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1.
OPENING OF THE MEETING

1.1
The meeting of the Implementation Co-ordination Team on Data Processing and Forecasting Systems chaired by Angèle Simard (Canada) was at the kind invitation of the Russian Federation held at the WMC Moscow, from 3 to 7 June 2002.  Dr Alexander Gusev, Acting President of CBS welcomed the participants, emphasised the important aspects of the work of the OPAG on DPFS in addressing issues related to production and dissemination of forecasts for all forecast ranges. He noted the focus of the meeting agenda and wished the meeting success in its deliberations.

1.2
 Dr. Alexander Frolov, Chair of the Expert Team on Infrastructure for Long Range Forecasting on behalf of Dr. A. I. Bedritsky, the Permanent Representative of Russian Federation with WMO extended a warm welcome to the participants and indicated facilities available for the meeting. He gave a brief overview of the activities and issues to be considered by the meeting and looked forward to a productive meeting.

1.3
Mr Morrison Mlaki, Chief Data Processing System Division, World Weather Watch Basic Systems Department, on behalf of Professor G.O.P Obasi Secretary General of WMO, thanked and expressed appreciation to Dr A. I. Bedritsky, the Permanent Representative of Russian Federation with WMO and through him the Russian Federal Hydrometeorological Service for hosting the meeting, and welcomed the participants. He recalled that CBS-XII (2000) maintained its working modalities of four Open Programme Area Groups (OPAGs) one of which is the OPAG on Data Processing and Forecasting Systems under which this Implementation Coordination Team was established.

1.4
Mr Mlaki pointed out that the  major issues before the meeting in accordance with the terms of reference  of the team and other related issues.

1.5
Mr Mlaki further noted that with respect to long range forecasting   infrastructure issues, the ICTT on RCC agreed on the role and responsibilty for CBS as including to provide the infrastructure needed for the operational production and exchange of SI forecasts and related services; define and implement standards and formats for SI production and exchange; develop and implement verification schemes for SI forecasts in collaboration with CAS; make verifications available regularly to RCCs and NMHSs; monitor scientific progress with a view to improving SI forecast services;provide up-to-date information on methodology used by the RSMCs with specialization on long-range forecasting; collaborate with CCl and CAS on matters of common interest.

1.6
Mr Mlaki thanked all contributors to documentation for the meeting and the input all participants were to contribute during the week to facilitate the success of the work of the meeting.
2.
ORGANIZATION OF THE MEETING 

2.1
Approval of the agenda 

2.1.1
The meeting adopted the agenda given in Appendix II.

2.2
Working arrangements for the meeting 

2.2.1
The meeting agreed on its working hours, mechanism and work schedule.

2.2.2 There were 16 participants at the meeting as indicated in the list of participants given in Appendix III.

3.
REVIEW OF CURRENT ACTIVITIES
3.1
Ensemble forecasting methodology and progress

3.1.1
Medium Range Ensemble Forecasting and Short Range Ensemble Forecasting are viewed as integral in a “seamless suite” of products.  These systems enable estimates in the forecast confidence of specific weather threats, first, in the context of the larger-scale circulation pattern and associated weather at medium range and, then, in the details of the weather system and sensible weather in the short range.  There is a growing interest in EPS and the numbers of EPS producers and users have been increasing.  The focus of targeted meteorological phenomena in use of EPS products now includes extra-tropical systems, tropical phenomena and mesoscale features.  Application of short-range regional model EPS is being used on a quasi-operational basis and medium-range model EPS for National "Early Warning System" are operational in many Centres.

3.1.2

The ICT endorsed the recommendations of the ET on EPS concerning:

· Derived EPS products for short-range and medium-range forecasting recommended for routine dissemination including direct model fields of the EPS to be made available to requesting WMO Members. 

· Where GTS will not be able to handle the amount of EPS data, fields can be transmitted by other available means such as FTP services on INTERNET, dedicated lines or satellite distribution systems

· The FM-92 GRIB Edition 2 format was considered by the Team to be the most practical code for the   exchange of gridded EPS data but no experimental exchange has taken place as encoder/decoders were not available yet

· In the EPS producer Web site, a catalogue of EPS fields and products should be available.  Documentation on the EPS system should be provided: time of availability of products, version number of EPS system, last modifications, perturbation method, etc.  Verification scores should also be provided.

· Verification procedures and exchange of results of EPS products as a simple extension of current NWP scores defined in the Manual on GDPS for short and medium range subject to harmonisation with  reliability tables proposed by the CBS ET on development of verification system for long range forecasts.

3.1.3
The ICT agreed with the recommendation of the ET to update the manual on the GDPS to include EPS, but considered it should be limited to products covering extended range. This is taking into account comments from the ET on ILRF that it was premature to include in the Manual on the GDPS detailed list of long range products. It also agreed to indicate in the form of a note that "The list of products for long range for distribution as developed by the CBS ET on ILRF is being validated prior to formal adoption as part of the appendix to the manual". The recommended  updated list  is given in the annex to this paragraph. A new chapter in the Guide on the Global Data Processing System was also required. It was recommended that a consultant contracted by WMO should gather and write the necessary material.

3.2
Severe weather Forecasting

3.2.1 
The topic of severe weather forecasting received significant attention during the CBS/ICT-DFPS meeting (Pretoria). CBS-XII noted that the requirements varied depending on capabilities of different NMHs and hence the need for different approaches.  CBS-XII appointed a rapporteur on applications of NWP to severe weather forecasting.

3.2. 2 
The twelfth session of the CBS XII (Geneva) nominated Jean Coiffier (France) as rapporteur and agreed on the following tasks:

a)
survey the application of NWP other than EPS to severe weather forecasting;

b)
report on new developments and advances in severe weather forecasts.

