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FINAL REPORT

1.	OPENING 

1.1	The opening ceremony for the Regional Subproject Management Team (RSMT) of the Severe Weather Forecasting Demonstration Project (SWFDP) for Bay of Bengal (28 November – 1 December 2018) was held at 09:30 hours on Wednesday, 28 November 2018 at Janaki Hotel in Colombo, Sri Lanka. 

1.2	On behalf of the Government of Sri Lanka, opening remarks were made by Eng. N.A. Sisira Kumara, Secretary, Ministry of Irrigation, Water Resources and Disaster Management. While welcoming the participants of the first meeting of RSMT of SWFDP-Bay of Bengal, he also congratulated the Department of Meteorology, Sri Lanka for organizing the RSMT meeting and the Regional Training Workshop on Severe Weather and Impact based Forecasting and Warning Services in Colombo, Sri Lanka. He informed that the Government of Sri Lanka is trying to develop capacity of its Department of Meteorology to deliver improved forecasts and warning services for the general public and national stakeholder organizations including disaster management offices to minimize loss of life and property from weather related hazards.   He emphasized that forecasts and warnings should be drafted by the NMHSs including DoM in such a way that any grass root level user can understand them, and disaster management authorities should take care to disseminate those forecasts and warnings to the relevant institutes in the areas, which are to be effected by such severe weather events. He also highlighted that the role media is very important in this process. The media should get authoritative and quality assured information from the NMHSs and publish/ telecast/broadcast immediately to the general public and vulnerable communities. The NMHSs, disaster management authorities, and media should work as a one group during disaster situation in order to minimize the impacts of severe weather to the general public and properties. He wished for the successful session of the RSMT meeting. He also encouraged the foreign delegates to find some time from their busy schedule to at least visit some part of Sri Lanka which is famous for high bio-diversity of flora & fauna, high altitude mountains, beautiful cascading waterfalls, tremendous golden beaches and rich culture and history.

1.3	Mr Athula Karunanayake, the Acting Director General of the Department of Meteorology (DOM), Sri Lanka, welcomed all the delegates attending the first meeting of the RSMT. He said that most of the countries involved in the subproject are affected by severe weather such as heavy rain, strong winds and high waves which potentially can cause loss of lives and damages to property and infrastructure. Sri Lanka as a tropical country in the Indian Ocean, is also frequently influenced by severe weather and related hazards. He remarked that NMHSs in South Asia are greatly benefitting from the SWFDP-Bay of Bengal. The DoM has also been benefiting from this project by utilizing the NWP products and the regional guidance product to improve forecast and warnings of severe and high impact weather in the country. He acknowledged the contributions of global NWP centres such as IMD, ECMWF, UKMO, JMA, CMA and KMA to this subproject and expressed on behalf DoM Sri Lanka his sincere gratitude to all these global NWP centres for their helpful hands. He especially highlighted the exceptional role of IMD in this subproject for being a contributing global NWP centre, and as a lead centre for both SWFDP-Bay of Bengal and for tropical cyclone forecast support. He informed that the DoM had particularly applied use of Extreme Forecast Index (EFI, ECMWF) concept in forecasting activities since 2012. In recent years, the DoM was able to make well in advance awareness of extreme precipitation, strong winds, rough seas using those NWP products for our main stakeholders and therefore, they were able to carry out early preparations for those events. Most recent example was the ’severe cyclone GAJA” which moved very close to Sri Lanka, and the NMHS was able to manage the high impact weather avoiding casualties with the assistance of the outputs made available through this project and the guidance from RSMC New Delhi. However, some property were damaged, but this was beyond the control of the NMHS. He further remarked that despite improvement in the accuracy of forecasts and warnings,  vulnerable people and communities continue to suffer.  Sri Lanka experienced heavy rainfall causing massive floods and landslides in 2016, 2017 and 2018 which resulted in more than 450 casualties mostly due to landslides. Such damages can be minimized, if NMHSs are able to issue location specific, and more reliable impact based forecasts and warnings services which are very vital to understand the impacts of severe weather and for improved decision making for disaster risk reduction (DRR) activities. He wished for the success of the RSMT meeting especially in reviewing and updating the Regional Subproject Implementation Plan with its future activities, including to introduce and strengthen impact based weather forecasting and warning service.

1.4	Mr Abdoulaye Harou, Chief of Data Processing and Forecasting System (DPFS) Division at the WMO Secretariat delivered his speech on behalf of the WMO Secretariat. He expressed sincere appreciations to the Government of Sri Lanka to host both the first meeting of the RSMT of SWFDP-Bay of Bengal and the Regional Training Workshop back-to-back in Colombo, Sri Lanka and to the Department of Meteorology, Sri Lanka for making arrangements for the meeting and training facilities. While providing background information on SWFDP, he told that the project began in 2006 in Southern Africa with the involvement  of just 5 countries, and it now counts over 75 countries around the world.  The project has been very successful in  strengthening capacity of NMHSs in developing countries, least developed countries (LDCs) and Small Island Developing States (SIDSs) by helping them to  improve their forecasts and warnings of severe weather, therefore contributing to saving lives and properties from hydrometeorological disasters.  This success is the result of the  efficient use of  the ‘Cascading Forecasting Process’ which was made possible through the participation and contributions of the advanced Global and Regional Centres, such as ECMWF, UKMO, KMA, CMA and JMA which are represented at the RSMT meeting also. It is a true example of WMO Members holding hands to improve their services to their clients. Recalling the implementation of SWFDP Bay of Bengal which was initiated in 2012, he  highlighted the importance of this first meeting of the RSMT to the review the subproject implementation plan and decide about moving the subproject to its long-waited demonstration phase.  He further remarked that with the upcoming Regional Training Workshop (3-8 December 2019) the participating NMHSs will become ready the next important phase of the project. 


2.	ORGANIZATION OF THE MEETING

2.1	Adoption of the agenda 
The meeting adopted the provisional agenda, which is found in Annex I of this report.

2.2	Working arrangements 
	
2.2.1	The meeting agreed on the organization of its working hours and session arrangements with appropriate rest breaks for lunch and coffee/tea as per following:

Morning Coffee/Tea:   10:30-11:00 hours
Daily lunch break:      12:30-14:00 hours
Afternoon Coffee/Tea: 15:30-16:00 hours  

The Documentation Plan including all working documents that were submitted for the consideration by the RSMT meeting have been placed on WMO web site at the following link: http://www.wmo.int/pages/prog/www/BAS/SWFDP-BoBRSMT.html

2.2.2	The meeting was attended by members of RSMT which mainly consists of the designated representatives (or their alternates) from the participating NMHSs and contributing global and regional centres. The representatives from six (out of nine) NMHSs of Bhutan, India, Maldives, Myanmar, Sri Lanka and Thailand attended the meeting. The representatives from NMHSs of Bangladesh, Nepal and Pakistan could not participate. The meeting was also attended by representatives of China Meteorological Administration (CMA), Japan Meteorological Agency (JMA), Korea Meteorological Administration (KMA), European Centre for Medium Range Weather Forecast (ECMWF) and United Kingdom Met Office (UKMO).  The meeting was chaired by Mr Mrutyunjay Mohapatra (from India), the chairperson of the RSMT. A list of the participants is found in Annex II of this report.  

3.	SEVERE WEATHER FORECASTING DEMONSTRATION PROJECT (SWFDP)

3.1	SWFDP status, overall progress and summary of experience
	
3.1.1	The representatives of WMO Secretariat provided information about WMO Global Data Processing and Forecasting System (GDPFS) including the new revised Manual on WMO’s Global Data Processing Forecasting Systems (GDPFS) (WMO-No 385) which was approved by the WMO Executive Council in its sixty-ninth session(EC-69, 2017) and has been published on 16 February 2018. As per decision of the EC-69, the existing RSMCs have to map them against one or more types of general purpose activities and/or specialized activities before the next Congress (to be held in 2019). As part of the revised Manual, several new types of activities (to be carried by the relevant RSMCs) have been introduced including for regional severe weather forecasting. As SWFDP is organized within Commission for Basic Systems (CBS) to making efficient use of the GDPFS Centres through ‘cascading forecasting process’ (from global to regional to national), RSMCs/RFSCs providing services as lead Regional Centres for SWFDP regional subprojects may also opt to map their services as required for their designation as RSMCs for regional severe weather forecasting. Additionally, Members currently hosting RSMCs with geographical specialization have been reminded to ensure mapping of their centres onto the new types of centres, considering that RSMCs with geographical specialization will cease to exist after the next Eighteenth session of the World Meteorological Congress (Cg-18, to be held in June 2019). The centres who have confirmed their mapping have also been required to demonstrate their capabilities by the Cg-18.

3.1.2	The representatives of WMO Secretariat also provided information on the status of SWFDP and progress of the regional subprojects including SWFDP-Bay of Bengal since its technical planning workshop (New Delhi, January 2012). The meeting was informed that total number of SWFDP regional subprojects have grown to eight with involvement over 75 developing countries, least developed countries (LDCs) and Small Island Developing States (SIDS) in eight sub-regions including Southern Africa, South Pacific, Eastern Africa, Southeast Asia, Bay of Bengal, West Africa and the Eastern Caribbean. SWFDP-Bay of Bengal has also made steady but slow progress since its inception in January 2012 and the subproject is now ready to move to its demonstration phase.  The Daily Severe Weather Forecast Guidance product (in graphics) has been made available by the RSMC New Delhi since 2 May 2016. In the same year, the project was expanded to benefit 3 more countries in the subregion, namely Bhutan, Nepal and Pakistan. Currently, SWFDP-Bay of Bengal involves nine countries in South Asia.

3.2	SWFDP Guidebook for Planning Regional Subprojects (2016 version) and implications for SWFDP-Bay of Bengal

3.2.1	The representatives of the WMO Secretariat informed that the CBS project Steering Group for SWFDP (PSG) in its sixth meeting (Geneva, Switzerland, March 2016) reviewed the following two basic documents on SWFDP:

· SWFDP Overall Project Plan
· SWFDP Guidebook on Planning Regional Subproject towards implementation of a mechanism to strengthen operational centres

3.2.2	The PSG updated the SWFDP Guidebook based on the latest information including SWFDP expansion and requirements towards implementation of a mechanism to strengthen operational centres forecast capabilities in support of growing user sectors in society and contribute to UN 2030 Agenda for Sustainable Development (Sustainable Development Goals) and Sendai Framework for DRR in achieving their respective goals and targets. The Guidebook provides criteria for transition of SWFDP regional subprojects to sustain operations and continue further developments. For this purpose, a mechanism has been provided with detail of the requirements of a fully operational regional component of severe weather forecasting programme, supported by the cascading forecasting process. The mechanism mainly includes requirement of a  Regional Management Team (RMT) comprising the PRs (or their representatives) of global, regional and national centres of participating countries, which reports to a Steering Group and the respective regional associations; and a regional entity to oversee and coordinate, in collaboration with the Secretariat, the subproject activities, including support activities such as training, organizing meetings and resource mobilization.

