also address the initial state problem through data assimilation techniques and provide increased predictive skill of high-impact weather on short time scales.  The OSWG notes the progress achieved within Europe Operational Project for the Exchange of Weather Radar Information (OPERA), along with other activities within the USA and parts of Asia.  The development and utilization of national and multi-national radar mosaics along with the use of other radar products for a variety of forecasting and research applications has resulted.  .   

In a global sense international cooperation relating to the utilization of radar products has not progressed significantly.  Radar products are typically generated on an individual radar basis -- often without networking.  Internationally-based sharing of radar information is typically not undertaken, and standards for radar products are not well defined.  Where such activities do occur, the production of underlying radar products and associated mosaics have significant regional and international variations impacting utility.  

Recently, the WMO through the WWRP and CIMO has initiated The Radar Quality Control Quantitative Intercomparison (RQQI) Activity.  This project is concerned with providing a systematic evaluation of applications employed in QPN, but is only a starting point in the problems faced in radar data utilization.

Given the importance and underutilization of radar information as part of the forecast process, the OSWG recommends that WMO develop an initiative to build on RQQI and develop procedures to:

1. Provide protocols and standards for the international sharing of radar data.

2. Support the development of RQQI to provide information on radar applications and their quality.

3. Encourage the development of national and regional radar mosaics and the timely sharing of such information as part of THORPEX regional campaigns and ultimately within WMO Information System (WIS).  

Cooperation with CBS and CIMO is essential for this activity.
The OSWG believes that significant potential exists within T-PARC and ETReC to demonstrate the value of such radar mosaics and radar data in a range of high-impact weather forecasting.  The OSWG recommends that a combined WWRP, CBS, CIMO working group be established to progress this activity.

Discussion of Observing Activities and Strategies in RA V, 
Including SH THORPEX

THORPEX has been a catalyst for bringing Southern Hemisphere scientists together to address common and significant problems and to collaborate on their solutions. So far this has involved Southern Hemisphere meteorological services and research institutes.  It is important to more fully engage universities through promoting the aims and objectives of SH THORPEX and encouraging research that is aligned with its objectives.

SH THORPEX has been deliberately designed to be modest. At this stage, plans for “big science” including new field programs or network design experiments have not developed. The Plan projects largely draw on focusing and coordinating existing and planned research to contribute to THORPEX objectives.  
SH THORPEX Activities include:

Societal and Economic Research and Applications

The focus of the Southern Hemisphere THORPEX SERA Implementation Plan is key user groups, including: 

· Emergency management (dealing with the disaster risk management of severe weather) 

· Agriculture (which relates heavily with food security) 

· Health.  

These sectors are common to all regions and are particularly important to the developing part of the hemisphere where the impacts of disastrous events, food security and health related issues are among the most prominent weather related factors impeding sustainable development.

Three projects will be carried out. 

Project A: Inventory of High-Impact Weather Forecast Opportunities in the Southern Hemisphere

The purpose of this project is to identify opportunities where users and communities could be provided with improved specific weather products to assist in decision making.  The research will identify weather events that have a major impact on specific sectors in different regions of the Southern Hemisphere.  
Project B: Facilitate transfer of THORPEX advances to operational forecast offices in support of end user requirements

The purpose of this project is to provide a platform for the transfer of research advances to operational forecast centres through specific pilot application projects, with a focus on developing and least developed countries (LDCs).

The challenge is to transfer the benefits of current technology and new developments to facilitate improved decision making by user communities in these countries based on technology not normally available or used in their countries.  These transfer projects have to be end-to-end-to-end to ensure users receive the full benefit of scientific developments.  

Project C: Research on User Requirements and Potential Benefits

The overall aim is to improve the application of weather forecasts in the three critical sectors (emergency management, agriculture and health) through improving and developing decision support systems as the bridge connecting weather information providers and users.

Data Assimilation and Observing Strategies (DAOS)

The quality of data assimilation systems depends on the observing system that provides information, how that information is used by the analysis system and the underlying meteorological phenomena being modeled. There are significant differences in these controlling influences between the areas of interest to Southern Hemisphere nations and those of the Northern Hemisphere. Most of the focus will be on improving the data assimilation of existing and experimental observing systems, although aspects associated with adaptive data assimilation may also be addressed.

Assessing the influence of data assimilation and observing strategies on regional NWP forecasts of high impact weather events requires both a suitable number of events and local knowledge of the important aspects of these events. Collaboration between the Southern Hemisphere agencies is therefore essential in order for these assessments to be reliable, and this collaboration is the key aspect of this theme. This collaboration is greatly enhanced by NIWA, SAWS and ABM all using the same NWP system.

Project A: Assessment and improvement of observing system impact on regional NWP in the Southern Hemisphere.

The purpose of this project is to improve the use, and quantify the impact of key observing systems within Southern Hemisphere NWP systems. Regional differences in modelling systems, observing systems and the underlying meteorology limit the applicability of studies based on other regional NWP systems. This work will also provide essential information for future modifications to the observing network.

The NWP systems implemented within the Southern Hemisphere are predominantly limited area models; however, studies involving global NWP systems are also required to assess long distance impacts, and extended range predictions. These longer range impacts also affect the LAM forecasts via altered lateral boundary conditions (LBC).

While configuration differences and the need for observation impact studies to be conducted over periods of several months will require each centre to conduct their own set of experiments, there are scientific questions that can be addressed. Specifically these are the effects of:

· Standard satellite sounding bias correction

· Background error covariance specification

· Thinning and targeting of observations – both sub-sampling methods and data density are to be determined

Project B: Assessment of 3DVAR versus 4DVAR in Southern Hemisphere regional NWP.

The purpose of this project is to improve the analysis component of regional assimilation systems used in Australia, South Africa and New Zealand, by focusing on the background error covariance models used. The background error covariances are fundamental to the analysis methods as they determine both how information is spread by the analysis and which modes are modified by the assimilation system. Comparisons across different regions are essential to determine the general applicability of the results. 

