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1 Introduction

THORPEX is a ten-year international research and development programme to accelerate improvements in the accuracy and the societal, economic, and environmental benefits of 1-day to 2-week high-impact weather forecasts.  Research topics include: global-to-regional influences on the evolution and predictability of weather systems; global observing system design and demonstration; multi-model ensemble predictions, targeting and assimilation of observations; and societal and economic benefits of improved weather forecasts.

A Southern Hemisphere Science Plan was developed in 2005 and 2006 by scientists knowledgeable in Southern Hemisphere Meteorology.  The evolving Science Plan was discussed at a two-day Workshop held in Melbourne, Australia during 28-29 November 2005. The Workshop’s aim was to initiate discussions towards the establishment of a THORPEX Southern Hemisphere Regional Committee and to determine initial research foci and plans for international cooperation within the Southern Hemisphere (SH) on conducting research projects.  The Science Plan was further revised and then presented at a WWRP/THORPEX Scientific Conference on "Improving the Global Prediction of High Impact Weather and a Review of Southern Hemisphere THORPEX Plans for THORPEX" held from 13 to 15 February 2006, in Cape Town, South Africa.  At the conclusion of this Conference it was decided to form a THORPEX Southern Hemisphere Regional Committee (SHRC). The initial activity of the Committee was to finalise the Science Plan.  It is available via the WMO THORPEX web page at http://www.wmo.int/pages/prog/arep/thorpex/plans.html

The SH Science Plan developed a rationale for a Southern Hemisphere regional focus for THORPEX that emphasises a number of features that are unique to the hemisphere. These include (i) a large percentage of the Southern Hemisphere is covered by oceans; (ii) the various countries of the hemisphere have strongly overlapping problems associated with the monitoring and forecasting of weather and climate; (iii) large differences from the Northern Hemisphere in terms of the meteorology on the 1-day to 2-week timescale which is partly due to the weaker orographic and continental forcing of the Southern Hemisphere flow; (iv) the peculiar feature of the Southern Hemisphere summer circulation characterized by three major convergence zones (South Pacific Convergence Zone - SPCZ, South Atlantic Convergence Zone - SACZ and South Indian Convergence Zone –SICZ).

An important aspect that emerged from discussions between scientists across the Southern Hemisphere is the commonality in forecast problems across the hemisphere, which provides a major justification for a coordinated SH THORPEX campaign.  Examples of the commonality include:

· Fire weather is common to Australia and South Africa, and in both cases is associated with synoptic scale conditions leading to strong pressure gradients with a cross continental trajectory.

· The Madden Julian Oscillation is a major modifier of weather on the 1-2 week timescale (and longer) for the tropical portions of Africa, Indonesia, South America and Australia.

· Cut-off lows are producers of major widespread flooding events along the east coast of all three Southern Hemisphere continents.

· Rapid cyclogenesis causing gale-force winds and rapid sea swells have brought about major boating disasters off the east coasts of South Africa, South America, Australia and New Zealand.

· Widespread flooding and loss of life associated with tropical cyclone landfall is the major high impact phenomenon for the Australian tropical coastline, the South Pacific countries and the region of Mozambique, Madagascar and Mauritius.

· Semi-stationary mid-tropospheric (blocking) anticyclones lead to extended heat-wave conditions over southern Africa, central regions of South America and Australia.

· A focus on improving forecast system performance through the assimilation of satellite observations into high-resolution limited area models.

Following the completion of the Science Plan in mid-2006, the Committee proceeded to develop this associated Implementation Plan. It was agreed at the outset that the Implementation Plan needed to be kept simple and short. The key consideration was to focus on a small group of areas that are important and where the Committee can actually achieve useful results bearing in mind the limited resources available. Three sub-programmes and teams were set up in the areas of Societal and Economics Research and Applications; Data Assimilation and Observing Strategies; and Predictability and Dynamical Processes.  Each team prepared drafts of plans for their area, which were brought together and finalised at a three-day workshop held in Melbourne, Australia, from 28-30 May 2007.

The following sections of the Plan provide details of projects to be carried out under each of the three sub-programmes.  They include initial actions to be carried out by members of the Committee over the next year.  It is planned that there will be an annual science meeting for research scientists working on aspects of the projects, which will also provide an opportunity for a revision of progress and further actions to be carried out.  A final section covers the overall process for the Committee including its membership, linkages, and involvement in THORPEX activities in other regions and globally.

THORPEX has been a catalyst for bringing Southern Hemisphere scientists together to address common and significant problems and to collaborate on their solutions. The benefits of collaboration and discussions among scientists are already evident.  These have so far involved mostly meteorological services and research institutes, and it is important to more fully engage universities through promoting the aims and objectives of SH THORPEX and encouraging research which is aligned to its objectives.  This will draw on expertise which may not be available in meteorological services, and provide a larger pool of resources all working towards the same aims.  An important point to note is that no matter where the research is conducted, there is a need to promote and encourage aligned research with funding sources.

There are significant opportunities and potential benefits, particularly for transfer of improved, user-oriented weather forecasting techniques to developing and least developed countries.  But resources are limited.  Such benefits will best be realised if additional resources can be mobilised. The successful first phase of the Southern African Severe Weather Forecast Demonstration Project provides an insight into what can be achieved even from existing levels of forecast and model skill, and it would be good to build on and replicate such progress in other parts of the hemisphere.

