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ACTION PROPOSED

The Working Group is invited to note the information given in this document and consider appropriate measures to further THORPEX-WWRP-related activities in the Region.

Report by the Chair of the ICSC THORPEX
1.
The THORPEX programme
1.1
Scope and research priorities

THORPEX is an international research programme whose scope is global and which aims to accelerate improvements in the accuracy of 1-day to 2-week high-impact weather forecasts.  These improvements will lead to substantial benefits for humanity, as we respond to the weather-related challenges of the 21st century.  High-impact weather forecasts are defined by their effect on society, the economy and the environment.  As such, THORPEX is an element of the WMO World Weather Research Programme and is a major contribution to the WMO Natural Disaster Reduction and Mitigation Programme.

THORPEX priorities are to address:-

· Global-to-regional influences on the evolution and predictability of weather systems

· Global observing-system design and demonstration

· Targeting and assimilation of observations

· Societal, economic, and environmental benefits of improved forecasts

THORPEX is a ten-year programme and following the publication of international plans (http://www.wmo.int/pages/prog/arep/wwrp/new/thorpex_publications.html) the implementation phase began in early 2005.

1.2
Organisational structure

An International Core Steering Committee (ICSC) is responsible for the delivery of THORPEX to leadership of the WWRP and the Commission for Atmospheric Sciences (CAS).  Membership of the ICSC is open to all WMO Members under the authority of the CAS.  Observers from a number of international organisations participate in meetings of the ICSC. An Executive Committee (EC) (composed of a small number of ICSC members and observers) maintains oversight of the Trust Fund and provides guidance on the conduct of the programme.
The International Programme Office (IPO)
The THORPEX International Programme Office (IPO) at the WMO Secretariat (Geneva) is responsible for planning and implementation of THORPEX.  The IPO supports the activities of the ICSC and its main working bodies.  The IPO and a number of international meetings are supported through voluntary contributions of the governments of the WMO Members participating in THORPEX, including donations (from Canada, China, France, Germany, Japan, Korea, Norway and the USA) to the THORPEX Trust Fund established by WMO.  In addition, THORPEX benefits in a number of ways from GEO through GEO’s support for a number of THORPEX projects.
The Director of THORPEX IPO, and the THORPEX Working Groups and Regional Committees, report to a THORPEX International Core Steering Committee (ICSC).  By the time of CASXV, the ICSC will have met three time and reports from these meetings may be found at http://www.wmo.int/pages/prog/arep/wwrp/new/thorpex_publications.html

Working Groups

Two THORPEX Working Groups have been charged by the ICSC to develop and coordinate specific activities for three of the four THORPEX sub-programmes:-

· Predictability and Dynamical Processes Working Group (PDP WG) – global-to-regional influences on the evolution and predictability of weather systems

· Data Assimilation and Observing Systems Working Group (DAOS WG) – global observing system design; targeting and assimilation of observations

Since CASXIV, the WWRP Societal and Economic Research Aspects Working Group has, as one its tasks, the responsibility for the co-ordination of the assessment of the societal, economic and environmental benefits of improved forecasts for the THORPEX Programme.  
To complement and support the work of these Working Groups, the ICSC established the Global Interactive Forecasting System (GIFS) – THORPEX Interactive Grand Global Ensemble Working Group (GIFS-TIGGE WG).  The initial task given to the GIFS-TIGGE WG was to develop and test a global multi-model ensemble prediction system and this is a continuing task.

Regional Committees

Nations and consortia of nations have established THORPEX Regional Committees (RCs) that define regional priorities for participation in THORPEX within the framework of the THORPEX International Science and Implementation Plans.
Organisational structure
Since November 2008, the organisational structure for THORPEX is as illustrated below.
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The Trust Fund

The THORPEX Trust fund is used mainly to finance the THORPEX International Programme Office (IPO), to purchase equipment and software and to provide programme support (consultants, workshops, website, publications, meetings, travel etc.

The Implementation Plan for THORPEX adopted by the THORPEX ICSC in December 2004 foresaw an annual expenditure of 1,500,000 CHF.  However, typically, a few WMO Member States contribute the order of 400,000 CHF annually to the Trust Fund.  Consequently, IPO support for international activities is significantly lower than planned.

1.3
Project description - content, goals and objectives
In order to implement the THORPEX Science Plan and the THORPEX Implementation Plan, as described above two sub-programmes have been developed to coordinate research on three of the THORPEX priorities and to foster collaboration with other programmes.

· Predictability and Dynamical Processes
· Data Assimilation and Observing Systems
These sub-programmes have been designed to

· Increase knowledge of global-to-regional influences on the initiation, evolution and predictability of high-impact weather.

· Contribute to the development of advanced data assimilation and ensemble prediction systems.

