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EXECUTIVE SUMMARY

The Technical-Planning Workshop on Severe Weather Forecasting Demonstration Project (SWFDP) for the Bay of Bengal (South Asia) was held in New Delhi, India, from 23 to 27 January 2012. Participants included representatives (forecasters) of Bangladesh, India, Maldives, Myanmar, Sri Lanka and Thailand, representatives from global products centres (JMA, NOAA/NCEP and IMD/NCMRWF), and the WMO Secretariat (DPFS, PWS, AgM and DRA programmes).  

[…]
GENERAL SUMMARY OF THE WORK OF THE SESSION

1.
OPENING
1.1 The Technical/Planning Workshop on Severe Weather Forecasting Demonstration Project (SWFDP) Development for the Bay of Bengal region (South Asia) was called to business by Dr L.S. Rathore, Chairperson of the local organizing committee.  Dr Shailesh Nayak, Secretary, Ministry of Earth Sciences (MoES), Government of India opened the meeting, at 09:30 hours on Monday, 23 January 2012, at the India Meteorological Department (IMD), in New Delhi, India.  
1.2 Welcoming remarks were given by:

· Dr Ajit Tyagi, DGM, IMD and Permanent Representative of India with WMO;  

· Mr Peter Chen, Chief of the WMO Data-Processing and Forecasting System Division, on behalf of Mr Michel Jarraud, the Secretary-General of WMO, and 

· Dr Shailesh Nayak, Secretary, Ministry of Earth Sciences (MoES), Government of India.
1.3 Dr Ajit Tyagi expressed his appreciation to WMO for initiating the SWFDP for South Asia, in particular for arranging and preparing for this project development workshop in such a short time since the WMO mission to IMD, carried out by Ms Alice Soares and Mr Kuniyuki Shida in November 2011.  He also expressed his appreciation to all the participants from the global, regional and national centres, the Secretariat, and IMD staff, for their interest and commitment of time, which he believed reflected the importance to WMO of forecasting severe weather and delivery of warnings.  He recognized the long-standing success of the RSMC New Delhi for Tropical Cyclone forecasting in the region, and believes the RSMC is prepared to take on the regional forecasting support role for the SWFDP.  He expected that the participating NMHSs to express their requirements for forecasting guidance from the RSMC, to support their national forecasting functions.  
1.4 Mr Peter Chen expressed appreciation to the Government of India, the India Meteorological Department (KMD), and Dr Ajit Tyagi, IMD/DGM and Permanent Representative of India with WMO, for hosting this meeting in New Delhi.  He then thanked Dr Nayak for being present for the opening of the meeting, and expressed appreciation for his interest in severe weather forecasting, and the delivery of related meteorological services.  Mr Chen also thanked Dr Y.V. Rama Rao, Dr S.D. Attri and Mr V.K. Bakshi of the India Meteorological Department (IMD) for their work in organizing the local arrangements.
1.5 Mr Chen explained that the Severe Weather Forecasting Demonstration Project (SWFDP) initiative is intended, to (1) further explore and enhance the application of outputs of existing NWP systems, available through WMO’s Global Data-Processing and Forecasting System (GDPFS), in the improvement of severe weather forecasting in countries where sophisticated NWP outputs are not currently used, or poorly used, and (2) delivery of warning services through the Public Weather Services Programme (PWSP).  He noted that the SWFDP had been implemented successfully in Southern Africa and other three projects are in progress for the South Pacific Islands, Eastern Africa and for the Southeast Asia.  Following the request by the sixteenth World Meteorological Congress  (May 2011), to further expand the SWFDP to other WMO Regions, plans were initiated to convene this workshop to consider a n SWFDP regional project for the Bay of Bengal (South Asia) as an excellent opportunity to improve both the application of science and technology that supports forecasting and severe weather warning services, and to enhance the capabilities of NMHSs in more effectively supporting the disaster management and civil protection organizations, as well as socio-economic sectors, in particular agriculture and fisheries, within their countries, and coordinated effectively within a geographical region.  
1.6 Mr Nayak congratulated WMO for undertaking this project on severe weather, clearly recognizing its importance in this region of the world for the safety of lives and security of livelihoods, as well as the economic value of weather services especially in agriculture.  He noted the continuing need for more reliable meteorological observations, the need to build capacity in both forecasting and delivery of warnings, and expressed the willingness of India to extend the successes of its own forecasting activities to assist nearby countries including to the members of RIMES, for example through the SWFDP and other initiatives or projects.  He noted that the Government of India is committed to create an African Medium-Range Weather Forecast Centre, whose time development frame and location are still in discussion.  
Dr Rama Rao offered the vote of thanks, to close the opening ceremony.  

2.
ORGANIZATION OF THE WORKSHOP
The participants unanimously accepted the proposal by Dr Ajit Tyagi, IMD/DGM and Permanent Representative of India with WMO, that his designate Dr B.K. Bandhyopadhyay will act as the chairperson of the meeting, while he himself will continue to take a great interest in the meeting’s discussions as his time would permit.  

2.1
Adoption of the agenda

2.1.1
The meeting adopted the provisional agenda without change, as provided in Annex I.
2.2
Working arrangements

2.2.1
All documents submitted for the meeting are referenced and hyperlinked in the Documentation Plan (INF. 1), which had been posted on the WMO Website at:

http://www.wmo.int/pages/prog/www/DPFS/Meetings/TPW-SWFDP-BB_New-Delhi2012/DocPlan.html
2.2.2
The participants agreed its hours of work and other practical arrangements for the meeting, including the tentative work programme.  The list of participants in the meeting is provided in Annex II.
3.
INTRODUCTION TO WMO/RIMES PROJECT (“Reducing risks of tsunami, storm surges, large waves and other natural hazards in low elevation coastal zones”)
3.1
The Secretariat provided a briefing on the WMO/RIMES project, whose Activity 4 is the development of a SWFDP for the Bay of Bengal region, which involves the six countries: Bangladesh, India, Maldives, Myanmar, and Thailand.  The Outcomes under Activity 4 are entirely under the responsibility of WMO, and are all related to improving operational severe weather forecasting and warning services at the participating NMHSs as a UNSCAP funded (24-month), SWFDP regional project.  This project development-planning workshop is the first activity under the project.  
3.2
The meeting was also informed that the RIMES project (wherein its Activity 4 is noted above) held a project inception meeting 26-30 September 2011 in Bangkok, Thailand.  Participants included those from RIMES countries’ NMHSs, and the WMO and RIMES Secretariats.  

3.3
The meeting discussed and clarified the relationship between RIMES and WMO in the project.  RIMES will act as project support where required, such as in developmental or training activities.  RIMES should not be carrying out operational functions, for which WMO and WMO Centres have responsibility.  This is particularly critical for the production, dissemination, and management of authoritative weather warning services and programmes of WMO Members.  
3.4
The meeting also noted that the Public Weather Services Programme should participate in the RIMES project, both in the WMO-led Activity 4 (see above) as well as collaborate with RIMES in other activities of the project that have a public weather service delivery function.  The PWS promotes the role of NMHSs in their delivery of meteorological services in their respective countries.  
3.5
The meeting believed that the SWFDP had a vital role to contribute to the visibility and credibility of the NMHSs of the region as the authoritative sources for the provision and delivery of reliable, timely, accurate and useful severe weather warnings and forecasts. WMO expends considerable resources and effort to highlight the role of NMHSs in this regard and assists them with the delivery of user focused and relevant services. While support from RIMES in the project could complement the efforts of NMHSs in some aspects of the delivery and effectiveness of the warning services, for example to remote communities and at the grass root level where NMHSs may not have the required resources for this purpose, care should be taken to ensure that quality services are delivered based on quality products. In this regards the public recognition of NMHSs as the authoritative sources of warnings should be preserved.
4.
INTRODUCTION TO SEVERE WEATHER FORECASTING DEMONSTRATION PROJECT (SWFDP) (Component 4 of the WMO/RIMES Project)
The Secretariat briefed the meeting on the SWFDP, including its overall framework, the experience of developing another SWFDP regional project for Southeast Asia (Cambodia, Lao PDR, Thailand, Vietnam).  The meeting was reminded that the objective of this workshop was to develop a series of conclusions and recommendations on how the SWFDP-Bay of Bengal should be designed and developed for its first demonstration period, including the following aspects, covered in agenda item 8 (Planning a regional subproject for South Asia): 

· which participating centres (global, regional, national) 

· what geographical window (latitude-longitudes) should be adopted for the project 

· which hazards, i.e. where warnings are issued by the NMHSs, and are the most important in this region (should at least include heavy rainfall and strong winds) 
· what RSMC daily guidance hazard thresholds should be adopted (e.g. heavy precipitation at 100 mm/24-hr) 

· what is the period of the season for each of the hazards 

· what products should be requested from the global and regional centres (including locations for EPSgrams to be supplied 

· what forecasting guidance products from other RA II related projects could be included or linked to the SWFDP
· timetable and milestones 
4.1
Overall Framework

4.1.1
The Secretariat informed the meeting of the WMO SWFDP framework, including guidance from the Commission for Basic Systems (CBS), and introduced the basic documents: “SWFDP Overall Project Plan (2010)”, and “SWFDP Guidebook for Planning Regional Subprojects (2010)” that have been developed by the CBS Steering Group on the SWFDP.  

4.1.2
The meeting noted that SWFDP aims to contribute to capacity-building and to help developing countries in particular to have available existing NWP products and make the best possible use of those products for improving warnings of hazardous weather conditions and weather-related hazards.  Global-scale products, as well as data and information provided by other regional centres, are integrated and synthesized by a designated Regional Specialized Meteorological Centre (RSMC), which, in turn, provides daily guidance for short-range (days 1 and 2) and medium-range (out to day-5) on specified hazardous meteorological phenomena (e.g. heavy rain, strong winds, etc) to participating National Meteorological Centres (NMCs) of the region.  This is a “Cascading” concept of the forecasting process, which is further discussed under item 7.  

4.1.3
The meeting recalled that the SWFDP had been implemented successfully in Southern Africa and other three projects are in progress for the South Pacific Islands, Eastern Africa and for the Southeast Asia.  The meeting reviewed progress and benefits of, and synergies with the SWFDP – Southeast Asia under agenda item 4.2, and discussed lessons learnt from this project and the potential replication in the Bay of Bengal (South Asia).
4.1.4 The meeting noted that the “SWFDP Overall Project Plan (2010)” is a high-level document targeting senior managers, which describes the SWFDP technical aspects related to weather forecasting (GDPFS) and public weather services (PWS) programmes; and general principles and conceptual framework for guiding project planning; while the “SWFDP Guidebook for Planning Regional Subprojects (2010)” provides a “template” and procedures for developing a Regional Subproject Implementation Plan (RSIP). The meeting noted that the development of an Implementation Plan for an SWFDP for the Bay of Bengal (South Asia) should follow the procedures as described in the Guidebook, with the required adjustments to address particular aspects of the region. The meeting further noted that the Implementation Plan, when developed, is required to be reviewed by the Steering Group for the SWFDP, and approved by the Regional Association, prior to its implementation to ensure that the required procedures had been properly addressed. 
4.1.5 Both the “SWFDP Overall Project Plan (2010)” and the “SWFDP Guidebook for Planning Regional Subprojects (2010)” are available at:

http://www.wmo.int/pages/prog/www/DPFS/Meetings/TPW-SWFDP-BB_New-Delhi2012/DocPlan.html.
4.2
Summary of experience and progress of, and synergy with the SWFDP in Southeast Asia
4.2.1
The Secretariat briefed the workshop on the development and progress of the SWFDP in the Southeast Asia region (SWFDP-SeA) as well as lessons learnt from developments of SWFDP in Southern and Eastern Africa.  The meeting noted that the SWFDP is an innovative approach to take those NWP products that are already in routine production, and making them accessible and better used by forecasters in developing countries.  When the forecasters who have received SWFDP training return to their home offices, they are expected to put into use, and transfer to their forecasting colleagues, their newly acquired knowledge and skills, as well as carrying out the project’s required activities (e.g. recording severe weather events, project reporting, provide feedback, survey users, interact with disaster management organizations, case studies, etc).  The meeting noted positively that through the SWFDP, forecasters, public weather services (PWS) focal points and agricultural meteorology representatives participated together in workshops to discuss forecasting and provision of warning services.  The meeting further noted that similar training, which will be conducted for countries of the Bay of Bengal region, is planned to be held in July 2012 (venue and dates yet to be decided). 
4.2.2
The participants were encouraged to familiarize themselves with the “Guidebook” and one of the Regional Subproject Implementation Plans, such as the draft for SWFDP – Southeast Asia.  It noted that this Plan provides a comprehensive description of the organization and procedures carried out under the framework of the SWFDP, the role and responsibilities of the participating centres, and a list of products and services provided by the global products centres, RSMC and participating NMHSs.