Overall the Plan has been deliberately designed at this stage to be modest. There are, for example, no plans for “big science” new field programmes or network design experiments. The Plan projects largely draw on focussing and coordinating existing and planned research to contribute to THORPEX objectives.  But their overall success will depend on continuing commitment from individual scientists, and support from their institutions, particularly in making time available and facilitating meeting opportunities, to reap the benefits of this unique, coordinated approach across the hemisphere.

It should be noted that there are a number of scientific issues that are covered in the THORPEX International Science Plan that are also relevant to the Southern Hemisphere. An important example is the THORPEX Interactive Grand Global Ensemble (TIGGE) which, as noted in the Science Plan, is a multi-model, multi-analysis and multinational ensemble prediction system. TIGGE data bases, containing individual model ensemble prediction system (EPS) analyses and forecasts will be required to facilitate research on the design of best configuration of multi-model/multi-analysis ensemble forecast systems. TIGGE prototype forecast systems, resulting from this research, would be used to produce experimental real-time forecasts. TIGGE is clearly highly relevant to the Southern Hemisphere Implementation Plan; even though specific TIGGE-based projects are not mentioned specifically below, a number of projects in the Implementation Plan call on the availability of data from the TIGGE data bases.
2 Societal and Economic Research and Applications

From a practical perspective it is important to narrow the activities to a few critical user groups common to all the regions in the Southern Hemisphere.  Therefore, the focus of the Southern Hemisphere THORPEX SERA Implementation Plan will initially be on three key user groups, in order: 

· 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. 

2.1 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.  This project plays a key role to lay the foundation for other work under the SERA theme.

2.1.1 Approach

Develop regional specific inventories taking into account the specific issues of each region.  The regions could be: (1) Australia/New Zealand, (2) Indonesia, (3) Pacific Islands, (4) Southern Africa and (5) South America.

2.1.2 Expected outcomes

A regional specific database of historical events where weather had high impact, categorized by all the relevant parameters describing the weather event, its occurrence and impact.

A regional analysis of the information from the database and other relevant information to determine priorities and identify opportunities where improved forecast products could assist in decision making, i.e., which forecast improvements will be of greatest marginal value in different regions and countries.

Such information would be useful for:

Deciding priorities; which user community and opportunities to focus on

Information on benefits which can be used in support of resources for activities

2.1.3 Timescale/Dependencies

Initial databases completed within six months, with new information added continually thereafter

Preliminary regional analysis completed within a year

2.1.4 Level of Cooperation and Key Players

Collaboration will be needed between the regions to maximise compatibility as much as possible of the database and analysis.

Collaboration will be needed within each region to ensure results are representative between countries in the region.

Key role players will be representatives of the SH THORPEX Committee in the regions who will be coordinating the activity within each region.

2.1.5 Infrastructure Requirements

Access to country and regional specific databases 

2.1.6 Initial Actions

2.1.6.1 Letter to be written by Eugene Poolman (with the assistance of Neil Gordon) by end of July 2007 to each member asking them to seek what information currently exists in relation to the above, identifying that the purpose is for it to be used in regional analyses of opportunities for high impact weather opportunities. (This is not intended to create a lot of work, but to find and provide existing sources of information.)

2.1.6.2 Individual members to collate and provide such information for at least their own country, and if possible for their subregion, by end of September 2007.

· Michael Uddstrom: New Zealand

· Beth Ebert: Australia

· Arona Ngari: Pacific Islands

· Mezak Ratag: Indonesia

· Eugene Poolman: South Africa (SADC countries)

· Charles Mutai: Kenya

· Martina Suaya: Argentina

· Manoel Gan: Brazil

· Enrique Garrido: Chile

2.1.6.3 Kamal Puri and Neil Gordon to seek information from the global SERA group on what they have done in this area, and for any template for such data, by end of July 2007.

2.1.6.4 Once this information is in, Eugene Poolman to do a preliminary analysis of the data to assess its usefulness and report on his assessment by the end of October 2007.

2.1.6.5 Arona Ngari and Neil Gordon to conduct a pilot study/template on a review of the information for the Pacific Islands, by end of December 2007.

2.1.6.6 That pilot study circulated by Eugene Poolman and Neil Gordon to other members for comment and input due by the end of February 2008.

2.1.6.7 Individual members to conduct similar analysis for their regions based on available data by the end of May 2008.

2.2 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 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.  Model sources will include operational products from global centres.

Research, which may come from Project C, is needed to investigate the decision making processes of the three user groups for which weather strongly influences their activities. The project is also intended 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.  This could be done in partnership with pilot application projects of other WMO programmes, and will focus initially on the emergency management sector.
2.2.1 Approach

Based on the success and lessons of the CBS Severe Weather Forecast Demonstration Project (CBS SWFDP RA1) in South-eastern Africa test new and existing techniques in developing countries through short (1 to 2 year) and focussed forecast demonstration projects

Any demonstration projects should link global centres with regional centres (such as the WMO Regional Specialised Meteorological Centres or RSMCs) with a sample group of relevant national meteorological centres under the footprint of the regional centre.

End-user groups within the individual countries will play a critical part in the projects, and should be engaged in the regions in workshops or individually for specific planning activities to understand the user perspective of decision-making based on weather events 

Develop specific decision support tools based on this information utilizing existing and new weather forecast products, and test it at least in regional centres

Results of region specific studies will be compared to share experience and develop best practices among the forecast producers and users in the regions.  

Special attention will be given to the understanding and use of forecast uncertainty in weather-related decision making processes, and communicating its effective use to end-users. In addition this project will attempt to estimate net benefits of improved forecasting systems.

Depending on the success of the forecast demonstration project, procedures need to be established to turn the projects upon conclusion into sustainable operational activities.

