	WORLD METEOROLOGICAL ORGANIZATION
COMMISSION FOR BASIC SYSTEMS
OPAG DPFS
IMPLEMENTATION COORDINATION TEAM ON 
DATA-PROCESSING AND FORECASTING SYSTEM

GENEVA, 22-26 NOVEMBER 2004
	
	CBS-ICT/DPFS/Doc.5 (1)

(15.XI.2004)
________

Item :  5
Original: ENGLISH only


SEVERE WEATHER AND EXTREME EVENTS FORECASTING

Summary of the Report of the

 Workshop on Severe and Extreme Events Forecasting
(Submitted by the Secretariat)

Summary and purpose of document
The document gives a summary of the report of the recent Workshop on Severe and Extreme Events forecasting in Toulouse, 26-29 October 2004.  
Action proposed

The Team is invited to discuss this issue and derive relevant proposals and if necessary, recommendations to be considered by CBS.  

SUMMARY OF THE REPORT OF THE

 WORKSHOP ON SEVERE AND EXTREME EVENTS FORECASTING

(Toulouse, 26-29 October 2004)

1.
The Workshop on Severe and Extreme Events Forecasting took place at the kind invitation of Météo-France in Toulouse from 26 to 29 October 2004.  There were thirteen participants including representatives of all WMO Regions.  The CBS-Management Group suggested a demonstration project on forecasting of severe weather, involving EPS, NWP models, nowcasting, interpolation techniques and involving, through voluntary participation, global NWP model producer(s), RSMC(s), developing NMS(s) and disaster management agencies.  Such a demonstration project would use a cascading approach to provide greater lead-time for severe weather and would contribute to capacity building and improving links with disaster management authorities.  This workshop had to further develop the details of the project and identify resources required.  The workshop agreed on a generic terminology for defining severe weather.  The severe weather would be: “a hazardous meteorological or hydro-meteorological phenomenon, of varying but short duration (minutes, hours, days to a couple of weeks) and of varying geographical extent, with risk of causing major damage, serious social disruption and loss of human life, requiring measures for minimizing loss, mitigation and avoidance, and requiring detailed information about the phenomenon (location, area or region affected, time, duration, intensity and evolution) to be distributed as soon as possible to the responsible authorities and to the public.”  

2.
The workshop discussed the necessary cascading process with the information required at various steps for severe weather forecasting.  It was agreed that a sequence of processes was necessary for the forecasting of severe weather and that sub-processes could also be defined.  For example EPS based guidance could be used to identify several days in advance potential areas for severe weather.  Then higher resolution models would be used to refine the forecasts in the shorter range.  Finally in the very short term (few hours), nowcasting techniques or extrapolation techniques could be used to provide more up-to-date information.  In case of severe weather, it is necessary to provide the users (Disaster Management and Civil Protection Authorities (DMCPA), for example) with meteorological information as simplified as possible.  With this respect, the colored charts indicating the degree of risk for geographical areas, which are currently elaborated by several NMCs give a good example of the way to present the information.  The forecaster’s work for nowcasting is very much dependent on the use of observations, radar and satellite information and model output: it consists of checking whether the actual behaviour of the atmosphere agrees with the forecast one.  As nowcasting results require to be communicated to the DMCPA without delay the common way to work together with the user is at least issuing warning and using visualization system implemented in the office of the DMCPA.  The task of the forecaster is also to provide the DMPCPA advice about the visualized information.  In the framework of a coordinated cascading system it seems essential to define simplified products summarizing the results of Medium-Range Forecasting (MRF) on one side and Short-Range Forecasting (SRF) on the other side to be transmitted “downwards”.  The workshop agreed also that it was important to note that the implementation of a coordinated cascading system to forecast severe weather events requires also the definition of an “upward” flow of information (from the user to the producer).  Indeed, there was the necessity to give clear information (real time feed-back) indicating the way the received information had been taken into account; and that would increase the vigilance of the various forecasters involved in the cascading process.  

