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Summary and purpose of document

This document describes the development of a prototype Global Interactive Forecasting System (GIFS) whose objective is to provide ensemble-based probabilistic advanced warnings and forecasts of high impact weather events.
Action Proposed  

The meeting is invited to review this information and to consider how GIFS prototype ensemble-based warning and forecast products could most effectively be demonstrated in the context of the SWFDP. 

Annex 1:  Report to the WWW/CAS/WWW 7th International Workshop on Tropical Cyclones on THORPEX/TIGGE applications to TC motion and forecasting
Annex 2: Extract from General Summary of EC-LXI on Enhanced capabilities of Members to produce better weather forecasts and warnings (June 2009) 

1. 
GIFS-TIGGE
The Global Interactive Forecast System (GIFS) concept calls for the production of internationally coordinated, ensemble-based probabilistic advance warnings and forecasts for high impact weather events to mitigate loss of life and property, and to contribute to the welfare of all World Meteorological Organization (WMO) nations, with a particular emphasis on least developed and developing countries.
Research and development toward GIFS is underpinned by the THORPEX Interactive Grand Global Ensemble (TIGGE), an international project to share ensemble forecasts from a large number of numerical weather prediction models in order enhance collaboration on the development of ensemble prediction (including improving methods to combine and bias-correct ensembles from multiple sources) and exploit new technology for grid computing and high speed data transfer. TIGGE research has found that combining predictions from NWP ensembles with comparable skill improves the overall forecast accuracy for surface variables such as temperature and precipitation. More research is underway to better quantify the benefits of combining multiple ensemble forecasts.
GIFS will be developed through the volunteer contributions of national, regional, and international organizations, requiring significant investment from National Meteorological and Hydrological Services (NMHSs) and other organizations. It will require and include:

· Real time access to ensemble forecast data up to 14 days ahead. This includes both an agreement on data policy to facilitate the necessary real time data exchange and the development of techniques to transfer data required to generate GIFS products.

· Statistical procedures to bias correct individual ensemble members, combine information from all ensemble members and downscale calibrated ensemble forecasts 

· Product design, in conjunction with user groups

· Product generation, using a distributed approach

· Testing, evaluation (including feedback from forecasters) and objective verification
· Training potential users in the use of novel forecast products

The GIFS-TIGGE Working Group is coordinating the initial development of GIFS prototype products using TIGGE data. Demonstration in the context of SWFDP and other projects will require access to real time data.

Annex 1 provides additional information on the TIGGE project and GIFS development activity, including the development of GIFS prototype products for tropical cyclone forecasting. 
2.
GIFS Development Project
WMO strongly encourages collaboration between Regional, CBS-, and CAS-related entities in the WMO with the GIFS-TIGGE Working Group to plan and execute a GIFS Development Project that will benefit Members in the developing world by transferring the outcomes of THORPEX R&D into the operational community (see Annex 2). This activity would bring together interested members of the scientific and operational communities conducting R&D toward improved ensemble-based forecast products for high impact weather, and other WMO groups and projects aimed at reducing human suffering, mitigating costs and delivering societal and economic benefits through improved forecasts and warnings. Regional subproject plans will be developed to address specific needs of each region in a "bottom-up" manner. GIFS prototype products will be demonstrated and evaluated through existing forecast demonstration projects such as SWFDP. 
The GIFS Development Project was endorsed at a joint meeting of the SWFDP Steering Group and the GIFS-TIGGE Working Group in February 2010. The initial development activities will focus on ensemble-based forecasts of tropical cyclones, then move on to high impact precipitation, and thence to strong winds. Other prototype products (for example, for conditions favouring severe convection) may follow later. For each of these focus areas, initial GIFS prototype products are expected to be completed within approximately 3 years of starting work, depending on available resources. Longer term developments of real time GIFS depend on benefits demonstrated in the GIFS Development Project.
Requirements for GIFS products to support forecasting of tropical cyclones, heavy rainfall, and strong winds are given below.
Tropical cyclones
· Probabilistic position and intensity forecasts
· Cyclone-following (Lagrangian) and gridded probabilities of exceeding user-defined thresholds of
· wind speed
· quantitative precipitation