This project is to focus on models with a resolution of 5km or less, as the value of 4DVAR has been demonstrated for models with resolution of around 10km. This project also overlaps with Project C (Convective and Tropical Assimilation), but addresses assimilation and prediction of any event where there is a strong non-linear forcing: i.e., not only convection, but also the effects of steep orography. This project also differs from Project A (Observation Impact Assessment) in that the experiments for this project will be focused on a few case studies.

Project C: Convective and Tropical Assimilation

Convection is associated with many high impact weather events, but is generally not well handled by data assimilation systems. This can be seen by the amount of spin-up or spin down during the early stages of NWP forecasts. There are many contributing factors such as the non-linearity and small scale of convective systems, and the difficulty of using remotely sensed data in thick clouds. In such situations, the accuracy of the forecast model also tends to be reduced.

Observation campaigns such as TWP-ICE provide significant datasets on the nature of the tropical atmosphere, and particularly on convective environments. These data have not been exploited within modern data assimilation systems, yet can be used to explore the importance of different observing systems, to provide a benchmark for assessing analyses and forecasts and improving the error characterizations used within data assimilation. This project will ensure that data from observation campaigns such as TWP-ICE, T-PARC and experimental satellite systems (e.g., the A-Train formation) are used to advance data assimilation systems used for Southern Hemisphere regional NWP.

Predictability and Dynamical Processes

The purpose of the Predictability and Dynamical Processes subprogramme is to advance knowledge of the global-to-regional influences on the evolution and predictability of high impact weather.   This strategic research component provides the theoretical basis for the practical aim of improving high impact weather forecasts on the 1-day to 2-weeks time scale.

Project A: Publish Review Papers on the predictability of SH High Impact Weather Systems

The purpose of this project is to publish review papers on a regular basis on aspects of the prediction and forecasting of high impact SH weather systems.  

Project B: Major rainfall producing systems
The purpose of this project to improve forecasting of the impact of major rainfall events through better knowledge of the climatology, structure and dynamics of the weather systems causing these events and through better knowledge of their predictability. The initial stage is centred on a multi-agency/multi-country project in South America based specifically on cut-off lows.

Project C: Impact of High Latitude processes on hemispheric predictability

Among the specific regions focused on in the THORPEX International Research Implementation Plan are the Polar Regions. The Southern Ocean is unique in that it extends across all longitudes and forms the southern boundary of the three SH continents. Similarly, Antarctica, further south, exerts a myriad of influences on those continents. Among these are cold outbreaks, polar lows, the consequences of complex air-sea-ice interactions and teleconnections. The commonality of those severe and high impact weather influences create an environment for very strong collaborative interactions, and considerable benefits for integrative research. The Southern Hemisphere THORPEX Science Plan has drawn attention to the synergies of proposed THORPEX activities and those planned for the International Polar Year (IPY) (2007-2008).

Project D: High Resolution Analysis and Forecasting of High Impact Weather
The purpose of the project is to improve the simulation of mesoscale weather systems associated with high impact weather.  In the first instance, it will concentrate on cold fronts and their associated severe weather (particularly fire weather) in Limited Area Models. Southern Hemisphere participants in THORPEX are developing new mesoscale assimilation and prediction systems. This project will examine outputs from these systems to characterize the structure of important mesoscale features and their predictability, such as cold fronts. It will also determine the predictability of weather related phenomena including fire-weather, river-flood, fog and storm surge.  

Project E: Web Forum Real Time Discussion on Dynamics and Predictability

The purpose of this project is to use a web-based scientific forum to facilitate the discussion of forecasting, dynamics and predictability of Southern Hemisphere Weather systems.   This concept has been used successfully in other meteorological research and operational communities.  

SH THORPEX Committee Membership and Sub-Programme Leaders

	NAME
	AFFILIATION/COUNTRY
	EMAIL

	Kamal Puri 

co-Chair
	Bureau of Meteorology AUSTRALIA

	K.Puri@bom.gov.au

	Neil Gordon 

co-Chair
	MetService

NEW ZEALAND


	neil.gordon@metservice.com

	John L McBride
	Bureau of Meteorology AUSTRALIA

	J.McBride@bom.gov.au

	Peter Steinle
	Bureau of Meteorology AUSTRALIA

	P.Steinle@bom.gov.au

	Elizabeth Ebert
	Bureau of Meteorology AUSTRALIA

	E.Ebert @bom.gov.au

	Ian Simmonds
	University of Melbourne

AUSTRALIA


	simmonds@unimelb.edu.au

	Michael J. Uddstrom
	National Institute of Water and Atmospheric Research,

NEW ZEALAND
	m.uddstrom@niwa.co.nz

	Warren J. Tennant
	South African Weather Service, SOUTH AFRICA


	tennant@weathersa.co.za

	Eugene Poolman
	South African Weather Service, SOUTH AFRICA


	poolman@weathersa.co.za

	Manoel A. Gan
	National Institute for Space research, BRAZIL

	gan@cptec.inpe.br

	Enrique Bobadilla
	Direccion Meteorologica de Chile, CHILE


	ebobadilla@meteochile.cl

	Arona Ngari
	Meteorological Service, COOK ISLANDS


	angari@oyster.net.ck

	Mezak Ratag
	National Agency for Meteorology and Geophysics, INDONESIA
	mezakr@yahoo.com

	Charles C. Mutai
	Kenya Meteorological Department, KENYA

	mutai@meteo.go.ke

	Monica Marino
	National Weather Service of Argentina, ARGENTINA

	marino@smn.gov.ar


10.0
Relation between the OSWG and the CBS OPAG-IOS.  The OSWG was provided information concerning the OPAG-IOS and its links to THORPEX that resulted from the most recent CBS meeting (CBS-Ext 2006 meeting in Seoul, Korea, October, 2006).  That report pointed out the connections between CBS and THORPEX in several areas, and these were discussed at the OSWG-2 meeting.  It should be noted that the OPAG-IOS looks to guidance from THORPEX on the evolution of the GOS, and that many of the activities underway within the OPAG-IOS are of direct interest to THORPEX.  
10.1
Implications of WIGOS: Since the future of WMO Integrated Global Observing System (WIGOS) is still under consideration within WMO it was felt that detailed discussion was premature for this OSWG meeting.  Information on the formative stages of WIGOS can be obtained from the report of WMO Congress-XV, which took place during May 2007.
11.0
Review of Observing Systems