3.2.3 
The meeting noted with appreciation the preliminary report presented by the rapporteur on severe weather forecasting. It contains valuable information on the main characteristics of various phenomena, and on how to use numerical models for severe weather forecasting. 

3.2.4
The report noted that current arrangements for the provision of forecasts for tropical cyclone gives a good example of the benefits which can be derived from a more structured approached with different level of responsibilities.

3.2.5 
The report then reviewed the other phenomena, which can be classified as severe weather events:

· severe extratropical storms over ocean or over land;

· large scale heavy precipitations (important rainfall or snowstorm)

· active convective events with associated phenomena (heavy precipitations, hail, lightning, gusts, tornadoes);

· persistence of extreme temperatures (cold  or heat spells)

· phenomena lowering dramatically the visibility or holding up the circulation (fog, duststorm, blackice).

3.2.6
The meeting recognized that the persistence of extreme temperature can be forecast with some success from current NWP model fields so that there is no specific needs for additional products. 

3.2.7 
The meeting noted that forecasting meteorological phenomena with high impact to transportation are often linked to local conditions, which can be better handled by NMSs rather than by NWP centres producing general guidance. 

3.2.8
The meeting agreed to focus essentially on the three first categories of the list given above (3.2.5) and provide status report on forecast guidance related to tropical cyclones. 

3.2.9
Adopting the point of view of a NMS having no special technical environment and aiming to use valuable information and guidance provided by other centres the meeting pointed out that it is necessary to have an good knowledge about the possibilities and the limitations of the automatic systems which are used and the products which can be made available from NWP centres for the users. 

3.2.10
The report pointed out that current deterministic NWP models are able to describe the circulation of the atmosphere and the various forcings which leads to situations favourable to severe weather events (cyclogenesis processes, heavy precipitations and generalized convection).

3.2.11 
Producing additional fields or specific parameters (provided they are accurately computed by using the model levels in order to avoid detrimental interpolation effects) can bring valuable help to better locate the various forcings and to assess the synoptic conditions where severe convection is likely to take place, for example:

· potential vorticity maps,

· parameters on isentropic or iso pv surfaces,

· isotaches contouring to locate jet-streams and jet-streaks,

· stability indices, wind shear, helicity.

3.2.12
Recent improvements introduced in the parameterization of the moist processes in order to better discriminate between the phases of precipitations result in an improvement of the forecasts during heavy precipitation of snow storm events.

3.2.13
Nevertheless the deterministic models have well known limitations. Especially in the case of severe weather events the evolution of the model is very sensitive to the initial conditions so that it is not possible to completely rely on the solution given by the model. In order to cope with this limitation, which is inherent to the non linear nature of the equations, it is necessary to benefit from the probabilistic information which can be given by EPS model even for short range forecasting (keeping in mind that even low probability events  as identified by EPS may be of interest for the forecast of severe weather events).

3.2.14 
The development of mesoscale models is progressing rapidly, but the operational use of such computationally intensive models is hampered, at the moment, by the lack of an efficient initialisation of dynamic and moisture fields. In addition, they are also very sensitive to the initial conditions. 

3.2.15 
This is the reason why automatic forecasts produced by NWP models have to be carefully examined by human forecasters before issuing warnings in case of the occurrence of severe weather events. The forecasters have to acquire a good knowledge about the conceptual models of the meteorological phenomena leading to severe weather and be able to recognize them with help of model outputs compared with observations and satellite images. 

3.2.16 
The meeting agreed to point out the importance of the training activity that should essentially focus on the following points.

· EPS techniques: description of the various products, explanation of the information contained in the probability distribution, significance of the various verification scores.

· NWP models: limitations for the interpretation on the occurrence of severe weather and the way of working to properly use the additional fields; conceptual models and how to identify them by using observations (including satellite and radar images) and model fields describing the 3-D structure of the atmosphere as visualized on workstations. 

· Nowcasting tools and techniques: limitations about the real significance of the images and the performance of the extrapolation methods. 

3.3
Atmospheric Transport Products.  

3.3.1
The meeting reviewed the paper presented by Mr. Peter Chen on the progress made by the Coordination Group on Emergency Response Activities.  It was noted that there has been very good progress made by the CG against the work assigned to it.

3.3.2
Applications to non-nuclear incidents: While the Emergency Response Activities are highly focussed on the area of specialized atmospheric transport modelling products that support NMSs in nuclear emergency incidents, there is interest that the underlying science and modelling technologies be applied to non-nuclear emergency incidents and other applications.  Training for users at NMSs is desirable.  This is agreed in principle, however the capacity and capabilities (non-nuclear) vary across the RSMCs.  Requests should be made and the RSMC could consider such requests on a case-by-case basis. 

3.3.3
While new approaches are being sought for the distribution of (or access to) specialized product, the facsimile is still the official operational means.  Distribution by Web-based approaches, via the “Internet” needs to be carefully considered and designed so that operational time-critical distribution and availability are assured, e.g. with operational redundancy.  For example, the public Internet can become very busy and slow or blocked during emergencies. 

3.3.4
The adoption of standard data sets from field experiments for model intercomparisons and calibration is encouraged as a means of validating model performance (e.g. new models) before implementation.  While the scientific quality of a model is important, the overall response capability in an operational environment is equally important.  

3.3.5
Training and education in the use of these specialized products is needed. In addition, the awareness of NMS of such specialized products and arrangements could be improved.  Promotion of the Technical Note 778 would be helpful.  