· storm surge

· Strike probabilities at user defined points

· Probability of time of arrival at user defined points of 
· max rainfall

· wind exceeding critical thresholds 

Heavy rainfall

· Grids of probability of precipitation exceeding user-defined thresholds
· 24h accumulations

· shorter-period accumulations
· Catchment accumulations

· EPS-grams for user-defined points (e.g., cities)
Strong winds

· Grids of probability of wind exceeding user-defined thresholds for
· sustained wind speed

· gusts
· EPS-grams for user-defined points (e.g., cities)
GIFS prototype products would be distributed using the regional cascade approach currently used by the SWFDP, in which NWP products are generated at global producing centres, received and value-added by regional centres such as Regional Specialized Meteorological Centres (RSMCs), who then make the final guidance products available to end users such as NMHSs in developing nations.
Evaluation of GIFS prototype products to assess their benefit and value will be done using a range of approaches including:
· Objective verification of ensemble-based products by global producing centres and RSMCs
· Objective verification of value-added products by RSMCs and end users

· Qualitative (subjective) verification by RSMC forecasters and end users

· Assessment of usefulness by end users (NMHSs, other downstream users such as emergency managers)
3.
Linkage and trialing of GIFS products in SWFDP
It is very much in the interest of SWFDP and the GIFS-TIGGE Working Group to work together to trial GIFS prototype products. SWFDP participants will benefit by having access to ensemble-based objective guidance that is based on the latest science and provides forecasts and warnings, with an appropriate level of uncertainty, for high impact weather. GIFS-TIGGE will benefit by having its prototype products tested and evaluated by operational forecasters in situations where the products can have real impact, and where local knowledge can aid in assessing their usefulness and adding to their value. Feedback from forecasters and end users will inform improvements to the forecast products. 
GIFS prototype products will be developed in consultation with relevant RSMCs. They will made available for use in SWFDP at the "beta" stage, that is, after sufficient testing and evaluation has been done by the developers to be confident of the product's quality and robustness.
In terms of formal linkages, the GIFS-TIGGE working group has representatives in THORPEX regional committees and CBS, both of whom interact with SWFDP. Direct linkages are required at both the higher level (e.g., steering group) and at regional levels (sub-projects), with representatives participating in each other's meetings as required. Invitations should come through WMO so that THORPEX IPO and CBS are kept well informed. The WWRP Joint Steering Committee should include a representative from CBS, who can influence the science priorities for THORPEX and GIFS-TIGGE. However, it is anticipated that the most productive relationships between SWFDP and GIFS-TIGGE will occur at the working level through regional sub-projects such as SWFDDP. 


Annex 1

Report to the WWW/CAS/WWW 7th International Workshop on Tropical Cyclones on THORPEX/TIGGE applications to TC motion and forecasting 
Working group: Richard Swinbank, Zoltan Toth and Beth Ebert
SF.2a.1. Introduction

THORPEX is an international WMO research project to accelerate improvements in the prediction of high-impact weather on the one-day to two-week timescale.  A major component of THORPEX is the THORPEX Interactive Grand Global Ensemble (TIGGE; Bougeault et al., 2010), which provides a data base of ensemble predictions from the leading global NWP centres.  The TIGGE data base is designed to be used for scientific research, especially on predictability and development of probabilistic weather forecasting methods.  