4.	SWFDP’s CASCADING FORECASTING PROCESS: PROGRESS AND FUTURE DIRECTION

4.1	Global Centres’ contributions (including in-kind) and updates including future directions 
The representatives of contributing global centres including IMD (supported by NCMRWF and INCOIS), ECMWF, JMA, UKMO, CMA and KMA briefed the meeting on their contributions (including in-kind contributions) for SWFDP-Bay of Bengal (South Asia) and provided updates on their future directions to benefit the subproject. 

4.1.1	India Meteorological Department (IMD, supported by NCMRWF and INCOIS)
The representative of India informed that India Meteorological Department (IMD), the  national meteorological service of India, along with Indian National Centre for Ocean Information Services (INCOIS) and National Centre for Medium Range Weather Forecasting (NCMRWF), support the SWFDP- Bay of Bengal as global centre and as a satellite centre. IMD monitors and forecasts weather phenomena related to the atmosphere, the oceans and the earth. It is also national authority responsible for issuing weather warnings and advisories. IMD plays a vital role in weather related disaster mitigation and prevention activities in the country through cooperation and coordination with relevant authorities, including the media, the disaster management authorities and general public. INCOIS is nodal agency for Ocean information services and provides the monitoring and forecast information on sea state and wave forecasting. IMD, NCMRWF, and INCOIS continuously develop and operate a suite of numerical weather prediction (NWP) systems and Ocean models, including a global deterministic model and a global ensemble prediction system to support the activities for disaster prevention and mitigation and weather and climate services. The products from IMD and dedicated web portal for SWFDP-BoB include the following:

Global Forecast System 
The Global Forecast System (GFS), adopted from National Centre for Environmental Prediction (NCEP) was implemented at India Meteorological Department (IMD), New Delhi on IBM based High Power Computing Systems (HPCS) at T1534 (~ 12 km horizontal resolution over the tropics) with the ENKF based Grid point Statistical Interpolation (GSI) scheme as the global data assimilation for the forecast up to 10 days.  The model is run twice in a day (00 UTC and 12 UTC). The real-time outputs are made available to the national web site of IMD:
http://www.imd.gov.in/section/nhac/dynamic/nwp/welcome.htm    


Regional Forecast System 
IMD operationally runs three regional models WRFDA-WRFARW (v3.6), and HWRF for short-range prediction.

Non-hydrostatic mesoscale modeling system WRFDA-WRF-ARW: The mesoscale forecast system Weather Research and Forecast WRFDA (version 3.6) with   3DVAR data assimilation is being operated daily twice to generate mesoscale analysis at 9 km horizontal resolution using IMD GFS-T574L64 analysis as first guess and forecasts as boundary condition. Using analysis and updated boundary conditions from the WRFDA, the WRF (ARW) is run for the forecast up to 3 days with double nested configuration with horizontal resolution of 9 km and 3 km and 45 Eta levels in the vertical. The model mother domain covers the area between lat. 23ºS to 46ºN long 40ºE to 120ºE and child covers whole India. The performance of the model is found to be reasonably skillful for cyclone genesis and track prediction. At ten other regional Centers, very high resolution mesoscale models (WRF at 3 km resolution) are also operational with their respective regional setup/configurations.

Hurricane WRF Model (HWRF): Recently under Indo-US joint collaborative program, IMD adapted Hurricane-WRF model for Tropical Cyclone track and intensity forecast for North Indian Ocean region for its operational requirements. The basic version of the model HWRFV (3.7+) which was operational at EMC, NCEP, USA was ported on IITM ADITYA HPCS machine with nested domain of 18 km, 6 km and 2 km horizontal resolution and 61 vertical levels with outer domain covering the area of 80X80, 24X24 and innermost domain 7X7 with center of the system adjusted to the Center of the observed cyclonic storm. The outer domain covers most of the North Indian and the inner domain mainly covering the cyclonic vortex which moves along the movement of the system. The model has special features such as vortex initialization, coupled with Ocean model to take into account the changes in SST during the model integration, tracker and diagnostic software to provide the graphic and text information on track and intensity prediction for real-time operational requirement. The model has full physics configuration with cloud microphysics of eta-HWRF scheme (Rogers et al., 2001), radiation physics for short wave and long wave (GFDL schemes), surface layer (GFDL) and surface physics (GFDL slab model), planetary boundary layer physics (Hong and Pan, 1996) and cumulus physics (New simplified Arakawa-Schubert  -  Han and Pan, 2011).

As part of model validation, case studies were undertaken to test the ability of the model for the Cyclonic storms formed during the year 2010 and 5-day model forecasts were produced during the 2011 cyclone season as an experimental forecast in real-time. In these runs only the atmospheric model (HWRF) was tested. The Ocean Model (POM-TC) and Ocean coupler requires the customization of Ocean Model for Indian Seas. IMD is currently working in collaboration with INCOIS, Hyderabad which is running the Ocean Models (POM)/Hybrid co-ordinate ocean model (HYCOM) to support the porting the Ocean Model with Indian Ocean climatology and real time data of SST over Indian Seas. The model is run in real time (started from cyclone season 2015) based on 00, 06, 12 and 18 UTC initial conditions to provide 6 hourly track and intensity forecasts along with surface wind and rain swaths up to 126 hours. The model uses IMD GFS-T1534L64 analysis/forecast as first guess.

Models run at NCMRWF
Global models are also run at NCMRWF. These include GFS and unified model adapted from UK Meteorological Office and Unified model ensemble prediction system and a regional model. Apart from the observations that are used in the earlier system, the new observations assimilated at NCMRWF include (i) Precipitation rates from SSM/I and TRMM (ii) GPSRO occultation (iii) AIRS and AMSRE radiances (iv) MODIS winds. Additionally ASCAT ocean surface winds and INSAT-3D AMVs are also assimilated. 


NCMRWF Unified Model (NCUM)
The NCUM is a grid point model which has Non-hydrostatic dynamics with a deep atmosphere suitable for all scales. Hybrid 4D-Var method is used for data assimilation. Major improvements of the new NCUM data assimilation system in comparisons with previous system used at NCMRWF are: the use of improved version of the radiative transfer model, and the improved ability of the new system to assimilate more satellite observations. It features mass-flux for shallow convection with convective momentum transport, non-local mixing and entrainment for boundary layer. In the new upgraded version of NCUM, horizontal resolution of the model was increased from ~17 km (N768L70) to ~12 km (N1024L70) in 2018. The forecast products from 00UTC and 12UTC initials are available. For next 10 days.

NCMRWF ensemble prediction system (NEPS)
NCMRWF Ensemble Prediction System (NEPS) is a global medium range probabilistic forecasting system adapted from UK MET Office. The new NEPS prepares 10 day forecasts at 12 km horizontal resolution. The configuration consists of four cycles of assimilation corresponding to 00Z, 06Z, 12Z & 18Z and 10-day forecasts are made using the 00Z initial condition. The N400L70 forecast model consists of 2048x1536 grid points on the horizontal surface and has 70 vertical levels. The initial condition is taken from the analysis of global deterministic Hybrid 4DVar data assimilation system. Initial Condition of perturbations are generated by Ensemble Transform Kalman Filter (ETKF). All products are provided in graphical format on the dedicated webpage of IMD for SWFDP as well as in IMD and NCMRWF websites 

Meteograms
IMD and NCMRWF also provide Meteograms for the desired cities in SWFDP-BoB sub-region as per the requirement of member countries.

Forecast products from INCOIS
At present, INCOIS provides forecasts of the following:
· Height, direction and period (of both wind waves and swell waves).
· Sea surface currents.
· Sea surface temperature.
· Mixed Layer Depth (the well mixed upper layer of the sea).
· Depth of the 20 degree isotherm (a measure of the depth of the thermocline).
· Astronomical tides.
· Wind speed and direction.
· Oil-spill trajectory

ESSO-INCOIS provides the ocean state information not only to all the sea faring communities like fishermen, Indian Navy, Indian Coast Guard, merchant and passenger shipping agencies, offshore oil & gas exploration agencies , research organizations but also to other coastal communities. The forecast is available separately for the following regions: Arabian Sea, Bay of Bengal, Northern Indian Ocean, Southern Indian Ocean, Red Sea, Persian Gulf and South China Sea. Further, it provides more detailed forecast information for specific locations like fish landing centres, small fishing harbours, commercial ports, etc. as well as for the coastal waters of the maritime states, union territories and island regions of India. The forecasts are generated by a suite of state-of-the art numerical models, which are customized to simulate and predict the Indian Ocean features accurately. The models used are I) WAVEWATCH III, MIKE and Regional Ocean Modeling System (ROMS) and General NOAA Oil Modeling Environment (GNOME). Atmospheric forecast products from different meteorological forecasting agencies (NCMRWF and ECMWF) are used for forcing these models in the forecast mode. Global forecast and deep sea forecasts, differ mainly in spatial and temporal resolution of the forecast, extent of validation carried out, etc. In coastal forecast, the models are set up using the concept of 'multiple grid' with coarse resolution in the open ocean region and very fine resolution for the specified coast, providing more accurate data at the coast. These forecasts are generated operationally using the latest Information and Computational Technology tools and run on High Performance Computers.

4.1.2	European Centre for Medium range Forecasts (ECMWF)
The representative of ECMWF informed that ECMWF supports the WMO SWFDP with state-of-the-art weather forecasts products. The SWFDP strengthens the capacity of NMHSs in developing and least developed countries to deliver improved forecasts and warnings of severe weather to save lives, livelihoods and property. ECMWF contributes to all the SWFDP regional subprojects, including the Bay of Bengal (since 2016), with dedicated areas on the website which offer easy access to forecast products.

Learning
In 2016 ECMWF provided a webinar for the SWFDP-Bay of Bengal in conjunction with a training event organised by WMO. ECMWF has also developed free eLearning training resources to offer learning opportunities to the wider community of its data users. 

ECMWF and the World Meteorological Organization (WMO) have developed a scheme under which the Centre regularly hosts forecasters from developing countries for a number of months. The scheme is part of the WMO Fellowship Programme, which was set up after the WMO identified a need for specialised training placements to develop capacity in least developed and developing countries.
https://www.ecmwf.int/en/learning/training/wmo-fellowship-scheme
Deadline for application: 1st February 2019 

Products (grib format)
In July 2018, ECMWF substantially increased the amount of weather prediction data it makes available free of charge to Members of the World Meteorological Organization (WMO). The provision of the data is part of the Centre’s obligations as a World Meteorological Centre (WMC). ECMWF became a WMC in June 2017. The additional data enable a much more comprehensive view of atmospheric conditions as predicted by ECMWF than before, including near-surface weather conditions. This help users to make better assessments of weather-related risks out to day 10. Registered NMHSs were able to access the new data from the 2 July 2018. 

Additional fields are available for both probabilistic and deterministic forecasts. Users can now assess the probability of more than 1 mm and 5 mm precipitation in 24-hour periods out to 10 days ahead. They can complement this with precipitation information based on the high-resolution forecast that is now available at 6-hour intervals. They can also access 6-day forecasts of 2-metre temperature and 10-metre wind. All forecasts of weather variables are now provided at 6- or 12-hour time steps instead of 24-hour time steps. The new products also include additional ocean wave forecast fields (peak wave period and mean zero-crossing wave period), with all wave forecast products provided at 3- or 6-hour time steps. Together, these changes help to provide forecasters in the NMHSs of WMO Members with the information they need to carry out their operational activities. An ECMWF web page gives details on the data and how to access them.
The change was implemented by adding the extra fields to ECMWF's Data Collection and Production Centre (DCPC) FTP server, from where registered NMHSs pull the data. The DCPC is part of the WMO Information System (WIS).