11.1 
Surface based systems 

Based on latest reports by WMO-CBS, examples of the present availability of data (2004-2007) are: 

· Surface data 76% (+- 1% annually), 

· Upper-air data 69% (6% increase from 2003)

· Buoy reports increased from 11000 to 34000 daily

· AIREP varied between 3400 and 5200 daily
Concerning specific systems, some needs for evolution are indicated as:

Tropical moorings

· Extension to  the Indian Ocean required
Drifting buoys 

· Need to assure adequate coverage of wind and surface pressure observations in the region 40S-Antartic Circle
XBT and ARGO (temperature and salinity profiles) 
· Need to improve timely delivery and distribution of high vertical resolution data
 Ice Buoys (temperature and wind)

· Horizontal resolution to be increased to 500 km
Remarks on the RBSN

· Need for near-real time and preferably hourly distribution of surface data globally. Many of these observations already exist (SYNOP, AWS, Profilers, Buoys, Radar, mesonets…), but are not transmitted to the GTS.
· Telecommunications: Marine systems require expansion of bandwidth or new satellite communications facilities should be established

· Co-ordinated planning to promote effective and wider use and AWSs (coding, reporting and QA, metadata  standards to be distributed and adopted widely). The number of AWS’s in RBSN is 858! (651 in 2004 )

Remarks on the RAOB network

· Despite the availability of profile data from a mixture of systems, the RAOB- network will play a vital role overall in providing continuous uniform coverage, especially over the mid-latitude continents and coasts

· Wind profiles are especially important in the tropics; their importance in the polar regions is also likely (e.g. MODIS winds), but has to be yet demonstrated (IPY)

· Need for timely delivery of profile data (below 100 hPa) 

· Need to transmit data with full resolution and to include location and time information of observation points
· Need for more complete metadata information (calibration, sensor type etc.)

· Need for wide adoption of new coding standards  (BUFR and CREX) 

· Ozone soundings are required operationally for calibration and validation of other instruments/methods and for potential direct use in NWP

· Requirements for the stratospheric GOS need to be refined

· Thinning of network over land where appropriate (taking into account RSCN requirements)

· Optimize ASAP soundings based on weather situation and sensitive areas, and proximity to fixed sites
AMDAR - highlights and challenges

· Reports have increased from 15 000 to 42 000 (daily) (2004-07)

· Need to coordinate towards more homogeneous coverage over the daily cycle and in data-sparse regions; utilize growth potential through national programs 

· Expand testing and deployment of humidity sensors (to become operational 2010?)

· Expand data targeting and optimization, keep control of costs

· Usefulness of hourly data demonstrated

· Develop software and technologies
TAMDAR and AFIRS

· Has the potential to become operational and to supplement AMDAR in providing tropospheric (middle and lower) along regional flight routes and during descents/ascents at regional airports

11.2
Satellite Systems:  A review of the status and plans of space agencies -- both operational and R&D -- that are part of the WMO Space Program was presented to the OSWG. This same information had been presented to the THORPEX ICSC meeting the week before OSWG-2.   Discussion of those plans that are relevant to THORPEX ensued. A list of current and planned operational and research satellite systems operated by CGMS members is given in Appendix C.  The importance of interaction between the Regional Campaigns and CGMS was discussed, and the importance of the contact points for space agencies (main points of contact) that had been confirmed at CGMS 2006 was repeated. 
11.3
In-situ Systems.  The OSWG is preparing a summary of terrestrial sounding and profiling systems that might be applicable for use in remote oceanic and continental regions.  The summary includes the major features and attributes of the systems, along with their limitations.  Limited references are cited for each (the document is not intended to be a comprehensive literature review).  The OSWG adopted the use of Technology Readiness Levels (originally developed by NASA and DoD) as a useful tool to characterize the status and availability of the technologies.  A final draft of the summary should be available in late 2007 (the latest version, as of mid-December 2007, is included here as Appendix D).
· Action:  Dr. Dabberdt to provide the summary to OSWG members (done), the TIPO and THORPEX Regional Co-Chairs for their use and comments.
11.4
Global Hawk (Guest Presenter: Dr. Sandy MacDonald, NOAA)

Dr. MacDonald provided information concerning potential advancements to today’s in situ observing system.  He pointed out that gaps in the WWW upper-air system could be filled by unmanned aerial vehicles (UAVs) in the lower stratosphere that would launch dropsondes on a routine basis.  Data from those systems would compliment the current WWW global radiosonde and satellite sounding systems.  Discussions relevant to THORPEX ensued.  An excellent article on this concept by Dr. MacDonald titled “A Global Profiling System for Improved Weather and Climate Prediction” may be found in the Bulletin of the American Meteorological Society, Volume 86, Issue 12 (December 2005) pages 1747-1764.
11.5
NSF Observing Facilities Assessment Study (Guest Presenter: Dr. Robert Serafin, NCAR Director Emeritus)

Dr. Serafin provided the OSWG with a summary of an ongoing observing facilities assessment study that he is directing on behalf of the National Center for Atmospheric Research under the sponsorship of the U.S. National Science Foundation.  This community-wide assessment of atmospheric science instrumentation is considering facilities across government agencies, universities, national laboratories, international organizations, and private companies.  The assessment is addressing a wide breadth of technologies including both currently available instrumentation and systems under development (i.e. emerging technologies).  Terrestrial in situ and remote sensing (active and passive) systems, airborne platforms and instrumentation, ship-based and buoy platforms, satellite observations, and solar measurements are included in the survey.  Expertise throughout the atmospheric science community is contributing to the assessment. This broad community participation is also facilitating the identification of potential partnerships for sharing multi-purpose facilities and instrumentation for community benefit.   In addition to assessing and documenting observing facilities, the assessment study has conducted outreach efforts to share its findings with the broader atmospheric science operational, educational and research communities by undertaking: 

1. Establishment of a web-based resource that provides descriptive information on atmospheric science facilities and instrumentation (http://www.eol.ucar.edu/fadb/login/login ), 

2. Preparation of an overview paper for submission to the Bulletin of the American Meteorology Society (BAMS) or another journal of equal scientific stature.  The paper will review current atmospheric science ground-based and airborne facilities and instrumentation and identify gaps in current scientific measurement capabilities, and  

3. Conducting a community workshop (September 25-26, 2007, at NCAR, Boulder, CO) that briefed the community on progress to date and solicited resource-inputs to the database.