The TIGGE data base underpins the development of a prototype Global Interactive Forecasting System (GIFS), whose objective is to provide ensemble-based probabilistic advanced warnings and forecasts of high impact weather events, in order to mitigate loss of life and property.  The initial GIFS development phase is now underway.  The first steps towards GIFS have focused on the development of probabilistic tropical warning products, particularly following the recommendation of the last tropical cyclone workshop, IWTC-VI (WMO, 2007).  The GIFS tropical cyclone product development has been based on the exchange of ensemble tropical cyclone track forecasts that was started in 2008 in conjunction with the THORPEX Pacific Asia Regional Campaign (T-PARC).  
In order to continue to develop and evaluate products for forecasting high-impact weather, a GIFS development project has been set up to work closely with regional forecast projects.  In particular, GIFS will engage with the WMO CBS Severe Weather Forecast Demonstration Project (SWFDP).  The SWFDP focuses on improving the prediction of severe weather in specific regions, and it is planned that the GIFS development project will collaborate with the regional SWFDP projects.  This will help GIFS to develop products that address the requirements of operational forecasters in those regions, and to evaluate the usefulness of those products.  For tropical cyclone forecast products, that will mean working closely with the appropriate tropical cyclone warning centres (TCWCs) and Regional Specialised Meteorological Centres (RSMCs).  The GIFS project also welcomes the opportunity to work with the wider tropical cyclone forecast community on product development and evaluation. 
SF.2a.2. THORPEX and TIGGE
SF.2a.2.1 THORPEX 
The current success of numerical weather prediction represents one of the most significant scientific achievements of the 20th century.  Despite the notable increase in forecast skill over recent decades, there is room for further improvement in both the accuracy of forecasts and the use of weather forecast information for socio-economic risk reduction.  THORPEX (THe Observing system Research and Predictability Experiment) is an international research programme that was established in 2003 to accelerate improvements in the accuracy and utility of high-impact weather forecasts up to two weeks ahead.  THORPEX is part of the World Weather Research Programme and is a key research component of the WMO Natural Disaster Reduction and Mitigation Programme.
	Centre
	Number of members
	Forecast length (days)
	Forecast runs per day

	Bureau of Meteorology, Australia (BoM)*
	33
	10
	2

	Centra de Previsao de Tempo e Estudos Climatico, Brazil (CPTEC)¹
	15
	15
	2

	China Meteorological Administration (CMA)
	15
	10
	2

	European Centre for Medium-Range Weather Forecasts (ECMWF)
	51
	15
	2

	Japan Meteorological Agency (JMA)
	51
	9
	1

	Korea Meteorological Administration (KMA)
	17
	10
	2

	Meteorological Service of Canada (MSC)
	21
	15
	2

	Météo-France¹
	11
	2.5
	2

	Met Office, UK (UKMO)
	24
	15
	2

	National Centers for Environmental Prediction, USA (NCEP)
	21
	16
	4


Table 1: Global ensemble prediction systems in TIGGE, showing the number of members in each ensemble, forecast range of each run and the number of model runs per day. * indicates centre not currently contributing forecasts. ¹ indicates centre not currently contributing tropical cyclone forecasts.
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Figure 1 Illustration of the transfer of TIGGE data from the ten data providers to the three archive centres.  Note that NCDC post-processes some of the NCEP forecast fields.

SF.2a.2.2 TIGGE 
A major component of the THORPEX programme is the TIGGE project (Bougeault et al., 2010).  The main objectives of TIGGE are:

· enhancing collaboration on ensemble prediction, internationally and between operational centres and universities

· supporting research on weather forecasting, especially applications of ensemble forecasting

· enabling new probabilistic forecast products for a future Global Interactive Forecast System (GIFS).

TIGGE is coordinated by the THORPEX GIFS-TIGGE working group.  

In the TIGGE project, ten of the leading global weather forecast centres are providing regular global ensemble predictions to support research, see Table 1.  Ensemble forecasts are transferred in near real-time from the data providers to three data archive and distribution centres, as illustrated in Figure 1.  