· Contribute to the design and demonstration of global interactive forecast systems (GIFS) that allow information to flow interactively among forecast users, numerical forecast models, adaptive data-assimilation systems and observations to maximise forecast skill (this includes the THORPEX Interactive Grand Global Ensemble (TIGGE) that develops and evaluates multi-model/multi-analysis ensemble prediction systems).

· Contribute to the development and application of advanced methods that enhance the utility and value of weather forecasts to society, economies and environmental stewardship

· Carry out THORPEX Observing-System Tests (TOSTs) and THORPEX Regional field Campaigns (TReCs). TOSTs: i) test and evaluate experimental remote sensing and in-situ observing systems, and when feasible, demonstrate their impact on weather forecasts; ii) explore innovative uses (e.g., targeting) of operational observing systems.  TReCs are operational forecast demonstrations contributing to the design, testing and evaluation of all components of interactive forecast systems.
· Conduct regional and global campaigns as demonstrations and assessments of new observing technologies and interactive forecast systems. Thereby, THORPEX will provide guidance to the World Weather Watch (WWW) and forecast centres on improvements to forecast systems, and to relevant bodies, such as the WMO Commission for Basic Systems (CBS), concerning optimisation of global and regional observing-systems.
· Address the influence of inter-annual and sub-seasonal atmospheric and oceanic variability on high-impact forecasts out to two weeks, and therefore aspire to bridge the “middle ground” between medium-range weather forecasting and climate prediction. This provides a link with programmes addressing the improvement of sub-seasonal, seasonal, and global climate change prediction systems.
· Demonstrate all aspects of THORPEX interactive forecast systems, over the globe for a season to one year to assess the utility of improved weather forecasts and user products.
· Coordinate THORPEX research with the World Climate Research Programme (WCRP) and the relevant components of WWRP to address the observational and modelling requirements for the prediction of weather and climate for two weeks and beyond.
· Facilitate the transfer of the results of THORPEX weather prediction research and its operational applications to developing countries through the WMO by means of appropriate training programmes.

1.4
Regional Committees and plans
The THORPEX Regional Committees develop regional activities within the framework of the international plans and their plans are discussed by the EC and reviewed and approved by ICSC.  To date Regional Committees have been established for Asia (ARC), Africa (AfRC), Europe (ERC), North America (NARC) and the Southern Hemisphere (SHRC).  Ultimately, the responsibility for the implementation of the THORPEX science plan lies with the regional/national institutions and the progress highlighted below is a result of activities in all regiona.

2.
Progress - highlights
Since CASXIV a number of notable successes have been achieved:
· Three major real-time international observational programmes have been completed (for the Atlantic and Pacific) A-TREC, E-TREC and T-PARC
· Reports on the effectiveness of data-targeting have been completed

· International data bases of near-real time global ensemble predictions from ten prediction centres have been established and the results are being provided for research by three archive centres

· The THORPEX IPY Cluster of projects have made a major contribution to observing and NWP for polar regions

· A major contribution has been made to AMMA

· YOTC

· The THORPEX community has made a contribution to the WWRP Strategic plan

· Regional Plans have been developed
· Two Science Symposia have been held (2006 in Landshut (Germany) and Monterey (USA))
In addition, the THORPEX community and partners are leading four GEO tasks (for health, climate, ensemble-prediction and high impact weather in Africa) and these projects are now the main elements of the GEO weather prediction activity.
2.1
Observational Campaigns

A-TReC

The objective of the Atlantic THORPEX Regional Campaign (A-TREC), the first THORPEX Regional Plan, was to test the hypothesis that short term forecast errors over Europe and the Eastern seaboard of the USA can be reduced by targeting extra observations over sensitive areas determined each day by the forecast flow patterns using NWP techniques (Mansfield et al, 2004). The field campaign took place in the autumn of 2003.  It was the first attempt at real time adaptive control of a full set of operational observing systems (in an international context) in addition to the deployment of research aircraft. The observations available for targeting were Sixty-six European and Canadian radiosonde stations, the EUCOS (European Composite.  Observing System) ASAP Fleet (13 ships), the EUCOS AMDAR Fleet (550 aircraft, Dropsondes from the NOAA G-IV, the University of North Dakota ‘Citation’ aircraft, the DLR Falcon and a USA Air Force C130 aircraft, Super rapid scan winds from the GOES satellite.