3.
The use and application of EPS products and in particular of probabilistic information for severe weather forecasting was considered by the workshop.  EPS provides a quantitative measure of uncertainty or probability faced with multiple forecast scenarios.  The extreme value index, mean/spread in precipitation amounts, spaghetti plots for critical precipitation thresholds are a few examples of products to be used.  The workshop also recommended that derived fields like CAPE; LIFT index should be generated from EPS and their usefulness evaluated.  It was reported to the workshop that in some cases, for medium-range, the forecasters would give priority to the EPS products rather than the deterministic forecast, but that below 3 to 4 days they prefer to have the deterministic global forecast.  EPS gives probabilities of thresholds, of extremes, which have to be related to the model climate.  A forecast guidance would use the “Extreme Forecast Index” (EFI) charts for wind, temperature and rain (as provided by ECMWF).  Concerning the use and value of short-range EPS, the workshop agreed that it could deserve special case studies, but that it could be considered only in a few years since these systems were still more at an experimental stage, and run in only a few countries. 

4.
The necessary interfaces with other scientific and technical groups, mainly the Hydrological Agencies, involved in Severe Weather Forecasting and Warnings was considered.  It appeared that the interface with other sciences, environmental or hydrology, was presently limited, even in advanced countries.  There were efforts attempting to improve coordination between the agencies, and in particular in the development of coupled atmospheric-hydrological models.  For the moment many hydrologists only use observed precipitation as input to their model, but there would be benefits in using information available from an atmospheric model. 

5.
To satisfy the requirements usually expressed by responsible authorities there were two important principles to fulfil:

· to avoid as much as possible missed (no detection) cases of severe weather events.

· to reduce at the same time, as much as possible, useless warnings (false alarms) in order to establish some credibility.

The responsible authorities need to be warned for managing their interventions in order to be operational as quickly as possible.  However too many useless warnings might compromise the credibility of the warning system itself.  The workshop agreed that it was fundamental to discuss first with the authorities to define what they required as warnings and then analyze their requirements (which might depend on the specificity of the country), and then one had to derive the implications for the work of the forecaster.  The authorities should also understand the distinction between warnings and awareness.  At the medium-range stage, in many cases, only an awareness message might be given to the authorities.  To give probabilities to authorities would require some training to be dispensed to them, and the actual understanding and implementation might take quite some time.

6.
The meeting defined the broad goals for the demonstration project and the roles of the participating centres.  It agreed on a three-level approach involving Global NWP producer, Regional Specialised Meteorological Centre and NMC(s).  The goals of the project need to be clearly stated.  The workshop agreed on the following broad goals:

- to improve the ability of NMCs to forecast severe/extreme weather events

- to improve the lead time of alerting of these events

- to improve interaction of NMCs with DMCPA before and during events

- to identify gaps and areas for improvements

In addition, the demonstration project will allow the assessment of the value of probabilistic forecasts and the skill of EPS products, and enhance the capacity of NMCs (training, capacity building). 

7.
This project will only succeed if there are clear commitments from all participant to fulfill their roles as described above, as well as commitments to participate in the evaluation of the project (lessons learned, identify gaps, and make recommendations).  The project will build on existing capabilities and be developed with a view to ensure sustainability.  Performance measures will need to be established prior to the start of the project.  A process will be established to ensure that all severe weather events are documented.  It is recommended that at the end of the project, there will be an in depth analysis, including the feedback from all parties including disaster management and civil protection agencies involved.  It was proposed that project duration should be of one year to ensure that sufficient severe weather events are analyzed.  It was envisaged that 2 types of project could be developed, one that is aimed at improving severe weather associated with Tropical Cyclones, and another project focusing on improving heavy precipitation/strong wind forecasts  (not associated with tropical cyclones). 

8.
Demonstration Projects

8.1
Generalities

Goals:

· To improve the ability of NMCs to forecast severe/extreme weather events

· To improve the lead time of the alerting of these events

· To improve interaction with disaster management and civil protection agencies before and during event

· To identify gap and areas for improvements

Sub goals:

· To evaluate the value of probabilistic forecasts and the skill of EPS products

· To enhance capacity of NMCs (training, capacity building, etc..)

Three – level approach:

1) Global NWP Centres: producers of products;

2) Regional Centres with human and technical capability to run NWP models over a limited area, to interprate products from global NWP centres;

3) NMCs with sufficient capacity to benefit from project.