4.2.3
The meeting noted that participating NMHSs in a regional SWFDP project are tasked to prepare and submit quarterly reports summarizing the occurrence of severe weather events throughout the quarter, assessing the utility and quality of the RSMC Daily Guidance provided by RSMC, the relevance and the skill of the various NWP products relative to severe weather, the pertinence of the severe weather warnings issued by the NMHSs, and the improvement of the services they deliver to Disaster Management and Civil Protection Authorities (DMCPA) and socio-economic sectors, including agriculture and fisheries.  The meeting noted that a similar level of commitment (e.g. reporting and verification of the occurrence of severe weather events: preparation of quarterly reports, etc.) would be required to the participating NMHSs in a SWFDP regional project for the Bay of Bengal region (South Asia). 

4.2.4
The meeting was presented with the SWFDP – Southern Africa Website to illustrate how the SWFDP functioned, and in particular the importance of the RSMC Daily Guidance Products in both providing an early alert of possible hazardous weather as well as in increasing the confidence in the forecasters to predict severe weather with longer lead-times.  The meeting noted that identified thresholds for heavy rain and strong winds established for another SWFDP region may not be the appropriate for the Bay of Bengal region and that the definition of the thresholds would require an evaluation of the impacts that the severity of heavy precipitation would have on flooding.  The meeting agreed that this issue should be carefully addressed when developing the Implementation Plan for the SWFDP – Bay of Bengal.

4.2.5
The meeting agreed that the SWFDP had provided capacity building for forecasters and improved cooperation and integration of activities among NMHSs that contribute to disaster risk reduction and support socio-economic sectors, including agriculture and fisheries.  The meeting also agreed that the SWFDP could serve as a vehicle to facilitate the development of a business case for improving observational networks by identifying gaps and demonstrating improved forecasting through making effective use of observations e.g. in post-processing, data assimilation and verification of forecasts.
4.2.6
The meeting recognized that there is an added-value in building regional partnerships, as those established within the SWFDP framework, for improving severe weather forecasting and warning services for the benefit of the general public and socio-economic sectors, in particular agriculture and fisheries.  It noted that there exists already very good cooperative environment among the countries of this region, including the formalized governmental grouping of South Asian Association for Regional Cooperation (SAARC: http://www.saarc-sec.org ), but it noted that Thailand is not included in this grouping.  It is not known whether and how meteorology fits in SAARC.  
4.2.7
The meeting emphasized that there are significant meteorological hazards not associated with Tropical Cyclones, specifically heavy rainfall, damaging winds, lightning, and tornadoes associated with severe thunderstorms.  It was then noted that NWP guidance does not provide adequate guidance on severe thunderstorms, and that tools for very-short-range forecasting (including nowcasting) are needed.  
4.3
Synergy with Tropical Cyclone Programme (TCP) activities in RA II (Asia)
4.3.1
The meeting agreed that the main meteorological hazards of the region are associated with tropical cyclones, and that the WMO/ESCAP Panel on Tropical Cyclones is the responsible body for all planning and operational activities for the Bay of Bengal (BOB) and the Arabian Sea (AS).  The SWFDP-Bay of Bengal would be a project with complementing activities that will support improved forecasting and warning services for the public and disaster management organizations, as well as for the agricultural sector.  
4.3.2
As a core feature of its Operational Plan, the Panel recognizes RSMC New Delhi, which is operated by India Meteorological Department with activity specialization in tropical cyclones within the framework of WMO’s World Weather Watch Programme.  The RSMC New Delhi carries out special regional and international functions. These functions are, principally, the detection, monitoring and tracking and intensity forecasting for all tropical cyclones in its region, the provision of real-time guidance and advisory information for National Meteorological and Hydrological Services (NMHSs) in the region, information for the international community, the training of personnel, and research. The Operational Plan demonstrates in a practical way the benefits of the high level of regional cooperation achieved.  
4.3.3
The main topics of some relevance to SWFDP at the thirty-eighth session held in New Delhi, India from 21 to 25 February 2011 are as follows.  

· WMO/TCP presented its plan of developing Tropical Cyclones Ensemble Forecast Project (TCEFP) in the Panel region in view of the increasing role of ensemble forecasts in the operational tropical cyclone forecasting. Arrangements are currently underway with RSMC New Delhi to transfer the programme that was developed by JMA and has been used for the TCEFP in Typhoon Committee region.

· An overall project plan of the WMO Coastal Inundation Forecast Demonstration Project (CIFDP) was also presented by WMO/TCP. In this regard, the Panel stressed that tropical cyclones and associated storm surges and heavy rains are most responsible for the coastal inundation in the Panel region. It showed the view that a close linkage with the Panel, including the RSMC New Delhi in particular, will be indispensable to successful implementation of the CIFDP in this region. The Panel also recommended that, for the Pilot Project in Bangladesh, the Bangladesh Meteorological Department (BMD) should play the leading role as the national counterpart for the Pilot Project.

· RSMC New Delhi informed the Panel that the multi-model ensemble forecasts which are derived from the High Resolution Ensemble Forecast System (HREF) are available at the RSMC’s Website. Currently, a further improvement has been made to the Website. 
4.4
Synergy with other projects in RA II (Asia)

4.4.1
The Secretariat briefed the workshop on the progress of the three pilot projects established at the 13th session of RA II (2004) and three pilot projects established at the 14th session of RA II (2008).

RA II projects established at XIII-RA II (2004)

4.4.2 The meeting noted the Pilot Project on Provision of City-Specific Numerical Weather Prediction Products to Developing Countries via the Internet  This project has been implemented with the participation of 21 RA II Members and aims at enhancing the capacity of NMHSs of the developing countries in the region, through the supply of city-specific NWP products by advanced meteorological centres.  City-specific forecast time series products were provided by Hong Kong, China, Japan and Republic of Korea, and have been launched on their respective web sites since January 2006. City-specific forecast time series, including surface temperature, relativity humidity, cloud coverage, precipitation, and wind speed and direction, etc, for some 210 cities are being provided to Members via the Internet twice daily.
4.4.3 Another project was the WMO VCP training courses on “Use and Interpretation of City-specific NWP Products that were held in Hong Kong, China in 2006 and 2008.  Taking into account that the participating Members generally indicated that the products were useful, the pilot project was operational in July 2011, after endorsement by the third session of the RA II Management Group (May 2011).
4.4.4 The meeting noted the Pilot Project to Develop Support for Developing Countries in the Aeronautical Meteorology Programme.  This project has been implemented with the participation of 10 RA II Members and observers (the International Civil Aviation Organization (ICAO) and the two World Area Forecast Centres (WAFCs) with the aim of developing numerical weather guidance products to the National Meteorological and Hydrological Services (NMHSs) of developing countries, and in particular Least Developed Countries (LDCs), in building their capacity in the provision of aviation weather services. 

4.4.5 An Asian Aviation Weather Pilot Project Website was established by the China Meteorological Administration (CMA) and the Civil Aviation Administration of China (CAAC) in support of RA II Members, in close coordination with WMO and ICAO. The website features a suite of guidance products of numerical model output. In 2010, the website was further enhanced through the increase of guidance products. The pilot project was declared operational in November 2010. A regional seminar related to this project was held in Beijing, China in April 2011.
RA II pilot projects established at XIV-RA II (2008)

4.4.6 The meeting noted several pilot projects established at the XIV-RA II Session in 2008 including the Pilot Project to Enhance the Availability and Quality Management Support for NMHSs in Surface, Climate and Upper-air Observations. This pilot project was established to provide technical support to NMHSs of developing countries or least developed countries to ensure that quality assured observational data from weather, climate and upper-air stations are made available for the WWW, and the WIGOS and other relevant WMO Programmes, including the provision of relevant tools on a centralized website to meet the stated purpose, and training activities.
4.4.7 A questionnaire survey was conducted to assess the current status of the implementation of relevant observations, their provision and their quality management in RA II in 2010. The JMA/WMO Workshop on Quality Management in Surface, Climate and Upper-air Observations (Tokyo, Japan, July 2010) identified a number of issues regarding the implementation and operation of surface, climate and upper-air observations, and noted that, among various factors, the most important ones affecting data quality in RA II are calibration and maintenance of the instruments. The workshop confirmed the importance of full utilization of RICs and promotion of capacity building, establishment of calibration laboratories within each NMHS for enhancement of data quality and availability in RA II.
4.4.8 The meeting noted that another questionnaire survey on meteorological instruments, calibration and training in RA II was conducted to gather necessary information on capability of calibrations of the RA II Members as well as their needs of RIC’s services including provision of training materials and training events to the Members.  A workshop is proposed to be held for calibration and maintenance of the instruments, which are the most important factors affecting data quality in RA II recognized by the Workshop in 2010.
4.4.9 The meeting noted the Pilot Project to Develop Support for NMHSs in Numerical Weather Prediction. This pilot project aimed at developing a consortium comprising NWP operators and product providers to support and assist (NMHSs) in their full use of NWP products and in the development of NWP activities suited to their circumstances, for the provision of weather services, including forecasts and warnings.
4.4.10 Based on the results of the questionnaire survey to identifying the requirements on NWP application and research, one or more community models for the RA II NWP consortium, which may be named the “Asian Consortium for NWP Forecasts” (ACNF), would be identified in the first phase of the project (2010 to 2012).  Documentation, source code and tutorial of the use of the community model(s) would be provided through a website of ACNF. The ACNF website would also provide the existing NWP products from RA II Members, plus enhanced NWP products such as more frequently updated prognostic weather charts (every 3-6 hours), forecasts of tropical cyclone movement, intensity and wind distribution, as well as forecast charts of severe weather guidance.
4.4.11 In the second phase of the project (2013 - 2015), more advanced research and development topics would be covered in the ACNF website, such as tuning of the community NWP model(s), data assimilation, interpretation and applications of products from ensemble prediction systems (EPS).
4.4.12 The meeting considered the Pilot Project to Develop Support for NMHSs in Satellite Data, Products and Training.   This project was established as a kind of self-help effort for NMHSs in RA II to improve the flow of satellite-related information. The major focus of the initiative is to facilitate the timely provision of satellite-related information by satellite operators themselves to users, i.e., NMHSs in RA II, especially in developing countries including least developed countries (LDCs). As there are also other ongoing activities such as the Virtual Laboratory (VL), it is needed to create synergies and provide greater benefits avoiding duplication of efforts.
4.4.13 Within the pilot project, the first Meeting of the Coordinating Group of the RA II Pilot Project to Develop Support for NMHSs in Satellite Data, Products and Training was held in Tokyo, Japan, in February 2011. The Meeting agreed to clarify satellite users’ needs and determine the status of utilization through the RA II Pilot Project questionnaire system; agreed to share information on access to satellite imagery, data, products and training information through the RA II Pilot Project portal site; and shared an understanding that cultivating human resources is essential in promoting the utilization of satellite products.    