The European THORPEX Regional Campaign (E-TREC)

The E-TREC took place during five weeks in July 2007 during the MAP D-PHASE Forecast Demonstration Project (for more info see www.pa.op.dlr.de/cops/etrec_docs.html). The project was the first to investigate adaptive measurement strategies for warm season convection and sensitive regions were calculated daily at Météo-France, ECMWF and the Universitat de les Illes Balears (Spain).  Special observations were made for seven events, using combinations of the DLR Falcon with wind and water vapour lidars and dropsondes, and additional radiosonde and AMDAR measurements provided by EUCOS;

The THORPEX Pacific Asian Regional Campaign (T-PARC)

The THORPEX Pacific Asian Regional Campaign (T-PARC) is a cross-cutting activity that includes a focus on the research goals of THORPEX and the Tropical Meteorological programmes.  The field campaign of T-PARC consisted of two phases – a Summer phase (1 August 2008 through 8 October 2008) produced data on the evolution of a number of tropical cyclones and the Winter Phase (January – March 2009) provided data to study mid-latitude predictability.  T-PARC research is inherently multi-scale and the measurements strategies were motivated by the societal need to improve both shorter range (1-5 day) forecast skill for high impact weather events that affect the Northwest Pacific and East Asian regions and medium range (3-7 days) forecast skill for “downstream” locations such as the Arctic, North America, Europe and North Africa.

Observational activities during the field phases included enhanced use of operational resources (e.g., implementing rapid scan modes for satellite systems and supplemental radiosonde launches), research vessels measuring atmospheric and oceanic properties, research aircraft carrying advanced remote sensing systems that included Doppler radar, wind lidar and water vapour lidar, the deployment of dropsondes from research aircraft and stratospheric balloons called driftsonde and robotic aircraft.  The measurements for the Tropical Phase, in particular, relied on collaboration with the associated national efforts in China, Korea and Japan as well as the US’s Tropical Cyclone Structure-08 Experiment (TCS-08) that has strong links to the WWRP/Tropical Meteorology Program.

The two phases of T-PARC have provided valuable data bases which will enable comprehensive studies of the predictability of tropical convection and the various phases of typhoon and storm development and movement in the Pacific Ocean and mid-latitude predictability of weather systems to be carried out.
2.2
The IPY-THORPEX project cluster
The First International Polar Year took place in 1882-1883 and established a precedent for international science cooperation.  The second took place 50 years later in 1932-1933, and investigated the global implications of the newly discovered “Jet Stream”.  The third – the International Polar Year (IPY) took place in 2007-2008 and was an international programme of coordinated, interdisciplinary scientific research and observations in the Earth's Polar Regions.

From an enhanced observational network, the sophisticated use of new observations and a better understanding of physical processes in Polar Regions, it is hoped that the International Polar Year 2007 - 2008 will eventually lead to a similar leap forward in the skill in numerical weather prediction such as was achieved by the FGGE (GWE) year in 1979.

Within the IPY framework, WWRP-THORPEX has developed a set of projects to address key issues that relate to the analysis and forecasting of polar weather, better use of satellite data etc.,  The IPY-THORPEX project cluster currently includes ten individual IPY projects from nine countries with the following main strategic objectives:

· Explore the use of satellite data and optimized observations to improve high-impact weather forecasts (for Polar THORPEX Regional Campaigns (TReCs) and/or provide additional observations in real-time over the WMO Global Telecommunication System)

· Improve the understanding of physical/ dynamical processes in Polar Regions

· Achieve a better understanding of small -scale weather phenomena

· Utilize the THORPEX Interactive Grand Global Ensemble (TIGGE) of weather forecasts for polar weather prediction

· Utilize improved forecasts for the benefit of society, the economy and the environment

2.3
Data impact studies and investigations into the adaptive observation (targeting) approach 

Over the last few years the DAOS WG has concentrated on the evaluation of the impact of observations including targeted observations, based on results from field experiments (ATReC, AMMA, IPY), OSEs and OSSEs.  In addition, the group has contributed significantly to the preparations for TPARC. The Working Group’s activities have been presented at a number of conferences and a report on the activities of the group has been published in Nonlinear Processes in Geophysics.

The main outcomes from these impact studies may be summarised as follows.

· The value of extra-tropical targeted data has been found to be positive but small on average

· Observations taken in sensitive areas have more value than observations deployed randomly

· Past experiments do not provide evidence of a major impact obtained from just a few observations (when averaged over a large sample of cases)

· There are limitations due to the current assimilation methodologies (spatial structure functions which control the use of observations in data assimilation are not yet fully flow-dependent)

· The methods employed to characterize sensitive areas does not appear to be the major problem

· Additional observations for tropical cyclones have proven to be useful

These DAOS WG sponsored studies also suggest that additional benefit may be obtained from

· Optimization of existing operational resources 

· Regional (vis-a-vis highly localized) and systematic targeting during low predictability flow regimes on a continuous basis (periods of days to weeks)