Appropriate verification methods need to be implemented

2.2.2 Expected Outcomes

Enhanced application of existing and new forecast technologies in user specific decision support systems, particularly in developing countries.

Significant increase in utilization of probabilistic information in decision making, particularly in developing countries

Examples of best practices shared among regions and countries

New/enhanced user specific regionally focused decision support tools in disaster risk management (early warning), agriculture and health sectors

Information on the net benefits of improved forecast systems

User relevant verification systems

2.2.3 Timescale/Dependencies

Will depend on the timescale of partner pilot projects of other WMO programmes or new model products as they are developed

Throughout THORPEX apply research results to other countries in regions not yet benefiting from the new approaches through short forecast demonstration projects.

2.2.4 Level of Cooperation and Key Players

Cooperation will be essential between research centres and operational forecasting centres (regional and national) within regions to ensure the success of the forecast demonstration projects, and to turn achievements into operational activities.

Collaborate with other programmes of WMO (for example the GDPS and Public Weather Services programme of CBS, and the Disaster Risk Reduction Programme) participating in the Severe Weather Forecast Demonstration Projects, to ensure the success of forecast demonstration projects.

Collaborate with the other regional THORPEX programmes (for example: the Northern American, African, European and Asian THORPEX programmes)

2.2.5 Infrastructure Requirements

Access to operational EPS and NWP output from operational centres

Means for distributing information to national centres; e.g., web pages hosted at RSMCs, or satellite distribution

Access to existing decision support tools

2.2.6 Initial Actions

2.2.6.1 Neil Gordon to contact Peter Chen at WMO Secretariat by the end of July 2007 to explore SH SERA links and assistance with any CBS SWFDP project established for the South Pacific Islands, and for South America.

2.2.6.2 Neil Gordon to take the lead from this Committee and follow up involvement with any project in the South Pacific.

2.2.6.3 Martina Suaya to take the lead from this Committee and follow up involvement with any project in South America, including the proposal to CYTED for improved NWP systems in six South American countries

2.2.6.4 Eugene Poolman to take the lead from this Committee on Phase 2 of the project in southern Africa which is planned for 2008.

2.2.6.5 Beth Ebert to take the lead from this Committee on assistance with user-oriented verification matters on any projects, including the linkage with the Joint Working Group on Verification.
2.3 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.

The research will investigate decision making processes, focussed on but not limited to, the three user groups, as well as the broader public. Special attention is needed to understand and use forecast uncertainty in weather-related decision making processes and communicating its effective use to end-users, assess economic benefits of decision support systems, and development of user-specific verification systems. 

The purpose of this project is to gather information on user requirements for decision making, which will assist operational implementation in Project B, and to explore in research mode the utility of new model products (particularly from TIGGE) in decision support systems.

2.3.1 Approach

Engage the user groups in the regions in workshops or individually for specific planning activities to understand the user perspective of decision-making based on weather events 

Develop specific decision support tools based on this information utilizing existing and new weather forecast products

Results of region specific studies will be compared to share experience and develop best practices among the forecast producers and users in the regions  

Assess impact of improved forecast systems on end-users 

Develop advanced user-relevant forecast verification systems

Estimate net benefits of improved forecasting systems (this is important to lobby governments in Africa where science is not exactly high on the funding priority list).

2.3.2 Expected Outcomes

Examples of best practices shared among regions and countries

New/enhanced user specific regionally focused decision support tools in disaster risk management (early warning), agriculture and health sectors

Significant increase in utilization of probabilistic information in decision making

New/enhanced user specific regionally focused decision support tools in disaster risk management (early warning), agriculture and health sectors

Information on the net benefits of improved forecast systems

User relevant verification systems

2.3.3 Timescale/Dependencies

Within 2 years identify user perspectives in decision making through workshops or individually.  Compare information between regions and develop regional specific test systems for decision making

Within 2 to 6 years compare regional results and enhance decision support systems. 
2.3.4 Level of Cooperation and Key Players

Cooperation will be needed between major role-players in each region to share information and best practices, including social scientists, economists, etc.

Cooperation will also be needed with other THORPEX programs and international weather centres to develop decision support systems based on current available technology and new developments.

2.3.5 Infrastructure Requirements

Access to TIGGE, EPS and NWP output from operational and research centres

Access to existing decision support tools

2.3.6 Initial Actions

2.3.6.1 Eugene Poolman to prepare and send a questionnaire on existing warnings criteria and practices (checking with CBS for any existing additional information) to members of the Committee by end August 2007

2.3.6.2 Members of the Committee to return survey answers for their countries (and if possible others in their region) by end October 2007

2.3.6.3 Involve social and economical scientists (including Linda Anderson-Berry, David Johnson, Amanda Lynch, Russell, Blong, Coleen Vogel) to give advice on these activities and actively support relevant research activities where possible.   Neil Gordon and Eugene Poolman to lead this action with feedback to the Committee by end of August 2007.

2.3.6.4 Beth Ebert (and Neil Gordon) to propose most appropriate user-specific verification techniques for user-orientated decision support systems to be used in research projects and operational transfer projects.

3 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 modelled. There are significant differences in these controlling influences between the areas of interest to Southern Hemisphere nations and those of the Northern Hemisphere. The THORPEX DAOS Implementation Plan will focus on each of these aspects of data assimilation in order to contribute to the development and advancement of data assimilation. 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.

The projects discussed in this theme are based around assessing and improving advanced data assimilation systems and are therefore directly related to the core THORPEX objectives. 