4.1.3	China Meteorological Administration (CMA)
The representative of China informed that CMA operates the deterministic global model, T639L60 and GRAPES-GFS, four times a day (at 00, 06, 12 and 18 UTC with a forecast range of 240 hours) with horizontal resolution 30km and 25km, respectively. CMA also operates the global ensemble prediction system, T639L60, for ten-days forecast with 15 members twice a day at 00 and 12 UTC and the tropical cyclone track prediction system, GRAPES-TY, for 120-hours forecast. 

CMA became a World Meteorological Centre (WMC) in June 2017. The provision of the data is part of the Centre’s obligations as WMC. CMA built a website (http://wmc-bj.nmc.cn) to show the deterministic and ensemble global NWP products, climate model products and satellite images. CMA has already been providing the deterministic and ensemble NWP products for SWFDP-Southeast Asia and SWFDP-Central Asia and all the mentioned products are available on the websites (http://eng.nmc.cn/swfdp/ and http://eng.nmc.cn/ca/).

CMA provided the Visible, Infra-red and Water Vapor satellite imagery products of FY-2E and FY2G for SWFDP-SeA before 2017. FY-2 series are geostationary meteorological satellite with five channels (Visible, Infra-red, Split-window, Water Vapor and Mid-infrared). The geostationary meteorological satellite FY-4A carrying the advanced observing functions was launched in December 2016. It is located 105° E and the time intervals of full disk are about 15 minutes. In 2018, the satellite images for SWFDP-Southeast Asia have been replaced by FY-4A. 

CMA is planning to improve product quality and variety by replacing T639 products by GRAPES-GFS products to support the SWFDP-Bay of Bengal. FY-2H are the 8th(last) flight unit of the FY-2 series launched in June 2018. It is located at 79° E that well suitable to supporting the Bay of Bengal (South Asia). 

A Satellite Weather Application Platform (http://rsapp.nsmc.org.cn/geofy/en/) is built to provide the near-real time satellite imagery services of FY-2H and FY-4A for each observing band an RGB composite images. These images are updated every 15 minutes for FY-4A and every 30 minutes for FY2H, respectively.

Training Support
CMA has also been providing support for SWFDP training workshops by dispatching expert lecturers since 2011. A CMA trainer, Dr. Chen Yun, provided severe convective forecasting training in the first SWFP-Southeast Asia training workshop in Hong kong in 4-8 July 2011. Three trainers took part in the fourth SWFDP-Southeast Asia training workshop in Thailand during 14-19 September 2015. Mr. Zhou Qingliang provided applied NWP training, Prof. Yu Xiaoding provided nowcasting training and Dr. Fang Xiang provided applied satellite data training during the workshop. Two trainers provided severe weather forecasting training to the forecasters in the Central Asia: Dr. Liu Xinhua in Teheran, Iran in 5-8 December 2015, Dr. Cao Yong in the SWFDP-Central Asia training workshop in Almaty, Kazakhstan during 22-26 February 2016. A trainer Mr Tian Fuyou contributed to SWFDP-SeA training workshop in Ha Noi, Viet Nam on 19-23 March 2018. He provided lectures on nowcasting and severe weather forecasting.

Ongoing and Future Activities
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK14]CMA expects to be actively involved in SWFDP-BoB as a global center and provide NWP products and satellite images for  nowcasting and very short-range forecasting. CMA will build a website for SWFDP-BoB which collects specified NWP products and satellite images. CMA will more actively participate in training activities organized by the SWFDP. CMA would also like to provide the operational forecasting platform, MICAPS, to the SWFDPs in Southeast Asia, Central Asia and in Africa.

4.1.4	Japan Meteorological Agency (JMA)
The representative of  Japan informed the meeting that Japan Meteorological Agency (JMA) is the national meteorological service in Japan. JMA monitors the earth’s environment and forecast natural phenomena related to the atmosphere, the oceans and the earth. JMA is also a sole national authority responsible for issuing weather warnings and advisories. JMA plays a vital role in natural disaster mitigation and prevention activities in the country through cooperation and coordination with relevant authorities, including the media, the disaster management and civil protection authority and the public users. JMA has developed and operates a suite of numerical weather prediction (NWP) systems, including a global deterministic model and a global ensemble prediction system to support the activities of disaster prevention and mitigation and weather and climate services.

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. JMA will also provide products and dedicated webpage for SWFDP-Bay of Bengal (South Asia)

JMA operates a deterministic global model, the Global Spectral Model (GSM; TL959L100), four times a day (at 00, 06 and 18UTC with a forecast range of 132 hours and at 12UTC with a forecast range of 264 hours). JMA also runs a global ensemble prediction system   (GEPS). It runs two times a day at 00UTC and 12UTC, and the forecast range is 11 days. More detailed information on JMA NWP systems are available on the following webpage: http://www.jma.go.jp/jma/en/Activities/nwp.html 

The products of forecasts from 00UTC and 12UTC initials are available. It is noted that the GSM products of 00UTC runs are limited to 132 hour forecasts. The GSM products of 12UTC runs fully cover 11 days forecast range essential for the operation of SWFDP-Bay of Bengal (South Asia). The products of the ensemble prediction system (EPS) are provided from 00UTC and 12UTC runs of GEPS. All products will be provided in graphical format with both low and high resolutions on the dedicated webpage of JMA for SWFDP: https://www.wis-jma.go.jp/swfdp/index.html. Products of the latest 7 days are available on the webpage. This webpage is not password protected.

JMA operates a global (deterministic) wave model (GWM) and provides its gridded data as one of RSMC data services. Specification of the GWM products is as follows:
· Grid interval: 0.5 degree
· Elements: significant wave height, prevailing wave period, prevailing wave direction
· Forecast time: 0 – 84 hours (6 hourly), 96 – 192 (12 hourly)
· Initial times: 00, 06, 12, 18 UTC

JMA also operates the wave ensemble prediction system (WENS) which runs twice a day (at 00UTC, 12UTC) and the forecast time range is 264 hours. The WENS products of these forecasts are provided through the webpage of JMA for SWFDP. The available elements are significant wave height and prevailing wave period.

The products of the GSM, the EPS and the WENS described above will be able to be provided to SWFDP-Bay of Bengal within the year.

4.1.5	Korean Meteorological Administration
The representative of the Republic of Korea informed that recently KMA improved global model resolution from 17km to 10km. So, now KMA runs a 10km global model which has 70 layers and Global ensemble model with a 32km horizontal resolution and 25 members.  KMA global and ensemble model, which are based on Unified Model (UM), have been the main source of the NWP products that are distributed to countries which participate in SWFDP.  With introduction of the 10km global model, KMA was able to contribute to SWFDP better by sharing more reliable products.

KMA has operated a dedicated web site since 2013 to manage KMA’s international NWP cooperation activities more effectively.  This web site consists of 4 sections: 'SWFDP-Southeast Asia', ‘SWFDP-Central Asia’, 'RAII' and 'Africa'.  'SWFDP-Southeast Asia' section, which is KMA’s contribution to the WMO SWFDP-Southeast Asia, provides NWP output for 107 cities in 5 countries.  'SWFDP-Central Asia’ section, which was made to support SWFDP-Central Asia, provides NWP products for 62 cities in 4 Central Asian counties.

4.1.6	United Kingdom Met Office (UKMO)
The representative of United Kingdom informed that UK Met Office  (UKMO) recognizes the importance of the WMO Cascading Forecasting Process to improve forecasting and warning services and has supported the WMO SWFDP initiative as a global producing centre since its inception in 2006 in southern Africa.

Products from the global component of the UKMO Global Regional Ensemble Prediction System (MOGREPS-R) system will also be supplied in .jpeg format via FTP.  A data licence will also be issued, stipulating that the products are only to be used in support of the aims of the project. The UKMO is willing to respond to user requests for additional parameters from MOGREPS-R on a best endeavours basis. The UKMO is also willing to contribute support (staff and facilitated e-learning resources and expertise) to the sub-project’s preparatory training activities. The UKMO is providing Ensemble Prediction Scheme, EPS meteograms for over 160 sites in the SWFDP-Bay of Bengal subregion. The UKMO UM Partner, the NCMRWF in New Delhi will provide the remaining ensemble  and deterministic model products together with other global contributing centres.    

The UKMO actively encourages all participating members of the SWFDP-Bay of Bengal to proactively provide the following:
· Feedback (particularly strengths and weaknesses) on the performance of the participating centre’s models;
· Weather case-studies for the purposes of model verification and future training activities;
· Documented case-studies to include high-level testimonial evidence of the impact of the SWFDDP sub-project in terms of (i) increasing the forecast lead time of severe weather and; (ii) increasing the visibility/integration of the capabilities of the NMHS with government and the civil protection agencies.  Such evidence is crucial if the project is to build sustainable capacity whilst also attracting future resource mobilization opportunities.

4.2	Regional Centres’ contributions (including in-kind) and updates on their future directions 
4.2.1	Regional Specialized Meteorological Centre (RSMC) New Delhi
The representative of India informed the meeting on their contributions (including in-kind contributions) for SWFDP-Bay of Bengal including the project website i.e. RSMC New Delhi web portal for SWFDP-BoB (http://nwp.imd.gov.in/mme/fdp-bob/login.php) and the template of the ‘Daily Severe Weather Forecast Guidance product’ issued by RSMC New Delhi for NMHSs through project website. He also provided updates on RSMC’s future directions to benefit the subproject.  

The RSMC New Delhi had developed the dedicated web portal for the subproject in 2015, which was demonstrated to participants in the SWFDP training workshop in Bangkok, Thailand, in September 2015. The RSMC New Delhi started providing daily Regional Severe Weather Forecast Guidance (in graphics) to the member countries including Bhutan, Bangladesh, India, Maldives, Myanmar, Nepal, Pakistan, Sri Lanka and Thailand on 2 May 2016. Process followed for the development and the issuance of Guidance Products is given in paras below. 

The RSMC, New Delhi interprets the global models information available through SWFDP-Bay of Bengal in terms of severe weather risks and provides summary guidance to the NMHSs. The global models considered daily includes ECMWF, NCEP-GFS, IMD-GFS, NCMRWF unified model (NCUM), global ensemble forecasting system (GEFS), NCMRWF ensemble prediction system (NEPS), UKMO model, JMA model. The RSMC, New Delhi also provides additional forecast information generated locally, such as from more detailed regional forecast models like WRF, HWRF and UM based regional model run at NCMRWF. Every day, the Guidance Product is being provided in graphics format for Day 1, 2, 3, 4 and 5 to member countries through the following dedicated web portal.

Support services from RSMC, New Delhi
The SWFDP also provides a number of supporting services to aid Members to exploit the cascaded information, including:
· Training in the interpretation and exploitation of cascaded data for the generation of forecasts and warnings; 
· Training in the development of PWS services and the development of relationships with user organizations to ensure that warnings are effective in stimulating actions to protect populations and properties from the impact of severe weather;
· Access to observational data sources such as satellite data, and training in their use; The RSMC, New Delhi also facilitates the observational information in coordinating with satellite centres and wave information in coordination with INCOIS.