The first phase of the study – establishing and populating the observing facilities database and informing the community of its availability – will be completed end of CY2007.  The database will then be maintained and updated in the future by NCAR’s Earth Observing Laboratory with the support of an external editorial advisory board.

12.0
Goal and Scope of the OSWG
12.1
Overarching Goal 
The overarching goal of the OSWG is to help ensure that THORPEX will contribute to the development of a scientifically well-founded strategy for the design of the next generation of the WMO Global Observing System, as an integral element of the Global Earth Observing System of Systems (GEOSS), as required to support NWP (primarily from 1-14 days). To do this the OSWG will act as focal point for observations-related matters across the spectrum of THORPEX activities and experimental campaigns (TOSTs, TReCs and DEMOs). It will seek ways to utilize the strengths of the public, private and academic sectors and will ensure the continuous involvement of end-users and other stakeholders.   
12.2

Scope
-  Engage with the Regional Committees and offer advice/assistance concerning implementation of their observational objectives especially in relation to planned field campaigns
· Facilitate development of new THORPEX observing systems, and promote the use of new technologies to agencies such as National research agencies, CIMO, WMO, Met Services etc. These include:

· New airborne sensors

· New surface sensors

· New ground-based remote sensing systems

· New satellite sensors

· Ensure that the space-based and terrestrial (surface and airborne) observing components evolve to form an optimized integrated overall system -- to their maximum potential -- for THORPEX purposes, and that associated data and products are available to modeling activities, including real-time applications such as data from:

· Both research and operational satellite systems

· Experimental airborne and in-situ systems
· Other remote sensing systems (terrestrial) 
· Promote the development and assessment of observing system designs and sampling strategies -- adaptive and targeted -- for a large range of weather conditions. Facilitate the use of OSEs and OSSEs in this activity.  

· Encourage the development of an effective baseline Global Observing System of in situ upper air and surface observations against which the impact and optimal utilization of various observing systems can be tested

· Focus particular attention on data voids over the oceans and continental areas and promote technological solutions.

· Facilitate the underlying observational research that will lead to the development of a robust GOS and provide a pathway forward that maximizes evolution potential for the GOS 

· Work with the CBS by providing guidance from the research community on the best way forward for the evolution of the WWW’s  surface- and space-based sub-systems of the GOS

· Support CIMO in the characterization of the performance of the various in-situ observing instruments that are part of the GOS as well as to be tested as part of the THORPEX program

· Encourage the testing of high-volume data sets from operational and research sensors:
· Development of  methods for efficient utilization of high-volume datasets 

· Improvements in the use of high-resolution satellite and terrestrial observations and products, including reduction of model error
· Facilitate interaction with standing activities of the global community, including but not limited to IPY, EUMETNET, GCOS, GAW, JCOMM and GEOSS.
End of Report
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13:00MDT
Wednesday, 2 May 2007

1. Opening of the Meeting and Welcome   
     (Dabberdt and Purdom)
2. Review Agenda and Working Arrangements     (Purdom and Dabberdt)
3. Observing System Challenges in Support of THORPEX Science and Future Operations  
(Shapiro)
4. Reports on Action Items from the Reading 2006 OSWG Meeting 
(All)
5. Report from STISS Meeting of OSWG     (Caughey, Dabberdt, Heikinheimo, Nakazawa and Saunders)
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6. Review OSWG Terms of Reference (30min)  

Reception in Boulder at home of Walter & Meredith Dabberdt

Working Dinner at a Boulder Restaurant

==================================================

08:30MDT
Thursday, 3 May 2007

Continuation of Day 1 Reports and Discussion

7. Review of Regional Plans and Regional Experiments  

T-PARC


(Parsons)
AMMA


(Parsons)
ETReC-07

(Caughey)
Break 

8. Discussion of Observing Activities and Strategies within Regions, and the Role of THORPEX in Meeting Goals for the Future Global Observing System 

RA 6


(Caughey, Saunders, Heikinheimo)
RA 4


(Parsons)
RA 2


(Zhang)
RA 5 and SH

(Keenan)
RA 1


(Caughey)
9. Relation Between the OSWG and the CBS OPAG-IOS (Purdom and Caughey)
10. Implications of WIGOS   (Caughey and Purdom)
Working Lunch

11. Review of Observing Systems 
Matrix Systems




(Heikinheimo)
Satellite Systems




(Purdom and Velden)
In-situ Systems




(Dabberdt)
Working Dinner at a Boulder Restaurant
=================================================

08:30MDT
Friday 4 May 2007

12. Conclude Review of Observing Systems 

Global Hawk  




(MacDonald)

NSF Observing Facilities Assessment Study
(Serafin)
Break

16.  Finalization of Observing Goals, Strategy and OSWG Terms of Reference

Status report on IPY and THORPEX 
(Zhang)

OSWG Focal Points

Satellite Operators

Science Organisations

Ground-Based Systems (WMO)

Science Organisations

Development of Comprehensive Observing Strategy

Finalization of Terms of Reference

Discuss draft letter to THORPEX Regional Co-Chairs
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17.  Draft of Meeting Report

Adjourn (approximately 13:00MDT)
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Japan Meteorological Agency 
E-mail: nakazawa@mri-jma.go.jp 
Guests Attending OSWG-2

Dr. Pierre Gauthier, Co-Chair THORPEX DAOS WG, Environment Canada
Dr. Alexander MacDonald, NOAA and Director ESRL, USA
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Dr. Robert Serafin, NCAR Director Emeritus, USA
Dr. Mel Shapiro, NOAA and THORPEX SAB, USA
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Appendix C: Tables of Current and Planned Operational and Research Satellite Missions that are coordinated through CGMS (Coordination Group for Meteorological Satellites).
Table 1: Current Polar-Orbiting Satellites Coordinated within CGMS

(as of 6 November 2007)

	Orbit type

(equatorial crossing times)


	Satellites in orbit 

(+operation mode)

P=Pre-operational

Op=operational

B=back-up

L=limited availability

R= R&D
	Operator
	Equatorial Crossing Time

A=Ascend

(northward)

D=Descend

(southward)

+Altitude
	Launch date
	Status

	Sun-synchronous

local “early morning” orbit

(05:00 –07:00)

(17:00 – 19:00)
	FY-1D (Op)
	CMA
	18:50 (D) 866 km
	15 May 2002
	Functional. CHRPT. MVISR, SEM. Expected end of service >2007. Last s/c of FY-1 series.