The TIGGE data set is a major resource for research and development for weather forecasting, including:

· calibration of ensemble forecasts, including bias correction and downscaling

· combination of ensembles produced by multiple models

· development of probabilistic forecast products 

· predictability and dynamical processes 

Access to the data is via the three data portals shown in Table 2. The data are available for research and education after a simple electronic registration process.  Access is normally provided with a 48-hour delay after the initial time of the forecast.  Access to data as soon as it becomes available may be granted for field experiments and projects of special interest to THORPEX.  Requests for real-time access for special experiments and projects is handled via the THORPEX International Programme Office.  Further details about TIGGE and related scientific research and development are available from the TIGGE website at http://tigge.ecmwf.int. 
	Centre
	TIGGE data portal address

	China Meteorological Administration (CMA),
	http://wisportal.cma.gov.cn/tigge

	European Centre for Medium-range Weather Forecasts (ECMWF)
	http://tigge-portal.ecmwf.int

	National Center for Atmospheric Research, USA (NCAR)
	http://tigge.ucar.edu


Table 2: TIGGE archive data portals

SF.2a.2.3. TIGGE and GIFS 
The THORPEX implementation plan (THORPEX, 2005) envisages the establishment of a future Global Interactive Forecast System (GIFS), to realise benefits of the THORPEX research programme by developing improvements to operational forecasting systems.  GIFS will contribute towards the development of a proposed future WMO Forecast System which would supersede the current WMO Global Data Processing and Forecasting System (Hayes, 2008). 

The objectives of GIFS can be achieved only with a carefully planned, multi-year effort that started with the establishment of the THORPEX research programme.  GIFS development fits into the following framework: 

· TIGGE (2005 onwards). The TIGGE data archive is established and made available to the international scientific research community. 

· GIFS Development (2008-2012). Building on the TIGGE data set, this initial phase of GIFS entails developing real time access to basic ensemble forecast data and creating an infrastructure for the generation of derived products and the provision of other related services.
· GIFS Implementation (2012 onwards). The implementation phase of GIFS will enable the real time generation of products and services. This will be followed by further enhance​ments, leading to the formation of an “End-to-End” GIFS forecast system.

SF.2a.2.4. Exchange of Tropical Cyclone Forecasts

As a first step towards GIFS, a pilot project on tropical cyclone prediction was proposed that would explore how best to exchange data (while keeping it to a manageable scale to begin with), and provide multi-ensemble forecasts for high impact events that affect many developing nations. As additional motivation for this development, a majority of the TIGGE data providers agreed to exchange ensemble cyclone track forecasts during the THORPEX Pacific Asia Regional Campaign (T-PARC). 

At the 2006 International Workshop on Tropical Cyclones (IWTC-VI), the research and operational communities recommended the improved sharing of all tropical cyclone-related NWP products, including both deterministic and ensemble forecasts. It was suggested that WMO coordinate with the NWP and major operational centres (RSMCs and TCWCs) in order to define a set of resolvable tropical cyclone characteristics to be provided and disseminated in a timely fashion by the NWP centres, and define an appropriate standardised format.

Existing standard formats for exchanging tropical cyclone data include the table-based formats WMO BUFR and CREX, the 1-line text-based "TC vital statistics", and the slightly more expansive text-based Automated Tropical Cyclone Format (ATCF). BUFR is the officially endorsed format of WMO, and can handle ensemble forecasts.  However, the requirement for a decoder to read the data makes it difficult for users outside of large meteorological centres.  The text formats are more easily read but are still somewhat cryptic, and neither CREX nor ATCF is currently configured to represent ensemble forecasts. 

To meet the need for a new standardized format, a new format known Cyclone XML (or CXML) was developed for the exchange of forecasts of tropical and extra-tropical cyclones.  This is based on the eXtensible Markup Language (XML) which is a widely used human-legible text format that has become an internet standard in recent years.  Because of its descriptive nature XML is ideally suited for representing cyclone data.  The volume of data that needs to be exchanged is a lot smaller than the relevant gridded forecast fields.  A detailed proposal for CXML, with samples of cyclone forecasts, can be found in Ebert et al. (2008); see also http://cawcr.gov.au/bmrc/projects/THORPEX/CXML.