· Adaptive processing and data selection of satellite data

2.4
Support for research into probabilistic forecasting - TIGGE
Under the guidance of the GIFS-TIGGE WG, an international database/archive of operational, global ensemble forecasts called the THORPEX Interactive Grand Global Ensemble (TIGGE) has been developed to explore the value of combining data from various systems for probabilistic forecasting of severe weather events.  Currently, the TIGGE archive is hosted by three archive centres (ECMWF, NCAR and CMA) containing the data from 10 NWP ensemble generating centres: BOM, CMA, CMC, CPTEC, ECMWF, JMA, KMA, Météo France, NCEP, UK Met Office.  The TIGGE archive, which is growing in real-time, provides a research facility to enhance cooperation between Universities and the operational weather prediction centres and is aimed at promoting the concept of probabilistic forecasts and development of new methods of combination and verification of forecasts.  The length of the TIGGE archive extends to over 2 years for some members and there are over 500 registered users of the archive.  Recently real-time distribution of ensemble track predictions that were based on the TIGGE archive have been distributed in real-time for the T-PARC experiment.

If justified by scientific results (from using the TIGGE archive of ensemble data and other THORPEX research findings) an internationally coordinated system for high impact weather forecasting called the Global Interactive Forecasting System (GIFS) is being considered in collaboration with the WMO Commission on Basic Systems (CBS). Initial development will focus on Tropical Cyclone and precipitation forecasting as GIFS Prototype Products for two of the highest priority application areas.  Probabilistic forecast products will be specifically designed for and tested in a few selected regions where the transfer of new technology can have the greatest benefit, for example for less developed and developing nations, using the experience with the CBS Southern Africa SWFDP.

A TIGGE-LAM Panel has been established to coordinate the regional LAM EPS contribution to TIGGE. The Panel is addressing the interoperability aspects related to the exchange and archiving of LAM EPS products and the provision of Initial and Boundary conditions by the TIGGE Global Systems.

2.5
The Year of Tropical Convection (YOTC)

A key element of the THORPEX strategy is the collaboration that has been developed with the World Climate Research Programme (WCRP) to address common requirements for observations and modelling for the prediction of weather and climate for two weeks and beyond.

The realistic representation of tropical convection in global atmospheric models is a long-standing grand challenge for numerical weather prediction and climate projection.  To address this challenge, WCRP and WWRP/THORPEX have implemented a Year of coordinated observing, modelling and forecasting of organized tropical convection and its influences on predictability as a contribution to the United Nations Year of Planet Earth to complement the International Polar Year (IPY).

This effort is intended to exploit the vast amounts of existing and emerging observations, the expanding computational resources and the development of new, high-resolution modelling frameworks, with the objective of advancing the characterization, diagnosis, modelling, parameterization and prediction of multi-scale convective/dynamic interactions, including the two-way interaction between tropical and extra-tropical weather/climate.  This activity and its ultimate success will be based on the coordination of a wide range of ongoing and planned international programmatic activities (e.g., Outcomes from T-PARC, GEWEX/CEOP/GCSS, THORPEX/TIGGE, EOS, GOOS), strong collaboration among the operational prediction, research laboratory and academic communities, and the construction of a comprehensive data-base consisting of satellite data, in-situ data sets and global/high-resolution forecast and simulation model outputs relevant to tropical convection.

The YOTC began on 1 May 2008. The approach and integrated framework of this effort is intended to leverage the most benefit from recent investments in Earth Science infrastructure as well as entrain a new generation of young scientists into tackling the outstanding problems in the field of weather and climate prediction.
3.
Long range outlook
In the framework of increasingly powerful high end computing and the expected increasing resolution and sophistication of numerical models the WWRP-THORPEX programme will remain focussed on making significant improvements in the prediction of high impact weather worldwide,  extending markedly the range of useful forecasts and encouraging a globally integrated approach through the careful evaluation and scientific assessment  of the potential benefits of the introduction of the a GIFS.

A most important issue remains understanding and addressing the societal and economic imperatives for improved forecasts including aspects related to health, agriculture, energy etc., and ensuring that user relevant verification of forecasts is employed throughout. This approach requires strong cross-community collaboration between scientists, social scientists and economists.  Other scientific priorities that need to continue to be addressed include:-

· Basic issues of predictability and key dynamical processes

· The required initial conditions and implied observational coverage

· Strategies for observations targeting in critical situations

· Tackling the problem issues in data assimilation especially at high resolution

· Handling of the tropics particularly organised convection, tropical cyclones and extra-tropical transition and interactions
· Polar weather

· Seamless prediction of weather and climate from days to weeks and seasons (see Agenda item 7)

WWRP-THORPEX ACTIVITIES
1.
Introduction
The report to CAS by the Chair of the THORPEX INTERNATIONAL Core Steering Committee (ICSC) has already set out the scope, research priorities and organisational structure of the THORPEX Programme.  As explained in the report, two THORPEX Working Groups have been charged by the ICSC to develop and coordinate specific activities for the THORPEX programmes.