	
	NOAA-12 (L)
	NOAA
	05:24 (D)

804 km
	05/1991
	Standby s/c. Functional (except sounding).

	
	NOAA-15 (B)
	NOAA
	05:16 (D)

807 km
	05/1998
	Functional (intermittent problems with AVHRR, AMSU-B & HIRS)

	
	DMSP-F13 (B)
	NOAA
	18:33 (A)

850 km
	03/1995
	Defense satellite. Data available to civilian users through NOAA.

	
	DMSP-F14 (B)
	NOAA
	17:24 (A)

852 km
	04/1997
	Defense satellite. SSMT1 (microwave temperature sounder) non-functional. SSMT2 non-functional. Only 1 functional onboard recorder.  Data available to civilian users through NOAA.

	
	DMSP-F17 (Op)
	NOAA
	17:31 (A)

850 km
	4 Nov 2006
	Defense satellite

SSMIS data available to civilian users through NOAA.



	Sun-synchronous 

local “morning” orbit

(07:00 – 12:00)

(19:00 – 24:00)
	MetOp-A (Op)


	EUMETSAT
	21:30 (A)

837 km
	19 Oct 2006
	Commissioning Operational. HRPT and LRPT not functional. EUMETCast ADM

	
	NOAA-17 (B)
	NOAA
	10:08 (D)

810 km
	6/2002
	Functional. AMSU-A1 failed.

	
	DMSP-F15 (B)
	NOAA
	19:37 (A)

850 km
	12/1999
	Defense satellite. SSMT2 (microwave water vapour sounder) non-functional.  Data available to civilian users through NOAA.

	
	DMSP-F16 (Op)
	NOAA
	20:04 (A)


	10/2003
	Defense satellite. SSMIS.  Data available to civilian users through NOAA.


	Sun-synchronous

local “afternoon” orbit

(12:00 – 17:00)

(00:00 –  05:00)
	NOAA-16 (B) 
	NOAA
	16:04  (A)

 849 km
	09/2000
	Functional, no APT. Intermittent problems with AVHRR.

	
	NOAA-18 (Op)
	NOAA
	13:37 (A)

 854 km
	5/2005
	Functional.  Noise on HIRS long wave channels

	
	DMSP-F12 (L)
	NOAA
	15:35 (A)

850 km
	8/1994
	Defense Satellite. SSMI (microwave imager) and SSMT1 non-functional. Non-operational (no onboard recorders).


Table 2: Current Geostationary Satellites Coordinated within CGMS

(as of 6 November 2007, sorted by organisation)

	Sector
	Satellites  currently

in orbit  (+type)

P: Pre-operational

Op: Operational 

B: Back-up

L: Limited

availability
	Operator


	Location
	Launch date
	Status

	West–Pacific

(108°E-180°E)

 
	MTSAT-1R (Op)
	JMA
	140°E
	26 Feb 2005
	Fully Functional

	
	MTSAT-2 (B)
	JMA
	145°E
	18 Feb 2006
	Multifunctional Transport Satellite (in-orbit back-up to MTSAT-1R until 2010 thereafter operational)

	East-Pacific

(180°W- 108°W)
	GOES-11 (Op)
	NOAA
	135°W
	3 May 2000
	Operational GOES-West spacecraft since 06/2006

	West-Atlantic

(108°W-36°W)
	GOES-10 (Op)
	NOAA
	60° W
	04/1997
	Covering South America.  Inverted, solar array anomaly, DCP interrogator on back-up.

	
	GOES-12 (Op)
	NOAA
	75°W
	07/2001
	Solar X-Ray Imager anomaly 9/05 under investigation

	
	GOES-13 (B)
	NOAA
	105°W
	16 May 2006
	In storage mode.

	East-Atlantic

(36°W-36°E)
	Meteosat-8 (B)
	EUMETSAT
	3.4°W
	28 Aug 2002
	No LRIT. Back-up to Meteosat-9. Rapid scanning service. EUMETCast ADM.

	
	Meteosat-9 (Op)
	EUMETSAT
	0°W
	21 Dec 2005
	Primary s/c. Fully operational. EUMETCast ADM.

	Indian

Ocean

(36°E-108°E)
	FY-2C (Op)
	CMA
	105(E
	19 Oct 2004
	S-VISSR (improved), DCS, SEM. Expected end of service >2009

	
	FY-2D (Op)
	CMA
	86.5°E
	15 Nov 2006
	S-VISSR (improved), DCS, SEM, LRIT. Back-up to FY-2C.

	
	Meteosat-6 (B)


	EUMETSAT
	67.5°E
	11/1993
	Functional. Back-up to Meteosat-7. DCP mission support. EUMETCast ADM.

	
	GOMS-N1 (L)
	Roshydromet
	76°E
	11/1994
	Since 09/1998 in stand-by



	Indian

Ocean

(36°E-108°E)

(continued)
	Meteosat-7 (Op)
	EUMETSAT
	57.5°E
	02/1997
	Functional. IODC coverage committed till end 2010. EUMETCast ADM.

	
	INSAT 2-B 
	IMD
	111.5°E
	07/1993
	Not in use for meteorological services.