4.4.14 The meeting noted that newsletters were developed for RA II Members aimed at sharing the latest satellite-related information in areas such as imagery, data, products and training, have been issued.  The RA II Pilot Project website hosted by WMO Space Programme was set up with the contents including the Report on the Coordinating Group of the RA II Pilot Project meeting; Information on access to satellite imagery, data/products and training; and the RA II Pilot Project questionnaire relating to the availability and use of satellite data and products.

5.
SEVERE WEATHER FORECASTING IN SOUTH ASIA

(Bangladesh, India, Maldives, Myanmar, Sri Lanka and Thailand)
5.1
Severe weather forecasting and warning services, including delivery and communication to the users
5.1.1 The representatives of Bangladesh, India, Maldives, Myanmar, Sri Lanka and Thailand presented the status of weather forecasting especially for severe weather, and the means of disseminating and communicating such information for the benefit of the general public and socio-economic sectors, in particular agriculture and fisheries.  The relationship with disaster management and civil protection authorities and the media, as well as with agricultural and fishery agencies, was also addressed. 
Bangladesh 
5.1.2 The representative of Bangladesh presented information about the Bangaldesh Meteorological Department (BMD) including the following: signals and warning system, analyzing processes and tools; warning dissemination system; and future plans.  The meeting noted that BMD has 35 synoptic observatories, 10 pilot observatories, 3 rawinsonde observatories, 12 agromet observatories, and 5 radar stations with 3 doppler radars.  

5.1.3 The meeting noted that only 5% of the global tropical cyclones form over the Bay of Bengal and on average, 5 to 6 storms form in this region every year. However, casualties account for 80% of the global casualties. The loss of life and property is mainly attributed to the storm surge. The meeting discussed the standing orders for cyclones in Bangladesh to ensure that all concerned Ministries/ Divisions/ Department/ Agencies are able to discharge their functions in a speedy and systematic manner as time and speed of action are vital to handle the situation efficiently.   The four stages of actions are alert stage, warning stage, disaster stage, and post disaster stage. 
5.1.4 The representative of Bangladesh also discussed the tropical cyclone forecasting and early warning system of the BMD. The meeting noted that BMD uses two types of cyclone forecasting methods. The first is the persistence method (synoptical, climatological) and another one is the use of model products by GCPs (NWP ECMWF, AFR, JMA, storm surge model, etc.). Also, satellite and radar images are used for cyclone forecasting. BMD then issues a bulletin/signal for seaports and coastal residents. They disseminate the bulletin/signal messages to higher authorities by using fax, phone, mobile phones and the media (TV, radio, print etc.).  The media then broadcasts these messages or signals to the general public and fishermen and then take the necessary action.  It was noted that BMD would like to upgrade their forecasting systems through the use of ECMWF and JMA products and models, their observations and dissemination systems, the agrometeorological services , and increase their capacity building in human resources and public awareness.
5.1.5 The meeting noted the diagnostic charts and model product that BMD uses. Some of these products include the following: Global Forecasting System (GFS, NOAA); Limited Area Model (LAM) Products; NWP output from ECMWF, JMA, IMD, NCMRWF, RIMES); Track product by running STP & STEEPER Models of BMD; WRF Model (Experimental); Empirical and Numerical /Dynamical Storm Surge Models (IITD Model), and the MRI (JMA) Storm Surge and Wave Model. 
5.1.6 The meeting noted that the dissemination methods used by BMD include fax, telephone, e-mail, and SMS on an experimental basis. The future plans of BMD are to install NHM (JMA), an INSAT Receiving System, and an Automatic Weather System.

5.1.7 The meeting noted that in Bangladesh there are two tropical cyclone seasons and two monsoon seasons. The severe weather events that impact the country are: strong winds, storm surge, heavy rainfall, thunderstorms in the NE part of country from March to May, hail, strong winds and hail in the NW part of country, and heavy rain from May to July during the monsoon season.
5.1.8 The representative of Bangladesh provided the following table:

	Types of Weather Phenomenon
	Types of Hazards
	Hazards Impacts 

	Tropical Cyclone
(March-May, Oct-Nov)
	· Strong winds over coastal areas
· Heavy Rainfall (countrywide)

· Storm surge in coastal areas
	· Damage to crops, houses, animals
· Increased salinity along coastal areas 

	Thunderstorm
(March-May)
	· Strong winds over NW and central areas

· Hail (countrywide)
	· Damage to crops, houses

· Human deaths

	Heavy Rainfall 
(June-Aug)
	· Flash floods (entire country)

· Land slides in hilly areas
	· Damage to crops, houses

· Human deaths
 

	Fog
(Nov-Feb)
	· Poor visibility
· Snowfall ?
	· Transport disrupted (river, plane, seas) 

· Crops affected 

	Cold Wave
(Jan-Feb)
	· Low minimum temperatures more frequent
	· Damage to crops
· People affected by cold


India

5.1.9 The representative of India presented information on the severe weather forecasting capabilities of the Indian Meteorological Department (IMD).  IMD provides tropical cyclone  warning services which are supported by IMD’s large observational and forecasting network. This includes  7 cyclone Detection Radars ( out of which 5  are Doppler Weather Radars)  installed along the east coast and 4 CDRs along the west coast ( 1 is DWR). There is a Cyclone Warning Directorate at IMD New Delhi, 3 Area Cyclone Warning Centres and 3 CWCs to carry out the TC warning responsibilities of IMD.
5.1.10 The meeting noted that IMD has responsibility for interacting with National Disaster Management Authority and National Disaster Management, Ministry of Home Affairs, Govt. of India to provide timely information and warnings for emergency support services. IMD has established linkages and institutional arrangements with disaster management agencies both at the centre and in the states. During normal weather conditions four bulletins are transmitted to Control Room of National Disaster Management Division (NDM). In a case of depression developing over NIO which has the potential to affect the Indian coast, special bulletins, are issued five times per day to NDM based on observations of 0530, 0830, 1130, 1730 and 2330 hrs IST . When the system intensifies into a cyclonic storm, the cyclone warning bulletins are issued every three hourly. When the system weakens or is not going to affect the Indian coast, a de-warning message is also issued.  The cyclone warning bulletins are also passed on to the State Government Authorities/District Collectors who are in constant touch with Cyclone Warning Centres. The centres and local committees consisting of various departments dealing with disaster management issues meet at the time of crisis and take the necessary follow up actions. In order to give information on the damage potential of TCs, IMD has prepared a brochure "Damage Potential of TCs". It contains a table showing the impact of TCs and suggested actions. This brochure benefits crisis managers and the public administrators.
5.1.11 The meeting noted that impact of severe thunderstorms across India.  The Most dominant feature of the weather during the pre-monsoon season (April-May) over the eastern Indo-Gangetic plain and NE India is the outburst of severe local convective storms, commonly known as Nor’westers or ‘Kal Baisakhi. The meeting also noted the impact of flood and drought and the problems with forecasting these events. Forecasting high impact severe weather events is a challenging task in the whole of south Asia where systems such as monsoon depression, tropical cyclone and local severe storm constitute a major convective system affecting a large population. There is a pressing need in operational scenarios to provide forecasts in a meaningful and quantitative way of these events with greater accuracy. The problem has wide range of applications starting from farming operations to flood forecasting and has direct relevance to the economy of the region.
5.1.12 The meeting noted that heavy rainfall-related floods usually occur in India and neighbouring countries during the monsoon season (June-September). The proper monitoring and prediction of rainfall helps in flood and drought management. Apart from various observational platforms like ground based observational network and, satellite and radar, various NWP models are used in IMD for rainfall prediction. They include various global, regional and meso-scale models and MME technique.

5.1.13 The meeting noted that many weather events occur across India including the SW Monsoon System, NE Monsoon, tropical cyclones, local severe storms and western Disturbances.  
5.1.14 Specifically, during the winter months of January and February, western disturbances, cold waves, frost and fog occur. During the pre-monsoon months from March to May, there are cyclonic disturbances, storm surges, strong winds, high waves, heat waves, thunderstorms, lightning, squalls, storms, and tornados.  During the monsoon months from June to September, the southwest monsoon circulation produces monsoon disturbances, heavy rainfall, thunderstorms, strong winds, high waves, floods, and lightning. During the post-monsoon months of October to December, the northeast monsoon occurs producing cyclonic disturbances. 
Maldives 
5.1.15 The representative of Maldives presented a review of some of severe weather hazards in the country. The meeting noted the severe thunderstorms that have impacted the country especially in the form of lightning.  Several notable lightning events occurred including the following: Dhidhoo (December 2009), Hirilandhu in Thaa atoll (April 2010) causing electrical damage, and Giravaru Island at Kaafu atoll (January 2011) striking fishers. 
5.1.16 The meeting noted that abnormal swell waves or the local name “UDHA” (tidal waves) are produced by a number of factors such as the wave height, tide levels, reef geometry, and the location of the original storm event in the South Indian Ocean.  It is often difficult to predict the occurrence of such abnormal events as there is only a small probability, even within storm events of smaller magnitude, to produce waves capable of flooding islands. The most striking feature of past swell wave incidents are the two known severest events in April 1987 and May 2007.  These two events did not originate from cyclonic events but rather from the depressions. The common factor in these flood events is that they occurred during or close to peak tide of the month. 
5.1.17 The meeting noted the impact of the tropical cyclones that hit the Addu Atoll on 29th May 1991. This storm recorded the lowest atmospheric pressure and strongest gusty winds ever recorded in Maldives. The atmospheric pressure was 997.3 hpa and strong winds of 92 to 104 miles which lasted about 30 minutes. This storm caused widespread damages to many islands of Addu atoll including Meteorological Office at Gan. The meeting also noted the Flood event in Huvadhu Atoll in July 2002.  A low level circulation formed to the west of Huvadhu atoll on 5th July 2002 and the system moved over Huvadhu atoll on 10th July, causing flooding in many islands of Huvadhu Atoll. The rainfall of 219.8 millimeters recorded in 24 hours at the Meteorological office, Kaadehdhoo was the heaviest rainfall ever recorded in Maldives. 

5.1.18 The meeting noted that in the Maldives the severe weather hazards that affect the country are the following: heavy rain greater than 30 mm, flooding, severe thunderstorms including lightning, tropical cyclones, swell, wind and tidal waves, average winds of more than 20-30 mph for 3 to 6 hours, and winds gusts greater than 35 knots. 
5.1.19 The meeting noted that the monsoon dominates the climate of Maldives. Some of the challenges that face the Maldives are the resource constraints, misrepresentation and misinterpretation of information by users and the media, the difficulties in expressing terms in local languages, and preconception that no one can predict weather.  Warnings are disseminated by SMS, telephone, fax, hot line, TV and radio.  It was also noted that they would like assistance with special forecasts.

5.1.20 The representative from the Maldives stated that the SWDFP training would be very useful for Maldives Department of Meteorology in the field of severe weather forecasting and interpreting the weather products. The meeting noted that the Department would also like training in interpreting and understanding radar images, to find the mechanism to forecast small scale phenomena like thunderstorms, gust wind and heavy rain and establish a mechanism to generate high resolution NWP model products to forecast weather parameters for specific location over requested period for national and regional planning. There are also issues with regards to the Doppler Weather Radar, radiosonde observations, and the establishment of dart buoys to the east of Maldives.