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.

3.1 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

Other issues associated with model resolutions and physics options will depend on commencement dates and system developments in the interim.

3.1.1 Approach

Conduct “data addition” numerical experiments to assess the impact of different observing systems relative to an agreed baseline observing system. The baseline system should include operational SYNOP, SHIP, DRIBU, AMDAR, AIREP, SeaWinds, rawinsonde, pilot and AMV data. Candidate observing systems for impact studies include polar orbiting satellite sounders and imagers as well as networks of additional in situ observations that are in place for special experiments and the like. 
Experiments will also be needed to assess combinations of significant observing systems. An AMSU+AIRS experiment in addition to AMSU-only and AIRS-only impacts is an important example.
Similar experiments are required to assess the importance of the resolution of ancillary information, such as SST and soil moisture. These experiments should be conducted in a similar fashion amongst all participants to assess the general applicability of the results.
The influence of LBC’s on forecast accuracy will be investigated where possible. This will include the effects of changed global forecasts due to observing impacts and the importance of LBC accuracy.

Verification emphasis will be on surface weather elements

Results will be shared between participants, through science meetings, and the web.

3.1.2 Expected outcomes

Active and ongoing exchange of information on data systems, insights and supporting software. 

A report on the assessment of the impact of various observing systems in Southern Hemisphere regional NWP to be available for relevant agencies. This work should also be presented at the next WMO/CBS workshop on the impact of various observing systems in NWP.

A consequence of assessing observation system performance is the identification of weaknesses in the use of current observing systems resulting in improved use of current and experimental observations.

3.1.3 Timescale/Dependencies

Initial assessment of observing system impacts and drafting of report within 2 years.

Prioritization of key areas requiring attention and finalization of report within 3 years.

3.1.4 Level of Cooperation and Key Players

Collaboration will be needed between the regions to ensure standardization of the experiments and their assessment.

Commitment to perform experiments.

Exchange of developments to address the issues identified during assessments, including an annual (practitioner level) science working group meeting.

Agreement required on appropriate data exchange formats.

Cooperation with other THORPEX themes to provide relevant assessment metrics.

3.1.5 Infrastructure Requirements

Access to appropriate computational resources.

Access to appropriate observations and NWP system.

Met Office (UK) support to ensure timely access to appropriate versions of the Unified Modelling System (UMS) codes 

3.1.6 Initial Actions

3.1.6.1 Peter Steinle: DAOS aspect of web sharing mechanism by end of September 2007

3.1.6.2 Michael Uddstrom: Initial planning for science meeting (to be held mid-2008) by October 2007

3.1.6.3 NIWA, SAWS, CPTEC, CAWCR: Exchange research plans by end of August 2007.

NIWA – Michael Uddstrom

CAWCR – Peter Steinle

SAWS – Warren Tennant

CPTEC – Manoel Gan

3.2 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 focussing 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. 

Schemes such as 4DVAR have been shown to be of considerable benefit on synoptic scales; however, there are several issues that need to be resolved when considering the use of 4DVAR for finer scale modelling. For example, the computational cost of 4DVAR relative to 3DVAR means that a 3DVAR system can be run at much higher resolution. Alternatively the cost of 4DVAR can impact on data cutoff time, also limiting its performance. In addition, the linear model used within 4DVAR is less applicable to smaller scale modelling than for synoptic scales, and so the gains at synoptic scale do not automatically transfer to smaller scales. There are a variety of approaches to mitigate these difficulties, but their relative merits require investigation. 

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 focussed on a few case studies.

3.2.1 Approach

Compare 3DVAR and 4DVAR using agreed observing networks for specific events of local interest. Initial results will be presented at the 2008 science meeting, with more detailed comparisons by the 2009 meeting.

If 3DVAR is more cost effective than 4DVAR at the moment, the tests should be revisited with an upgraded 4DVAR in 3-5 years time.

3.2.2 Expected outcomes

Report on relative costs and benefits of different analysis strategies to the relevant operational agencies.

Optimal configurations of NWP systems for each centre.

3.2.3 Timescale/Dependencies

Complete initial assessment and report by 2010.

Update assessment during 4-6 years with upgraded NWP systems if 3DVAR is cost effective in initial assessment.

3.2.4 Level of Cooperation and Key Players

Exchange of developments to address the issues identified during assessment, supported by the annual practitioner level science meeting.

Commitment to perform experiments.

Agreement required on appropriate data exchange formats.

Cooperation with other THORPEX themes to provide relevant assessment metrics.

NIWA – Michael Uddstrom

CAWCR – Peter Steinle

SAWS – Warren Tennant

3.2.5 Infrastructure Requirements

Access to 3DVAR and 4DVAR regional data assimilation systems. 

3.2.6 Initial Actions

3.2.6.1 Michael Uddstrom, Peter Steinle and Warren Tennant will produce a report on 3DVAR versus 4DVAR for two significant weather events of order 48 hour duration by July 2008

3.2.6.2 Michael Uddstrom, Peter Steinle and Warren Tennant will submit a paper to the November 2008 WMO data assimilation workshop in Buenos Aires.
3.3 Project C: Convective and Tropical Assimilation

The purpose of this project is to improve data assimilation systems in environments dominated by convective activity.

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.

3.3.1 Approach

Ensure that all data collected in the relevant campaigns is available in a suitable format for use within regional NWP systems.

Conduct assimilation experiments examining impact of additional observations from instruments already used.

Conduct assimilation experiments examining impact of experimental data types – if feasible. 