The TIGGE data providers agreed to provide tropical cyclone forecasts using the new CXML format.  The exchange of tropical cyclone forecast data was started to support the T-PARC campaign.  All providers exchange at minimum the ensemble forecast cyclone tracks, while some include additional data; the CXML definition caters for a range of characteristics (e.g. minimum sea level pressure, maximum wind speed, wind radii by quadrants, etc.).  Data providers are strongly encouraged to supplement the basic track forecasts with additional information to enhance the usefulness of the data set. 
During T-PARC, since the format was newly introduced, many users had not yet developed the capability to use data in this format.  Nevertheless, it proved a useful learning exercise, and some refinements were added to the CXML definition.  Most of the TIGGE data providers have continued to generate the CXML forecast data after T-PARC, in particular to support other regional forecasting pilot projects.  The CXML data are increasingly being used as the basis for tropical cyclone forecast and analysis products.  
SF.2a.3. Tropical Cyclone Forecast products
On the basis of the CXML data exchange, several forecast centres have started to regularly produce probabilistic forecast data and products.  Figure 2 shows an example of forecasts of tracks and strike probability, based on the combination of two ensemble forecasts.  A more comprehensive survey of probabilistic forecast products is presented by Foley et al. (2010).
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Figure 2: Examples of tropical cyclone products based on combination of cyclone track forecasts from two models.  These plots are created from ECMWF and Met Office forecasts of tropical cyclone Ike from 12 UTC 4th September 2008. Left: all tracks from each individual ensemble member. Right: strike probability – the probability that the cyclone will pass within 75 nm.
[image: image4.jpg]Distance to TC (Lines) in km

Distance to TC (Lines) in km

Distance to TC (Lines) in km

§ 28 % % % 2 ¢ 3 0z o % % ¥ 8 3 B 3 o5 3 z o % 2 F 8 03 B oz ox 03 oz e
H
E I [
g 8 4
3| c]
q 3 (. e
23 =9 29
34 2 2
&g I8 & g ET- E— ]
g \
2 - Sy =7
- =
. (P u
Ogf F *
=7 24 >4
B I 9
o
= N o A
o [ i
o d o
o B
3 ]
=3 T =3 T= - 3§ 353 3 33 33 =
(10g) Aiaoqoig s
Distance to TC (Lines) in km Distance to TC (Lines) in km Distance to TC (Lines) in km
$ 2 8 8 3 8B 3 » 3 3 3 28 8 38 2 ¢ 3 o2z . $ 2 8 8 3 8 2 p 8 3 o
E Fog
g E
3 g
o o
q Foo
"
=8 34
3 3
E 2
o o
9
=7 WW
GE E
4 4
3 h
o oo
o o
o d of





Figure 3: A time series of the strike probability plots at Seoul for Kompasu by several operational centres. Bar: Strike probability (percentage of members within 120 km from Seoul at each forecast time). Red lines: Distance between TC centres in each ensemble members and Seoul at each forecast time. Black line: Distance between the best track and Seoul. Blue line: Distance between TC centre in the deterministic model.