3.3.6
In considering possible work program items for the future, the following could be considered, in addition to reviewing the status of the current work items for the CG:

· continue to develop the overall framework and plans to implement a reliable operational distribution system for specialized products;  

· explore and test an “poor person’s ensembles” approach for atmospheric transport modelling. 

3.3.7
The ICT identified as issues to be further explored, the  verification of transport models, for example model related inter comparison using monitoring data and adherence to the agreed  operations standards in the overall quality management of the response services.

3.3.8
With respect to future activities the ICT noted  that exercises need to continue with more involvement of the NMHSs; further clarification of roles and procedures; implementation of web technologies with appropriate Internet back up facility for dissemination of products; clear identification of additional observation requirements for emergency response; enhance the role of NMS and contribute to their capacity building through sharing of software and training; further develop the framework for co-operation with CTBTO; enhance guidance and procedure for response to non-nuclear dispersion problems and develop networks in the area.

Air quality forecasts

3.3.9
The ICT was informed and noted with interest the development and implementation of a complex 3D advection/diffusion model to forecast tropospheric ozone, used as guidance for smog forecasts, implemented in 2001 in Canada. In RA II the monitoring and forecasting of sandstorms is part of public warning activities in some countries. Dispersion of smoke from large fires is also a concern for many countries (e.g. in RA II and V)
3.4 
Seasonal to interannual forecasting
3.4.1
The meeting was pleased to note that the Science Steering Committee for the World Weather Research Programme, the CAS/JSC Working Group on Numerical Experimentation and appropriate bodies of the World Climate Research Programme have prepared a possible WMO statement on the scientific basis for, and limitation of, weather forecasting and climate projections.  In this statement is given scientific explanation of the long-range predictability in the atmosphere beyond the average limit of deterministic predictability of individual synoptic-scale weather systems and the clear difference between weather forecasting, prediction at seasonal to interannual time-scales and projection of future climate. It is primarily intended to assist NMHSs in their dealing with governments, media, the general public and users.  

3.4.2
The problem of the infrastructure for the provision of long-range forecasts (LRF) is of a great importance for several WMO Programmes. The problem had been discussed extensively at many meetings of the WMO working and constitutional bodies. Based on this consideration, the meeting noted that the reliable operational Global LRF System should include three different types of centres:

· The Global Producing Centres (GPCs);

· The Regional Climate Centres (RCCs);

· The National Meteorological Centres (NMCs).
3.4.3
The OPAG on Data Processing and Forecasting Systems Expert Team on Infrastructure for Long-range Forecasting (ETILRF) considered and upgraded the infrastructure needs and requirements for LRFs developed by the ICTT-RCC and other relevant WMO Expert Teams and defined a list of global products to be made available by global scale producing centres (Appendix I). The meeting agreed that this list of global SI products is a good targeting point for experimental exchange of long-range forecasts but indicated that some centres may only produce a subset of products initially.

3.4.4
The meeting noted that the WMCs and RSMCs with geographical specialization are obliged to produce long-range forecasts according to the Manual on the GDPS. Thus they can be the global producing centres in the framework of the WWW. The ECMWF and some Institutes such as  IRI (USA), Max Plank Institute for Meteorology (Germany) and some advanced meteorological organizations outside the WMO could also serve as global scale LRF producing centres.  The meeting concurred with the ICTT-RCC that a workshop of potential global producing centres should be arranged to facilitate the early commencement of the experimental sharing of the products. 

3.4.5
The meeting also concurred with the recommendations of the ICTT-RCC that functions of the RCCs should be flexible in order to reflect the regional needs and that Regional Associations might chose among several options for the creation of RCC functionalities where these are required, for example the establishment of a centralized RCC versus the establishment of an RCC with distributed functionalities.

3.5
Verification on Long-Range forecasts

3.5.1
At this stage there is no coordinated exchange of verification statistics for long range forecasts, and the later stages of the timetable set out by the previous team are not being met. Templates and procedures had been prepared by the Canadian Meteorological Centre and were available on the WMO web site. Some other tasks of the team have been completed such as definition of the recommended verification data sets. The Bureau of Meteorology, Australia  has not progressed its Lead Centre role to the point where verification results from a range of global centres are available on a single web site.  However, a verification site for Bureau forecasts had been established using the recommended templates and based on the SVS procedures. 

3.5.2
Experience at several centers with the experimental Standardized Verification Scheme adopted at CBS-XII had shown that the large number of area-averaged statistics did not provide a proportionate amount of information on the quality of the forecasts to either system developers or users.

3.5.3
The Team also noted the work of the ICTT on RCCs, in particular with regard to the responsibilities for verification, where the CBS verification team was to develop and implement verification schemes for SI forecasts in collaboration with CAS while the CCl team will provide leadership in the development and implementation of verification of post processed products to end users.

3.5.4. The aim of the SVS is to provide estimates of the skill of the global-scale products in support of NMHSs and RCCs in their use of these products to provide long-range forecasts to end users. 

3.5.5
The Team proposed revised procedures as the basis for operational use to focus on providing information on the spatial variability of the forecast skill, and an emphasis on measures appropriate to probabilistic forecasts. The statistics are also quite basic and can feed in to more advanced measures of utility such as calculations of economic value. In the proposals the meeting addressed some inconsistencies between the specifications for the experimental SVS and other procedures. These included the definition of the tropics raised at CBS-XII. 

3.5.6
The verification Team selected the fields to be verified from the set of global-scale products recommended by the Expert Team on Infrastructure for Long-range Forecasting and adopted by the ICTT on RCCs as the basis for the provision of products from global-scale producing centres.  The recommended scheme is consistent with the verification scheme recommended by the Expert Team on Ensemble Prediction Systems, except for reliably tables format, for which the format proposed in, the standard verification system for long range forecasts is to be used. 