Myanmar
5.1.21 The representative of Myanmar presented information about the meteorological services in that country. The meeting noted that the severe weather events that impact Myanmar are: tropical cyclones and heavy rainfall events, strong winds, hail and squalls. It was noted that tropical cyclones occur in the monsoon period and some times severe cyclonic storms occur in the Bay of Bengal during pre-monsoon and post-monsoon and flood conditions in the rainy seasons (June to October). The main objective of the Myanmar Department of Meteorology and Hydrology is the mitigation and prevention of natural disasters. The Department makes routine observations and analysis of meteorological phenomena and provides information and early warning system for the general public.  It was noted that the Department also provides meteorological and hydrological information for the public, shipping, aviation, and fisheries. The tasks and services are performed in  real time and on  24 hour basis every day in Headquarters in Naypyitaw.  
5.1.22 The meeting noted the efforts of the Department to improve the tropical cyclone detection and warning system, flood forecasting, and upgrading the telecommunication system. It was noted that telecommunication is essential and the backbone of meteorological and hydrological activities.  The meeting noted that the National Multi Hazard Early Warning Center in Myanmar is responsible for the development weather forecasting. The representative of Myanmar stated that the SWFDP – Bay of Bengal has the opportunity to improve weather warnings and increase the lead-time of the warnings that the Department issues and therefore will benefit the country.   
Sri Lanka 

5.1.23 The representative of Sri Lanka presented information on the Department of Meteorology (DOM) of Sri Lanka including the present situation of the Department, the weather forecasting and warning services, the early warning dissemination system, the use of satellite data and products, and the use of NWP data and products. The meeting noted that the National Meteorological Center (NMC) is the focal point of the Department for analyses of meteorological data and provides the weather services for general public and socio-economic sectors. The NMC continued to supply weather forecasts and severe weather warnings to the public, domestic aviation, shipping and special weather bulletin for the fisheries. 

5.1.24 The meeting noted that the NMC receives synoptic meteorological observations from 22 surface observation stations, 38 Automatic Weather System (AWS) observations, upper air observations from the radiosonde station at Colombo and the upper wind observations at the southern, western and eastern extremities of the island. Also global meteorological observation data was received from GTS which is upgrading to TCP/IP. Chinese Meteorological Agency (CMA) has installed a separate FY-2C (Chinese) satellite images receiving station in the department under a government-to-government scientific cooperation treaty. In addition, NMC frequently used INSAT (India) and METEOSAT (Europe) satellite imagers through internet. The Department also expects to install a new Doppler Weather Radar system in March 2012 for monitoring “meso” scale weather systems.

5.1.25  Lack of in-situ observation on vast surrounding sea areas and limited useful numerical guidance are the basic difficulties the Department is facing for issuing accurate weather forecast, especially for severe weather forecasts and warnings in Sri Lanka. 
5.1.26 The meeting noted that DOM provides agrometeorological data for academic purposes, research and other relevant projects. It also prepares weekly predictions for evaporation, precipitation, relative humidity, sunshine duration, and maximum and minimum temperatures.  The meeting was informed that DOM is responsible for forecast and warning of weather related natural disasters such as tropical cyclones, heavy rain, thunderstorm, lightning, and drought. There was a review of the tropical cyclone warning system, the satellite and NWP products used in Sri Lanka. The meeting noted the strong wind event of about 40 knots along the southern coast on 25th November 2011 associated with a low pressure system to the south of Sri Lanka. According to the disaster management authorities, 28 people died with 16 missing.  This event had an impact on the fisherman along the south coast.
5.1.27 The meeting noted the DOM does not have a lighting detection network. The future plans of the DOM include implementation of higher resolution NWP techniques; upgrading the GTS; enhancing the capacity of weather and climate research; developing a real time forecast verification system; and enhancing the capacity for ocean weather forecasts. 

5.1.28 The meeting noted that the severe weather events that impact Sri Lanka are: heavy rainfall, thunderstorm and lightning, strong winds and sea waves.
Thailand 
5.1.29 The representative of Thailand presented information about the severe weather forecasting, warning criteria, dissemination of warnings and advisories to the public and other concern authorities in Thailand. 
5.1.30 The Thai Meteorological Department (TMD) Forecasting and Observation System has a dense network of meteorological stations, complemented by 14 radar stations and lightning location. TMD utilizes various satellite data platforms. TMD uses a global model at a resolution of 100 km with 19 levels for medium range forecasts, and providing LBC to the South East Asian Regional model. The Thailand model has a resolution of 17 km with 31 levels is used to generate NWP based forecast outputs.  The meeting noted that TMD produces the following products: severe weather warning, nowcasting, daily forecasts, aviation forecasts, 7 days , monthly , and seasonal forecasts. Forecasts are disseminated through multiple channels, including through its website.
5.1.31 The meeting noted that the climate of Thailand is under the influence of monsoon winds of seasonal character i.e. southwest monsoon and northeast monsoon. The southwest monsoon which starts in May brings a stream of warm moist air from the Indian Ocean towards Thailand causing abundant rain over the country, especially the windward side of the mountains. Rainfall during this period is not only caused by the southwest monsoon but also by the Inter Tropical Convergence Zone (ITCZ) and tropical cyclones which produce a large amount of rainfall. May is the period of first arrival of the ITCZ to the Southern Part. It moves northwards rapidly and lies across southern China around June to early July that is the reason of dry spell over upper Thailand. The ITCZ then moves southerly direction to lie over the Northern and Northeastern parts of Thailand in August and later over the Central and Southern Part in September and October, respectively. The northeast monsoon which starts in October brings the cold and dry air from the anticyclone in China mainland over major parts of Thailand, especially the Northern and Northeastern parts which are higher latitude areas. In the Southern Part, the monsoon causes mild weather and abundant rain along the eastern coast of the part. Tropical cyclones usually move across Thailand about 3 - 4 times a year. According to the historical data, it can be seen that April is the first month which tropical cyclone move across Thailand. The relatively higher frequencies are found from May, particularly September and October. They usually pass through the Northern and Northeastern Parts in early southwest monsoon season and will move across the southern Thailand from October to December.
5.1.32 The meeting noted that in Thailand the severe weather events that impact the country are: tropical cyclones, heavy rainfall, thunderstorms from November to December in southern Thailand, strong winds and wind gusts.
5.1.33 The meeting noted that TMD would like to enhance their capacities by improving the Integration of information among government agencies; creating standards and awareness about weather warnings and alerts; acquiring a high resolution mesoscale model for daily and severe weather forecasts and using the product to improve severe weather forecasts; implement higher resolution NWP techniques; upgrading the GTS; increasing the capacity of weather and climate research; implementing a real-time forecast verification system; and enhancing the capacity of ocean weather forecasts for South and South East Asia.
5.2
Current severe weather related initiatives

5.2.1 The representatives of Bangladesh, India, Maldives, Myanmar, Sri Lanka and Thailand mentioned several current severe weather-related initiatives in their countries in the previous section. 
5.2.2 A representative from India discussed the development of High Impact Severe Weather  Warning System under the 12th Five-year Plan (2012-2017).  
6.
REQUIREMENTS FOR FORECASTING AND WARNING SERVICES, INCLUDING DELIVERY AND COMMUNICATION
6.1
Public Weather Services (general public, media, and disaster management)

6.1.1
Ms Haleh Kootval, Chief, Public Weather Services (PWS) Programme of WMO presented the public weather services delivery component of the SWFDP with particular focus on three main user groups, namely the general public, media and disaster management agencies. The meeting supported the focus of the PWS component of the SWFDP, Bay of Bengal, which is equipping the participants with skills and knowledge to enable them prepare a country plan for delivering services to these three main user groups.  The meeting was briefed on the WMO Strategy for Service Delivery which was approved by the WMO Congress in May 2011 (Cg-XVI), and which stresses the importance of user focused service provision and delivery. 

6.1.2
The meeting recognized that just as in forecasting, core competencies are required to deliver PWS and that these competencies are essential in ensuring that SWFDP achieves its objectives. A very important first step in the delivery of PWS is user focus and in particular:

· Identification of the users to be served or engaged in the project and determination of their requirements through applying different methods;

· Understanding the user community;

· Understanding how the information is used in decision making;

· Ensuring that NMHSs staff are aware of the user needs;

· Ensuring that users are aware of potential NMHSs services, as well as the limitations of those services.

6.1.3

The meeting was briefed on the challenges facing NMHSs in the delivery of PWS, the main one being the requirement from NMHSs staff to move beyond the familiar working environment of a forecast office, to meet with the users of products and services in environments or circumstances that are less familiar and at times could even seem hostile. 

6.1.4
To respond to these challenges, the meeting fully supported that communication is one of the most necessary skills for the forecaster who is charged with service delivery tasks, but it is a skill rarely taught during academic training in Meteorology.  Effective two-way communication implies listening skills as well as speaking skills.  Confidence is an important element in communication, and this cannot be taught directly, but must be developed within each person.  Formal communication training courses for forecasters (in whatever media they are required to operate – telephone, radio, television, etc.) are crucial in developing communication skills.

6.1.5
Furthermore, the meeting agreed that in general NMHSs seem to have difficulties in dealing with media organizations.  Some of these difficulties stem from the culture differences of Meteorological Services and Media organizations.  The meeting agreed that NMHSs need to develop close working relationships with the media and that it could take time to build two way trust between them and the media.  NMHSs need to keep in mind that the media functions both as a “user” and a conduit to “users”.  However, there is usually a substantial common interest between NMHSs and public service broadcasters in providing a quality weather service to the public and good communication skills will be recognized and valued by media organizations.  It would also be useful if NMHSs acquired some technical knowledge of broadcast technologies, so that they could recognize the appropriate formats in which information should be supplied.  Therefore, a dialogue, or two-way communication, needs to be established with media.  This is best achieved by a combination of formal (seminars, training courses) and informal (social events, familiarization visits, etc.) contacts.

6.1.6
The meeting agreed that the goal of a warning issued through the PWS channels is to maximize actions taken by the responsible authorities, communities and individuals. The components of a warning system include detection of hazards and issuing warnings which are the basic functions of a forecasting service; communication of the warnings and response to the warnings. The latter depends on the content and clarity of the message, credibility of the issuing organization and state of preparedness of receiving authorities.   

6.1.7
The meeting carefully considered the elements of a severe weather warning programme and agreed that to be successful, such a programme should ensure that everyone at risk must receive the warning; understand the information presented; believe the information; personalize the information; make correct decisions; and, respond in a timely manner. In addition, the meeting agreed that NMHSs staff should be equipped with the necessary knowledge to craft effective warning messages. When composing a warning, it is important that the heading stand out; the components of the message are clearly defined; the message is simple; it personalizes the event, as well as the consequences and the actions required; the most important message be placed first; allowance be made for shortening of the message by broadcasters; and, location be made relative to well-known places, etc.

6.1.8
In responding to the needs of the general public as a main user group of warning and forecast services, the importance of outreach to the public was emphasized. The meeting agreed that it was essential to seize every opportunity to work with the public down to small and remote communities to introduce them to the services of NMHSs. This strategy would help create weather-aware communities who would respond better to the warning information and services provided by the Meteorological Service. It would also help users to better understand the limitations and potential of weather forecasts and warnings and to better appreciate the reasons for why the forecasts may not always be accurate.    

6.1.9
The meeting endorsed the concept of monitoring, evaluation and continuous improvement of delivering the warning and forecast services. Formal verification involves ensuring that the warnings and forecasts are accurate and skilful from a technical point of view. In addition and just as important, the assessment of the utility or value of the services to users must be built within the warning system.  Service evaluation determines whether services are meeting user requirements and ascertains whether users understand the products and services provided and are making optimum use of them.  To be effective the service has to contribute significant social or economic benefits to its clients.  Consequently, evaluation must include an assessment of the value added to clients by the programme.  The evaluation process should be kept simple with the aim of having some results available when talking to decision-makers and in response to media enquiries. 

6.1.10
The meeting agreed that a good plan is to be specific not just on the actions to be taken but also on the persons to take the action. The implementation of the PWS component requires identifying the responsible persons who will take part in all the aspects of the project and lead it through training and implementing the recommendations contained within the project. The meeting agreed that this role be assigned to the national Focal Points for PWS appointed by the Permanent Representatives of each of the participating countries in the SWFDP, Bay of Bengal. 