	
	INSAT 3-C (L)
	IMD
	74°E
	24 Jan 2002
	No meteorological payload. Used for dissemination of processed meteorological data in broadcast mode in S-Band only over India and neighbouring countries. No WEFAX broadcast capability in L-band.

	
	Kalpana-1 (Op)

(formerly METSAT) 
	IMD
	74°E
	20 Sep 2002
	Dedicated meteorological satellite.

- Monitoring cyclones & monsoon

- CMV Winds

- OLR

- Rainfall Estimation

	
	INSAT-3A (Op)
	IMD
	93.5°E
	10 Apr 2003
	- Monitoring cyclones & monsoon

- CMV Winds

- OLR

- Rainfall Estimation

- Mesoscale features

- Flood/intense precipitation advisory

- Snow detection

Operational since 24 Apr 2003. A 3-channel VHRR imager and CCD payload available for use similar to INSAT-2-E.


Table 3: Current R & D satellites discussed within CGMS

(as of 9 November 2007, sorted by organisation)

	Satellites in orbit

(+operation mode)


	Operator
	Crossing Time

A=Northw

D=Southw

+Altitude
	Launch date
	Application/

instruments


	Status,

Application and other information

	PARASOL
	CNES
	705 km sun-synchr.
	18/12/2004
	POLDER
	Characterisation of clouds and aerosols micro-physical and radiative properties. Data can be accessed for level 1 at <http://parasol-polder.cnes.fr/> and for level 2 and more at <http://www-icare.univ-lille1.fr/> 

	SPOT-5
	CNES
	832 km

sun-synchr.
	3/05/2002
	DORIS, HRG, HRS, VEGETATION
	Cartography, land surface, agriculture and forestry, civil planning and mapping, digital terrain models, environmental monitoring

	CBERS-02 
	CNSA/ AEB
	10:30 (D) 778 km
	10/2003
	Multi-spectral Camera, Infrared Scanner Camera, Wide Field Imager Camera
	Land resource observation

	HY-1B
	CNSA
	10:30 

+/-30 min (D) 

798 km
	04/2007
	Ocean colour and temperature scanner and 4 bands CCD imager. (CZI)
	

	ERS-1 
	ESA
	10:30 (D)

785 km
	07/1991
	Altimeter, SAR, SAR-wave, ATSR, Scatterometer
	Replaced by ERS-2 in Mar 2000 after an overlapping period

	ERS-2 
	ESA
	10:30 (D)

785 km
	04/1995
	Altimeter, SAR, SAR-wave, ATSR, Scatterometer, GOME
	Due to OB recorder problems in Jun 2003, the LBR mission is only ensured over ESA agreed acquisition stations.



	ENVISAT 
	ESA
	10:000 (D)

800 km
	03/2002
	10 instruments for Environment: ASAR, AATSR, MERIS, GOMOS, MIPAS, SCHIAMACHY, RA-2, MWR, DORIS
	· MIPAS is operated at 80% of its duty cycle.

· GOMOS performs satisfactorily with reduced azimuth range, since Aug 2005.

· RA-2 anomalies between Feb 2006 and Feb 2007 have been compensated with on-ground tools.

Operations funding  extended 3 years (till 2010)

	PROBA 
	ESA
	10: 30 (D)

613 km
	10/2001
	CHRIS
	Drifting orbit. 

Technology experiment. 

AO Science mission since 2003.

	ALOS
	JAXA
	10:30

700km

sun-synchronous
	24 Jan 2006
	PRISM, AVNIR-2, PALSAR
	Advanced Land Observing Satellite (mapping, precise land coverage observation, disaster monitoring, resource surveying)

	TRMM
	JAXA/

NASA
	402 km

non-sun-synchr.
	11/1997
	Precipitation Radar equipment

Advanced Microwave scanning Radiometer (AMSR-E) provided by JAXA and satellite bus and other instruments provided by NASA
	Measures tropical rainfall/precipitation and radiation energy  

	ACRIMSAT
	NASA
	716 km

sun-synchr.
	20/12/1999
	ACRIM III
	Active Cavity Radiometer Irradiance Monitor Satellite

Measures total solar irradiance, studies incoming solar radiation and adds measurements of ocean and atmosphere currents and temperatures as well as surface temperatures.

	Aura
	NASA/BNSC
	705 km

sun-synchr.
	15/07/2004
	 Comprehensive measurements of atmospheric chemistry and trace gasses 
	

	Terra
	NASA
	705 km 

sun-synchr.
	18/12/1999
	CERES, MISR, MODIS, MOPITT, ASTER
	Measurement of the Earth's climate system, atmosphere, land, oceans and interactions with solar radiation

	Jason-1
	NASA/ CNES
	1336 km

non-sun-synchr.
	07/12/2001
	Laser retro-reflector array 

Poseidon-2 solid state radar altimeter 

DORIS receiver 

Jason Microwave Radiometer 

BlackJack GPS Receiver  tracking system
	Ocean surface topography

Follow-on mission to TOPEX/P. Monitor global ocean circulation for global climate prediction.

	Aqua
	NASA
	705 km

sun-synchr.
	04/05/2002
	AMSR-E, AIRS, AMSU-A, CERES, HSB, MODIS
	Collects data on Earth's water cycle, precise atmospheric and oceanic measurements, and interaction with solar radiation AMSR-E provided by JAXA. HSB provided by INPE (no longer functional) 

	Landsat 7
	NASA
	705 km

sun-synchr.
	15/04/1999
	Enhanced Thematic Mapper Plus Instrument 

(ETM+)
	Well-calibrated, multispectral, moderate resolution, substantially cloud-free, sunlit digital images of the Earth's continental and coastal areas 

	NMP EO-1 (New Millennium Program Earth Observing-1)
	NASA
	10:01 (D)

705 km

sun-synchr.
	21/11/2000
	Advanced Land Imager

Hyperion

LAC (atmospheric corrector)
	Demonstrates and validates advanced technology instruments (multi and hyperspectral), spacecraft systems, and in flight mission concepts 

	ICESat (Ice, Cloud, and Land Elevation Satellite)
	NASA
	600 km circular

non-sun-synchr.
	Jan. 2003
	Geo-science Laser Altimeter System

GPS BlackJack receiver


	Measures ice sheet topography, ice sheet elevation changes, cloud and aerosol heights and land topography and vegetation characteristics.