· Predictability and Dynamical Processes Working Group (PDP WG) – global-to-regional influences on the evolution and predictability of weather systems

· Data Assimilation and Observing Systems Working Group (DAOS WG) – global observing system design; targeting and assimilation of observations

To complement and support the work of these Working Groups, the ICSC established the Global Interactive Forecasting System (GIFS) – THORPEX Interactive Grand Global Ensemble Working Group (GIFS-TIGGE WG).  The initial task given to the GIFS-TIGGE WG was to develop and test a global multi-model ensemble prediction system and this is a continuing task.

Regional Committees

Nations and consortia of nations have established THORPEX Regional Committees (RCs) that define regional priorities for participation in THORPEX within the framework of the THORPEX International Science and Implementation Plans.  These THORPEX Regional Committees develop regional activities within the framework of the international plans and their plans are discussed by the EC and reviewed and approved by ICSC.  They facilitate provision of funding, logistical and other support, planning, coordination and implementation of THORPEX activities conducted by the region with respect to the THORPEX International Research Implementation Plan.  To date Regional Committees have been established for Asia (ARC), Africa (AfRC), Europe (ERC), North America (NARC) and the Southern Hemisphere (SHRC).

2.
Activities

2.1
THORPEX Predictability and Dynamical Processes (PDP WG)
The main task of the PDP WG is to identify basic research problems with significant importance for numerical weather prediction and to accelerate the transfer of new techniques from academia to the operational practice.  The PDP WG achieves these goals by bringing together the academic dynamical meteorology community and the operational numerical weather prediction centres.  It encourages the dynamical meteorology community to carry out dynamical process studies with the specific aim to improve the understanding of the relationship between particular processes and weather forecast accuracy.

In particular, the PDP WG:
· Strives to identify the barriers to improving predictive skill

· Promotes and encourages research on the dynamics and predictability of high-impact weather events and on research relevant to seamless prediction
· Contributes to the design of field programmes related to atmospheric dynamics and predictability (in particular T-PARC and T-NAWDEX)
· Promotes the use of data sets compiled by THORPEX (e.g., TIGGE, T-PARC, YOTC)

· Organizes summer schools to contribute to the education of the next generation of dynamical meteorologists

· Compiles reports on research results that are the most relevant to a better understanding of atmospheric predictability and the improvement of forecast accuracy

Since the PDP WG has been tasked with identifying barriers to improving predictive skill, which include parameterization and other model errors, strengthening the existing collaboration between PDP WG and the WGNE is crucial and during the joint WGNE and THORPEX ICSC session planned for 3 November 2009 further attention will have been given to this collaboration.

The PDP WG has identified a number of tasks with which the group will be involved over the next few years and these include:
· Prepare and publish a comprehensive review of predictability issues
· Participate in the design, execution and analysis of field experiments including NAWDEX / HYMEX

· Encourage the dynamical meteorology community (in particular academia) to study the relationship between dynamical processes and forecast accuracy (for example, diagnosis of forecast errors and predictability)

· Encourage further research on the following problems of ensemble prediction:

· Further development and understanding of multi-model ensemble post-processing techniques, in particular estimates of the relative weights to be given to the various members

· Assess the value of an ensemble of high-resolution deterministic forecasts compared with the value of a single- or multi-model ensemble at coarser resolution

· Continue investigation on how to best combine high-resolution deterministic control forecasts with lower-resolution ensemble members

· Sponsor and encourage studies (in conjunction with the African Regional Committee) of model diagnostics, predictability, ensemble forecasting and dynamical processes in Africa; in particular it is recommended that:

· A catalogue of high-impact African weather events is compiled and the quality of operational predictions for these events is assessed

· The utility of Ensemble Prediction Systems for Africa is assessed

· Model diagnostic studies of African weather systems are carried out

2.2
THORPEX Data Assimilation
The Data Assimilation and Observing System Working Group (DAOS WG) was established to ensure that THORPEX contributes to the international efforts to optimise the use of the current WMO Global Observing System (GOS) and to the development of well-founded strategies for the evolution of the GOS to support Numerical Weather Prediction primarily for 1 to 14 day weather forecasting.