The North-West Pacific Tropical Cyclone Ensemble Forecast Project (NWP-TCEFP) under the WMO/WWRP is now underway in experimental mode to provide online ensemble forecast information (track, strike probability) based on CXML data to the ESCAP/WMO Typhoon Committee members and interested researchers in real time (http://tparc.mri-jma.go.jp/cyclone). Figure 3 shows a time series of the predicted strike probability at Seoul for Typhoon Kompasu using ensemble forecasts from several operational centres. 
SF.2a.4. GIFS development plans
SF.2a.4.1. GIFS development project
The GIFS-TIGGE working group has initiated a GIFS development project for the development and evaluation of products for forecasting particular types of high-impact weather events.  The GIFS activities build on the scientific achievements of the THORPEX Working Groups and broader THORPEX research community, including ongoing TIGGE-related and other research and technical achievements.  Figure 4 illustrates the links between the GIFS development project and other WMO working groups and projects. 
Rather than run a separate forecast demonstration project (FDP), the GIFS project will collaborate with WMO FDPs and RDPs (research and development projects) to provide an environment for the evaluation of prototype products in selected regions and over limited time periods.  The GIFS-TIGGE working group has agreed with the SWFDP steering group that GIFS products can be evaluated in conjunction with SWFDP regional subprojects.  In addition, GIFS will interface with other regional projects, including the recently started North-West Pacific Tropical Cyclone Ensemble Forecast Project and the associated Tropical Cyclone Landfall RDP.  
The initial focus of GIFS is the development and evaluation of tropical cyclone products, based on the exchange of CXML data.  In the future it is planned to develop products for heavy precipitation and strong winds; both of those will require the exchange of gridded forecast fields rather than the compact CXML data.  Extending the real-time data exchange to include wind and precipitation fields will be very valuable, enabling enhanced tropical cyclone forecast products to be developed.

Interest groups will be formed to develop, test, evaluate and eventually implement products for these themes.  The tropical cyclone group will extend the work done to exchange tropical cyclone forecasts during T-PARC, and develop products based on the CXML data.  The GIFS-TIGGE working group encourages volunteers from the tropical cyclone forecasting community to support this effort.
For each of the themes of tropical cyclones, precipitation and winds, initial GIFS development activities are expected to be completed within approximately 3 years, depending on available resources. Prototype development work will culminate in the third year in real time testing and evaluation by operational users.  Depending on the evaluation results, successful prototypes will be transitioned into operations, allowing GIFS to shift its focus to new prototype development. Careful coordination during the development phase with operational centers and CBS is critical for the successful transition of GIFS prototypes into operations.
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Figure 4: Interactions between the GIFS development project, other WMO groups, regional projects and the operational and research communities.

SF.2a.4.2. Links with SWFDP and other projects
The GIFS-TIGGE working group will work closely with regional pilot projects in order to address the specific needs and priorities of users in those regions. For the testing of the new products and their introduction to forecasters participating in the project, the GIFS demonstration will build on the experience accumulated by the WMO CBS Severe Weather Forecast Demonstration Project (SWFDP). In this project several major NWP centers make their numerical forecasts available for a region of interest. The responsible RSMC then generates a variety of regional forecast products from the NWP (e.g., charts showing deterministic model output, ensemble-based probabilities of heavy rain and extreme temperature anomalies, TC tracks and strike probabilities, etc., as well as interpreted maps showing hand-drawn regions of possible severe weather) and disseminates them to the participating NMHSs via a special web page.
The Southern Africa SWFDP sub-project has been successfully running for several years now, and has recently been expanded to cover more countries (Coiffier and Chen 2008).  It has proved a good example of the successful delivery and use of operational NWP products to support forecasts of high-impact weather for a specific region.  A second regional subproject covering the SW Pacific was started in 2009.  It is planned that GIFS products will only be introduced into a particular SWFDP regional subproject once it has matured in its demonstration framework, so one of the first steps will be to engage with La Reunion (the relevant RSMC for forecasts of tropical cyclones in the Southern Indian Ocean) to develop and evaluate GIFS TC products focused on the east coast of Southern Africa. 
The eventual implementation of GIFS will build on the cascading and interactive structure developed and successfully used in the SWFDP, illustrated in Fig 5.  Since most events manifest themselves locally, disaster prevention and mitigation efforts occur on a national and regional scale.  Global NWP centres will provide and statistically enhance ensemble forecast data, and generate some derived probabilistic forecast products. Regional centres (Regional Specialized Meteorological Centers - RSMCs) will coordinate high-impact event related activities amongst NMHSs (National Meteorological and Hydrological Services) in each region.  For tropical cyclone predictions, the key regional centres will be the relevant Tropical Cyclone Warning Centres (TCWCs) or specialist TC RSMCs.  Finally, the NMHSs will disseminate forecast products and provide guidance in their respective service areas. 
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Figure 5: Illustration of the generation of GIFS products from EPSs run at several NWP centres, followed by the cascade of products to regional centres, national centres and end users.