6.2
Agriculture and fishery communities

6.2.1
The Secretariat reviewed the various aspects of using weather forecasts for agricultural decision-making. It was stressed that under the mandate of the WMO Commission for Agricultural Meteorology, the definition of agriculture includes row crops, tree crops, forests, livestock (animals and rangeland), and food aspects of fisheries.  Agricultural users included international agencies, government officials, agricultural extension agents, farmers, ranchers, foresters, and fishers. Agricultural weather forecasts or advisories are based on the standard weather elements such as temperature, precipitation, relative humidity, and wind speed. Fundamental questions that needs to asked are: What weather events impact agricultural decision-making? How to relate weather / climate information to meaningful agricultural actions / practices?  For the weather time scale (1-10 days), this involves tactical agricultural applications which are decisions based on crop state and current or forecast weather and include cultivating, irrigating, spraying, and harvesting. Direct agricultural losses can occur from the following weather hazards: frost; heavy rain / floods; strong winds; hail; sand and dust storm; forest and bush fires; and drought. 
6.2.2
The meeting then discussed how weather forecasts can be used in agrometeorological bulletins.  The Secretariat noted that the World Agrometeorological Information Service (WAMIS-www.wamis.org) which is a portal of agrometerological products from over 50 countries. WMO is currently exploring the proposal of developing the next phase WAMIS project which would be used as a demonstration project for using NWP output products for agrometeorological applications (crop, pest, and disease models). The Secretariat mentioned some aspects of the SWFDP-Bay of Bengal project could be used in conjunction with the WMO Coastal Inundation Forecasting Demonstration Project (CIFDP) or with the CAgM/JCOMM proposal on Marine Impacts on Lowlands Agriculture and Coastal resources (MILAC).

6.2.3
The meeting then discussed the potential of using NWP products for agricultural applications.  Some advantages of using NWP products are that they provide worldwide weather data with temporal and spatial resolution that could be sufficient for many applications in agricultural meteorology and there are no missing data with NWP output, therefore, no need of filling data gaps from ground stations. However, some drawbacks include the need for significant technical resources (computers, programmers) and that NWP outputs at the surface are modelled estimates not observed data and therefore must be used with caution especially if NWP outputs are provided directly to users.  The meeting highlighted the following NWP applications that have been used for agriculture: statistical downscaling of NWP; forest fire danger rating and fire behaviour; crop and animal pest and disease forecasting; irrigation scheduling; drought prediction; and crop production forecasting. There was some discussion on obtaining high quality topographical, soil, and land use data to improve the NWP models and the importance of vegetation cover in modelling soil moisture.

6.2.4
The meeting summarized that NWP can benefit agrometeorological applications in the near-term by improving guidance to NMHS agrometeorologist through internal NMHS procedures; developing wave, wind, and severe weather forecasts over the Bay of Bengal; and improving forecasting and advice to farming community through Agromet bulletins. The direct use of NWP output for agrometeorological products has future potential and needs to be explored carefully. 
6.2.5
A representative from the agricultural meteorology division of IMD then gave an overview of agricultural meteorology in India and several other RA II countries. The meeting noted the development of the Agromet Advisory Services (AASs) in India. The AASs process starts with the medium-range weather forecasts which are used to develop district level forecasts. These forecasts are given to the regional agromet centers which create the agromet forecasts.  The meeting noted the observational network, the independent agrometeorological service units, and the issuance of arometeorological advisories in South Asia for tactical decisions such as frost protection, irrigation and fertilization.  The meeting discussed the various agrometeorological advisories under severe weather conditions such as coldwaves, heatwaves, thunderstorms, heavy rain, hail, and tropical cyclones.  There was also a discussion on the involvement of agricultural and extension agencies in the preparation or dissemination of agrometeorological products, This include such mechanisms as electronic media (radio, TV, E-mail, Internet), bulletins, newspapers, SMS, and call centres.  It was stressed that reaching out to farmers through personal interactions was very important as well as training in agrometeorology.  The Secretariat pointed out two keys points from this presentation: this agrometeorological process all started with a weather forecast and the need for interaction with the agricultural communities in order for the meteorological community to provide better services.
7.
CASCADING FORECASTING PROCESS: ROLES OF PARTICIPATING CENTRES
7.1
Global: Met Office (UK), JMA, ECMWF, NCEP (USA) and IMD (supported by NCMRWF)
7.1.1
Representatives of possible Global Products Centres for a SWFDP for the Bay of Bengal informed the meeting of the general features of its global and regional NWP production systems, including the kinds of NWP/EPS products that could be provided to the project, with focus on severe weather monitoring and forecasting.  The meeting recommended that the GPCs obtain feedback from the participating countries on the products.
Met Office (UK)
7.1.2
The Met Office currently acts as a Global Centre for the SWFDP projects which have been established in Southern Africa, the South West Pacific and more recently in Eastern Africa.  For these projects the Met Office has provided guidance information through deterministic NWP products, such as the Met Office Africa Limited Area Model (the ‘Africa LAM’) and boundary conditions for the SAWS Limited Area Model and also through ensemble (MOGREPS) products.   Met Office staff continues to be involved in the management groups for these SWFDPs and in the SWFDP Steering Group, and has contributed to training activities in both forecasting skills and in the training of PWS advisers and disaster managers. 

7.1.3
The Met Office intends to provide guidance products, as outlined below, for the SWFDP-Bay of Bengal until such a time as the IMD, through the Met Office Unified Model partner at the NCMRWF, is able to take over the operational production of these products.  The Met Office intends to engage with both IMD and NCMRWF regarding any technical aspects of product requirements, including the eventual handover of production in the future, but does not intend to be directly involved in the management team of this SWFDP  

7.1.4
Suggested products to be initially produced by the Met Office UK 
Met Office Global Regional Ensemble Prediction System (MOGREPS) is a 24-member ensemble run by the Met office.  The global ensemble (upgraded in 2010 to 60-km resolution and 70 levels vertically) runs in two modes: MOGREPS-G which runs to 3 days and MOGREPS-15 which runs to 15 days at ECMWF and contributes to the THORPEX TIGGE project. 

Probability charts can be generated for a number of severe weather thresholds of wind speed and precipitation for use in the SWFDP.  MOGREPS can also be used to generate site-specific forecasts for sites around the SWFDP region. Forecasts will be generated from MOGREPS-15. Site specific EPS-based meteograms, known as “EPSgrams” can be produced for up to 10 locations per country across the project region.  It is suggested that these locations be chosen as the same locations for EPSgrams provided by other global centres (e.g. by ECMWF; see Annex III).
Product details regarding the severe weather types and thresholds to be used in the probability charts, will have to be defined by the project management team (specified in the Implementation Plan).  The Met Office will aim to provide these products on a best endeavours basis.  MOGREPS products can be made available via the Met Office “ftp” or added to a designated SWFDP Website, should one be established. 

The Met Office could also provide tropical cyclone prediction products.  Tropical cyclones are tracked in MOGREPS-15 and a variety of products are generated to both track products for existing storms identified by the TC RSMCs and notified in the TC bulletins, and also identify developing storms in the MOGREPS-15 fields.  
The Met Office is an active participant in the THORPEX research programme.  Within THORPEX the GIFS-TIGGE project aims to develop and trial new forecast products exploiting research based on the TIGGE (THORPEX Interactive Grand Global Ensemble) archive.  A key aim of TIGGE is research on multi-model ensemble forecasts, and the Met Office aims to develop some multi-model ensemble forecast products.  Initially it is likely these products would be for tropical cyclones and could therefore possibly be included in this project.

Training for forecasters in the interpretation and use of NWP products for severe weather prediction, and also in the development of effective Public Weather Service warning and communication systems to ensure effective response to warnings, is an essential component of any SWFDP project. The Met Office is actively engaged with WMO in seeking ways to ensure that the SWFDP programme is supported with a sustainable training programme which will support all SWFDP projects, including the Bay of Bengal project. Training materials covering all the Met Office global products provided to SWFDPs will be included in the training programme, and also guidance on PWS aspects based on the experience of Met Office PWS Advisers.

7.1.5
The UK Met Office contacts for involvement in the Bay of Bengal SWFDP are:

· For coordination matters: Catherine Moore, Deputy WMO Manager, (catherine.moore@metoffice.gov.uk) 

· For technical matters: Ken Mylne, Ensemble Forecasting Applications Manager, (ken.mylne@metoffice.gov.uk)

Japan Meteorological Agency (JMA)
7.1.6 
The representative from JMA presented the current status of JMA NWP suites and their contributions to SWFDP. The meeting acknowledged that JMA supports the WMO Severe Weather Forecasting Demonstration Project (SWFDP) in Southeast Asia (SeA) and Severe Weather Forecasting and Disaster risk reduction Demonstration Project (SWFDDP) in South Pacific Islands (Regional Association V, RA V), both as a global centre and as a satellite centre. It was noted that JMA would be willing to participate in a similar way as a global NWP products centre in the SWFDP for the Bay of Bengal region (SWFDP-BB).

7.1.7 The meeting noted that JMA operates a deterministic global model, the Global Spectral Model (GSM; TL959L60), four times a day (at 00, 06, and 18UTC with a forecast range of 84 hours, and at 12UTC with a forecast range of 216 hours). JMA also operates the global ensemble prediction system for one-week forecast (WEPS). More detailed information on JMA NWP systems are available on the following webpage: http://www.jma.go.jp/jma/en/Activities/nwp.html .

7.1.8 JMA intends to provide the GSM products from 00UTC and 12UTC initials and WEPS products for SWFDP-BB. It is noted that the GSM products of 00UTC runs are limited to 84-hour forecasts. The GSM products of 12UTC runs fully cover 5 day forecast range essential for this project. JMA products provided to ongoing project can be available on the dedicated webpage of JMA for SWFDP: http://ddb.kishou.go.jp/swfdp/index.html. 
7.1.9 The meeting was also informed of the various international services that JMA offers as a RSMC with geographical specialization: JMA Webpages under the WMO Distributed Data Bases (DDB) project, JMA project on High-resolution GRIB data of GSM, RA-II Project on Provision of City-Specific NWP Products to Developing Countries, JMA Pilot Project on EPS Products, a Webpage of Lead Centre on Verification of EPS.

European Centre for Medium-Range Weather Forecasts (ECMWF) 
7.1.10
The meeting noted that the ECMWF is a WMO RSMC with specialization in medium-range forecasting and has a cooperation agreement to support the work of WMO, including providing global products to SWFDP to several SWFDP regional projects, and maintained its routine daily set of a wide range of forecasting guidance products without failure for several years, and would be willing to participate in a similar way as a global NWP products centre in the SWFDP for the Bay of Bengal region.  More information on the range of services and how to access them is available on the ECMWF Website at: 

http://www.ecmwf.int/about/wmo_nmhs_access/index.html

7.1.11
The ECMWF could provide a range of products from both the deterministic forecasts and the Ensemble Prediction System (EPS), focusing on early warning for severe weather.  These would be provided as graphical products, mainly as charts focused on the region of interest for the SWFDP.  These products will be aimed at providing indication about the risk of severe weather.  Initially these would be based on the existing product range, plotted on the geographical area of interest for the SWFDP, and will include:

· probabilities of precipitation and winds exceeding given thresholds;

· Extreme Forecast Index (EFI); identifies locations where the ensemble is substantially far

      from the model climate, indicating potential severe event; 

· tropical cyclone tracks and strike probability maps;

· site specific forecasts for surface weather parameters (EPSgrams) for specified locations

      (up to 10 stations for each participating country); and

· If requested, would consider providing other products such as ocean wave heights exceeding given thresholds (e.g. 2 m; 4 m; 6 m; and 8 m). 
7.1.12
The meeting noted that all products will be updated twice a day with forecasts from 00 and 12UTC; an archive of the previous 7 days will also be provided to assist in evaluation.  All products will be provided in graphical format on the ECMWF Website (password protected).  ECMWF will consider requests for additional products to support the SWFDP, but the resources

required to undertake the work will need to be taken into account.  
7.1.13
ECMWF will issue to each participating NHMS with a login to access these pages.  Centres that already have ECMWF accounts will be able to use the same access ID/passwords.  Any participating NHMS that has not yet received its login information should contact ECMWF to arrange this access, or contact the Secretariat to assist contacting ECMWF.  