To achieve its mission the DAOS WG, in collaboration with the CBS OPAG-IOS,:

· Addresses data assimilation issues including the development of improved understanding of the sources and growth of errors in analyses and forecasts
· Promotes research activities that lead to a better use of observations and the understanding of their value
· Provides input and guidance for THORPEX regional campaigns for the deployment of observations to achieve scientific objectives

For the T-PARC the DAOS WG group will:

· Review data impact results for the summer phase

· Extend the observation impact inter-comparison for the winter phase

· Support the testing of the impact of enhanced Russian radiosonde network on operational data assimilation systems to determine the value of maintaining the extended network

· Evaluate the use of alternative satellite data sets that are not available operationally

In support of future campaigns, such as T-NAWDEX (see below), the group will engage in:

· A review of the results from the NOAA Winter Storm Reconnaissance 2001 – 2008

With regard to the additional in-situ data deployed during AMMA the group will:

· Lend support to organisations that are working to keep the additional AMMA in-situ data available

· Encourage the investigation of the impact of radiosonde and AMDAR data over Africa

In the context of the THORPEX IPY Cluster Project (see below) International Polar Year, the group will:

· Coordinate the work on satellite data assimilation over the polar regions

· Investigate the impact of the improved use of satellite data and of in-situ observations

General studies will be sponsored to:

· Optimise the deployment and usage of existing operational in situ observing systems

· Support the use of well-calibrated OSSEs to evaluate the impact of new instruments

· Assess model error using ensembles

· Investigate fundamental issues such as the use of flow-dependent structure functions, the evaluation of the downscale impact of global scale improvements on the meso-scale and issues on coupled data assimilation and new data sets associated with it

2.3
Field Campaigns

The field campaigns which are currently receiving the most attention are T-PARC (see CAS-XV/INF. 3.4), T-NAWDEX and HyMeX

T-PARC

Investigators from the research and operational communities within Canada, China, France, Germany, Japan, Korea, Mexico, Russia, and the United States are now leading the evaluation of the T-PARC field data.  The general strategies for accomplishing the T-PARC goals span observational, theoretical and modelling disciplines and, of course, long-term research efforts that span years beyond the field phase. The specific research tasks include:
· Providing recommendations on the design of the global observing system through forecast impact studies that utilize operational and experimental data from T-PARC and the collaborative experiments
· Testing the degree to which skill for short and medium range prediction can be improved by future assimilation and modelling strategies including the use of global non-hydrostatic models at very high resolution

· Further investigating the utility of ensemble models
· Advancing our understanding of the predictability of high-impact weather events both over East Asia and the western North Pacific region and at “downstream” locations
T-NAWDEX

The THORPEX-North Atlantic Waveguide and Downstream Impact Experiment (T-NAWDEX) is planned as an integral component of THORPEX with a field phase tentatively scheduled for autumn 2012.  The focus of the experimental and theoretical research is the study of processes acting along the North Atlantic wave guide, especially the triggering of wave guide disturbances, their subsequent evolution over the North Atlantic and their eventual downstream impact over Europe.

The overarching scientific goal of T-NAWDEX is the detailed investigation of the diabatic physical processes that are primarily responsible for degradation in 1-7 day forecast skill in global prediction systems and of their representation in numerical weather prediction (NWP) models.  Forecast advances will be made by improving the representations of these diabatic processes in various weather systems, including the poleward motion of tropical cyclones, organized tropical convection, warm conveyor belts, and the extra-tropical forcing of convection by high amplitude troughs.  A fairly complete version of the T-NAWDEX science plan will become available in mid 2010.
HyMeX

HyMeX (Hydrological cycle in the Mediterranean EXperiment), lead by Meteo France, aims at a better understanding and quantification of the hydrological cycle and related processes in the Mediterranean, with emphasis on high-impact weather events, inter-annual to decadal variability of the Mediterranean coupled system, and associated trends in the context of global change.

The Mediterranean region features a nearly closed sea surrounded by urbanized littorals and mountains from which numerous rivers originate. This results in a lot of interactions and feedback between oceanic, atmospheric, and hydrological processes which are perturbed by anthropogenic activities and play a predominant role in the regional climate and ecosystems. The Mediterranean climate is also influenced by both sub-tropical and mid-latitude climate dynamics and is therefore very sensitive to global climate change. Extreme weather events (heavy precipitation and flash-flooding, strong winds and large swell, droughts, etc) regularly affect the Mediterranean region causing heavy damages and human loss. The ability to predict such dramatic events remains weak because of the contribution of very fine-scale processes and their non-linear interactions with the larger scale processes.

The HyMeX programme seeks to:
· improve our understanding of the water cycle, with emphasis on extreme events, by monitoring and modeling the Mediterranean atmosphere-land-ocean coupled system, its variability from the event to the seasonal and interannual scales, and its characteristics over one decade (2010-2020) in the context of global change

· assess the social and economic vulnerability to extreme events and adaptation capacity

The multidisciplinary research and the database developed within HyMeX should contribute to:
· improve observational and modeling systems, especially for coupled systems
· better predict extreme events

· simulate the long-term water-cycle more accurately

· provide guidelines for adaptation measures, especially in the context of global change

2.4
THORPEX sub-projects

The THORPEX IPO provides support for two international projects, the THORPEX IPY Project Cluster (see CAS-XV/INF. 3.4) and the Year Of Tropical Convection (YOTC, see CAS-XV/INF. 7).