	QuickSCAT (Quick Scatterometer)
	NASA
	803 km

sun-synchr.
	19/06/1999
	SeaWinds
	Sea surface wind speed and direction data for global climate research operational weather forecasting and storm warning

	SORCE (Solar Radiation and Climate Experiment)
	NASA
	(40˚ incl)

640 km

non-sun-synchr.
	25/01/2003
	- XPS (Extreme Ultraviolet (XUV) Photometer System)

- TIM (Total Irradiance Monitor)

- SIM (Spectral Irradiance Monitor A&B)

- SOLSTICE (Solar Stellar Irradiance Comparison Experiment A&B)
	Will provide total irradiance measurements and full spectral irradiance measurements. Continuation of ACRIMSAT total solar irradiance measurements.

	TOMS EP (Total Ozone Mapping Spectrometer - Earth Probe)
	NASA
	740 km

sun-synchr.
	02/07/1996
	Total Ozone Mapping Spectrometer
	Measurements of total column ozone and its variation on a daily basis

	GRACE (Gravity Recovery and Climate Experiment)
	NASA/

 DRL
	(89˚ incl)

485 km

non-sun-synchr.
	17/03/2002
	- Star Camera Assembly 

- GPS BlackJack Receiver 

- Instruments Processing Unit

- Laser Retro-Reflector Assembly 

- K-Band Ranging Instruments 

- SuperSTAR Accelerometers 
	Accurate global and high-resolution determination of static and time-variable components of Earth's gravity field

Measurement of: 

· Gravitational field

· GPS atmospheric and ionospheric limb sounding

	SRTM (Shuttle Radar Topography Mission)
	NASA
	233 km non-sun-synchr.
	11/02/2000

(11 day duration)
	X-SAR

SIR-C

GPS BlackJack Receiver
	Topographic mapping of the Earth.  Data currently used by various Government Agencies

	CALIPSO
	NASA/

CNES
	705 km

sun-synchronous
	28 Apr 2006
	
	Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observations

for climate predictions

	CloudSAT
	NASA/

CSA
	705 km

sun-synchronous
	28 Apr 2006
	
	Global cloud properties (applications: air quality, aviation safety, disaster management, energy and water management)

	Monitor-E
	ROSCOSMOS
	(550 km) (10:30)
	08/2005
	Land Observing Satellite
	Experimental exploitation

	RESURS-DK1
	ROSCOSMOS
	Elliptical orbit, Hp=360km, Ha=604km, incl.=70.4(
	15 Jun 2006
	- Panchromatic scanner

- Multi-spectral scanner

- PAMELA (Italy) for primary cosmic radiation investigation

- ARINA for earthquake prediction investigation
	Testing in orbit and experimental exploitation


Table 4: Future Polar-Orbiting Satellites Coordinated within CGMS

(as of 6 November 2006)

	Orbit type

(equatorial crossing times)
	Future additional 

Satellites
	Operator
	Crossing Time

A=Ascend.

(northward)

D=Descend.

(southward)

+Altitude
	Planned launch date
	Other information

	Sun-synchronous

local “early morning” orbit

(05:00 – 07:00)

(17:00 – 19:00)
	NPOESS-2
	NOAA
	05:30 (D)

833 km
	2016
	LRD (AHRPT), HRD

	
	NPOESS-4
	NOAA
	05:30 (D)

833 km
	2022
	LRD (AHRPT), HRD

	
	DMSP-S19
	NOAA
	05:30 (D)

833 km
	2010
	(SSMI/S)

	
	DMSP-S20
	NOAA
	05:30 (D)

833 km
	10/2012
	(SSMI/S)

	Sun-synchronous

local “morning” orbit

(07:00 – 12:00)

(19:00 – 24:00)
	FY-3A
	CMA
	10:00 (D)

836 km
	2008
	AHRPT/MPT VIRR, MERSI, MWRI, IRAS, MWTS, MWHS, TOU/SBUS, SEM

	
	FY-3C
	CMA
	836 km
	2013
	- “ -

	
	FY-3D
	CMA
	836 km
	2015
	- “ -

	
	FY-3E
	CMA
	836 km
	2017
	- “ -

	
	FY-3F
	CMA
	836 km
	2019
	- “ -

	
	FY-3G
	CMA
	836 km
	2021
	- “ -

	
	MetOp-1
	EUMETSAT
	21:30 (A) 

837 km
	04/2011
	HRPT, LRPT. EUMETCast ADM.

	
	MetOp-3
	EUMETSAT
	21:30 (A) 

837 km
	10/2015
	HRPT, LRPT. EUMETCast ADM.

	
	DMSP-S18
	NOAA
	08:00 (D)

833 km
	2008
	(SSMI/S)

	
	NPOESS
	NOAA
	21:30 (A)

833 km
	2011 (NET)

Date will be determined by need
	

	
	METEOR-M N1
	ROS-HYDROMET
	10:20 (A)

830 km
	2008
	AHRPT

	
	METEOR-M N2
	ROS-HYDROMET
	10:20 (A)

830 km
	2009
	AHRPT

	Sun-synchronous

local “afternoon” orbit

(12:00 – 17:00)

(00:00 – 05:00)
	FY-3B
	CMA
	14:00 (A)

836 km
	2010
	AHRPT/MPT VIRR, MERSI, MWRI, IRAS, MWTS, MWHS, TOU/SBUS, SEM

	
	NOAA-N’
	NOAA
	14:00
	2009
	(NOAA-19 once in orbit)

	
	NPP-NPOESS Preparatory Project
	NOAA/NASA
	13:30 (A)

833 km
	09/2009
	(VIIRS, CrIS, ATMS, OMPS) HRD

	
	NPOESS-1
	NOAA
	13:30 (A)

833 km
	2013
	LRD (AHRPT), HRD

	
	NPOESS-3
	NOAA
	13:30 (A)

833 km
	2020
	LRD(AHRPT), HRD

	Non-sun-synchronous

orbit
	OSTM

(Ocean Surface Topography Mission)
	CNES/

EUMETSAT/

NASA/

NOAA
	(66° inclin.)