3.5.7
The meeting of the Team included representatives of the ET on Verification under the CCl OPAG on Climate Applications, Information and Prediction Services (CLIPS) and the CLIVAR Working Group on Seasonal to Interannual Prediction (WGSIP). The proposals will be circulated for comment to these groups and within CAS before preparation of a final proposal to CBS. 

3.5.8
A basic principle for exchanging verification information is that a multi-faceted view of performance be possible. To this end and to accommodate a broad range of needs the Team recommended that three levels of information be presented:

· Summary scores for broad geographic areas, 

· maps of these and additional scores, 

· contingency tables.  

3.5.9
The new proposal clearly recognizes that the time-scales for assessing the quality of long–range forecasts are much longer than for NWP. Consequently, most of the emphasis is on making available the statistics from hindcast periods. Centres are encouraged to present comparisons of recent forecasts with the verifying observations as a limited monitoring of ongoing performance. 

3.5.10
There is much useful information in the report of the Team, especially the detailed “ guidance” being prepared. 

3.5.11
The meeting endorsed the view of the Team that there was a continuing  need for a Lead Centre with roles as defined by the Team. The meeting acknowledged the work done in Melbourne so far and encouraged Melbourne to continue to develop its capabilities.  However, the meeting also considered that, in these early stages of the implementation of an operational verification system, it would be beneficial if one or two other centres could assume such a role also. 

3.5.12
While the team has made significant progress on its assigned tasks, the substantial revision of the verification scheme suggests that there is considerable work still to be done in the commencement of a standardised verification scheme for long-range forecasts. 

3.5.13
The meeting agreed on the following future work programme regarding verification of long-range forecasts.

(a)
Coordinate the provision of long-range forecast verification scores and related information to NMHSs and RCCs, real-time monitoring of forecasts and relevant exchange between participating centres and institutes

(b) Encourage and monitor feed back from NMHSs and RCCs on the usefulness of verification information provided by producing centres under the scheme

(c) Review the effectiveness of the verification scheme in assisting NMHSs and RCCs to use the global-scale products to provide end-user services 

(d) Contribute to further development of the activities of lead centre web site with links to producing centres and development and provision of relevant software to NMHSs and RCCs as capacity building measures to access information from producing centres and producing user friendly verification information.

(e) Recommend updates to operational practices to be followed in terms of the information on validation results to be attached to the long-range forecasts products in the light of experience and progress in research on verification activities

(f) Develop relevant standards for representation and presentation of verification information in maps and contingency tables

(g) In consultation with CAS (CLIVAR/WGSIP) and CCl, propose recommendations for improvements to CBS.

4. REGIONAL USER REQUIREMENTS

4.1
There is a growing interest by all regions on the utilization of products from ensemble prediction system, and many Members require an opportunity for workshops or training seminars on nowcasting, EPS, and modelling. Several Members in all regions are interested in the development of NWP system in workstations or PCs. The technical assistance through technical co-operation and bilateral co-operation is desired. It is desired that the broad environmental issues such as transboundary air pollution, chemical spill, etc were covered in the context of the environmental emergency responses.
4.1.1
In Regional Association I (Africa) the focus of requirements address gaps in WWW infrastructure through implementing the integrated RA I strategy on enhancement of the WWW basic systems. The DPFS project areas that require priority support include resources to:

· Improve the capacities of sub-regional and regional institutions, and NMHSs with potential to carry out research and development, and operationally issue weather, climate, and water resources forecasts, and improve long-term and seasonal forecasts by acquiring and implementing high-speed workstations, or PC clusters and servers, related model code and software for running NWP.

· Improve the capability for post processing and interpretation of NWP and EPS products and other information to deliver end user products.

· Improvement the dissemination and applications of weather and climate products.

· Carry out training on computer operation and maintenance.

· Carry out training on data processing, modelling, and applications support and development. 
· Capacity building in use of Internet in Africa for Improving Exchange of Meteorological and Environmental Information.

· Set up remote support, maintenance and distance training.

These need to be implemented as integrated facilities with related improvements in observing, communication including full Internet facilities and public weather presentation facilities.

4.1.2
For Regional Association II (Asia) more Members have equipped advanced data processing system, however, there exists a wide gap in terms of expertise and equipment for NWP among Members in RAII.  More collaboration among Members is required to strengthen the capabilities on NWP in the region. Internet becomes a promising means for the access of additional GPV data from other RSMCs or NMCs. More Members desire to access more GPV products from WMCs, RSMCs including ECMWF and promising NMCs, preferably through Internet or conventional GTS.
4.1.3
In RA III (South America) requirements for DPFS facilities in the region are generally being met. The major requirements for the region are: 

· On the job training in EPS; 

· Wider availability on the web of medium and long range forecasts for southern hemisphere (particularly for Region III );

· On the job training in nowcasting. 

It was also pointed out, that, on account of the high cost of consumables, as well as economic difficulties in some countries, the number of upper air soundings has decreased considerably. Accordingly, this reduced amount of information has negative effect on the availability of data (initial conditions) for numerical models in general. Nevertheless, the necessary infrastructure and staff are still available, so that the observations could rapidly be activated, provided that the necessary consumables were to be obtained perhaps through some form of bilateral or multilateral cooperation. 

4.1.4
In RA IV (North and Central America), it has been difficult to obtain specific requirements from Members. The two major centres RSMC Washington and RSMC Montreal have developed EPS products, and other models output. Some products are made accessible to members and some bilateral arrangements with some countries for regular exchange of products. The procedures for Emergency Response are well established. The two designated RSMC conduct monthly tests. Canada and the US are exchanging EPS model output, and have been discussing possible collaboration in the development of Long-Range forecasts.