THORPEX IPY Project Cluster
The main strategic objectives of the Project Cluster are:

· Explore the use of satellite data and optimized observations to improve high-impact weather forecasts (for Polar THORPEX Regional Campaigns (TReCs) and/or provide additional observations in real-time over the WMO Global Telecommunication System)

· Improve the understanding of physical/ dynamical processes in Polar Regions

· Achieve a better understanding of small -scale weather phenomena

· Utilize the THORPEX Interactive Grand Global Ensemble (TIGGE) of weather forecasts for polar weather prediction

· Utilize improved forecasts for the benefit of society, the economy and the environment

At its seventh session the THORPEX ICSC “strongly recommended that WWRP/THORPEX considers the formation of a Polar Research Project to ensure continuity from the THORPEX IPY Cluster and report back to ICSC8 and CAS”.
A CASXV vision paper on has been written and submitted (main author D. Carlson; co-authors T E Nordeng and J E Kristjansson) summarizing IPY achievements obtained and outlining proposals for a legacy from IPY. 
The conclusions of the vision paper are:

· “We call for an immediate, high-level and sustained focus on polar prediction services, stimulated, led and coordinated by WMO, as the best way to integrate and synthesize the IPY observational efforts and to communicate and maximise the impact of IPY science.”

· “We encourage the Commission for Atmospheric Science of WMO, representing weather, climate, water and environmental prediction research, to find ways to do this. We believe that the WMO Executive Council Panel of Experts on Polar Observations, Research and Services has a mandate to help implement recommendations.”

The establishment of a THORPEX NWP IPY follow-on project, complementary to YOTC, represents an appropriate and urgent task for the THORPEX community.  Such a polar project would build on the achievements of the IPY cluster and help to co-ordinate polar predictability research.  By the time of CAS-XV, the THORPEX ICSC will have discussed this issue and will have decided on a way forward.


The Year of Tropical Convection (YOTC)

The status of the “The Year of Tropical Convection” (YOTC) is described in CAS-XV/INF. 7)
2.5
Ensemble Prediction – TIGGE, TIGGE LAM (Limited Area Modelling), GIFS and seasonal prediction

TIGGE-related research

Early research results indicate that multi-model ensemble forecasts are in general better than the forecasts of the best component system.  The benefit appears to be clearer for fields such as surface air temperature, but only marginal for dynamical variables such as sea level pressure or geopotential height.  Furthermore, the gain is highly variable depending on component systems, parameters, forecast ranges and bias corrections applied. More research is needed to establish the cost/benefits of operational multi-model systems. Research papers based on the TIGGE data set are now starting to be published in peer-reviewed journals. Recently the HEPEX Project (Hydrological Ensemble Prediction Experiment) has proposed establishing linkages to TIGGE to develop applications for hydrological ensemble prediction. Further information on HEPEX can be found at http://hydis8.eng.uci.edu/hepex/. HEPEX seeks to quantify hydrological forecast uncertainty. 
A TIGGE-LAM expert panel has been set up to define arrangements for TIGGE-LAM databases, building on the global TIGGE arrangements as much as possible. The priority here is to develop standard formats enhancing the interoperability of the existing systems. Another objective is to facilitate the use of lateral boundary conditions from various global systems by limited–area models.
A Global Interactive Forecasting System

TIGGE is paving the way towards a Global Interactive Forecasting System (GIFS).  An urgent development to make GIFS a reality is to accelerate data exchange between the partners and a phased approach has been adopted.  A pilot project, based on the real-time exchange of tropical cyclone tracks, was succesfully run during the T-PARC field programme.  In order to carry this work forward, it is proposed to establish a GIFS Research and Development Project (GIFS-RDP).  The GIFS-RDP will provide a framework for the experimental provision of products to enhance the prediction of high-impact weather.  It is planned that GIFS-RDP will initially operate alongside regional subprojects of the CBS Severe Weather Forecast Demonstration Project (SWFDP)  This will enhance links between WWRP-THORPEX GIFS and the operational weather forecasting community, and allow products based on TIGGE forecasts and multi-model ensemble to supplement the data available from the SWFDP to operational forecasters.  Objective verification and user evaluation of the GIFS products will be a key part of GIFS-RDP.  A WMO ad-hoc committee across regional, CBS and CAS efforts is being formed to make recommendations on the implementation of this RDP. 