7.1.14
A number of products are already available on the ECMWF Website as part of the normal service provided for WMO Members (using your ECMWF web accounts), at: 

http://www.ecmwf.int/products/forecasts/d/charts/medium/
These include the Extreme Forecast Index (EFI), probabilities for precipitation and wind, and tropical cyclone products. 
7.1.15
The meeting noted that ECMWF encouraged and supported evaluation of the SWFDP, and requested participants to provide feedback on the application and usefulness of ECMWF products during the project.  The meeting also noted that ECMWF had prepared a guide to the use of its EPS products.  The guide also includes the additional products that are available to the participants in SWFDPs.  
7.1.16
The ECMWF is willing to commence its support to the SWFDP-Bay of Bengal participating NMHSs as soon as possible, and requested all these NMHSs to confirm their working password protected access to the Centre’s Website for WMO Members.  As well, it invited all six NMHSs to review their respective requests to ECMWF for up to 10 locations (Synoptic reporting sites) where EPSgrams would be made available.  The list of locations for which EPSgrams are requested is found in Annex III.  This list will be incorporated into the project’s Implementation Plan. 
7.1.17
A comprehensive guide to the use of ECMWF products is available on the ECMWF Website. The guide includes descriptions of all products that are available to the participants of the SWFDPs, and is accessible at: http://www.ecmwf.int/products/forecasts/guide/  The guide also includes a useful introduction to ensemble forecasting as well as details about the ECMWF forecasting system. 

7.1.18 ECMWF runs an annual training course on the Use and Interpretation of ECMWF Forecast Products for forecasters of WMO Members.  The purpose of the course is to train forecasters in the use and understanding of ECMWF products, especially those that may not be familiar, such as the probabilities from the Ensemble Prediction System (EPS), the EPSgrams, Extreme Forecast Index, and tropical cyclone strike probabilities.  Applicants from WMO Members are not charged course fees for this course.  In addition, a limited amount of funding is available (provided by WMO) to support travel and subsistence.  In recent years a number of participants from the SWFDPs in southern Africa, eastern Africa and SW Pacific have benefited from participating in this course.  The next course will be held at ECMWF in October 2012.  However, due to large demand, it has not been possible to provide financial assistance to all applicants. Further information is provided on the ECMWF web site:

http://www.ecmwf.int/newsevents/training/
7.1.19 The ECMWF contact person for the SWFDP is David Richardson (david.richardson@ecmwf.int). 
National Centers for Environmental Prediction (NCEP, USA) 

7.1.20 The representative from NOAA provided an overview of the various products of the U.S. National Center for Environmental Prediction (NCEP) that could contribute to the SWFDP.  NCEP’s Climate Prediction Center (CPC) operates several websites which provide specialized weather guidance products for South Asia and the Indian Ocean:  http://www.cpc.ncep.noaa.gov/products/african_desk/cpc_intl/sasia/sasia.shtml, http://www.cpc.ncep.noaa.gov/products/african_desk/cpc_intl/indian/indian.shtml.

The representative noted that NOAA is already collaborating with the India Meteorological Department and the India Institute for Tropical Meteorology to assess and improve the Global Forecast System (GFS) and the Climate Forecast System (CFS).  The GFS and CFS offer the potential for applications useful to the SWFDP-BB.  NOAA’s National Environmental Satellite Information and Data Service (NESDIS) operates at NCEP the Center for Satellite Applications and Research (STAR) which produces a number of proto-type products useful to the South Asia region.  An example is the satellite-derived Hydro-Estimator for the Indian Ocean Basin: http://www.star.nesdis.noaa.gov/smcd/emb/ff/HE_World_Indian24Hr.php

7.1.21
The NOAA representative noted that NCEP has recently introduced an International Forecaster Training Desk specific to monsoon weather.  Invited participants generally spend four months at NCEP working on advanced monsoon NWP techniques to improve their understanding and forecasting weather associated with monsoon systems.  This NCEP activity offers a synergistic opportunity for countries associated with the SWFDP-BB.

7.1.22
The representative noted that NOAA has other activities in the Indian Ocean region, primarily through various technical offices with the India Ministry of Earth Sciences (MoES), that could provide useful data and products for the SWFDP-BB.      These ongoing activities include NOAA processing Indian Ocean data related to the Research moored Array for African-Asian-Australia Monsoon Analysis (RAMA), a South Asian Regional Reanalysis (SARR) of atmosphere-land-ocean data, NWP-related activities to improve the region’s understanding of the Indian monsoon and precipitation characteristics, and the development of a multi-grid wave model for wave/swell forecasting including coastal high wave alerts.
Indian Meteorological Department (IMD), supported by India’s National Centre for Medium Range Weather Forecasting (NCMRWF)  
7.1.23
The representative of the Indian Meteorological Department (IMD) and National Centre for Medium Range Weather Forecasting (NCMRWF) gave an overview of the numerical weather modelling and prediction at the respective centres.  The meeting noted that the IMD provides the following four forecasting ranges:
(a) Global Forecast System (GFS T382/L64) is operational at the HQ of IMD, incorporating Global Statistical Interpolation (GSI) scheme as the global data assimilation for the forecasts of up to 7 days.  Currently, it runs twice in a day (00 UTC and 12 UTC).  
(b) District level quantitative five-day weather forecasts based on a Multi-Model Ensemble (MME) system are being generated to support Agro-Meteorological Advisory Service of India, making use of model outputs of state of the art global models from various leading global NWP centres. 
(c) Meso-scale forecast system WRF (ARW) with  3DVAR data assimilation runs twice daily (since May 2010), at 27 km, 9 km and 3 km horizontal resolutions for the forecast up to 3 days using initial and boundary conditions from the IMD GFS-382. At ten regional centres, very high resolution meso-scale models (WRF at 3 km resolution) are running operationally. 
(d) Nowcasting and mesoscale forecasting systems with assimilation of Doppler Weather Radar data have been made operational for the national capital region of New Delhi.  NWP based hourly forecasts (with lead time of 24 hours) are being generated for major airports of India.

7.1.24 The meeting noted that the following short range and medium range forecasts models are used:
· Medium Range Forecast 

· GFS T-382  with GDAS ( 00  & 12  UTC), GFS T-574  

· Short Range Forecast 

· WRF (ARW) VAR  at 27 km and 9 km

· WRF (NMM) at 9 km for TC   4 times a day

· HWRF

· MME Cyclone Forecast 

· TIGGE  Tropical Cyclone TRACK 

· Polar WRF   Antarctica  

7.1.25
The meeting noted that IMD also provides extended range forecasts and long-range forecast for the monsoon. All these NWP products are routinely made available on the IMD Website www.imd.gov.in.  
7.1.26
The meeting noted that the hydrometeorological services are being provided by IMD for Water Resource Development in the areas of rainfall monitoring, forecasting, and design. Associated with forecasting, the IMD is also involved in aeronautical meteorology, satellite products, radar data and networks, ocean forecasting, large-scale dense fog coverage along Indo-Gangetic plains of south Asia, and monitoring of extreme low temperatures.
7.1.27
The IMD/NCMRWF contacts for involvement in the Bay of Bengal SWFDP are:
Dr S.K. Roy Bhowmik (skrb.imd@gmail.com)

Dr Y.V. Rama Rao (yvramarao.imd@gmail.com, yvrama.rao@imd.gov.in)

Mr D. Joardar (djoardar.imd@gmail.com )

Mr Gopal Raman Iyengar (gopal@ncmrwf.gov.in)

Dr. Someshwar Das (somesh@ncmrwf.gov.in)

7.2
Regional: RSMC New Delhi (India)
7.2.1 The representative of the RSMC New Delhi (India) informed the meeting of the general features of their (regional or limited-area) NWP production system(s), relevant observational datasets, including satellite-based, that could be provided to the SWFDP, relevant to severe weather monitoring and forecasting.

7.2.2 The meeting noted that IMD (supported by NCMRWF) proposed several activities to support the SWFDP-Bay of Bengal regional project. The IMD intends to provide guidance products for short to medium range forecast for the Bay of Bengal SWFDP. The products will be updated twice a day with forecasts from 00 and 12 UTC; an archive of the previous 7 days will also be provided to assist in evaluation. All products will be provided in graphical format on the IMD Website (password-protected). IMD will issue each participating NHMS with a login to access these pages. NCMRWF will transfer to IMD the updates of the GFS and UKMO system as and when they are ready.
7.2.3 The meeting noted that IMD also will provide the ensemble prediction system (EPS) when the NCMRWF products become available operationally.  The IMD NWP Division will provide Initial/boundary conditions at 0.5 deg. resolution based on IMD GFS forecast in real time (Area: 10S to 50N; 4-E to 125E) to participating NMHSs in the SWFDP – Bay of Bengal (through the SWFDP BB Website/ftp) to run WRF model, covering the participating countries. In addition, IMD NWP Division could also provide, upon request, non-real time data for experiments and developments for specific case studies and verification activities (e.g. for the monsoon period, or a specific tropical cyclone).
7.2.4 The meeting also noted that IMD would provide training to NMHSs in the installation and running regional model (WRF) at their respective places upon request. IMD/NCMRWF would be ready to provide resource persons for training for forecasters in the interpretation and use of NWP products for severe weather prediction.
7.3
National Meteorological Centres

7.3.1
Representatives of Bangladesh, India, Maldives, Myanmar, Sri Lanka and Thailand considered the information provided by the global products centres and regional centres, and agreed that a large number of real-time products, in particular probabilistic forecasts, would be useful for enhancing the weather monitoring and forecasting processes, and to improve the provision of weather and warning services for the benefit of the general public and key application areas, including agriculture and fisheries, in their respective countries.  The meeting encouraged its participants to make maximum use of these products and provide feedback of their usefulness and performance to the global products centres and regional centres.  The meeting noted that some practical measures to facilitate ease of access to, and efficient use of these products would be appreciated, such as cutting global products to a prescribed regional geographic window, and organizing the products on Websites in such a way as to permit rapid access to specific products.  

7.3.2
The meeting discussed other products and developments that could be relevant for the region and that global products centres and regional centres could consider providing or developing for the project. These include:
(a) NWP products, satellite products, marine products, storm surge models, tropical cyclones,  radar data, QPF, fog models and aerosol data, dispersion models, and fog coverage.
7.3.4
The meeting noted that for agricultural applications, it would be important to have access to monthly and seasonal forecasts. It further noted that there are forecasting aspects that could complement the RCOFs (consensus forecasts).  The meeting agreed that it is premature to consider these issues in an initial phase of the SWFDP – Bay of Bengal, however it suggested that extended-range forecasting be considered in a later phase of the project.

8.
PLANNING A REGIONAL SUBPROJECT FOR BAY OF BENGAL
The meeting agreed that the goal of the SWFDP in the Bay of Bengal is to start working simultaneously on improving weather forecasting capability, increasing the dissemination of weather forecast to the media, general public, disaster managers and the agricultural community.  The meeting noted that while the main focus of the project is to improve weather forecasting capability, the provision of weather forecasts and other products is also very important to reduce the impact of severe weather events on the citizens and the agricultural sector of the project countries.
8.1
Specific goals and objectives to improve forecasting and delivering of weather services for general public, media, and disaster management and civil protection authorities
8.1.2
The meeting discussed the delivery of warning services to the public, the media and disaster management authorities, in conjunction with the improved production of forecasts and warnings through the SWFDP, Bay of Bengal and agreed to initiate the project with the following activities:

(a) As a first step, the participating NMHSs should endeavour to organize their national PWS activities and programmes in order to map their current capabilities and also areas where gaps exist. For example they should identify existing collaboration and effective working relationships with the user groups identified above and, whatever formal or informal Agreements exist with organizations such as the media and disaster management. They should communicate to the Secretariat the gaps and where they require specific assistance. This will guide the work of the Secretariat in developing the training programmes which form an integral part of the project.

(b) The participating countries are encouraged to actively engage their National PWS Focal Points and develop a national plan for delivering services based on the SWFDP, Bay of Bengal products, and the PWS guidance provided by the Secretariat (see annex IV, Guidance on developing Service Delivery Mechanisms in NMHSs) on preparing such a plan.  