4.1.5
In RA V (South West Pacific) the major interest of members is for improved cyclone warnings and seasonal to inter-annual prediction. Capacity building and establishing access, processing and forecasting functions of NMHSs for NWP and transport modelling, application of seasonal to inter-annual prediction and linkages with disaster management agencies to assure effective community response to severe weather forecasts and warnings. These should be given the highest priority in technical co-operation activities.

4.1.6
In RA VI (Europe) the focus of activities is on the requirements for exchange of warnings, operational cooperation on severe weather forecasts and the European vigilance system. Vigilance is a kind of probabilistic forecast of the meteorological intensity of severe weather events. The DPFS role and focus is on provision of advance probabilistic forecast guidance and related vigilance output in map graphics based on EPS post processed products indicating probability of potential areas of forecast intensity of a particular type of severe weather. The aspect of severe weather forecast and issue of warnings and their exchange and procedures thereof have to be handled and developed with the leadership of the Public Weather Service Programme with DPFS co-operation. The other area of focus for the region is cooperation in NMHS capacity building in transport modelling and response to nuclear incidents and non-nuclear including deliberate or accidental injection into the atmosphere of chemical and biological agents. Cooperation in establishing multi-model EPS in transport modelling is an area that needs exploration in the region.

5.
REQUIREMENTS FOR APPLICATION AND USE OF GDPS PRODUCTS RESPONSE STRATEGY

5.1
Generation of ensemble prediction system products and their access by NMHSs and other users

Encouraging action on EPS

5.1.1
The meeting noted that EPS products are already available from several centres and welcomed these initiatives. The meeting encouraged other centres producing EPS products to consider making these available also. The meeting noted the high priority given in user requirements to EPS products and wanted this reflected in the report to CBS.

5.1.2
The meeting also emphasised the need for centres providing EPS products to also verify these products and to make verification statistics available to NMHSs and encouraged Members who use EPS products to access verification statistics and to gain experience in interpreting these statistics.

5.1.3
The meeting endorsed the comprehensive recommendations made by the EPS team on documentation and training. 

5.1.4
The meeting endorsed the recommendation of the EPS team that WMO maintain a web site containing the URLs of sites where EPS products can be accessed, and noted that such a site had been established.

5.1.5
The meeting recommended that the site be further developed, using an expert in the field or suitable consultant, to:

· list sites where EPS  products are available (separated according to time-scale: long-range forecasts, medium-range and short-range)

· include a brief summary of the types of products available

· include links to system documentation and training material 

5.1.6
It was realised that such a web site may become outdated. However, it was noted that it may serve a purpose of introducing NMHSs to the availability of such products. Once they are used within services the need for such a site may not be necessary. The CBS newsletter may also be a useful vehicle for publicising the availability of EPS products.

5.1.7
It was noted that EPS products are a major focus of the Technical Conference preceding CBS in December 2002. It was recommended that this conference prepare a statement based on its proceedings with recommendations for the future use of EPS products as part of the Global Data-Processing System. 

5.2
Application of NWP to severe weather forecasting

5.2.1 
In order to get more information about the nature of the NMSs user’s requirements and the existing practices in forecasting severe weather, it has been proposed by the rapporteur to send a questionnaire to a panel of selected NMC’s belonging to each of the Regional Associations. For each kind of severe weather event it asked to inform about:

· the number of occurrences a year, 

· the most frequent locations if any,

· the induced dangerous consequences for life and property,

· the NWP products used or imperatively required to issue valuable forecasts at various ranges,

· the criteria adopted (leading times, thresholds) to issue warnings,

· the verification procedures.

5.2.2 
 The meeting discussed the content of this questionnaire, proposed some changes to improve it. The rapporteur will send this questionnaire and synthesize the answers that will be collected. 

5.2.3 
 The meeting agreed that the improvement of severe weather forecasting will benefit from products, which can be elaborated by three categories of systems:

· EPS information about the probability of the occurrence of severe weather events.

· NWP current products (wind, temperature, humidity, vertical velocity …) and some additional ones (potential vorticity, stability indices, wind shear, helicity…) which provide useful information about the synoptic environment favourable to strong convective events and to identify conceptual models.

· Products issued by nowcasting tools based on extrapolation techniques , which require all available  real time data.

5.2.4
At the moment, severe weather conditions associated with strong convective events can be forecast with some accuracy (the right time at the right place) only a few hours ahead by using extrapolation tools provided by nowcasting systems whose implementation requires important financial investment. NWP techniques allow to forecast with some success various severe weather events (storms, heavy precipitations) and by means of some specific derived fields give also valuable information about the synoptic environment favourable for the development of convective activity. So, the implementation of an efficient system able to collect the information coming from observation systems and NWP centres and to display it on meteorological workstation is a key condition for an efficient use of the available products. 

5.2.5
The meeting proposes to encourage NWP centres to produce additional fields, as mentioned before, in order to allow to make comparisons and to evaluate their skill to forecast severe weather events. The meeting also noted that some centres/countries  are implementing some cascading system where at the first level, some RSMC provide guidance on the likelihood of severe weather 24-48h in advance based on NWP products, as a tool to NMCs or forecasters who will monitor the situation and may give some lead-time information to decision-makers.

5.2.6 
The meeting recommend to promote training actions in order to allow the users to be aware about the recent developments in the NWP techniques and improve their skill in the use of additional products.  Such actions may include:

· Training courses focused on the explanation of the various products which can be made available from the various system (EPS, deterministic models, nowcasting tools) and their limitations.