Recently as a follow-on to T_PARC, the Asian Regional THORPEX Committee and collaborators have proposed a project to explore the utility of TIGGE tropical cyclone track ensembles in operational prediction. The tracks were first made available by six centres during T-PARC. The project is tentatively named "North Western Pacific Tropical Cyclone Ensemble Forecast Research  Project" with the goals to: i) develop and extract useful information from the TIGGE TC ensemble forecast data; ii)  to deliver the extracted information to Typhoon Committee Members and interested researchers; iii) obtain feedback from forecasters/researchers on the delivered  

information. The project will deliver "ensemble track data" at the beginning and expand other variables, such as precipitation, maximum wind speed, etc. for future consideration.The project is intended to have a strong link with GIFS-RDP and will contribute to the Shanghai EXPO 2010 via CMA/NMC,  CMA/SMB and CMA/STI efforts.

Seasonal Prediction

There are growing requirements for operational monthly to seasonal predictions of weather, climate, water and air pollution – see CAS-XV/INF. 7.  An effective way to undertake the necessary research to improve predictions at these ranges is to strengthen the collaboration between the programmes of CAS particularly, WWRP and WCRP with the goal of developing a seamless approach to seasonal weather and climate prediction.  As suggested in CAS-XV/INF. 7, such a collaborative effort should be focussed on Ensemble Prediction Systems (EPS), Tropical Convection, Coupled data assimilation and social and economic benefits from monthly to seasonal predictions.  With respect to the EPS element, it would be natural to coordinate the research activities of the WCRP CLIVAR Climate-System Historical Forecast Project (CHFP) and the THORPEX Interactive Grand Global Ensemble (TIGGE) on sub-seasonal and seasonal predictions.  This will of course require some revision to the THORPEX Working Group structure.

3.
Regional Activities and Plans

3.1
African Regional Committee (AfRC)
The overall economic and societal goals of the African Science and Implementation Plans are to provide the research to reduce the adverse effects of meteorological, hydrological and climate-related natural disasters in Africa.  Of high importance is to provide more timely and precise advisories and early warnings of high-impact weather and to enable governments, societies and economic sectors to realize the benefits of weather and climate-related information in critical decision-making.  Also of importance is the promotion of multidisciplinary collaboration between research, operations and user communities to deliver the benefits of improved earth observations, advanced communications and forecast systems in Africa.
3.2
Asian Regional Committee (ARC)
Asian Regional Plans and activities have included the new Ensemble Prediction System (EPS) introduced by Korea in 2006, the OSE work conducted by Japan concerning tropical cyclones and the ideas for distributing targeting information for tropical cyclones.  Important Asian contributions to T-PARC were associated with studies of typhoons, extratropical transition, and downstream propagation.

Within the regional activities THORPEX-China has focussed on establishing the THORPEX-China research plan, making progress with TIGGE at the CMA and EPS developments at CMA.  The T-PARC China component sought to enhance international collaboration, to test new techniques for adaptive observations and study the mechanisms and predictability of high-impact weather events that affect China and eastern Asia more generally.
3.3
European Regional Committee (ERC)
The European plan builds upon the overall THORPEX Science Plan and focuses on implementation and prioritisation of the scientific issues that are specific to European interests, and recommendations for actions to be initiated within Europe.  The most important links to other organisations and programmes inside and outside THORPEX, and inside and outside Europe, are documented.

The plan reflects the special circumstances of meteorological research in Europe.  Most important is the large number of nations, each with its own research funding structure, and its own national meteorological service.  These are supplemented by trans-national organisations at the European level, including EUMETNET, EUMETSAT and ECMWF, as well as trans-national research and coordination agencies, such as the European Community Framework Programmes, and the Co-Operation in Science and Technology (COST) Programmes.

The diversity of meteorological research in Europe influences the priorities in the plan, notably the significant emphasis on limited-area modelling, data assimilation, multi-model ensembles, and model development.

3.4
North American Regional Committee (NARC)
The NARC engages in and supports a wide range of collaborative activities particularly T-PARC and the IPY.  It also has a particular focus on ensemble prediction including TIGGE and the NAEFS.  A further strong regional interest is in tropical-extratropical interactions, the improved representation of organised tropical convection in numerical models and the effects on middle latitude weather.  Longer term and on-going efforts include capacity building and developing specific projects for societal research.
3.5
Southern Hemisphere Regional Committee (SHRC)

The SHRC has developed Science and Implementation Plans that reflect the key common issues across the Southern Hemisphere.  These plans develop a rationale for a Southern Hemisphere regional focus for THORPEX that emphasises a number of important features that are of common interest across the hemisphere.  An Implementation Plan was subsequently developed and finalised at a three-day workshop held in Melbourne, Australia, in May 2007.  Overall this Plan has been deliberately designed at this stage to be modest.  There are, for example, no plans for “big science” or new field programmes.  The Plan projects largely draw on focussing and coordinating existing and planned research to contribute to the areas of common interest.  Working groups have been set up in areas of SERA, DAOS and PDP.