Future scope
· The RSMC, New Delhi under SWFDP-Bay of Bengal may increasingly operate in collaboration with other projects which have adopted similar cascading processes, such as the Coastal Inundation Forecasting Demonstration Project (CIFDP) and the (Flash Flood Guidance Service (FFGS). 
· IMD is supported by NCMRWF and INCOIS for NWP and marine related products. INCOIS would provide location specific products for participating countries including tide and swell wave, high swell and wave alerts, and coastal inundation in line with those provided currently to Sri Lanka and Maldives. 
· Archival and retrieval of operational data and products would be made up to 7 days by IMD. 
· The Indian Institute of Tropical Meteorology (IITM), upon request by IMD, agreed to provide extended-range forecast products for dry and wet spells. 
· The format of the RSMC Daily Guidance product can be further modified based on the recommendation of RSMT meeting in 2018. 
· The RSMC can organize training on impact based forecasting and risk based warning in collaboration with WMO and UN-ESCAP

4.2.2	Regional Integrated Multi-Hazard Early-warning System for Africa and Asia (RIMES)
The representative of the Regional Integrated Multi-Hazard Early-warning System for Africa and Asia (RIMES) attended the meeting as an observer. She informed the meeting about activities of RIMES. She underlined that of the several mandates of RIMES, reduction of risk due to natural disasters in the region is the key one. RIMES has been continuously providing support to the NMHSs of Asia and Pacific for the development of resilience due to rainfall induced disasters. One of such effort is the development of flood forecasting systems with collaboration of national hydrological services (NMHs). Currently, member and collaborating countries of RIMES like Bangladesh, Myanmar, Nepal, Bhutan, Philippines and Sri Lanka have been developed with decision support systems (DSS) for flood forecasting. The flood forecasting system in RIMES is currently focused on:
· Flash flood forecasting
· Medium range riverine flood forecasting -  with a lead time of up to 15 days
· Long range seasonal forecasting with a lead time up to 3 months

Collaboration between RIMES and Flood Forecasting and Warning Center (FFWC) under Bangladesh Water Development Board (BWD) have led to the development of threshold-based flash flood forecasting system for two locations of Bangladesh; in northern part and in southern coastal part. Medium range probabilistic flood forecasting with a lead time of 15 days have also been developed for Ganges and Brahmaputra river basins with forecasts at two locations in Bangladesh. Three-month flow outlook using ECMWF meteorological outputs have also been developed for these two locations of Ganges and Brahmaputra.

Countries like Myanmar, Nepal, Bhutan, Sri Lanka and Philippines have developed NWP integrated hydrological modeling system called FloCAST with the initiative from RIMES. Three river basins in Myanmar, three in Nepal, one in Bhutan, three in Philippines and one in Sri Lanka now have the advantage of 72-hour lead times in their flow forecast under this initiative. Web-based platforms developed under FloCAST for each country provide the advisories based on the thresholds set by the operational forecasters at each hydrological location. 

RIMES is also assisting Global Flood Alert System (GloFAS) for the verification of 31-day probabilistic flood forecasting at selected locations in its FloCAST program countries. In the arena of flash floods, RIMES has been assisting Hydrological Research Center (HRC) for the development of SAsiaFFG (Flash Flood Guidance System for South Asian Region). The accumulated rainfall forecasts from the available mesoscale NWP models have been compared with mean areal rainfall and biases for 14 sub-basins (100-500 sq.km) from Sri Lanka, India, Nepal, Bhutan and Bangladesh have been computed. These biases are employed to the NWP forecasts and the accumulated rainfall is compared with a threshold to issue the warnings of flash flood in the region.

4.3	National Meteorological Centres’ reports on SWFDP implementation at national levels 
The representatives of Bhutan, India, Maldives, Myanmar, Sri Lanka and Thailand informed the meeting on their operational systems and services delivery status including information on the usefulness of NWP products (deterministic and ensemble) and RSMC Guidance made available through SWFDP-BoB website (http://nwp.imd.gov.in/mme/fdp-bob/login.php). Such products and guidance have helped to improve severe weather forecasts and warning services at national and local levels. They also informed the meeting how SWFDP-Bay of Bengal has been contributing (or can contribute) to enhancing the weather forecasting processes, and to improving the provision of weather services and delivery of warning services to users especially the target user groups (i.e. general public, media, and disaster management and civil protection agencies) for improved decision making processes and DRR activities in their respective countries. An assessment of NWP and Guidance products, forecast verification, clients/users’ feedback, as well as on other ongoing projects impacting their operations was provided during the meeting.

4.3.1	Bhutan
The representative of Bhutan informed that in recent years there have been reforms in Bhutan including for the NMHS to improve its services and reposition it in the government structure. In August 2016, the NMHS of Bhutan has been transformed from the Department of Hydro-Met Services (DHMS) to become an autonomous agency namely National Centre for Hydrology and Meteorology (NCHM) under the Royal Government of Bhutan. The NCHM is governed by a Governing Board which has membership from the relevant sectors including  environment, disaster management, agriculture, public health, hydropower and human settlement. The Director of NCHM is member Secretary of the governing board.

Bhutan is a land-locked mountainous country (with altitude ranging from 160 m to 7500 m) in South Asia. The country enjoys over 70% forest coverage with 49% of the population is associated with farming. However, over 70% of the settlements are located along the drainage basins. The country is prone to following natural hazards: floods, flash floods including glacial lake outburst floods (GLOF) and landslide dam outburst floods (LDOF); windstorms; landsides; cyclones; earthquakes; forest fires; epidemics, pests and diseases etc. In order to provide services for weather, climate, water and cryosphere to the general public and various socioeconomic sectors, the NCHM has following divisions:
· Hydro-met Operational & Infrastructures Division  
· Weather & Climate Services Division 
· Cryosphere Services Division
· Hydrology & Water Resources Services Division

The observational network of NCHM
· Hydrological Network  including 16 Principal Stations,  10 Secondary Stations, and 11Sediment Sampling Stations 
· Flood Warning Network including 15 Flood Warning Statins, and GLOF Early Warning System  for 03 basins
· Agro-Met Stations (Class A) = 20
· Agro-Met Stations (Class C) = 64
· AWS = 80

NCHM’s  Hydrological Services 
· Historical hydrological data services (1990-till date)
· Early warning system –GLOF and rainstorm floods
· Flood monitoring
· Flood advisory 
· Flood/GLOF Hazard mapping & zonation
· Hydrological Modelling
· Hydrological/flow forecasting
· Technical back stopping in hydrometry
· Water Resource Assessment (future plan)

NCHM’s  Weather & Climate Services
· Historical climate data
· Weather Forecast (short-range)
· NWP limited area modelling using WRF (with 15 km and 3 km nested domain) for 72 forecast 
· Adhoc route forecast
· Extended range prediction (pilot phase)
· Seasonal forecasting (summer and winter)
· National Climate Outlook Forum (NCOF)
· Climate projection for Bhutan

Challenges and Recommendations 
· Large bias from Global model and RCM on the temperature – topography  (orography of Bhutan)
· Limited human capacity in hydrological and meteorological/climate modelling
· Capacity development for WRF model verification and data assimilation, impact based forecasting, and Nowcasting - Aviation 
· Collaborative research on severe weather phenomena
· Education, advocacy and awareness for efficient use of the services
· Recommend for one stop shop platform for SWFDP forecast reference
· Regional data sharing – enhance forecast skill

4.3.2	India
The representative of India provided information about forecasting and warning system of India Meteorological Department (IMD) which is mandated to issuing seamless operational weather forecast and warnings for various meteorological hazards across the country. IMD also provides forecast guidance to the south Asian countries and members of WMO/ESCAP Panel on Tropical Cyclones as the WMO designated RSMC. The regional guidance on severe weather events including cyclone, heavy rain, strong wind, sea waves and storm surge are provided by RSMC New Delhi to nine countries involved in SWFDP-Bay of Bengal. The detailed IMD report is found in Annex-III.
The warnings and advisories by IMD for national purpose are issued for different temporal ranges and spatial domains. The temporal domain of forecasts and warnings ranges from Now-casting which is valid only for a couple of hours to long range which has the validity of months to a whole season. The information on weather forecasting and early warning system in India, recent achievements, gap areas and future plans are summarized below. 

Weather forecasting and warning services of IMD
The aim of a IMD’s National Meteorological Centre is to perform a clear analysis of the present weather, to provide weather forecasts, to evaluate the level of risk associated with the expected important meteorological phenomena and to issue pertinent warnings towards the concerned stake holders, agencies and people at large. It includes mainly following components:
· Monitoring Process: including through in-situ observations, AWS, satellites and radars etc.
· Forecasting system: IMD uses following methods: Statistical technique (Analogue, Persistence, Climatology, Climatology and persistence(CLIPER); Synoptic technique – Empirical technique; Satellite techniques- Empirical technique; Radar techniques- Empirical technique; NWP models; and Dynamical statistical models)
· Decision support system (DSS): DSS in a digital environment is used to plot and analyze different weather parameters, satellite, Radar and NWP model products.  In this hybrid system synoptic method could be overlaid on NWP models supported by modern graphical and GIS applications to produce high quality analyses and forecast products. It includes: Analysis of all synoptic, satellite, Radar and NWP model products for genesis, intensity and track monitoring and prediction; Preparation of past weather and forecast  upto 120 hrs; and Depiction of uncertainty in forecast based on probabilistic assessment. An SOP is followed for analyzing various monitoring and forecast guidance available from different sources to arrive at decision on forecast and formulation of forecast and warning bulletins.  There is well defined road map and check list for this purpose. The automation of the process has increased the efficiency of system, visibility of IMD and utility of warning products.
· Warning system of IMD: To carry out the warning process, there is a well-defined Organization and standard operation procedure (SOP) is in place. The Warning criteria are defined for each parameter. Linkages with Media and Disaster authorities are well defined. Scheduled time of issue and frequency of bulletins along with the content (Text and graphics) are also designed as per the requirement of users. The Followings are the various types of forecasts and warnings issued by IMD.
· Cyclone Warning System
· Thunderstorm/Dust storm/Lightning warning: 
· Heavy Rainfall & Flood warning
· Heat and cold waves (utilizing colour code system indicating severity of an expected heat wave and cold wave)
· Fog monitoring and forecasting system (especially Indra Ghandi International Airport, New Delhi)

Warning Dissemination Mechanism
The warnings are disseminated to various users through telephone, fax, e-mail, SMS, All India Radio, FM and community radios, Television and other print & electronic media. These warnings/advisories are uploaded in the website of IMD (www.imd.gov.in). Also the warning bulletins are disseminated by email and SMS to state and national disaster management authorities (NDMA). In case of emergency, police wireless and telecommunication lines of railways and aviation authorities are also used. The Cyclone Advisories bulletin for WMO/ESCAP Panel countries and international airports are disseminated through global telecommunication system (GTS) and email. 