· Workshops gathering modellers and forecasters to study particular cases and to propose some methodology aiming to better identify severe weather events using all the available information in connection with conceptual models, as a part of a demonstration project.

· The development of Computer Aided Learning courses devoted to the application of the methodology elaborated to make efficient use of the available information (including additional products) as mentioned before.

· The elaboration of a guide especially dedicated to the explanation of the various NWP products and the way to use them to improve severe weather events forecasts. 

5.3
Operational infrastructure and procedures for exchange of long-range forecasts and their access by NMHSs and other users

5.3.1
Global LRF products are currently available on Web sites from many institutions these products are key inputs used routinely by agencies including NMHSs in preparing long-range forecast products. So the distribution of LRF products has already begun using the widely available systems and formats of the World Wide Web.

5.3.2
This current sharing of products is based on web sites where many products are available to users, rather than through a formal “exchange” of products.  Web products have the advantage of being accessible by standard widely available technology. Evolving technology is likely to facilitate distributed information databases and make the products even more accessible.

5.3.3
For making available gridded derived products, full set or subset of model fields the team considered and agreed that FM-92 GRIB Edition 2 (GRIB 2) should be used for products posted on FTP- sites or disseminated through the GTS. The team noted that GRIB 2 software is expected to be available for distribution during 2002.  The meeting recommended that the OPAG on ISS monitor the use of GRIB 2 for EPS and LRF products and move quickly to remedy any deficiencies or omissions in the formulation of GRIB 2, so that there is no impediment to the exchange of LRF products.

5.3.4
For small data sets (e.g. timelines of indices, regionally-averaged forecasts) simple ASCII files with how-to-read instructions are generally simple to make available using the Internet.  For regional LRF purposes it may be convenient to define subsets of global fields for exchange.
5.3.5
The team agreed that the revised Standardized Verification System for LRF, to be presented to the next session of CBS, is appropriate for assessment of the quality of operational global scale LRFs. The meeting noted that it will take some time for centers to prepare the verification statistics on hindcast data sets using these revised procedures. However, the meeting emphasized that verification statistics need to be available to use with LRF products.

5.3.6
The meeting welcomed progress in two cooperative pilot projects on multi-model ensemble prediction systems (DEMETER and APCN – for details see the report of the LRF Infrastructure Team). This approach is promising to reduce the errors of physical parameterisation in the models and to provide a better measure of ensemble spread. The meeting encouraged global producing centers to participate in multi-model prediction system developments.  These pilot projects will provide experience in the exchange of LRF products. This experience should be reviewed in order to develop improved procedures and infrastructure to facilitate such exchanges.      

5.4
Implementation action plan to meet identified requirements

5.4.1
As an action plan the ICT agreed to:

· Encourage members producing EPS products to make them available to other NMHSs

· Apply the verification systems to Long-range forecast and  EPS products, and make results available to users

· Urge producers to make documentation concerning their EPS system available on their web site.

· Update and maintain a WMO web site containing URL of producing centres and make improvement to the site.  

· Develop  workshops on EPS

· Make use of GRIB 2 to exchange Long-Range Forecasts

· Review experience in exchanging LRF products with a view to improve procedure

6.
RECOMMENDATIONS FROM REPORT OF RAPPORTEUR ON WORKSTATIONS

6.1
The meeting review the conclusions and recommendations developed by the rapporteur on workstations and agreed that the intent of the conclusions and recommendations would largely be met by:

· Linux being used widely in the development of future systems. Also a number of applications are now based on Java. 

· Encouraging Members to cooperate and participate in the sharing of information and software development activities such as  development of first guess techniques approach as a cost effective way of developing workstations applications to benefit all WMO countries

· Provide proven systems to developing countries through technical cooperation and relevant development funding agencies coupled with strong technical transfer needed to develop the required skills to run and maintain systems

7.
NEEDS FOR TRAINING
7.1 Identification of workshop training needs

7.1.1
The ICT agreed that implementation of coherent education and training was critical for realising the benefits of EPS.  It strongly endorsed the recommendation that one or two week seminars entirely devoted to EPS should be organised. It also endorsed the need for  the production of guidance material on use of Ensemble Prediction products by forecasters. 

7.1.2
Training need is basically to strengthen the capability of developing NMCs. The following training activities are essential: 

· Regional WMO workshops to explain the EPS approach, its usefulness, and its limitations. It should concentrate on the products, which are available.  These workshops would be mainly useful for those who intend to use EPS end products;

· Technical cooperation type of training in EPS for those who intend to make their own products and/or who will need more specific training about products or the methodology of the forecast.  Training could be organized on individual request or through WMO voluntary cooperation arrangements Universities engaged in the training in meteorology, should be encouraged by Members to include topics related to EPS in their program.
· more workshop or training seminar on NWP modelling that promote technical transfer from advanced GDPS centres to the developing NMCs 

· Training on common techniques and model used in severe weather forecasting. 

· Training workshop on the techniques, models available for providing trajectory and dispersion forecasting. 

7.1.3
In addition to that, CAL (Computer Aided Learning) modules should be developed.  In parallel to the project of dissemination of ensemble products, training of forecasters to make the best use of these new products is necessary. A good example of such modules can be found on the United States Web site: (http://www.hpc.ncep.noaa.gov/ensembletraining/).

7.2.

Implementation action plan on identified training workshops

7.2.1
Priority should be given to the development of a workshop on EPS, including the interpretation of probabilistic products and case studies that are relevant to the trainees. It is proposed to create a small working group that will develop an outline to the workshop and lead the development of the materials to be used.