It is planned that the GIFS project will develop additional products that can supplement or replace the products already being delivered by the SWFDP.  The GIFS products will be delivered using similar delivery channels to those already established by the SWFDP, to replicate the successful regional cascade approach. 
Compared with the products available currently in the existing SWFDP program, the GIFS development project will introduce the following enhancements:

1) Scientifically driven development of new types of products to highlight forecasts of severe weather;

2) Products based on multi-model, rather than single-model, ensembles;

3) Statistically bias corrected and downscaled information as opposed to direct output from numerical ensemble forecasts;

4) Longer range outlooks including week-2 forecasts (as opposed to current guidance limited to 3-5 days range) for long term planning and mitigation efforts related to possible future high-impact weather events.

SF.2a.4. Engaging with operational forecasting 

SF.2a.4.1. Obtaining an improved understanding of regional forecasting problems 
The GIFS development project will engage with regional development and demonstration projects, which by their nature will have a strong focus on the requirements for forecasting high-impact weather events that affect those particular regions.  The SWFDP has already developed close working relationships with national meteorological services participating in the SWFDP regional subprojects.  Their understanding of the local needs will also inform the GIFS development project, so that new GIFS products address the needs that have not yet been met via the SWFDP.  The THORPEX regional committees also provide an ideal forum to obtain an understanding of the costs of high-impact weather events in particular regions and countries, and the best way to meet local needs. 
For tropical cyclone forecasting, it will be particularly important to build good working relationships between the GIFS-TIGGE working group and the appropriate tropical cyclone RSMCs for each of the regional pilot projects.
The GIFS-TIGGE working group will work closely with the management teams of the regional pilot projects, members of the THORPEX regional committees and with appropriate contacts at national meteorological services to ensure that products developed under GIFS address user requirements.  
SF.2a.4.2. Transitioning GIFS forecasts into the operational community 
The best way to address the use of forecasts by decision makers is to work first via established channels, and improve the effectiveness of those channels where necessary.  By working in conjunction with the SWFDP, prototype forecast products will be brought into the operational forecasting process, and used to supplement operational forecast products generated locally and supplied via the SWFDP.  Warnings of high-impact weather can then be fed into established regional and national channels.  Similarly, when GIFS contributes to other regional projects, it will entail the demonstration and evaluation of new products in the context of operational forecast services.
The SWFDP holds two-week training sessions for each regional project once per year, where potential users of the products are shown the new products along with their expected and demonstrated benefits. Where feasible, the SWFDP training sessions will be extended to cover GIFS products. In-country training, where feasible, would maximize the participation of forecasters from NMHSs and optimize interaction with end-users. The second week of the training events includes building and strengthening relationships between forecasters, disaster managers, and the media. The WWRP Societal and Economic Research and Applications (SERA) group will also contribute to understanding the communication channels with key decision makers, and how they could be made more effective.
SF.2a.4.3. Evaluation of GIFS forecast products  
Evaluation of forecasts is a crucial part of GIFS, in order to determine which types of products should be included in a wider implementation of GIFS in due course.  The GIFS development project will use a combination of objective verification techniques, and feedback obtained from forecasters and end users.  
GIFS developers will interface with the WWRP-WGNE Joint Working Group on Forecast Verification Research, the WWRP SERA Working Group, the THORPEX Regional Committees, and the research and operational community for the evaluation and verification of each of the prototype products and application regions. 
Quarterly reports on the use of the products will be requested from each participating NMHS.  These reports will include comments from forecasters indicating the utility and quality of the products, along with a discussion of the significant weather events experienced during the quarter.