3.3.2 Expected outcomes

More accessible repository of observation data from major experiments, with quality control information.

Report assessing the performance of regional NWP models in strongly convective environments.

Report assessing the importance of different observing systems to NWP in predictive environments, and the potential of experimental systems.

Improved analysis and prediction of convective environments.

3.3.3 Timescale/Dependencies

Six months to 1 year to prepare observation data sets

2 years to conduct experiments and prepare report.

Years 2-4 should see the development of enhanced data assimilation systems for convective environments.

3.3.4 Level of Cooperation and Key Players

Exchange of developments to address the issues identified during assessment.

Commitment to perform experiments.

Agreement required on appropriate data exchange formats.

Cooperation with other THORPEX themes on predictability and assessment.

Cooperation with groups involved in process studies to improve modelling of convective environments

3.3.5 Infrastructure Requirements

Observations in suitable format

Access to regional NWP systems

Observation archive.

3.3.6 Initial Actions

3.3.6.1 Kamal Puri and Peter Steinle to develop a plan for a CAWCR project based around the TWP-ICE data, which may involve collaboration with NIWA experts, by the end of December 2007.  

3.3.6.2  Kamal Puri and Peter Steinle to seek funding to commence work on the project, and report progress at the science meeting mid-2008.

4 Predictability and Dynamical Processes

As stated in the Southern Hemisphere THORPEX Science Plan, 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.

The formation of the Southern Hemisphere Regional committee and the interactions required to develop the Science Plan engendered a sense of community and joint purpose among the organizations involved. The resulting Southern Hemisphere THORPEX Science Plan is considered to be an extremely useful document that records Hemisphere-wide problems in advancing the science and practice of high impact forecasts, and will provide a basis for building on this initial enthusiasm.  

It was decided that the production of a report involving authors from countries from across the Southern Hemisphere should form an ongoing theme for the Predictability and Dynamical Processes Subprogramme.  This is described below as Project 4A.  It is intended that these regular reports should appear in the refereed scientific literature. 

The first such report based on the Science Plan will review the state of the science across the Southern Hemisphere relevant to the four subprogrammes of THORPEX: Predictability and Dynamical Processes, Observing Systems, Data Assimilation and Observing Strategies, and Societal and Economic Applications.  Later reports will be on dynamics, structure and forecasting of major rain fall producing systems, on simulation of severe weather environments using high resolution limited area models, and on other aspects of the science that are chosen as suitable foci, during the ten years of the THORPEX programme.

Projects 4 B, C and D are scientific activities the Regional Committee intends to either carry out or coordinate over the time frame of the next 2 years, although some of the activities have longer timelines.  The foci of these are respectively major rainfall producing systems, high latitude systems, and high resolution analysis and forecasting using Limited Area Models (LAMs).  These are all projects that are achievable with the resources currently available.  On the 10-year time frame of the THORPEX programme, it is intended that other projects will develop as the science develops, and as resources become available.  In particular, it is hoped that future activities will encompass cooperation on research and simulation of the Madden Julian Oscillation, which is an important part of one of the THORPEX objectives, namely improving forecasts in the second week of the THORPEX time scale.

To maintain an infrastructure for cooperation on the underpinning predictability science, Project 4 E will be an ongoing real-time forum on forecasting and predictability across the Southern Hemisphere based on current products and current hemispheric flow. This will draw on a set of diagnostics and real-time charts and prognoses that will be available to all participants of the forum, through the Southern Hemisphere Regional Committee webpage.

4.1 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.  The first of these will be based on the Southern Hemisphere THORPEX Science Plan with an emphasis on predictability aspects.  

4.1.1 Approach

Every two years have committee-wide cooperation on a scientific paper an aspect of predictability and dynamics of high impact forecasts. 

4.1.2 Expected outcomes

Published review paper in the international scientific literature roughly every two years

Identification of gaps in knowledge of weather system dynamics and of limitations on predictability which can lead to better targeted research and to modelling improvements.

An up to date summary or review of the state of knowledge of various aspects of Southern Hemipshere prediction

This ongoing core project will provide a central cohesive activity to focus cooperation between the National Hydrometeorological Services, research institutions and university sectors across the Southern Hemisphere.

The publication in the international literature will advertise Southern Hemipshere THORPEX and alert other researchers and funding agencies to the needs for further science related to high impact weather forecasting.

The commitment to produce regular reviews will ensure research activities are undertaken to increase knowledge in the identified subject areas.

4.1.3 Timescale/Dependencies

Initial paper based on Science Plan submitted by end of 2007

Cooperation from and time availability of other scientists involved in co-authoring

4.1.4 Level of Cooperation and Key Players

Committee level responsibility for this project to be John McBride

Collaboration will be needed between SH Committee members to contribute scientific expertise and to co-author review papers

4.1.5 Infrastructure Requirements

The research time for personnel to work on the review and on any specific research required for the review.

On the longer time frame, most likely this project will draw on the TIGGE data sets and so will require access to these data sets.

4.1.6 Initial Actions

John McBride to prepare initial draft of paper based on Science Plan and send to other Committee members by the end of July 2007

Other members to provide comments/input on draft by the end of August 2007

Paper to be finalised and submitted by John McBride by the end of October 2007

John McBride to take the lead on designating the topic and lead author for the next review paper, by the time of the science meeting planned for mid-2008

4.2 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. In the Science Plan these systems were identified as major contributors to major rain events.

4.2.1 Approach

Use archived numerical analyses, prognoses and satellite imagery (including water vapour channel) to develop climatologies, structural studies and forecast statistics.  Of particular interest is the identification of cutoff lows and their interaction with topography and continental boundaries. 