7.2.2
Once the workshop on EPS is completed, resources should be devoted to the  development of a workshop on the use common technique and model used in severe weather forecasting including nowcasting. 

7.2.3
Other alternatives to workshop as discussed in 7.1 need to be considered where cost efficient. 

8.
TECHNICAL CONFERENCE ON DATA PROCESSING AND FORECASTING SYSTEMS
8.1
The meeting discussed arrangements for organisation of the conference and the valuable suggestions and advice was given to the Director of the conference and the organizing committee.  Further work is in progress.

9.
FUTURE WORK PROGRAMME
9.1
The ET on Infrastructure for long-range forecasting will continue to develop procedures for the exchange of LRF products.

9.2
It was agreed by the meeting that expert teams still have some task to continue in order to develop the verification system for Long-Range Forecasts. It was recommended that verification task for EPS systems could fall under the same ET, in which case it would  become an ET to Develop a Verification System on Long-Range Forecasts and Ensemble Prediction Systems. 

9.3
In this way, the ET on EPS could be abolished as they have completed their major tasks. It was recommended to hold a meeting of a small working group that would be tasked to develop an outline plan for the development of a workshop on EPS, build on the available documentation and to develop components on the interpretation of EPS. Case studies should be developed for each Region. After the meeting, the member of the group would each take the lead for the development of some components of the workshop, and seek input from other relevant members as required.

9.4
There is a need for NMSs to explore the application of atmospheric transport models to air quality, propagation of air borne diseases, other hazards or consequences related to natural disaster, with the cooperation of RSMCs specialization in Emergency Response. This is viewed as an important activity as it has important health and safety as well as social economic impacts. The expansion of modelling applications beyond emergency response for nuclear incidents should be given consideration in relation to how best to organize it as well as the additional funding required (e.g. meetings, training, documentation etc.). 

9.5
Another issue that will need attention in the future is the need to run models on MPP systems or clusters.  Although this is not an immediate need, it is something that will need attention at some point. Many members will need help in developing such an expertise. The benefits will be significant as members, in keeping pace with new technology, will be in a better position to take action in severe weather or other natural disaster through the development of new products, enhance models, and better response time.

9.6
The meeting recognized the significant research activities in nowcasting under the World Weather Research Program (WWRP), and that nowcasting is a growing activity that will need some attention in the future. Activities such as a review of operational requirements for nowcasting, technology available, products will be required to raise awareness among members, and to help them develop a nowcasting system. 

9.7
CAL (Computer Aided Learning) modules should also be developed.

9.8
Finally there are on-going need for capacity building such as development of applications, training, interpretation of products, and developing expertise to run models on workstations/PCs.

10. CLOSURE OF THE MEETING

10.1
The meeting was closed on Friday 7 June 2002.
Annex to paragraph 3.1.3

3
LIST OF EPS PRODUCTS FOR DISTRIBUTION:

I.
Products for Short range and Medium-range:

1) GLOBAL Products for routine dissemination

(Period for all fields: forecast D+0 to D+10 (12 hour intervals) at highest resolution possible)

- Probabilities of


Precipitation exceeding thresholds 1, 5, 10, 25 and 50 mm/24 hr


10m sustained wind and gusts exceeding thresholds 10, 15 and 25 m/s


T850 anomalies with thresholds -4, -8, +4 and +8 degrees with respect to a reanalysis climatology specified by the producing Centre

- Ensemble Mean (EM) + spread (standard deviation) of Z500, PMSL, Z1000, vector wind at 850 and 250 hPa 

- Tropical storm tracks (lat/long locations from EPS members) 

· 2) Model fields 

Full set or subset of EPS members variables and levels for requesting WMO Members for specific applications.
II.
Products for extended range:

Ensemble Means anomalies/Spread:

One week averages and the monthly mean (all anomalies with respect to model climate):

Tropical SST

Standard Enso Indices 

Z500 and Z1000, precipitation, T850 and surface temperature

Probabilities:

Terciles:  above, below, normal  (with respect to model climate)


Precipitation


Z500


Z1000


T850 and surface temperature

Model fields:

- Full set or subset of EPS members variables and levels for requesting WMO Members for specific applications.
- Relevant post processed fields from sequence of daily output (e.g., indices of monsoon onset, droughts, tropical storm activity, extratropical storm track activity 
NOTE: The list of products for long range for distribution as developed by the CBS ET on ILRF is being validated prior to being adopted as part of the appendix to this Manual.

Appendix I.

List of recommended LRF products to be made available by global scale producing centres

The ET considered the recommendations in Annex 1 to ICTT and the recommendations of the CBS ET on EPS in its discussions of product requirements. The forecast product requirement addressed by ETILRF is that of experimental access by all NMHSs to LRF products from global scale producing centres. Wider user requirements are addressed in recommendations of the ICTT.  

Requirements that have attracted a significant consensus are shown in bold). Some of the requirements are new or newly stated relative to previous recommendations noted above.  

1.
Forecast Products

Note: it is recognised that some centres may provide sub-sets of the product list, according to their LRF capacity.

Basic properties

Temporal resolution.

 Monthly and seasonal (3-month) averages/accumulations/incidences 
Spatial resolution. 

2.5( x 2.5(  (note: selected to match resolution of current verification data) 

Spatial coverage.   Global 
(separate areas of interest to users, down to sub-regions of a continent or ocean basin, may be provided on special request from Members)

Lead time.  0 – 6 months for monthly forecasts and 0-4 months for seasonal forecasts. This reflects the 6 month requirement regarding products to be issued to end user.  Some end user requirements extend to 15 months. Note end-user requirement of 3 months minimum for warnings of high amplitude and abnormal events, such as increase in tropical storm frequency or change in phase of ENSO.   (Forecast range determines how far into the future LRF are provided. Forecast range is thus the summation of lead time and forecast period) Note on definition of lead time: for example, a monthly forecast issued on 31 December has a lead time of 0 months for a January forecast, and a lead time of 1 month for February forecast, etc.; a three-monthly forecast issued on 31 December has a lead time of 0 months for a January-to-March forecast, and a lead time of 1 month for February-to-April forecast, etc.  