Recently there is initiative through NDMA for Common Alert protocol (CAP) for dissemination of thunderstorm warning. Once, implemented, it will be very useful for quick dissemination to last mile. Furthermore, it is recommended that the synergized observational and forecast and warning products in text cum visual graphics format should be generated by IMD with direct CAP-feed facility so as to reach the last mile with no loss of time. Similarly the proposed last mile connectivity through satellite based initiative if ISRO, viz., Gagan Messaing System (GAMES) and Navik in collaboration with Ministry of Earth Sciences, and central & state governments will be very helpful to mitigate the disasters.

Achievement in recent years
In the last decade, there have been considerable improvements in the quality of weather and climate services. This was mainly due to augmentation of observational network, research efforts in weather & climate modelling and specialized training of scientists. Important achievements in weather and climate services during the last the last decade are as follows:
Improved agro-meteorological services including for farmers in collaboration with State Agricultural Universities (SAUs) and Institutions of Indian Council of Agricultural Research (ICAR). Presently around 2.60 Crores (26 million) farmers are directly benefitted by this service being provided through SMS as compared to 0.5 Crores (5 million) farmers in April 2014. As per assessment made by National Council of Applied Economic Research (NCAER), from these agro-meteorological advisories, farmers made economic benefits exceeding Indian Rupees 42,000 Crores (Rupees 420 billions). 
· Noteworthy improvement was made in track and intensity forecast of the tropical cyclones (24 hour forecast error in track prediction reduced from 141 km to 85 km and Landfall error from 99 km to 52 km during 2006 to 2018). 
· Increase in lead time along with increase in accuracy of the forecast of genesis, track, intensity and adverse weather in recent years have helped in better management of disaster due to cyclone. 
· Though the damage due to cyclones cannot be minimized, the loss of life has been drastically reduced being limited to double digit figure in the recent years. Death toll due to cyclone Phailin (October, 2013) was 22 and Hudhud (October, 2014) was 46 as compared to 9885 due to Odisha Super Cyclone (October, 1999).
· The skill in accurate prediction of track, intensity and landfall point & time has resulted in reduction in damage to property. It has been $4500 million due to Odisha Super Cyclone (1999) as against $696 million due to Phailin (2013), a very severe Cyclone. 
· The area of evacuation has decreased from 500 km during 1999 Odisha Super Cyclone to 180 km during Phailin. Thus the cost of evacuation has reduced significantly 
Improvements in skills of Heavy Rainfall Forecasts (False Alarm Rate reduced from 46% to 11% and Probability of Detection increased from 49% to 67% from 2002 to 2015). 
Increase in validity period of forecasts from 2 days in 2006 to 7 days in 2015 and spatial resolution from met. Sub-division to district level & Block-wise forecasts for selected blocks. 
Increase in city forecasts from around 30 cities in 2006 to 324 cities in 2018. 
Introduction of nowcasts (next six hours) of thunderstorms for 403 cities based on Doppler Weather Radars and highway and tourism forecasts. 
Quantitative precipitation forecast (QPF) to Central Water Commission for flood warnings increased from 125 to 146 river sub-basins. Validity of QPF has been increased from 5 days to 7 days in 2015.
Customized weather forecasts for Shri Amarnathji Yatra, Bhakra and Beas Management Board (BBMB), Indian Coast Guard and Defence sectors.
Services for optimum operation of activities like irrigation, shipping, oil explorations were augmented. Specialized services were introduced for Power & Health sectors

Gap Areas
· Physical parameterization schemes in the models 
· Initial conditions in Models/use of Ensemble 
· Challenges and uncertainties in monsoon predictions
· Extended range prediction system 
· Flood forecasting
· Intensity of tropical cyclones
· Prediction of TC land fall and associated rainfall
· prediction of thunderstorms and associated adverse weather 
· Prediction of prolonged heat and cold wave spells 
· Flash flood events over the urban and complex topography 
· Fog prediction over the Gangetic Valley 
· Forecasting urban weather and hazards such as heat wave, flash floods, heat islands, air quality and air pollution dispersion etc. 

Conclusions and Future Plans
IMD continuously expands and strengthens its activities in relation to observing strategies, forecasting techniques, disseminating methods and research relating to different aspects of extreme weather events to ensure most critical meteorological support to disaster managers and decision makers.

Demands from the public/private/government sectors are increasing for more accurate prediction of weather at various temporal and spatial scales. Improved and reliable forecast of weather requires high resolution dynamical models. Thus, intensive monitoring of various weather systems through different platform based observing systems provide not only the necessary information about current weather systems, their effective assimilation in numerical models provide important guidance for accurate forecasts. Hence, there is scope to improve further the weather services by providing high resolution customized impact based forecast and risk based warning products for different existing and emerging socio-economic sectors.

There is also scope for improvement of (i) sectoral applications of early warning, (ii) warning communication to last mile and disaster managers through state of art technology, (iii) developing synergized standard operation procedure among the early warning agencies and user agencies and (iv) upgrading and enhancing the link between early warning service provider and disaster managers. 

4.3.3	Maldives
The representative of Maldives informed that Maldives’ fragile ecological profile and low elevation (an archipelago of islands consisting of about 1,192 small, low-lying coral islands) combined with its economic dependence on limited sectors makes the country highly vulnerable to natural disasters and extreme weather events. Future climate projections indicate that the extreme flooding events are likely to become more frequent. Beside heavy rain, swell and tidal waves also cause flooding in the Maldives islands, producing extensive damages to critical infrastructure, properties, household goods, saltwater intrusion to groundwater aquifer, coastal erosion and livelihood. The most frequent severe weather events experience in Maldives are:	heavy rain; flood; thunderstorms;  strong winds and rough seas; gusty winds and squall; tidal and swell waves; funnel cloud (water spout and tornado);and tropical cyclones ( mostly indirect effect ).

Weather Observation Network 
Surface observations in Maldives include 5 manned stations  and 30 AWS of Maldives Meteorological Service (MMS). In addition, MMS has one upper-air observation station, one Doppler Weather Radar  and three Tide gauge observation stations.  Other observation platforms include CMACast satellite receiving system and INSAT 3D satellite pictures and other products from IMD website (http://satellite.imd.gov.in/). Maldives is a registered user of FY ESM (Emergency Support Mechanism) but the service is currently available for area covered by FY-2F (positioned at 112°E) satellite.

Some of the Challenges in Weather Observation
· Inadequate consumables (balloon and radio-sonde) in one and only upper air station in the Maldives, interrupts routine daily observations from time to time. Due to its strategic location, this GUAN station (43599) is an important data point locally as well as globally.
· AWS maintenance and calibrations (frequent data gaps due to AWS failures). Limited spare parts for AWS maintenance.
· No marine observation station at present.
· Limited coverage of the only one Doppler weather Radar in the country.
· Limited human resources and technical expertise to maintain observation network.

Weather Forecasting Products and Services
Basic WRF model customized to local domain is run on daily basis with initial and boundary condition from NCEP GFS data set. Other NWP model products are mainly obtained from IMD/RSMC New Delhi and RIMES, INCOIS dedicated website for ocean state forecast in collaboration with RIMES, ECMWF products and products from SWFDP-Bay of Bengal web site etc. In addition to Public Weather Services and Warnings, MMS also provides special weather services to Aviation sector, Sea transport, Tourism and recreational activities.

Weather Service delivery and communication
Weather forecasts are updated twice daily on MMS website (www.meteorology.gov.mv) along with current weather which is updated on hourly basis from 5 manned weather stations. Social media (Facebook, Twitter and Viber community groups) are also used to provide weather service and warnings for a wider community. SMS Alert system are used for issuing weather and tsunami alerts to a designated focal points of the Government and concerned authorities including National Disaster Management Authority. Daily weather presentation are broadcasted on public service media TV channel. A direct micro-wave link is established between MMS weather studio and TVM studio. Live weather updates (by phone) are provided to many local private radio and TV channels. Dial-Weather (recorded weather update via phone) is updated two times daily.

Ongoing projects at MMS
A project under the title “Enhancing weather and climate monitoring and data management capacity of MMS for reducing vulnerabilities of climate change in the Maldives” is funded and supported by the Government of Italy.

	Projects components
	Status

	· Installation of 25 AWS 
	Ongoing, at final stage of completion 

	· Development of mobile App with CAP enabled feature. 
	Ongoing

	· Development of a Wave Forecasting system for the Maldivian archipelago
	Approved, at initial stage of development 

	· Integration of all observation systems to bring them to a common platform
	Planned with go-ahead signal



Additional Requirements and Expectations
· High resolution (temporal & spatial) cloud pictures, precipitation estimate (QPE), lightning data etc. are some of the very important parameters in weather monitoring and forecasting if they are made available on near real time basis 
· Extend the domain of the Lightning data set of IMD to cover Maldives area (up to 5 degree South)
· Polar orbiting satellite data, especially ocean winds (ASCAT winds) are very important to monitor ocean state over the data sparse area 
· Software upgrade and training on MICAPS & SWAP software. Backup system for CMACast satellite receiving Systems
· Special on-request event driven basis, very high spatial and temporal resolution satellite images required for impact and damage assessment during and after severe weather events
· Limited observation from South Indian Ocean make it difficult to monitoring ocean state and Swell generated from far away systems in southern Indian Ocean.
· Number of locations for EPSGRAM in SWFDP-BoB and ECMWF website to increase to 26 (one island in every atoll)
· Training required on discovery, utilization and visualization (including RGB technique) of various satellite data sets for local applications 
· Training on impact based forecasting techniques for forecasters
· Training on NWP, data assimilation (RADAR, AWS, satellite radiance etc.) techniques, Nowcasting and RADAR application and maintenance are required

4.3.4	Myanmar
The representative of Myanmar informed the meeting that Myanmar is more or less affected by all kinds of natural hazards as tropical storm, flood, drought, landslide, etc. Thus precautionary measures against and minimizing their effects are indispensable in Myanmar for the safety and wellbeing of the population in all parts of the country. Thus, the SWFDP-Bay of Bengal website constitutes an important element of technical cooperation in meteorology and hydrology. Finally, the gain of this SWFDP-Bay of Bengal will promote the sharing of best practices and lessons on different NWP model outputs from global and regional centres (NOAA/NCEP, ECMWF, UKMO, JMA, CMA, IMD, KMA, RIMES, and etc.).
The development and improvement in the severe weather forecasting techniques by participating in the international projects and training opportunities under SWFDP, to increase the (1) Development on cyclone model and storm surge model and flood forecasting model (2) Strengthening of the links among NMHSs and (3) Capacity building and human resources development. 

DMH Myanmar’s recommendations for consideration by the RSMT
The following points are relevant for further considerations by the RSMT:
· The severe weather events that impact Myanmar are heavy rainfall (by active Monsoon), tropical cyclone, storm surge, strong winds, thunderstorm, drought, heat wave, and cold wave. Thus, DMH needs the regional model products of thunderstorm, drought, heat wave and cold wave.
· There are so many model products in SWFDP-Bay of Bengal website. Forecasters can conflict to make a forecast. 
· Verification and calibration processes are essential to decide the best model. DMH needs training for verification and also model output data under the project.
· DMH needs maximum temperature and minimum temperature forecast products from IMD's Extended Range Forecast. 
  
Additional Requirements and Expectations under SWFDP-BoB
· Number of locations for EPSgrams in SWFDP-BoB and ECMWF website to increase to 51 stations (WWW stations) of Myanmar.
· Need to access NWP products for sea level pressure, precipitation, min and max temperature, surface and upper level wind (06hr, 12 hr and 24 hr time steps) for 10 days from ECMWF website.