Roles of each centres:

1) Global NWP Centres:

- Commitment to provide NWP products over area covered by the project for duration of project(s): deterministic model, EPS output such as extreme weather index, probability precipitation/wind exceeding a certain threshold.

2) Regional Centres:

· Interpret information received from global NWP centres, develop diagnostics products/guidance material on potential of severe weather based on EPS products (timeframe 3-5 days ahead of time); make the information available to participating NMC(s);

· As it gets closer to event, run mesoscale model to refine products, confirm potential for severe/extreme weather, provide more detailed information (36-48H);

· Establish communications between regional centre and participating NMC;

· Evaluation of approach from regional centre perspective;

· Provide feedback to participating global NWP centres.

3) NMCs:

· Liaise with disaster management and civil protection agencies;

· Establish contacts with above agencies prior and during event;

· Interpret information received from Regional Centres and assess diagnostics products against available information and make adjustments as required;

· Apply nowcasting techniques;

· Issue alert, advisory, warning as appropriate;

· Evaluation of cascade approach from a forecaster perspective;

· Provide feedback to regional centre on usefulness and skill of product;

· Get feedback from users.

Criteria for participation

The project will only succeed if participating NMCs agree to meet certain pre-determined criteria. Participating centres must meet the requirements listed below. 

1) Global NWP centres: 

· Commit to provide agreed upon information during duration of project;

· Consider feedback from users as appropriate;

· Provide a contact person for the project.

2) Regional centres: 

· Ability to interpret, use and evaluate products from Global NWP centres;

· Ability to run limited area model over region considered;

· Provision of training to participating NMCs as required;

· Provide a lead person for the duration of project.

4) NMCs

· Minimum communication bandwidth of 64kbps;

· Access to satellite data and some observations from ground stations;

· Provisions of senior forecaster for the duration of the project that must meet WMO standard training for meteorologist: meteorologist who acquired at the university an appropriate knowledge of mathematics, physics, and chemistry and completed a degree specialized in meteorology;

· Provision of a lead person for duration of project;

· Commitment to establish liaison with disaster management and civil protection agencies within their country.

Potential participants will have to demonstrate that they meet the above criteria.

More general criteria:

· Regional centres and NMCs would be from same region, and be able to communicate in same language;

· Must be in area where severe weather is encountered;

· Ability and commitment to participate in the evaluation of the experiment: criteria, indicators, etc..;

· The project must be sustainable: use of existing capacity, on-going commitment of participating centres, on-going assessment of usefulness and skill.

8.2
Demonstration Project on Tropical Cyclones

Specific objectives:

In addition to broad objectives described under chapter 3.7 of the report:

· To bring the available technology and tools, including EPS, to the forecasters in developing countries for the improvement of intensity forecasting.  Capacity building should not be overlooked. 

· To evaluate the usefulness of EPS in various aspects of intensity forecasting associated with tropical cyclone in terms of lead-time, quantitative measure of probabilistic information from both forecasters and users point of view.
· To evaluate EPS guidance against deterministic guidance including high-resolution NWP products on varying lead-time (medium to very short range).
· To promote the usefulness and value of EPS guidance particularly in the form of probabilistic guidance for the disaster mitigation from heavy rain, storm surge and strong wind from tropical cyclone, and to evaluate the effectiveness of information at three level of cascading stage including the linkage between meteorological office and disaster management authorities at national level.
· to identify limitation of the value of current EPS products particularly over Tropics, and direction for improvement.

Potential products:

In addition to existing information from Tropical cyclones program:

· Deterministic grid output (3-5 days in advance);

· Probabilistic information on track and intensity, including precipitation and wind higher than a certain threshold, EPSgram (grid point information on temperature, precipitation, wind) (3-5 days in advance);

· Some regional model output (24-72 hour in advance).