Each NMHS should carry out an objective verification, to be included with the quarterly report, of their own forecasts made using the guidance products available.  The responsible RSMC should verify the guidance products that it prepares for dissemination to the NMHSs, while the Global centres will be responsible for verification of the guidance products issued under the FDP, using data from the GTS and special datasets obtained from the participating NMHSs.
SF.2a.5. Conclusions 
Tropical cyclone forecasting will be able to benefit from THORPEX and TIGGE, through development of improved ensemble forecast products based on TIGGE data.  One of the main outcomes of THORPEX is the development of a prototype Global Interactive Forecast System (GIFS), based on TIGGE forecast data and THORPEX research work.  
Under the GIFS development project, probabilistic forecast products will be developed and evaluated in conjunction with the WMO Severe Weather Forecast Demonstration Project (SWFDP) and other regional pilot projects.  The first focus of GIFS is the development of tropical cyclone forecast products.  In subsequent phases, GIFS will focus on products to support forecasts of heavy precipitation and strong winds, which are also of direct interest to tropical cyclone forecasters.  The GIFS-TIGGE working group welcome input from the operational tropical cyclone community to maximise the benefit from the GIFS project. 
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Annex 2
Extract from General Summary of EC-LXI on 
Enhanced capabilities of Members to produce better weather forecasts and warnings (June 2009)
3.1.31
The Council recognized the progress of CAS’s WWRP-THORPEX programme to deliver the THORPEX Interactive Grand Global Ensemble (TIGGE) archive, to conduct research that identifies areas where forecast skill and confidence might be improved by the multi-model ensemble approach and to demonstrate the concept of a multi-centre Global Interactive Forecast System (GIFS) by delivering tropical cyclone track predictions in real-time. The Council further noted the past encouragement of TIGGE activities by EC-LX (2008), including demonstrations of the potential value of GIFS in operational forecasting aimed at reducing human suffering, mitigate costs and deliver benefits; and thus recommended:

(a) Regional, CBS-, and CAS-related entities in the WMO collaborate with the THORPEX GIFS-TIGGE Working Group to plan and execute a GIFS Forecast Demonstration Project (GIFS-FDP) that is designed to benefit Members in the developing world;

(b) To take advantage of existing and planned activities, infrastructure and experience, wherever possible, GIFS-FDP subprojects will be carried out in conjunction with CBS SWFDP, which has an effective mechanism for cascading the benefit of new forecast systems to decision-makers in WMO Members States;
(c) The GIFS-FDP should begin with the prediction of tropical cyclone tracks and ensemble‑based diagnostics, since EC-LX urged continuation of this real-time programme. The Council encouraged the participation of the relevant TIGGE data providers, TIGGE archive centres, Tropical Cyclone Warning Centres (TCWCs), Regional Specialized Meteorological Centres (RSMCs, including RSMCs with activity specialization in Tropical Cyclones) and WMO Members in executing such GIFS-FDP activities, which will require training and the development of a common set of products;
(d) That a follow on from the GIFS-FDP should focus on improving prediction of heavy rainfall and other problems of high priority, such as contributing to improving food security. The Council requested support from the WWRP SERA Working Group and THORPEX Regional Committees in exploring various societal application areas;

(e) The WMO Secretariat, THORPEX and the TIGGE data providers should work to develop a suitable data policy that will allow the GIFS-FDP to proceed in order to reduce human suffering, mitigate costs and deliver benefits;
(f) For the longer term, CBS and CAS experts should work with the THORPEX community to develop a way forward with the GIFS vision including additional applications with prototype GIFS probabilistic products for high impact precipitation, wind speed, and near surface temperature forecasts that, if successful, could be transitioned into operations to benefit the international community, especially for the developing world.