4.3.5	Sri Lanka
The two monsoons namely Southwest and Northeast, essentially determine the climate of Sri Lanka. The transitional periods separating them, called inter-monsoon seasons. Considering natural hazards in Sri Lanka, due to its location as an island surrounded by the Indian Ocean and path of two monsoons, over 90% of the natural disasters that occur in Sri Lanka are of hydro-meteorological origin.  During the months of October to December, depressions forming in the Bay of Bengal  tend to intensify into cyclonic storms and move closer to Sri Lanka bringing much rain and wind,  chances of land fall are very low. Devastation due to cyclones thus does not top the list of natural disasters in the country. Heavy rain during the onset of southwest monsoon and strong gusty winds during the southwest monsoon period cause damage to houses and other building structures in the southwest quarter of the island. Another phenomenon that increasingly threats to the life and property is lightning and around 20-30 casualties were reported every year. Torrential rains too cause floods displacing people and, also in the other extreme, prolonged dry spells sometimes affect agriculture adversely. Landslides in the hill country are also on the increase as a natural calamity, during the recent years. 

Weather Monitoring Process 
The surface synoptic network of the Department of Meteorology (DOM), Sri Lanka consists of 23 stations. The automatic weather system network in Sri Lanka consisting of a total of 38 stations has two types of stations.  22 stations are equipped with sensors to measure Wind speed and direction, Temperature, Humidity, Rainfall, Pressure and Radiation while the balance 16 stations are equipped to measure Wind speed and direction, Temperature, Rainfall and Radiation. There are 40 Agro-Meteorological stations and are based mostly at agricultural agencies. The total number of stations measuring 24-hour accumulated rainfall in Sri Lanka using manual rain gauges is approximately 512.  Networks of 120 automated rain gauges are being installed in areas prone to exceptionally heavy rain events, particularly in the central highlands and major river catchment of Sri Lanka. Upper air pilot balloon observations are made at 04 synoptic meteorological stations and only one GPS-based Radiosonde observation is being done at Colombo headquarters. Department maintains satellite imagery reception and processing systems for Chinese FY and Japan Himawari satellites. 

Weather forecasting and warning services in Sri Lanka
The forecast, warnings and advisories issued by DOM for national purpose consist of different temporal ranges and spatial domains. The temporal resolution of forecasts and warnings ranges from short range to medium range which is valid for 3-6 hours to 3-10 days. In addition long range forecast, which has the validity of months to a whole season, is also issued to relevant authorities. Weather forecasting is performed using mainly subjective techniques with  NWP products used as guidance. Outputs of NWP models from global centers (e.g. IMD, ECMWF, JMA, KMA and CMA) are used  as guidance for forecasting at the National Meteorological and Early Warning Centre. Severe weather warning system at DOM is defined by the stranded operating procedures (SOPs) for responsible parameters such as heavy rain, strong winds and cyclone.  Warnings and advisories are issued in  different temporal ranges and different spatial domain with content of text and graphics.  Extreme Forecast Index (EFI) based on ECMWF Ensemble Prediction System (EPS) and IMD high resolution NWP products are highly useful for predicting severe weather events.

NWP activities
The implementation of running the WRF (ARW) model was started in 2015 in the department and it is being used for both research and operational forecasting activities. This local area model which is initialized by the GFS/ECMWF data and  outputs are  presently used on experimental basis to  forecast rainfall and temperature  up to 9 days. Data assimilation ( 4D-VAR) is also carried out.

Impact based forecasting activities 
Department of Meteorology issue warnings for lightning, cyclones and heat condition including  risk, expected damage and required action. Risk and exposure map based warning system is in a developing stage.

4.3.6	Thailand
The Thai Meteorological Department (TMD)’s missions have been designed to carry out meteorological administrations and managements for the sakes of 2 vital aims: the best economic, social, agricultural, and industrial benefits as well as protection of human lives and properties possessed by public members; private sectors; and governmental units against natural disasters.  It has been authorized to perform the following 5 duties:
i. To supply weather forecasts for the entire country and publicize disaster warnings to fulfil the requirement from administration and management in natural disaster mitigation,
ii. To build the people’s awareness toward natural disasters; enable them to perform correct surviving practices; and reduce effects from natural disasters by using modern technologies together with IT services,
iii. To become the meteorological IT data and service center at the national level for users in any ventures,
iv. To improve and develop the Departments research works,
v. To strengthen the Department’s roles in international cooperation concerning meteorology and environment with the purpose of profound comprehension on changing world situation.

To strengthen monitoring and meteorological alert of severe weather such as thunderstorm, heavy rain, strong wind, high sea wave, tropical cyclone, earthquake and tsunami, TMD have implemented the following. 
· Enhancement of the Observations Network to strengthen severe weather observations and monitoring networks and nowcasting of the country.
· Enhancement of the meteorological satellite data to monitor severe weather including tropical cyclone-related disasters.
· Improvement of storm surge forecasts.
· Enhancement of the meteorological telecommunication network system.
· Enhancement of  Weather Forecasting
· Enhanced of Public weather service
· Improving Earthquake observation network and Tsunami.

Role of TMD in SWFDP-Bay of Bengal & SWFDP-Southeast Asia
Owing to its geographical location and influencing weather systems, Thailand is a participating country of both SWFDP-Southeast Asia and SWFDP –Bay of Bengal. TMD therefore has been utilizing and evaluating the SWFDP products available through these two subprojects’ websites. These products are offer good reference to operational weather forecasting. The Daily Severe Weather Guidance product issued by the respective regional centres including RSMC New Delhi are  very useful in enhancing the severe weather forecasting and warning services. TMD has been actively participating in the SWFDP related meetings and training workshops. In September 2015, TMD hosted SWFDP regional training workshop organized jointly for participating in Southeast Asia and the Bay of Bengal (South Asia).

Delivery of services including coordination and engagement with users 
· Following TMD’s mission to supply weather forecasts for the entire country and publicize disaster warnings to fulfil the requirement from administration and management perspective for natural disasters, TMD collaborates with relevant committees, projects and activities with government agencies related to disaster management such as National Water Resource Committee, National Emergency Operation Centre, Water Operation Center, National Hydro Informatics and Climate Data Centre.
· TMD cooperates with TV channels to improve broadcasting of weather forecasts and warnings to the general public. Media has a training program for TV reporters. TMD also arranges seminar on improvement of weather forecast service provision for TV reporters every year. 
· TMD has also conducted a seminar on using meteorological data and weather forecast products to support the users in various sectors. TMD has also conducted survey to receive feedback from users to improve TMD services.     
· TMD continues to improve its services for the public through several channels including through social media. 
	     
Thresholds for warnings at national levels (e.g. heavy rainfall, strong wind, etc.)
In July 2016, TMD held a workshop on improvement of weather forecast provision and services to educate the public and better understanding of the weather forecast and warning system. TMD invited the representatives from the government agencies, university and media to revise the meteorological terminology and classification of severe weather warning include for heavy rain and tropical cyclone. TMD’s awareness system and a standard set of awareness situations (heavy rain, hot & cold conditions, strong wind and sea waves) uses colour coding to depict the severity of the anticipated events. TMD’s Metalarm website provides the general public with a graphical information system on potential danger and awareness over Thailand domain.

Standard Operating Procedure (SOPs) among NMC and disaster management and civil protection and other relevant agencies 
Warning from TMD is disseminated to decision-makers and the public through various channels. On the national level, TMD sends the warnings products to the Prime Minister's Operation Centre (PMOC) and the government agencies related to disaster management and the national media. After which, it is forwarded to regional and local level. 
     
Evaluation of NWP products, Forecast verification and Users’ Satisfaction Survey
The analysis of different global and regional NWP models from SWFDP is very useful in producing quality and reliable forecast information. Especially the Ensemble Prediction System (EPS) including the probabilistic forecast gives a higher forecast confidence and the EPSgrams for forecasting various meteorological parameters in specific points also are of great help for forecaster to making decision on weather forecast such as the short range and medium range forecast that would be useful to relevant authorities, public and private sectors in data management.  

Various severe weather events were occurred over Thailand during 2017-2018 such as heavy rainfall, flooding and tropical cyclone. The average accuracy of short-rang weather forecast is about 85 % and 78% for 7 days forecast. Also the trend of average of warning lead time for heavy rainfall and tropical cyclone in 2017 is decreasing.

Based on the summary of Satisfaction and Dissatisfaction Survey on TMD’s weather forecast and warnings. The survey being reported here was launched during April to October of 2018 when TMD sent a letter to heads of meteorological stations in all regions of the country. Subsequent to the mailing of those letters, TMD attempted to reach customers by interviewing them directly. Besides this, there were three teams which surveyed the affected areas that received seasonal natural disasters. As a result of those interviews, we made contact with participants, and they all sent surveys directly to interviewers or indirectly by mails. As of the date of this report, 1163 customers completed surveys have been returned. The principle focus of the survey was to seek customer opinions about TMD’s services through personnel, weather products, and distribution. A total of 3,754 questions and one comment box designed to measure the customer’s satisfaction with the TMD were summarized. 

Overall scores for each sector were the mean averages of all responses for that sector. A customer totally contributed 88.3% of satisfaction to the TMD as a most satisfied customer. In consideration of three main issues, we found the process of service was at 88.8% as a most satisfied customer; the personnel, 88.4% as a most satisfied customer; and service channel, 89.4% as most satisfied.

Key outcomes of Case Studies at national level
· Forecaster can access to the deterministic and probabilistic forecast products given by the global centres. The performance of short-rang forecast products from all centres are rather good and there is not much difference in their performance. 
· Nevertheless the weakness of the model output is related to the forecast of severe convective events and forecast of rainfall amounts.
· EPSgrams/Meteograms are a good reference to operational weather forecasting.
· The guidance product from the lead regional centres is a good tool and very helpful for forecasters to issue warnings if necessary.

TMD Recommendations for consideration by RSMT
· Enhancement of performance of the forecaster to interpret and understand using forecast models for decision making guidance.  
· Enhancement of sharing data and NWP among the NMHs.
· Share knowledge, data, technology and technique for developing countries.

5.	SATELLITE DATA AND PRODUCTS FOR NOWCASTING IN RA II INCLUDING ESPECIALLY FOR SWFDP-BAY OF BENGAL (SOUTH ASIA)
The issuing of warnings of imminent threat (in the first few hours of very short-range forecasting) requires specific tools, and such tools are even more important for sub-regions having limited radar coverage. Therefore, the latest and useful products generated by satellite data-processing systems for nowcasting and very short-range forecasting are highly desirable for the effective implementation of SWFDP-Bay of Bengal.  In this context, the meeting was presented with reports by IMD, CMA, JMA and WMO on availability of satellite data and products for nowcasting and very-short range forecasting in RA II including especially for SWFDP-Bay of Bengal. The reports by IMD, CMA and JMA are available at Annex-IV.