Deliverables:

At the end of the demonstration project, the expected outcome would be:

· Evaluation on the utility of EPS guidance in improving severe weather associated with tropical cyclone: timing, lead-time, location, scale of impact, and effectiveness to alarm disaster management authorities for preventive and/ or counter measures;
· Better tool to forecast intensity of tropical cyclones based on NWP guidance including EPS products;
· Identification of gaps and areas for improvement (i.e. additional products required, training needs, infrastructure enhancement such as telecommunication requirements to access the modern NWP products).  This could be used in future steps e.g. to develop a proposal to enhance capabilities of  NMCs in collaboration with disaster management sector.
Cascade process:

· One or more global EPS centers would provide the probability distribution of TC tracks and strength of TC intensity in terms of rain, wind, temperature, central pressure, EPSgrams along with conventional form of NWP guidance for 3-5 days in advance through Internet or other communication means available for the target country;

· The products would be provided to the RSMC for Tropical cyclones who would interpret the information;
· High resolution limited area models may provide detailed synoptic conditions and possible some mesoscale signatures on the distribution of rainfall and wind structure, and their interaction with topography or with large-scale circulation;
· The various downscaling process will be activated to infer detailed scenarios for expected disasters associated with storm surge, floods, strong wind, and severe thunderstorms.  The exchange of information among partners is requested (such as oceanographers for storm surge, hydrologist for floods, and disaster managers for evacuation, civil engineers for protection of property, etc.);
· When the threat is imminent such as TC landfall, the observation can be compared with the model guidance and corrections are made to fit with the latest observation in nowcasting range.

Three levels and roles:

· Global NWP centers provide available NWP products particularly in the form of probability;
· Regional centres provide some coordination for the definition of episode, interpretation for the guidance, collection of feedbacks, and training for facilitating the demonstration by targeted user NMCs;
· NMCs provide severe warning, evaluation of the project (the WWRP reference on the standard form for verification is desired).  They are also responsible to communicate with disaster management sector, particularly for hydrology group and DMCPA component.  They are requested to comment on further improvement to be carried out by advanced centers.
Duration:

· A whole year to sample on extreme storm events (classified as tropical storm or stronger in Pacific region for instance).
Evaluation of demonstration:

· To measure the accuracy of meteorological products using WMO standards;
· To measure the process itself, survey is recommended after each storm event towards both forecasters and end users at national level.
Preconditioning:

· The infrastructure for the communication and/or verifying ground network should be available for the participating NMC;
· The targeted user NMC have an appropriate capability for the evaluation of the cascading process and the usefulness of the processed information;
· The committed NMCs and/ or intermediate RSMCs have to identify the forecast problem (i.e., how to use the given NWP guidance on what sort of severe weather in tropical cyclone), and the way of verifying the process for all three level of cascading.
Special recommendation to CBS/WMO:

· Global NWP centers are identified as willing to provide as much EPS products as available to target user NMCs;
· Approach regional bodies such as regional association or tropical cyclone community to find appropriate regional centers that coordinate the interpretation of NWP guidance, train target user NMCs and collect feedbacks from the users;
· The participating NMCs should be identified as highly motivated to use the latest available NWP products for their forecasting process, while being committed to evaluate the accuracy of the information, the usefulness of the information provided and the effectiveness for the disaster mitigation, from a meteorological service perspective.
Downscaling details:

· The uncertainty of meteorological information based on EPS could be further processed for refining the assessment of the risk associated with storm surge and flood, which could be handled with a coordinated effort with the hydrology community and the coastal engineering community.

Remarks:

· A tropical cyclone may hit a single country and/ or several countries on its passage.  In case several NMCs may be involved in any single event, associated NMCs may participate on the demonstration.  The targeted NMC may not necessarily be limited to a single country.

· Many global NWP centers including ECMWF have a plan to enhance the resolution of their EPS, which could provide additional opportunity and motivation to participate on demonstration project.

· In a sense the tropical cyclone program is well established at regional level.  Some agreement or harmonization have to be developed to make the demonstration successful from the planning stage to the implementation stage.  Some institutional arrangement between CBS and tropical cyclone community has to be made.
· The linkages between NMCs and disaster management and civil protection agencies need to be strengthened, as it is very weak in some countries. 