4.2.2 Expected outcomes

Statistics and climatology of cut-off lows that will be useful in planning and in choice of case studies for forecast studies

Knowledge of the behaviour and structure of cut-off lows

Knowledge of the mechanisms through which cut-off lows produce large scale rainfall

Documented case studies and conceptual models that will provide guidance to forecasters, particularly in major rainfall events.

4.2.3 Timescale/Dependencies

The South American Countries (Brazil, Chile, Argentina) have a project titled Cutoff Lows that affect the South America Weather, under CNPQ (National Council for Research and Technology) from Oct 2006 – Sept 2008.  There is a commitment to publish papers based on the results, and a meeting will be held in Argentina at the end of 2007.

Other Southern Hemisphere countries are encouraged to engage in similar or complementary activities. 

Most likely climatolgies, objective synoptic typing and predictability studies of major rainfall producing systems will be the topic of the second 2-year report under project 4A.

4.2.4 Level of Cooperation and Key Players

Committee level responsibility is Manoel Gan.

4.2.5 Infrastructure Requirements

For the South American countries, funding has been obtained under CNPQ and CPTEC, University of Chile and University of Buenos Aries have  provided infrastructure and research personnel

4.2.6 Initial Actions

Manoel Gan is coordinating the South American cut-off low project and will keep the Committee informed of the outcomes.

Manoel Gan and John McBride will explore opportunities and mechanisms to promote climatological studies and objective synoptic typing of rainfall producing systems in other parts of the Hemisphere.  They will report on progress at the 2008 Science  Meeting.

4.3 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). The IPY has identified five core objectives. These dovetail very nicely with the goals of THORPEX. However, it should be made clear that while there are many synergies, the timescales for completion (two years cf 10 years), and the scope, of the two international programs are quite different. Accordingly, there are a number of important Antarctic region activities which should be perused under THORPEX, but which would not be feasible under the IPY.
4.3.1 Approach

Perform a comprehensive analysis of cold outbreaks influencing the three SH continents, particularly with respect to the extent they are forced by, and associated with, hemispheric patterns

Quantify the extent to which the Andes induce more equatorial propagation than is observed over Australia.

Use high resolution reanalysis data and satellite products and imagery, particularly high resolution scatterometer products, to explore the structure of polar lows, both in real time and in a climatological sense.

Develop appropriate interactive sea ice model for the Antarctic to adequately represent the complex atmosphere-ice interactions occurring in the region.

Application of quality reanalyses to quantify the extent to which high latitude events ‘set the scene’ for extreme developments in mid and low latitudes (i.e. teleconnections)

4.3.2 Expected outcomes

Enhanced understanding and appreciation of the role that the Antarctic and sub-antarctic regions play in extreme impact events in the mid and low latitudes.

4.3.3 Timescale/Dependencies

Hemispheric overview of precursors and dynamics of cold outbreaks by May 2008.

New hemispheric perspectives on SH polar lows by August 2008. 

Development of ‘next generation’ sea ice scheme for inclusion in limited area models by end of 2010

Identification and use of teleconnection patterns emanating out of Antarctic region by end 2008

4.3.4 Level of Cooperation and Key Players

Ian Simmonds, Manoel Gan, Warren Tennant

4.3.5 Infrastructure Requirements

The University of Melbourne, The Antarctic Climate and Ecosystems CRC, the Bureau of Meteorology, South African Weather Service, and CPTEC to provide infrastructure and research personnel

4.3.6 Actions

Ian Simmonds, Manoel Gan, and Warren Tennant are coordinating the project and will keep the Committee informed of the outcomes.

4.4 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 characterise 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.  

Mesoscale assimilation and prediction models make optimal use of all available data sources, but due to  interactions between the forecast model’s background error formulation and the requirement to assimilate data that have uncorrelated errors, the resultant analyses might not capture all key mesoscale features. To verify the derived characteristics, this project proposes an investigation of the effective use of data from independent high resolution observing systems capable of directly observing the mesoscale structure of cold fronts (e.g. radar, proposed ARM mobile facility proposal for Cape Grim deployment for 2009).  Weather related impacts will be verified against stream-flow observations and sea-level data. 

4.4.1 Approach

Comparable high resolution data assimilating LAM models are currently running in real-time in New Zealand (NIWA), Australia (ABM) and South Africa (SAWS) at 12 km resolution (with 4 and 2 km planned).  Simulations with such models are able to represent well the mesoscale structure of fronts.  Comparisons will be made between the forecast mesoscale structure of fronts with validating data. 

Outputs from the high resolution weather prediction systems will be linked to river-flow and storm surge models and the predictions verified against stream-flow and sea-level observations.

4.4.2 Expected outcomes

Knowledge of model deficiencies in simulating frontal structure leading to model improvements and better forecasts.

Documentation and understanding of frontal structure and their predictability

Knowledge of the skill of linked forecast systems to forecast weather impacts, such as river-flood and storm surge.

4.4.3 Timescale/Dependencies

Identification of several cold front case study periods (New Zealand: Uddstrom; Australia: McBride; South Africa: Tennant) by September 2007.

Initial model based analysis of frontal structures as simulated in LAMs by 30 June 2008 (McBride, Tennant).