The WMO representatives informed the meeting that WMO has published “Guidelines for Nowcasting Techniques (WMO-No 1198)” to help NMHSs with information and knowledge on how to implement a nowcasting system  with available resources on hand and the current state of science and technology. The publication is available on WMO website at the following link: https://library.wmo.int/opac/doc_num.php?explnum_id=3795

6.	SWFDP SYNERGY WITH FFGS IN THE SUB-REGION
The meeting was informed that as part of WMO’s Flash Flood Guidance System (FFGS) initiative, there are five FFGS programmes which are in various stages of development and implementation  covering the South and Southeast Asian Region. These are the Mekong River Commission FFGS (MRCFFGS), Myanmar FFGS, Pakistan-Afghanistan Regional FFGS (PARFFGS), South Asia FFGS (SAsiaFFGS) and Southeast Asia FFGS (SeAFFGS). Jointly, these FFGS programmes span 13 countries with a combined population of over 2 billion people.  
· The MRCFFGS includes Cambodia, Lao PDR, Thailand and Viet Nam. The Mekong River Commission Regional Flood Management and Mitigation Centre (MRC RFMMC), based in Phnom Penh, Cambodia, has been assigned as the regional centre for the MRCFFG project. 
· The SeAFFGS will be complementary to the MRCFFGS with advanced FFGS capabilities, such as weather Radar precipitation and high resolution mesoscale Numerical Weather Prediction (NWP) Qualitative Precipitation Forecast (QPF) ingestion. Funding for this project is provided as part of the Climate Risk and Early Warning System (CREWS) program through an agreement between Environment and Climate Change Canada (ECCC) and WMO for the project entitled Building Resilience to High-Impact Hydrometeorological Events through Strengthening Multi-Hazard Early Warning Systems (MHEWS) in Small Island Developing States (SIDS) and Southeast Asia (SeA).
· The Myanmar FFGS is a standalone project for the entire country and is currently in the initial stages of development. 
· The PARFFGS includes Afghanistan and Pakistan, with Pakistan being the Regional Centre. 
· The SAsiaFFGS includes Bangladesh, Bhutan, India, Nepal and Sri Lanka. The SAsiaFFGS is one of the largest in terms of the area covered as well as population. The Regional Centre of this project is based in New Delhi.

The meeting took note of the potential linkages between SWFDP and FFGS.  As flash floods are a hydrometeorological phenomenon, the FFGS programme makes use of several weather forecasting tools such as NWP models outputs which are used for modelling of potential flash floods. They act as crucial inputs for the FFGS in generating various products on the user console. When a SWFDP and a FFGS project are geographically aligned, it has been observed that outputs generated from SWFDP’s weather forecast products proved useful as inputs to the FFGS. There has also been increased dialogue to ensure that the outputs needed (specifications for example on high resolution, geographical coverage, availability of digital data) for the FFGS are recognized. This is a clear demonstration of the synergy that exists between the Global FFGS and the SWFDP and the positive impact such synergy can have on the operations of the flash flood guidance system in these regions. Additional benefit of such synergy is to provide operational support for multi-hazard early warning services in these regions. 

The meeting was informed that at present, the following NWP models have been or are being incorporated into the FFGS by countries that are also involved in  SWFDP-Bay of Bengal (South Asia) and Southeast Asia sub-regions:

a. HRC MRC WRF Model – This model has a resolution of 4 km and covers the countries of Cambodia, Lao People’s Democratic Republic, Thailand and Viet Nam.
b. HRC Myanmar WRF Model – This model has a resolution of 4 km and covers the entire country. However, the IMD can provide a higher resolution WRF model of 3 km for the country but it would only cover certain regions. Viet Nam can also support with its existing WRF model which has a current resolution of 7 km but can be narrowed down to a resolution of 4 – 5 km.
c. PMD ICON Model – The Pakistan Meteorological Department (PMD) which is the regional centre for the PARFFGS currently hosts the ICON model which has a resolution of 9km and covers the countries of Pakistan and Afghanistan.
d. IMD WRF Model –  The current model has a resolution of 9 km covering all the five countries of Bangladesh, Bhutan, India, Nepal and Sri Lanka within the SAsia FFGS. The IMD plans to introduce the new WRF model into the SAsiaFFGS that has a resolution of 3 km and is expected to cover all countries under this project. 

Recognizing the application of the NWP models in various countries as well as the hosting of the servers for the FFGS, the meeting encouraged the member countries involved in SWFDP-Bay of Bengal to collaborate closely  on various issues such as sharing of data and information among NMHSs and the Disaster Management Agencies (DMAs).  The meeting appreciated the potential synergies and linkages between SWFDP-Bay of Bengal and FFGS programmes in South Asia and the role of RSMC New Delhi and NMHSs in FFGS implementation and operations in the sub-region. The meeting also recognized that the linkages between SWFDP and FFGS are highly important and relevant to promote Multi-Hazard Early Warning Services (MHEWS) in the sub-region and provide operational support for MHEWS. 

7.	PUBLIC WEATHER SERVICES DELIVERY (PWSD) AND WARNING SERVICES 
Ms Miriam Andrioli, Chief of Service Delivery Division (SDD) at the WMO Secretariat and coordinator of Public Weather Services Delivery (PWSD) programme provided a presentation on PWSD remotely through videoconference. She informed the meeting about various initiatives and tools  to improve delivery of warning services by NMHSs. Delivery of PWS and warning services by NMHSs is an important component of SWFDP. Members/NMHSs have designated their focal points for PWSD. The Members/NMHSs I South Asia who have not already nominated focal points, were kindly invited to update their nominations, as appropriate.

7.1	The WMO Strategy for Service Delivery
7.1.1	The meeting was informed that WMO Members are strongly encouraged to make use of the WMO Strategy for Service Delivery and its Implementation Plan. The Strategy allows Members to assess their respective levels of service delivery with a view to making action plans for improvement. The Implementation Plan provides sample tools that Members can apply in order to attain higher levels of service delivery.  In order to introduce the Strategy to Members and to enable them implement it, WMO through the PWSD Programme, organizes the “Stakeholder Workshop to Implement the WMO Strategy for Service Delivery”. Such workshops were organized in RA I and RA VI. It is planned to continue organizing such works both at regional and country levels. The Strategy is available online at:
http://www.wmo.int/pages/prog/amp/pwsp/documents/WMO-SSD-1129_en.pdf 

It was expressed that WMO can evaluate the facilitation of training on the Strategy and its Implementation Plan upon request by Members.

7.2 Impact-based Forecast and Warnings Services
7.2.1 	For a NMHS, providing impact-based forecast and warning services (IBFWS) represents a paradigm shift in service delivery focusing on what the weather will do as opposed to just what the weather will be. The “WMO Guidelines on Multi-hazard Impact-Based Forecast and Warning Services (WMO-No 1150)” is also available on WMO website at the following link: https://library.wmo.int/pmb_ged/wmo_1150_en.pdf

7.2.2	In an effort to inculcate this shift, the sixty ninth session of the Executive Council (EC-69, May, 2017) requested the EC Panel on Education and Training, in conjunction with Regional Associations (RAs) to include impact-based forecast and warning services in the curricula of WMO RTCs and to develop training materials, taking into consideration the different regional and national cultural approaches and circumstances. EC requested RAs to develop training materials in close collaboration with the PWSD Programme. EC-69 also requested RAs to develop a mechanism for the collection and processing of impact-related data and information for GDPFS centres and to share digital data with SWFDP.

7.2.4	WMO is assisting NMHSs develop their IBFWS by organizing the “Stakeholders Workshop to Implement a Pilot Project on Impact-based Forecasting and Risk-based Warnings”. Such training workshops have been conducted in:  Maldives, Myanmar, Curacao, Mauritius and Mozambique (2015-2016).  The following Workshops on IBFWS have been performed lately:
· First KMA/WMO RA II (Asia) Workshop on Impact-based Forecasts - Seoul, Republic of Korea, 7-9 November, 2017. 
· WMO RA III (South America) Capacity Building Workshop on Impact-based Forecast and Warning Services (IBFWS) and on the Common Alerting Protocol (CAP) -Buenos Aires, Argentina, 10-14 Sept. 2018. 
· Second KMA/WMO RA II (Asia) Workshop on Impact-based Forecasts - Seoul, Republic of Korea, 19–21 Nov. 2018. 

The following Workshops on IBFWS will be conducted during 2019:
· WMO RA V Workshop on Impact-Based Forecast and Warning Services and QMS (Honiara, Solomon Islands, 29 April – 3 May 2019).
· Advanced Workshop on Meteorological Warnings and Emergency Response to hazardous weather events, RTC- Bet-Dagan, Israel, 10-20 December 2018.
· Symposium to collect Members experiences with IBFWS (Ref.: Decision 12 EC-70) (date/venue TBD, Q4 2019).

7.2.5	Training on impact-based forecast and warning services is also provided at the SWFDP workshops at which participants from different countries benefit. It was highlighted that all participating countries of SWFDP-Bay of Bengal (South Asia) have also attended at least one training event (and an in-country pilot project, in one case) on IBFWS including Regional Workshop on Impact-based Forecast and Warning Services, held in Seoul, Republic of Korea in 2017 and 2018, respectively.  The meeting expressed appreciation to the representative of the KMA for the kind disposition and excellent support provided in organizing the two workshops.  The implementation status of IBFWS in SWFDP countries in South Asia is provided at Annex-V.

7.3	Delivery of public warnings and Common Alerting Protocol (CAP)
7.3.1	The PWSD Programme is leading the implementation by NMHSs of the Common Alerting Protocol (CAP). CAP is based on XML language and compatible with computers which enables automation of dissemination of warnings. It facilitates simultaneous communication of warnings through all forms of media including radio and television as well as new technologies such as Web services, to the public and all user communities. The Guidelines for Implementation of Common Alerting Protocol (CAP)-Enabled Emergency Alerting are available at the following link: https://library.wmo.int/pmb_ged/wmo_1109_en.pdf

CAP training has been conducted in several countries of different WMO RAs in the form of  Jump-Start Workshop (e.g. Caribbean, SIDS Pacific) or as Regional Workshops, the latest held in RA III (South America) in September 2018.  Various “International CAP Implementation Workshops” have been held during the last years as well, the next workshop being “The 2018 Common Alerting Protocol (CAP) Implementation Workshop hosted by Hong Kong Observatory (HKO)- Hong Kong, China (31 Oct.-1 Nov., 2018). In South Asia only few countries which have received the training are utilizing CAP operationally. Thailand is utilizing CAP as a warning dissemination method and has registered in the  WMO Alerting Authority Data Base. Members/NMHSs that might wish to implement CAP are invited to contact the WMO PWSD/Service Delivery Division for further information.