· Performance measures need to be developed to verify the usefulness and the skill of the projects.  There may benefits to use the scheme developed by WWRP for the demonstration project during the Sydney Olympics.  The scheme should evaluate the performance from both a forecaster perspective and user point of view.
8.3
Demonstration Project to Improve Forecasts of Heavy Rain and Strong Winds

Objectives:

In addition to the broad objectives described under chapter 3.7 of the report

· To bring the available technology and tools, including EPS, to the forecasters in developing countries for the improvement of severe weather forecasting related to heavy rain and strong winds;
· To evaluate the usefulness of EPS in various aspects of heavy rain and strong wind forecasting in terms of lead-time, quantitative measure of probabilistic information from both forecasters and users point of view;
· To use current available products to their full capacity;

· Develop linkages with between meteorological office and disaster management authorities at national level;
· To identify limitation of the value of current EPS, diagnostic products, nowcasting techniques and direction for improvement.

Potential products:

· Identify currently available products;

· Deterministic grid output (3-5 days in advance);

· Probabilistic information such as precipitation and wind higher than a certain threshold, EPSgram (grid point information on temperature, precipitation, wind), diagnostics products (stability indices, CAPE) (3-5 days in advance);

· Some regional model output (24-72 hour in advance).

Deliverables:

At the end of the demonstration project, the expected outcome would be:

· Evaluation on the utility of EPS guidance in improving lead time for disaster management authorities for preventive and/ or counter measures;
· Better tools to forecast severe weather;

· Increase use of NWP and diagnostic products;

· Improved links with disaster management and civil protection organization;
· Identification of gaps and areas for improvement (i.e. additional products required, training needs, infrastructure enhancement such as telecommunication requirements to access the modern NWP products).  This could be used for future steps (e.g. to develop a proposal to enhance capabilities of NMCs in collaboration with disaster management sector).
Cascading approach:

1) Global NWP centers: provision of products of interest over the area covered by the project.  This will allow assessing the ability of existing products to add value to the forecasting services in the participating countries.  Global NWP centers are encouraged to enhance the list of products that they make available and improve the accuracy of the existing products based on feedback from users.

2) Regional centres (belonging to target region) with technical and human potential to run numerical model and generate new product adaptation tools for their own use and for dissemination and capacity building for other countries.  The role of the regional centre will be crucial during the demonstration project implementation phase. This centre through intensive discussion with the global NWP centers has to build an evaluation/validation process/mechanism from the beginning in order to detect any added value during and after the demonstration project period.

3) NMCs provide severe warning, evaluation of the project ( e.g. the WWRP reference on the standard form for verification).  They are also responsible to communicate with disaster management sector, particularly for hydrology group and DMCPA component.  They are requested to comment on further improvement to be carried out by advanced centers.
Action plan:

During the discussion it was pointed out that the period of one year cannot be enough to show clear and strong added value.  The idea to consider three phases around the demonstration project:

A) Pre-demonstration period-Feasibility phase:

During this phase an inventory of existing products, capacities (telecommunications, data-processing, human resources, etc…), vulnerabilities will be undertaken for potential candidate countries.  This will allow selecting participating countries, ensuring that they meet criteria, and better defining problems to be addressed.
B) Demonstration period:

1) Demonstration project precision phase: as output of the feasibility phase the term of references of the demonstration project have to be well identified and detailed: general objectives, specific objectives, expected deliverables, team members, international, regional and national coordinators, time table, list of partners, list of product and processes, resources needed.

2) Implementation phase: during this phase one can start by generating the optimal use of existing products with the necessary adaptation.  In this phase the role of the regional centre is crucial in term of product adaptation, process validation and capacity building. 

The second step concerns the improvement of the existing processes even in the regional centre to engage communications with the NMCs, to ensure a mechanism for validation/feedback.  The aim is to implement a pilot operational warning system in both regional centre and at least one NMC: coordination, optimization and facilitation of the exchange of information have to be considered.  At the end of this phase a dynamic warning information system have to be implemented with easy access by the existing telecommunication tools (fax, telex, internet, satellite,…).

3) Sustainability phase of the warning system (Continuous evaluation/improvement):  During this phase the warning system has to enter in operational suite assuring all the accompanying measures that allow robustness, maintenance and sustainability of the warning system.  The Warning Information System has to be continuously updated; the interaction with the end users regularly maintained; systematic coordination assured, etc…
Post- evaluation:

It is proposed to assess the project after one year.  Based on the assessment, it may be decided to continue the project for another period, to make some adjustment to the project or terminate the project.