(c) Based on the plan, the participating NMHSs should work on: identification of user requirements (through the development of an assessment table similar to the one provided by the Secretariat and attached as annex V); Dialogue and communication with the primary users and partners, namely the media, disaster management authorities and the public as mechanisms for such communications. This assessment should be done as first step by all participating NMHSs to establish a baseline before the implementation of the forecast and warning services improvements contained in the SWFDP.
(d) Using the guidance materials available through the PWS Programme (all PWS guidelines are available on the PWS webpage in pdf format through the following link: http://www.wmo.int/pages/prog/amp/pwsp/publicationsguidelines_en.htm, the participating NMHSs should establish Public Education and Outreach activities as part of the public awareness raising campaign and should carry out these activities periodically, particularly prior to the important weather seasons;

(e) NMHSs should develop plans for obtaining user feedback and user satisfaction assessment, through surveying and interviewing the users. These plans should be implemented using guidance materials and sample surveys provided on the PWS website on the following link: http://www.wmo.int/pages/prog/amp/pwsp/surveys.htm and report regularly as part of the implementation of SWFDP.

8.2
Specific goals and objectives to improve forecasting and delivering of weather services for agriculture and fishery communities
8.2.1
The meeting discussed the delivery of weather services to the agriculture and fisheries communities. Specifically, the meeting agreed to initiate the following project activities with regards to assisting the agricultural communities:

(a) To better organize the agrometeorological information in their services (crop calendars, impacts of weather on agriculture) by interacting with the Ministry of Agriculture and agricultural research and educational institutions;

(b) To initiate or further develop user feedback mechanisms such as farmers forum s with the assistance of the agricultural extension service or other institutions;

(c) To identify user needs and requirements based from these process in (b);
(d) To utilize the increase in weather forecasting capacity in existing agrometeorological products such as agrometeorological bulletins;
(e) To explore new agrometeorological products based on the increase weather forecasting and NWP capabilities.
8.3
Organizational framework (the Regional Subproject Management Team)

8.3.1
The Secretariat briefed the meeting on the basic constructs for an implementation plan, and the process for developing and establishing such a plan for a specific regional subproject, as described in the “SWFDP Guidebook for Planning Regional Subprojects (2010)”.  The meeting discussed the roles, responsibilities and functions of the participating centres in the Cascading Forecasting Process, and developed recommendations for a regional project for the Bay of Bengal, and their conclusions and recommendations are included in the section below entitled: “Conclusions and recommendations”.  

8.4
Technical components (roles, guidance, products, routines, etc.)

8.4.1
The meeting developed recommendations on the essential technical components for a proposed project, based on the guidelines from the Guidebook, and their conclusions and recommendations are included in the section below entitled: “Conclusions and recommendations”.  

8.5
Timetable for planning and development of an Implementation Plan

8.5.1
In consideration of important deadlines, the meeting developed recommendations on a timetable for planning and development of a proposed project in relation to key milestones noted in the Guidebook, and their conclusions and recommendations are included in the section below entitled: “Conclusions and recommendations”.  

8.6
Conclusions and recommendations

8.6.1
The meeting unanimously agreed in principle that the implementation of a SWFDP in Bay of Bengal region would be technically feasible and would bring benefits in terms of enhancement of technical capacity in operational weather forecasting and advancement in service delivery to general public and key application areas such as agriculture and fisheries, in countries of the region, including Bangladesh, India, Maldives, Myanmar, Sri Lanka and Thailand.  Specifically, the proposed regional project should focus on the following severe weather events in order of decreasing priority (and associated hazards such as flooding, droughts, etc):

(a) Heavy rain (due to tropical cyclone, thunderstorm, monsoon, etc) /flooding;

(b) Strong winds (due to tropical cyclone, thunderstorm, monsoon, etc);
(c) Deficit of precipitation/dry spells;
(d) High waves / swells;
(e) Storm surge; 
(f) Heat waves and cold waves / frost;

(g) Fog;
8.6.2 After an in-depth discussion on the various events the following thresholds for the project were recommended:
· Heavy rain

· 50mm 

· 100mm
· Strong winds

· 17 knots

· 34 knots

· High waves / swells

· 2.5 m

· Storm surge 

· 1 m

8.6.3 The meeting noted that lightning is an important issue for the region but it is difficult to forecast.  It was suggested that further discussion on this issue be conducted.  In addition, there was discussion on how to word warnings to reflect the severe weather phenomenon associated with severe thunderstorms associated such hail and lightning.  

8.6.4 The meeting noted that snow is an issue to be considered but that it only affects one of countries.
8.6.5 The meeting then suggested that the following seasons be considered for the project’s region and the weather each country significantly experiences during each season:
(a) Winter: January - Februaray
(b) Pre-monsoon: March - May
(c) SW monsoon: June - September
(d) NE monsoon: October - Dececmber 
· Bangladesh: a, b, c, d
· Maldives: only b, c, d
· Myanmar: a, b, c, d
· India: a, b, c, d
· Sri Lanka – only b, c, d
· Thailand – only a, c, d
8.6.2
After an in-depth discussion on the various aspects in the planning of the SWFDP in Eastern Africa, and following the guidelines as laid out in the “SWFDP Guidebook for Planning Regional Subprojects (2010)” (hereafter referred to as the Guidebook), the following conclusions were reached:

(a)
the overall domain to be covered for monitoring, analyzing and predicting the various severe weather events was proposed to be bounded by: 10S 50N 40E 125E; 
(b)
Met Office (UK), JMA, NCEP (USA), IMD (supported by NCMRWF) and ECMWF to provide NWP guidance material as Global Centres (ref. Guidebook Section 2.4.1);

(c)
RSMC New Delhi (India) to take up the role as regional centre for the project (ref. Guidebook Section 2.4.2);

(d)
Bangladesh, India, Maldives, Myanmar, Sri Lanka and Thailand to participate as National Meteorological Centres (NMCs) (ref. Guidebook Section 2.4.3);
(e)
the project should focus on severe weather forecasting and warning services for the benefit of the general public and socio-economic sectors, in particular agriculture and fisheries (safety and protection of fishers); and

(f)
further planning to be pursued in accordance with the following timeline: 

(i) 
Representative of the RSMC New Delhi (India) to participate in the meeting of the Steering Group of the SWFDP (Geneva, Switzerland, 28 February – 2 March 2012);

(ii)
WMO Secretariat to send official letters to PRs, including reference to establishment of project management team (March 2012);

(iii)
SWFDP – Bay of Bengal management team meeting be held when a draft implementation plan for the project be ready for discussion (September/October 2012);

(iv)
Implementation plan revised and finalized before start of field phase (October 2012);

(v)
Preparatory training workshop (July 2012); 

(vi)
End of field phase (September 2013 or later).

8.6.3
Based on the above conclusions, the following recommendations were made:

(a) The RSMC New Delhi (India) representative to coordinate the setting up of a small project development team to undertake the drafting of an implementation plan;

(b) WMO Secretariat to follow up on developing a provisional programme for the Preparatory Training activities; 

(c) Prior to field phase implementation: (i) Met Office (UK), JMA, NCEP (USA), IMD (supported by NCMRWF) and ECMWF to adapt model output products to the SWFDP – Bay of Bengal domain window, and possibly RSMC New Delhi to run the LAM covering the same region; 
(d) NMCs to prepare a list of forecasting and warning products required;

(e) NMCs to provide all warning criteria currently used;

(f) NMCs to provide information on Internet access capability;
(g) NMC are encouraged to incorporate non-GTS data in the regional and global models

(h) WMO Secretariat to share previous training material
(i) To encourage the forecasting, hydrometeorological and agrometeorological NMHS staff to work together to develop forecasting products with regards to the SWDFP;
(j) NMCs to develop plans for service delivery based on guidance/templates provided by WMO Secretariat (e.g. users identification, users’ requirements, delivery mechanisms);
(k) NMCs to develop plans for communication/contact channels and outreach programmes;
(l) NMCs to develop plans for the processes of user feedback, analysis and reporting; 
(m) Feedback mechanism should be develop to allow NMCs to provide feedback to GPCs on their products;
(n) Regional project may consider to include Nepal, Bhutan, Afghanistan and Pakistan into the project at some point after the initial demonstration phase;
(o) Name of the project could be revised with the addition of more countries;
(p) Secretariat to support NMCs efforts by providing training on design of products and services, and in the development of cross-border exchanges of alerts and warnings;
(q) Secretariat to prepare a questionnaire table for gather information under (d) - (f)
9.
ANY OTHER BUSINESS
9.1
There were no other issues raised during the meeting.  

10.
CLOSING

10.1
The Technical/Planning Workshop on Severe Weather Forecasting Demonstration Project (SWFDP) Development for the Bay of Bengal region (South Asia) closed at 13h50 on Friday, 27 January 2012.
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Annex III
List of locations (synoptic stations) for each country

for which the ECMWF and Met Office UK would provide EPSgrams
Bangladesh
	
	Station name / ID
	ECMWF
	Met Office UK

	1
	Barisal
	x
	x

	2
	Chittagong
	x
	x

	3
	Cox’s Bazar
	x
	x

	4
	Dhaka
	x
	x

	5
	Jessore
	x
	x

	6
	Khulna
	x
	x

	7
	Mymensingh
	x
	x

	8
	Rajshahi
	x
	x

	9
	Rangpur
	x
	x

	10
	Sylhet
	x
	x


India
	
	Station name / ID
	ECMWF
	Met Office UK

	1
	Ahmedabad
	x
	x

	2
	Bangalore
	x
	x

	3
	Chennai
	x
	x

	4
	Guwahati
	x
	x

	5
	Hyderabad
	x
	x

	6
	Kolkatta
	x
	x

	7
	Lucknow
	x
	x

	8
	Mumbai
	x
	x

	9
	New Delhi
	x
	x

	10
	Port Blair
	x
	x

	11
	Srinagar
	x
	x


Maldives
	
	Station name / ID
	ECMWF
	Met Office UK

	1
	Gan
	x
	x

	2
	Hanimaadhoo
	x
	x

	3
	Kaadedhdhoo
	x
	x

	4
	Kadhdhoo
	x
	x

	5
	Male
	x
	x

	6
	
	
	

	7
	
	
	

	8
	
	
	

	9
	
	
	

	10
	
	
	


Myanmar
	
	Station name / ID
	ECMWF
	Met Office UK

	1
	Yangon 
	x
	x

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	

	6
	
	
	

	7
	
	
	

	8
	
	
	

	9
	
	
	

	10
	
	
	


Sri Lanka
	
	Station name / ID
	ECMWF
	Met Office UK

	1
	Anurathapura
	x
	x

	2
	Baticaloa
	x
	x

	3
	Colombo
	x
	x

	4
	Galle
	x
	x

	5
	Jaffana
	x
	x

	6
	Katugastota
	x
	x

	7
	Mannar
	x
	x

	8
	N’ Eliya 
	x
	x

	9
	Rathnapura
	x
	x

	10
	Trincomalee
	x
	x


Thailand
	
	Station name / ID
	ECMWF
	Met Office UK

	1
	Aranyaprathet
	x
	x

	2
	Bangkok
	x
	x

	3
	Chiang Mai
	x
	x

	4
	Nakhon Sawan
	x
	x

	5
	Phitsanulok
	x
	x

	6
	Phuket Airport
	x
	x

	7
	Prachuap Khirikhan
	x
	x

	8
	Songkhia
	x
	x

	9
	Ubon Ratchathani
	x
	x

	10
	Udon Thani
	x
	x


Annex IV
Guidance on Developing Service Delivery Mechanisms in NMHSs

1.
Introduction

Effective service delivery is a fundamental requirement for NMHSs if they are to meet national needs. There are many different interpretations of the concept of service delivery as it relates to the provision of weather-, climate- and water-related services. To this end, WMO has developed a “Strategy for Service Delivery” to guide NMHSs in the provision of weather, climate and water-related services that take into account user needs. This “Guidance on Developing Service Delivery Mechanisms in NMHSs” incorporates many of the elements of the “WMO Strategy for Service Delivery”. 