Issue frequency. Monthly 
Output types.   Gridded numerical values, area-averaged values and indices, and/or images. 

Indications of skill must be provided (see "skill and confidence levels" in Section 2), in accordance with recommendations from CBS on the Standardised Verification System. 

Content of basic forecast output: (some products are intended as directly meeting NMS requirements with regard to information needed for end-user applications [direct or further processed]; others are to assist the contributing global centres in product comparison and in the development of multimodel ensembles. These products are regarded as feasible from current systems).  

A.  Calibrated outputs from ensemble prediction system showing the mean and spread of the distribution for:

· 2 metre temperature over land

· sea surface temperature

· precipitation

· Z500,  MSLP, T850

· Sea surface temperature area averages for the principal Niño areas (Nino3, Nino3.4, Nino4), including ensemble plumes of monthly values.

· Surface pressure field indices including the SOI (e.g. inferred Tahiti-Darwin pressure difference) and the NAO (Iceland -Azores difference), including ensemble plumes of monthly values.

Notes: 

1. These fields are to be expressed as departures from normal model climate.

2. SST used as boundary conditions for (two-tiered) AGCM predictions should be made available.

B. Calibrated probability information for forecast categories. Tercile categories should be provided, consistent with present capabilities. Information for larger numbers of categories (e.g. deciles) is foreseen, however, as capabilities increase and to match better the anticipated end-user requirements. These targets are implied also for forecasts from statistical/empirical models.

Note: information on category boundaries should be included.

· 2 metre temperature over land 

· SST

· precipitation

· Z500, MSLP, T850 

(Note: "Calibrated" implies correction based on past performance for systematic errors in anomaly predictions, using at least 15 years of retrospective forecasts.)

The ET noted the following issues regarding uniformity of products to be addressed in implementation of the experimental accessibility:

- use of a common grid

- reference climatology

- resolution of the probability distribution

- definition of period for terciles

- category boundaries for terciles

- indication of uncertainty (is spread sufficient ?)

- timing of issue of forecasts

Other requirements, as adapted from ICTT (Annex 1)

Some requirements are not as well established or may not be achievable at present. The predictability associated with some products is not yet established. 

· As in A and B for sunshine, solar radiation and cloudiness
· As in A and B for 850hPa wind, Z200

· SST area averages for tropical Atlantic and specified sectors of North Atlantic and Indian Oceans

· Ensemble related predictions of the equatorial zonal wind average at heights of 30 and 50 hPa, as an indicator of the QBO.
· Likely seasonal tropical cyclone activity (may be inferred from proxy mean fields)
· likelihood of within-season activity of wet (including heavy rain) and dry spells, hot and cold (including frost) spells, to provide indications of whether the frequencies and severity will be above normal. (Note: these may be inferred from mean fields)

· Ensemble output related to heating/cooling and growing degree-days using regionally supplied thresholds (Note: these may be inferred from proxy mean fields) (details will depend on regionally-supplied requirements, such as thresholds and averaging periods)

· Ensemble output to indicate onset and duration of rainy and monsoon seasons.

· Non-ensemble outputs of all the above variables/events where models are not operated in ensemble mode (e.g. statistical models)
· Threshold value for the category boundary, e.g. "above/near/below normal" 
· Related input from centres without global LRF capability.
Note: for some of these quantities (e.g. monsoon onset) provision of daily model fields for all ensemble members for selected areas may be necessary. 

2. Skill and Confidence levels

(
skill information must accompany each product, with corresponding spatial and temporal detail, to indicate predictability levels.  (e.g. a gridded map product should have skill information for the same grid, averaging period and lead time) The skill measures should follow the recommendations of CBS on the Standard Verification System (e.g. ROC values), should be based on at least 15 years of retrospective forecasts, and should also include a widely-understandable form (such as % correct) suitable for direct communication to end-users if required.

· An indication (text statement and/or quantitative indicator) of the confidence in each forecast for example based on model ensemble characteristics, uncertainties in initial conditions, model uncertainties, and degree of consensus and intrinsic lack of predictability.
· An alert, to accompany forecasts, of significant changes in models or practices used to generate the forecasts. Examples are changes to analysis schemes for surface wind stress and sea surface temperature changes in assimilation techniques and model resolution.

· Regions where probabilities are close to climatology level reflect either a lack of predictability demonstrated for the region, or no clear forcing on the climate for the particular forecast period, even though predictability on the average has been demonstrated for the region. It may be useful to distinguish between the two in map format.

· Verification to discriminate between seasons and lead times.

Verification of issued forecasts

· With each statistical and dynamical model output (single forecast and ensembles), and each consensus forecast, a time series of verification data describing the model and consensus performance. Such data to include outputs from the WMO Standardised Verification Scheme for Long Range Forecasts including ROC catering for flexible event definitions.

· Verification based skill masks to be applied to forecasts for areas where there is little skill, to be developed using criteria agreed with users.
Documentation

· Descriptions of statistical and dynamical models including scope and limitations.

· Descriptions of forecast and hindcast processes.

· Description of consensus procedures.

· Description of calibration and validation procedures with provision of forecast systematic error fields.

· Notifications of intention to upgrade or change models and procedures.
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