Initial evaluation of LAM forced river flow forecasts (for at least two diverse catchments) by 30 June 2008 (Uddstrom)

Initial analysis of LAM forced storm surge forecasts at multiple sites by 30 June 2008 (Uddstrom)

4.4.4 Level of Cooperation and Key Players

New Zealand: Michael Uddstrom

Australia: John  McBride

South Africa: Warren Tennant
4.4.5 Infrastructure Requirements

Commitment to perform analyses.

Agreement on base analysis methods 

4.4.6 Actions

Contacts: NIWA (Michael Uddstrom), SAWS (Warren Tennant), CAWCR (Peter Steinle).

Exchange of research plans by 30 September 2007
Agree an analysis strategy (McBride – by 30 September 2007)

Report on progress  to 2008 Science Workshop / Meeting

4.5 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.  Examples include the synoptic_discussion forum of the Australian Bureau of Meteorology and the International tropical storms email list.

4.5.1 Approach

Setting a web-page and web-forum where we will discuss current Southern Hemisphere large scale flow and appropriate diagnostics.   Emphasis will be on hemispheric scale and also on predictability underpinned by ensemble techniques.

Membership and list access will be restriced to professionals involved in applications and research on high impact weather events and forecasts; but will not be restricted to those in the Southern Hemisphere.  Discussion, however, will be restricted to Southern Hemisphere applications

The web-forum will depend on access to real-time charts and diagnostics that all participants will have access to.  Preparation, linking and real-time availability of such a set of diagnostics will therefore be a key component of the project.

The forum will have three components:

A webpage for access to real-time information

Real-time discussion of this information

Offline research and science discussions

The Forum will be accessible via a Southern Hemisphere Regional Committee web-page, which will be set up as a component of this project.

Since a shared problem between the countries involved is lack of take-up of Ensemble Prediction System (EPS) output by forecasters, it is intended to place emphasis on ensemble products in both the diagnostics used and in the discussion. The experience and lessons learned in the Africa SWFDP component of SERA Project B where EPS guidance was use quite extensively could be useful in this context.

4.5.2 Expected outcomes

The existence and ongoing high level of activity of the web forum is an outcome in its own right

The forum will establish an ongoing sense of community and shared purpose between Southern Hemisphere researchers and forecasters

Through the forum discussion, over a period of time new sets of diagnostics will be developed for predictability studies

Greater understanding of Southern Hemisphere flow and predictability

Incorporation of scientists from a wider community in the science of high impact forecasts for the Southern Hemisphere.

4.5.3 Timescale/Dependencies

Commitment to investigate details of setting this up.  John McBride and Manoel Gan by end Sept 2007.

Consult with Warren Tennant, Beth Ebert, Mike Uddstrom.  Commitment for a page and a webforum by end 2007.

4.5.4 Level of Cooperation and Key Players

John McBride proposed to be the discussion leader for this list 

CPTEC most likely candidate/institution to set up the page/store and prepare the relevant analyses and diagnostics.

4.5.5 Infrastructure Requirements

Computing infrastructure and IT support (i) to develop diagnostics; (ii) realtime prognoses and charts, and (iii) for setting up scripts to have diagnostic automatically available

Institutional support to provide web-space, backup, virus protection software etc.

A dedicated discussion leader and web master

4.5.6 Actions

John McBride and Manoel Gan to investigate mechanisms and host institution, and to report to committee by end September 2007.

Web-forum to be established by end 2007.

5 Operation of the SH Regional Committee and Linkages to other THORPEX Activities

5.1 Committee Composition

The current Committee membership consist of scientists who were involved in the preparation of the Science Plan or who have subsequently joined it to ensure better geographical representation and expertise. It can be considered to have started in June 2006.

We will add Beth Ebert for her verification expertise and involvement in TIGGE, and two social scientists.  Committee members should communicate suggestions to the co-chairs by the end of July 2007, who will consult and select two people by the end of August 2007.

As at June 2009, one-third of the members of the Committee will stand down, and from then on each year one-third will stand down. No member should be on the Committee longer than six years.

5.2 Committee Chairmanship

The current Committee co-chairs were elected from among the Committee in June 2006.  Kamal Puri will step down in June 2009 and another co-chair will be selected.  Neil Gordon will step down in June 2010, and another co-chair selected, etc.  The process of selection will be decided later.

5.3 Committee Communication

It is planned to establish a web page for the THORPEX Southern Hemisphere Regional Committee.  This will provide a forum for communication amongst members and scientists working on activities, some real-time model information to enable discussions on predictability, and will provide linkages to related websites.

John McBride and Manoel Gan will confer and decide by the end of September 2007 on the format and hosting of the site, and will ensure it is established by the end of December 2007.

5.4 Committee Meetings

It is intended to hold annual science meetings for practitioners.  The first one is planned for Wellington, New Zealand, around July/August 2008. Meetings of the Committee will take place at the same time and place.

5.5 Linkage with the Organising Committee of the AMS International Conference on Southern Hemisphere Meteorology and Oceanography

Kamal Puri and Neil Gordon will contact the Committee and suggest they include a SH THORPEX session in the conference planned for February 2009 in Australia.  There would be an advantage to cross-membership of the AMS Southern Hemisphere Committee and the SHRC.

5.6 General Linkages with other THORPEX Activities

The Projects and activities in this Implementation Plan are focussed on those which are pertinent to the SH in the context of THORPEX.  For example, the Data Assimilation activities are focussed on limited area assimilation and modelling, since there are few global modelling centres in the SH.  However, the Committee will support improvements to global data assimilation and modelling efforts in the major centres and promote improvements which have particular relevance to the Southern Hemisphere.

This linkage will take place primarily through the leaders of the sub-programmes, who will coordinate their activities with the global working groups.