1336 km
	06/2008
	Follow-on of Jason-1

sea surface topography measurement


Table 5: Future Geostationary Satellites Coordinated within CGMS

(as of 9 November 2007, sorted by organisation)

	Sector 
	Future additional satellites
	Operator
	Planned launch
	(Planned location)

Other remarks

	East-Pacific (180˚W-108˚W)

and West-

Atlantic

(108˚W-36˚W)
	MSG-3
	EUMETSAT
	2011
	0°. LRIT, EUMETCast ADM.

	
	MSG-4
	EUMETSAT
	2013
	0°. LRIT, EUMETCast ADM.

	
	GOES-O
	NOAA
	04/2008
	135° W or 75° W

	
	GOES-P
	NOAA
	04/2009
	135° W or 75° W

	
	GOES-R
	NOAA
	2014
	135° W or 75° W

ABI, GLM, SUV, EXIS, SEISS
(Advanced Baseline Imager, Geostationary Lightning Mapper,
Solar UV Imager, Extreme UV and X-ray Irradiance Sensors, Space Environment In-Situ Suite)

	Indian Ocean

(36˚E-108˚E)
	FY-2F
	CMA
	2011
	5 channel VISSR, LRIT

86.5°E

	
	Electro-L N1
	Roshydromet
	2008
	76°E

	
	Electro-L N2
	Roshydromet
	2010
	76°E or 14.5°W (TBC)

	
	Electro-L N3
	Roshydromet
	2015
	

	
	INSAT-3D
	IMD
	2008
	Location TBD. Dedicated Meteorological mission with improved 6- channel Imager and a 19 channel Sounder.

	West-Pacific (108˚E-180˚E)

West-Pacific (108˚E-180˚E)

Continued
	FY-2E
	CMA
	2008
	5 channel VISSR, LRIT

123°E

	
	FY-2G
	CMA
	2013
	5 channel VISSR, LRIT

123°E

	
	MTSAT follow-on
	JMA
	2013-2015
	140°E

	
	COMS-1
	KMA
	2009
	5 channel. HRIT/LRIT

Meteorological imager (MI), Geostationary Ocean Colour Imager (GOCI)
116.2°E or 128.2°E

	
	COMS-2
	KMA
	2014
	116.2°E or 128.2°E


Table 6: Future R&D satellites discussed within CGMS

(as of 9 November 2007, sorted by organisation)

	Satellites


	Operator
	Crossing 

Time
	Planned

launch date
	Application and other information

	HJ-1A
	CNSA
	650 km

10:30 A 
	2008
	Land, resource and environment monitoring

	HJ-1B
	CNSA
	650 km

10:30 A 
	2008
	Land, resource and environment monitoring

	HJ-C
	CNSA
	 6:00 D
	2008
	Land, resource and environment monitoring

	CBERS-03
	CNSA/AEB
	10:30 A
	2010
	Land, resource and environment monitoring

	CBERS-04
	CNSA/AEB
	10:30 A
	2012
	Land, resource and environment monitoring

	CRYOSAT-2
	ESA
	717 km

Non-sun- synchronous
	Mar 2009
	Polar ice monitoring

	GOCE 
	ESA
	250 km (6:00 A)
	Mar 2008
	Gravity mission

	SMOS 
	ESA
	755 km (6:00 A)
	2008
	Salinity & Soil moisture

	ADM-Aeolus 
	ESA
	405 km 

(18:00 A)
	June 2009
	Wind profiles

	SWARM (three satellites)
	ESA
	2 sats at 450 km

1 sat at 530 km (drifting up to 9 hours from the lower pair)
	Apr 2010
	Earth interior

	EarthCare
	ESA/JAXA
	450 km (10:30D)


	Dec 2012
	Cloud, radiation, aerosols

	GOSAT 
	JAXA & Japan’s Ministry of  Environment
	13:00

666km

sun- synchronous
	Aug 2008
	Greenhouse Gases Observing Satellite monitoring the distribution of the density of carbon dioxide

	OCO
	NASA
	705 km

sun-synchronous

polar
	Sep 2008
	Orbiting Carbon Observatory (observations of atmospheric carbon dioxide)

	Aquarius
	NASA/CONAE
	657 km

sun-synchronous
	Jul 2009
	Global sea surface salinity (SSS)

	GPM 
	NASA/JAXA
	407 km

Non sun-synchr. (core-satellite)
	2013
	Global Precipitation Measurement, follow-on and expanded mission of the current on-going TRMM 

	GCOM-W
	JAXA
	699.6 km sun-synchronous
	JFY2010
	Global water and energy circulation

	GCOM-C
	JAXA
	798 km

Sun-synchronous
	JFY2011
	Carbon cycle and radiation budget (Atmosphere, Ocean, Land and Cryosphere)

	LDCM

(Landsat Data Continuity Mission)
	NASA/US Geological Survey
	828 km (at equator)

sun-synchronous
	Jan 2011
	Extension of Landsat record of multispectral 30m resolution

	Glory
	NASA
	824 km

sun-synchronous
	Dec 2008
	in framework of Climate Change Research Initiative (CCRI) global distribution of natural and anthropogenic aerosols 

	Deep Space Climate Observatory (DSCOVR)
	NASA (offices of Earth and Space Science)
	L1
	TBD
	Measure how solar radiation affects climate by using Sun-Earth libration point L1 from which it will observe Earth

	OSTM/Jason II
	NASA, NOAA, CNES, EUMETSAT
	1336 km non-sun synchronous
	Jun 2008
	Ocean surface topography,

global ocean circulation for climate prediction, follow-on to Jason I

	NPP (NPOESS Preparatory Project)
	NASA & IPO NOAA
	824 km (10:20 D) sun-synchronous
	12/2009
	Application and other information: monitoring climate trends and

global biological productivity

	Kanopus-V
	ROSCOSMOS
	510-540 km

sun-synchronous
	TBD
	Monitoring of naturally occurring and man-made extreme events
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