2.
Purpose of this Guide

While there is no prescriptive way to provide services, this “Guidance on Developing Service Delivery Mechanisms in NMHSs” is a step-by-step guide on how an NMHS may develop and implement a mechanism that would enable it to better deliver services to users. Effective services, however have the certain attributes in common as outlined below.

3.
Attributes of effective services

Effective services should be:

· Available: at time and space scales that the user needs;

· Dependable: delivered regularly and on time;

· Usable: presented in user specific formats so that the client can fully understand;

· Useful: to respond appropriately to user needs;

· Credible: for the user to confidently apply to decision-making;

· Authentic: entitled to be accepted by stakeholders in the given decision contexts;

· Responsive and flexible: to the evolving user needs, 

· Sustainable: affordable and consistent over time, and,

· Expandable: to be applicable to different kinds of services.

4.
Step 1: Focus on the user

(a) Identify the users 

The purpose of preparing and delivering services to users is to enable them to make better decisions by using weather and climate information. User engagement and feedback is essential in designing and delivering effective services. For the implementation of a successful service delivery mechanism, it is very important to identify specific users that your Service will be serving, and to engage with them appropriately. Generally, users may be divided into five main groups as follows:

· The hazards community - The mission (shared with the NMHS) of these organisations is to ensure safety of life, livelihood and protection of property. The NMHS should consult and coordinate closely with them, know their specific requirements and give them high priority. The public safety, emergency and civil defence agencies constitute this important group. Their mandate and responsibilities make them major players in planning for and responding to most emergency situations. It is clearly in the interest of NMHSs to ensure that coordination with these important organizations be given a high priority.

· Government authorities – Governments are the most important users of the services and information provided by NMHSs. The most important users are usually the host ministry where the NMHS is situated.  It is important to ascertain the requirements of this group and to maintain formal communication with them. 

· Weather-sensitive economic sectors – Public Weather Services can be of significant value to weather-sensitive sectors of the economy such as agriculture, forestry, fishing, marine, air and land transport, energy production, construction, sport, tourism and outdoor entertainment. Many NMHSs also provide specialized meteorological, climatological and hydrological services  The needs of this user group can be very specific, ranging from long-range forecasts and climate information for planning purposes to short range forecasts and warnings for daily operations.

· Media (print, radio, TV and others) - The media is the most important user and partner of NMHSs products and services. Different media types and outlets  have well defined expectations in regards to the final product they require from NMHSs. The final forecast product would need to be tailored to suit the media delivering the product.

· The public – The general public is the largest user group of NMHSs. The most important need of the public concerns warnings of severe weather so as to take prompt action to preserve life and secure property. Their routine needs relate to travel, leisure and general convenience. The requirements of general public are not as precise and well-defined as those for other user sectors and have to be better ascertained through establishing feedback mechanisms including comprehensive, fact-finding surveys.

(b) Determine user needs

Different users have different needs and the only way to determine their exact requirement is through consultation and gathering information. The starting point should be to ask very clearly how the currently available weather information is used in daily decision making by users, how they apply it and what would be the negative impact of lack of such information. The following lists a number of techniques that can be applied to gather such information:

· Surveys, questionnaires, interviews and in-depth case studies to identify a broad overview of the users' needs and expectations. Expertise outside of NMHSs, such as professional survey designers may be required for this type of information gathering; 

· Fora and workshops with users' participation in order to learn their requirements and to explain to them of the capabilities of the NMHS; 

· Pilot projects in collaboration with users to develop products and services on a longer term to meet the stated requirements; 

· Monitoring feedback of user response through press clippings, letters, phone-calls, fax, suggestion boxes or the Internet; 

· Interaction with users during Open Days, World Meteorological Day and activities of the NMHS outreach programme; 

· Regular meetings with government agencies and emergency managers to ascertain their information needs.

(c) Ensure that users are aware of NMHS services

It is important that users be made aware of the services that an NMHS can deliver as well as understand the limitations of forecast and warning products. Hosting discussion and short training events by NMHSs for different user groups helps to make them aware of how weather and climate products are prepared. Operational forecasters should be involved in such training for fruitful dialogue with users. Table 1 below shows user groups and suggested approaches to educate or reach out to them.

	User Groups
	Training Courses
	Seminars
	Informal
	Leaflets / Pamphlets
	Media
	One-to-One

	Politicians / Senior Public Servants
	
	
	x
	
	x
	x

	Emergency Managers
	
	x
	x
	
	
	x

	Water Managers
	
	x
	
	
	
	x

	Transport Authorities
	
	x
	
	
	
	x

	Power Supply Engineers
	
	x
	
	
	
	x

	Media
	x
	
	x
	
	
	x

	Farmers
	
	x
	
	x
	x
	

	Fishermen
	
	x
	
	x
	x
	

	Schools
	x
	
	
	x
	x
	

	General Public
	
	
	
	x
	x
	


Table 1: User groups and suggested approaches to educate or reach out to them

Step 2: Focus on internal organization of your NMHS

(a) Get the NMHS ready to deliver service

Delivery of effective public weather services needs an organisation-wide commitment involving the NMHS leadership, technical systems and those directly involved in service delivery. An enthusiastic and motivated focal point or team of officers trained in different aspects of service delivery such as consultation and communication with user groups and with skills in dissemination and presentation of NMHSs products would be a necessity for effective service delivery. Where possible, a Public Weather Services (PWS) office or unit should be established for this purpose. 

(b) Ensure that NMHS staff are aware of the user needs

This step requires that members of staff in charge of service delivery are informed in detail of the requirements of different users and the NMHS processes for preparing and delivering the required services. This may require training, to be conducted within the NMHS so that all staff would follow the same rules and regulations and ‘read from the same page’ as they serve users.

(c) Develop an effective warning programme

Since preparing and issuing warnings of hazardous weather is one of the most essential activities of NMHSs, it is crucial to develop an effective warning programme. The NMHS staff in charge of forecasting and public weather service provision should be involved in the development of the programme as they are aware of the realities on the ground in terms of strengths and limitations of the NMHS. To be successful, a warning programme strives to ensure that everyone at risk must:

· Receive the warning;

· Understand the information presented;

· Believe the information;

· Personalize the information;

· Make correct decisions; and,

· Respond in a timely manner. 

The ideal warning process has to take into account each of the above components to be successful. It takes training and planning as well as strong collaboration with other partner agencies such as the disaster management and media, to implement a warning programme.

Step 3: Improve communication skills of NMHS Staff

Communication is one of the most necessary skills for a forecaster, but it is a skill rarely taught during academic training in Meteorology. Communication, at its most fundamental, involves the transmission of thoughts, emotions and meaning from one person to another.  While words (written or spoken) are usually thought of as the primary medium of communication, studies have shown that many other factors (tone of voice, inflection and body language) play a significant role in aiding 
(or impeding) communication.  Effective two-way communication implies listening skills as well as speaking skills.  Confidence is an important element in communication, and this cannot be taught directly, but must be developed within each person.  Formal communication training courses for forecasters (in whatever medium they are required to operate – telephone, radio, television, etc.) are crucial in developing communication skills, but they should be augmented with mentoring and feedback schemes and with regular refresher training.

Step 4: Engage users 

(a) Formalize NMHS working relationship

Formalize the working relationship with the user and agree on the following:

· Detailed description of products and services needed by the users;

· Detailed description of products and services provided by the NMHS;

· Service delivery procedures including product formats and delivery times;

· Responsibilities of the NMHS – ensuring high quality products and timely delivery;

· Responsibilities of the user – providing regular feedback on the quality of the services. (This is important to the NMHSs for use in service improvement);

· Training that may be required for users, including schedules;

· Assigning NMHS and user focal points who would: be easily accessible; capable of responding to concerns that may arise and; oversee the success of the mutual engagement. 

(b) Engage and educate the media

Many NMHSs have difficulties in working successfully with media organizations. However, there is a substantial common interest between NMHSs and the media in providing a quality weather service to the public. Therefore, a dialogue needs to be established with media representatives through which NMHS personnel can gain a full understanding of the media concerns while the media representatives can gain an appreciation of the services that the NMHS can deliver. This is best achieved by a combination of formal (seminars, training courses) and informal contacts such as social events, familiarisation visits, etc. In order to kick off media engagement where it has not existed before, training by internationally-respected experts, organised through WMO is recommended. The NMHS may learn the following from the media: 

· How to write appropriate press releases for use by the media;

· How to organize proper press conferences, press briefs etc;

· How to perform effectively during radio, television or newspaper interviews etc.

The media may learn the following from the NMHS:

· Understanding and interpreting basic weather terminologies;

· Understanding and interpreting forecasts, advisories and warnings correctly;

· The limitations associated with the accuracy of weather forecasts;

· Communicating forecast uncertainty and confidence etc.

Step 5: Conduct Service Evaluation for Improvement 

(a) Verification

This involves assessing the accuracy of forecasts and warnings from a technical point of view. It serves to inform the NMHS about the skills of its forecast procedures and the aspects of forecasting that need improvement. If no verification procedure exists in the NMHS, start with very simple steps to verify one or two elements (e.g., rainfall, temperature) in a few key locations, and use many available WMO resources to have staff trained on more advanced verification methodologies.

(b) Assessing user satisfaction and perception

Service evaluation determines whether services are meeting user requirements and ascertains whether users understand the products and services provided and are making optimum use of them. Some of items to consider include the language used in communicating forecasts (non-technical and simple for non-meteorologists), the timeliness of forecasts, presentation formats, and communication and dissemination methods. Evaluation must include an assessment of what value the users gained from the NMHS products and services and how such services helped them with making informed decisions.  The evaluation process should be kept simple with the aim of having some results available when talking to decision-makers and in response to media enquiries. Annexes to this document provide examples of service delivery evaluation surveys.

Step 6: Make a PWS implementation / Improvement Plan 

(a) Timelines

A Service Delivery Plan for the NMHS, should include an implementation programme in the form of a table of activities to be carried such as meetings with respective users or user groups, training seminars or workshops, the agreements to be entered into etc. The plan should take into account the realities of the situation on the ground, including budgetary and personnel matters.  These considerations are essential in helping to fix realistic timelines for achievement of milestones of the implementation of the plan.

(b) Action persons 

A good plan is specific, not just on the actions to be taken, but also on the person to take the action. Contact details of the action persons should be included as appropriate. The action people should include focal points from the user organization(s) engaged in the project.













Annex V
A Simple User Assessment Questionnaire
NMS ------- (Country)

Q1. From where do you obtain weather information of your country?

1. Radio

2. Television

3. Newspaper

4. Directly from the Meteorological Service

5. Meteorological service Website

6. Other Websites

7. Mobile phones

8. Other sources (please specify)

Q2. Do you consider the warnings of severe weather of your country over the past several months accurate or inaccurate?

1. Very accurate 

2. Somewhat accurate

3. Average

4. Somewhat inaccurate

5. Very inaccurate

6. Don’t know / no comment(s)

Q3. How easy is it for you to understand the format and the language used in the severe weather warnings?

1. Very easy

2. Easy

3. Neutral

4. Difficult

5. Very difficult

6. Don’t know / no comment(s)

Q4. Comparing to 2 years ago are forecasts and warnings of severe weather:
1. More accurate

2. About the same

3. Less accurate

4. Don’t know / no comment(s)

Q5. Are the forecasts and severe weather warnings useful in helping you decide on appropriate response action (e.g., stay at home, do not take the car out of the house, keep children indoors, etc.)?

1. yes

2. No

Q6. On the whole, how satisfied are you with the severe weather warnings provided by your country?

1. Very satisfied

2. Satisfied

3. Neutral

4. Dissatisfied

5. Very dissatisfied

6. Don’t know / no comment(s)

7. ส่วนบนของฟอร์ม
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