5.7 Linkage with other Regional THORPEX Committees

The area covered by the THORPEX African Regional Committee overlaps with the SH Committee. A representative from the South African Weather Service will be the formal link with the African Committee.  This is currently Eugene Poolman.  The role is to be the conduit for two-way information sharing, and coordination of activities where possible.

As appropriate, other members will coordinate with neighbouring regional committees.

5.8 Linkage with Tropical Cyclone Research

Tropical cyclones are a significant generator of high impact weather in the Southern Hemisphere.  However, the Committee feels that given limited resources and the work already being carried out in this area, including that of the Tropical Meteorology Research Programme, its main role will be to promote relevant research (including use of ensembles) and make use of results for the SERA theme.

5.9 Involvement in the “Year of Tropical Convection”
Impediments to advancing weather and climate prediction on timescales from days to years are partly attributable to gaps in knowledge as well as the limited capability of contemporary operational and research numerical prediction systems to represent precipitating convection and its multi-scale organization. In this regard, improvements in convective parameterization have not kept pace with improvements in knowledge gained from field measurements and modelling of convection.
Examples of key tropical phenomena in which convection and multi-scale organization are primary processes include: (i) the Madden-Julian Oscillation (MJO) and other types of convectively-coupled disturbances; (ii) high-impact weather events such as tropical cyclones; (iii) easterly wave disturbances and the Inter-Tropical Convergence Zone (ITCZ); and (iv) the world’s monsoon systems.  Common to these examples are the multiplicity of interacting scales associated with precipitating systems and the accompanying transports of mass, momentum, and energy. The ubiquity of organized phenomena underscores the necessity for representing upscale transport in global models: aspects not properly represented by contemporary parameterizations.

These aspects are central to meeting the objectives of YOTC, for instance, in terms of: (i) integrated data-sets to be collated from multi-sensor instruments flown on satellites and field campaigns; (ii) the synthetic data-sets available from high-resolution numerical models. Since global models, especially climate models, will not properly resolve convection for the foreseeable future, it is necessary that convective parameterization schemes be vastly improved or, preferably, more comprehensive and complete schemes devised.

While this type of effort is progressing under the auspices of the GEWEX Cloud System Study (GCSS) this programme alone is not sufficient to ensure a timely progress. 

Given that tropical convection, including the MJO and tropical cyclones, are responsible for high impact weather in the Southern Hemisphere on a number of time scales, the THORPEX SHRC will be directly engaged with tropical weather/climate research and prediction through collaboration with YOTC. As this mostly involves the Predictability and Dynamical Processes sub-programme, the link will be through its leaders. 

5.10 Linkages with the Broader Research Community

The THORPEX Southern Hemisphere Committee has so far involved mostly meteorological services and research institutes, and it is important to more fully engage universities, both in terms of membership of the SHRC and in promoting the aims and objectives of THORPEX and encouraging research which is aligned to its objectives.  This should be undertaken by all members in their countries and regions. 

6 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


7 LOA

	3DVAR
	Three Dimensional Variational Data Assimilation

	4DVAR
	Four Dimensional Variational Data Assimilation

	ABM
	Australian Bureau of Meteorology

	AIRS
	Atmospheric Infrared Sounder

	AMDAR
	Automated Meteorological Data Relay (automated aircraft report)

	AMSU
	Advanced Microwave Sounding Unit

	AMV
	Atmospheric Motion Vector (satellite cloud tracking)

	CAWCR
	Centre for Australian Weather and Climate Research

	CBS
	Commission for Basic Systems

	CPTEC
	Centro de Previsão de Tempo e Estudos Climáticos

 … Centre for Weather Forecasting and Climate Studies (Brazil)

	CRC
	Cooperative Research Centre (Australia)

	CYTED
	Programa Iberoamericano de Ciencia y Tecnología para el Desarrollo

IberoAmerican Program for the Development of the Science and Technology

	DAOS
	Data Assimilation and Observing Strategies

	DRIBU
	Drifting buoy report

	EPS
	Ensemble Prediction System

	GDPS
	Global Data Processing System

	LAM
	Limited Area Models

	LBC
	Lateral Boundary Conditions

	LDC
	Least Developed Countries

	LOA
	List of Abbreviations

	MJO
	Madden Julian Oscillation

	NIWA
	National Institute of Water and Atmospheric Research (New Zealand)

	NWP
	Numerical Weather Prediction

	RSMC
	Regional/Specialised Meteorological Centre

	SACZ
	South Atlantic Convergence Zone

	SADC
	Southern Africa Development Community

	SAWS
	South African Weather Service

	SERA
	Societal and Economic Research and Applications

	SH
	Southern Hemisphere

	SHIP
	Ship weather report

	SHRC
	THORPEX Southern Hemisphere Regional Committee

	SICZ
	South Indian Convergence Zone

	SPCZ
	South Pacific Convergence Zone

	SST
	Sea Surface Temperature

	SWFDP
	Severe Weather Forecast Demonstration Project

	SYNOP
	Surface synoptic weather report

	THORPEX
	THe Observing System Research and Predictability Experiment

	TIGGE
	THORPEX Interactive Grand Global Ensemble

	T-PARC
	THORPEX Pacific Asian Regional Campaign

	TWP-ICE
	Tropical Warm Pool International Cloud Experiment

	UMS
	Unified Modelling System (UK Met Office atmospheric model and data assimilation system)

	WMO
	World Meteorological Organization

	WWRP
	World Weather Research Programme

	YOTC
	Year of Tropical Convection
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