7.3.2	The Severe Weather Information Centre (SWIC) Website (which can be accessed here: http://severe.worldweather.wmo.int) continues to be a source of official warnings of tropical cyclones on a global scale. The site also provides information on heavy precipitation and thunderstorms. Users’ suggestions on how the site could be improved to serve you better are welcome. It can be accessed at: http://severe.worldweather.org/ 

7.3.3	The World Weather Information Service (WWIS) is a platform for displaying official weather forecasts and observation data provided by NMHSs. One of the challenges of WWIS is that some NMHSs do not provide 5-day weather forecasts for their chosen cities consistently. The PWSD Programme encouraged Members/NMHSs participation in the SWIC and WWIS platforms. In order to see the respective level of performance by each NMHS, the meeting may visit:
http://worldweather.wmo.int/en/home.html 

7.4	Communication
It is important for NMHSs to develop multiple channels of communication in order to reach the maximum number of people, especially when they have to disseminate a warning. In addition to the traditional media which include television, radio, websites, etc., the use of social media communication methods such as Facebook, Twitter, YouTube, Blogs and mobile phone Apps, in communicating forecasts and warnings are an effective way for NMHSs to communicate forecasts and warnings to the public. The PWS Programme has produced a set of guidelines on strategies for use of social media in PWS which is available at the following link: https://library.wmo.int/pmb_ged/wmo_1086.pdf 
It was expressed that WMO can evaluate the facilitation of training on multiple channels of communication, including media training. Member countries were invited to contact  WMO PWSD/Service Delivery Division for further information on this regard.

7.5	Urban Services
Urbanization is rapidly becoming the dominant feature of population dynamics exerting large influence on sustainable urban development. Considering this and related expectations of increase in weather, climate, hydrological and other environmental extremes, an urgent need exists to enhance the resilience of cities and their inhabitants in withstanding environmental hazards, and to factor these extremes  to city planning, power and water supply, disaster risk reduction, climate change adaptation and mitigation, and the health of citizens. To this end, the WMO Congress at its seventeenth Session (Cg-17) held in 2015, adopted Resolution 68 (Cg-17) – establishing a WMO Cross-Cutting Urban Focus to address urban issues in a holistic manner. A group of experts across the technical commission was collected to develop a Guide for integrated urban services. The methodologies for the development of the integrated urban services outlined in the Guide were approved by the 70th Session of the WMO Executive Council. NMHSs are expected to play an important role in the provision of effective delivery of user-targeted meteorological, hydrological and other related services in urban areas therefore it is important that they familiarize itself with the Guide and provide a feedback on currently implemented, or  planned to be established functional urban services, as well as share information on best practices through  a survey sent to Permanent Representatives (or Directors of Meteorological or Hydrometeorological Services) of Members of WMO, cc: Hydrological Advisers to Permanent Representatives on November 2nd, 2018. The Survey was also sent electronically to the PWSD FPs. From South Asia, WMO has received responses to the WMO Member Questionnaires on Urban services  from Myanmar, Nepal, Pakistan, Sri Lanka and Thailand. Countries/NMHSs that have not been able to provide their responses yet are invited to do so, if thus considered.

8.	SWFDP DATABASE: NMHSs’ REPORTING MECHANISM
8.1	Under this agenda item, the meeting was informed about SWFDP database which provides on-line reporting mechanism for the SWFDP participating NMHSs for submission of their quarterly progress reports after start of demonstration phase. The SWFDP database has been developed using WMO’s Country Profile Database (CPDB) platform. The designated SWFDP focal point in each NMHS (who is also a member of RSMT) can easily access to the SWFDP database (https://www.wmo.int/cpdb/login) using his/her unique log-in details for submission of reports. Live demonstration of submission of reports was provided to the meeting.

8.2	The SWFDP progress reports by NMHSs should contain information on verification of severe weather forecasts and warnings, clients feedback, evaluation and usefulness of NWP products, outcome of case studies etc. The feedback received from NMHSs is useful for the contributing global and regional centres to improve their NWP systems and SWFDP’s ‘cascading forecasting process’. 

9.	IMPLEMENTATION OF THE SWFDP IN BAY OF BENGAL
	
9.1	SWFDP training programme
The meeting was informed capacity development of the NMHSs of SWFDP participating countries through specialized training programmes on NWP, EPS and satellite products and their interpretation and use in making forecasts of impending severe weather and issuance of warnings for associated hazardous hydromet conditions, and to improve NMHSs’ engagement with the users including disaster managers and media personnel, is one of the key elements of SWFDP development and implementation in various regions. So far based on the regional and national needs, the following approach has been followed for planning and designing of the SWFDP training programmes: 

SWFDP training workshops (mostly two-week duration)
Subject to the regional requirements and available resources, the SWFDP training workshops are held preferably on yearly basis and rotated among the participating countries SWFDP so that maximum staff can be trained in each of the participating country. Such workshops are mainly conducted for forecasters of the involved NMHSs with combined responsibilities for preparing forecasts and warnings, as well as PWS staff of the NMHSs. The training workshops are organized with involvement of WMO’s Global Data Processing and Forecasting System (GDPFS) and PWSD programme and through collaboration from other relevant programmes, such as Tropical Cyclone Programme (TCP), Marine Meteorology and Oceanography (MMO), Hydrology and Water Resources (HWR) and Agricultural Meteorology (AgM) Programmes as appropriate. The two-week training workshops generally consist of training on the use of NWP, EPS and Nowcasting guidance products for severe weather forecasting including for tropical cyclones/typhoons and flash flood forecast guidance as appropriate and relevant to a sub-region, forecast verification and on aspects related to required tasks for the NHMSs in their SWFDP participation, which are described in the relevant Regional Subproject Implementation Plans (RSIPs). Moreover, a number of online training resources on ensemble forecasting and related forecast products have become available. Such resources (see section ‘eLearning opportunities’) are in general free and constitute an asset for self-study (anywhere and anytime)   In week-2 of the workshop public weather services (PWS) aspects are covered e.g. delivery of warning services to key users (e.g. disaster management offices, media, farmers and fishers, agriculture and water sectors etc.) in the context of emergency preparedness and response. The host NMHS is always encouraged to invite representatives of its users to enhance engagement of the NMHS with users for delivery of more understandable and efficient warnings. This contributes to effective communication of severe weather forecasts and delivery of warnings for improved decision making and response system processes to minimize the losses and damages from weather related hazards. The week-2 also emphasizes on impact based forecasts and risk based warnings.

RSMC Training Desk  
The organization of RSMC training desk with attachment of forecasters from the participating NMHSs has also proven to be successful for the following:  to improve the skills of invited forecasters by engaging them in the process of NWP, EPS and satellite products inference and analyses to develop RSMC Daily Guidance product for the NMHSs involved in SWFDP; and to provide opportunity for the RSMC forecasters to gain local knowledge from the invited forecasters through discussion in order to improve RSMC Daily Guidance product for the NMHSs. Such training desks were  organized for SWFDP-Southern Africa at RSMC Pretoria in 2013 and 2014. For SWFDP-Southeast Asia, the first training desk was organized at the Regional Forecast Support Centre (RFSC), Ha Noi in May 2018 with attachment of two forecasters from Philippines and Thailand.

Global/Regional Guidance Service 
Global guidance service involves daily video conferencing among the participating global, regional and national centres especially during rainy season in order to have discussions on current weather, synoptic analyses and inference from the NWP model products and satellite information to identify areas of potential severe weather in short- and/or medium-range. The objective of this guidance service is to improve the regional centre’s Daily Guidance Product issued towards the benefitting NMHSs. In addition, an expert from a global centre can also be invited to visit the RSMC/RFSC for short duration to help the forecasters in developing regional Guidance.  This approach was adopted for SWFDP-Eastern Africa during 2012, 2013 and 2014.  From 2014, this service has been in place in the region with participation of regional and national centres only.

In-country Training 
This training approach has been adopted mainly for relatively small NMHSs located in Small Island Developing States (SIDSs). For example, SWFDDP-Southwest Pacific which involves of nine SIDSs in Southwest Pacific Ocean. Similar approach can also be considered for SIDS involved in SWFDP-Eastern Caribbean.

Training at Global & Regional Centres
Subject to availability of resources, a number of participants from SWFDP participating countries are also supported and sponsored for NWP and EPS products interpretation and high resolution limited-area NWP Modelling trainings offered by various global and regional NWP centres as mentioned below:
· DWD (annual training on COSMO/ICON especially for NWP LAM) 
· RTCs (training programmes on forecasting aligned with the SWFDP requirements)
· NOAA/NCEP Desks

eLearning Opportunities  
E-learning sources are increasing becoming useful and  popular. Forecasters are recommended to complete the on-line courses on variety of topics related to SWFDP objectives including, for example, radar and satellite nowcasting, tropical meteorology, forecast verification, ensemble systems and products etc. Additionally, the forecasters nominated for a SWFDP training workshop need to complete a list of online training resources before coming to the workshop to better prepare for the face-to-face training.  A list (not complete ) of online resources is given below:
· COMET MetEd, ECMWF  websites : https://www.meted.ucar.edu/training_detail.php)
· ECMWF website: https://www.ecmwf.int/assets/elearning 
· EUMETCAL/EUMETNET: https://eumetcal.eu/
Training activities for SWFDP-Bay of Bengal
Since inception of the SWFDP-Bay of Bengal in 2012, following training workshops have been conducted for the participating countries of the subproject:
· SWFDP Training Workshop in Macao, China during 8-19 April, 2013 (jointly organized for the NMHSs in Bay of Bengal and Southeast Asia sub-regions). 33 participants from 16 countries in the two sub-regions benefitted from this training workshop.
· SWFDP Training Workshop in Bangkok, Thailand during 14-25 September 2015 (jointly organized for the NMHSs Bay of Bengal and Southeast Asia sub-regions). This training workshop was attended by 51 participants (including 28 participants from the host Thailand and 14 participants from 7 other countries involved in SWFDP-Bay of Bengal)
· SWFDP-Bay of Bengal Regional Training Workshop on Severe Weather and Impact Based Forecasting and Warning Services in Colombo, Sri Lanka from 3 to 8 December 2018 (to be attended by 7 out 9 countries of SWFDP-Bay of Bengal) 
Additional relevant Information
The meeting was informed that the SWFDP ‘cascading forecasting process’ concept has been evolved, and the expected outcomes as per SWFDP Guidebook (2016), now include:
· Enhanced capability for NMHSs to forecast severe weather and issue warnings at the national level, including improved accuracy and longer lead-times;
· Established warning processes agreed with national disaster management and civil protection authorities, along with planned responses for protection of lives and property;
· Established forecast processes and Quality Management Systems (QMS), and strengthened forecast capabilities in support of other user sectors in society (such as water, DRR, agriculture and food security, aviation, marine safety and transportation, etc.) at the national level;
· Raised awareness of the value of NMHSs with national governments and their agencies, leading in the long-term to greater national support and investment and leading, in turn, to improved supply of observations and feedback into the GDPFS; and
· Reduced loss of life and damage to property and infrastructure, and contributions to the UN 2030 Agenda for Sustainable Development (Sustainable Development Goals) and Sendai Framework for DRR in achieving their respective goals and targets.

9.2	Regional Subproject Management Team (RSMT) of SWFDP-Bay of Bengal (South Asia)
9.2.1	The meeting reviewed the regional subproject management system and in particular the responsibilities of the members who are appointed to the Regional Subproject Management Team (RSMT) by participating countries and centres. The current membership including the chairperson is available as Annex-VI. 

9.2.2	The meeting urged the members from benefitting NMHSs to proactively engage  in the SWFDP implementation process at national level and assist their respective NMHSs in preparatory work as appropriate and necessary during demonstration phase of the subproject.

9.3	SWFDP-Bay of Bengal (South Asia) Demonstration phase and role of participating centres – decision by RSMT
The meeting considered and review the requirements and issues to move the SWFDP-Bay of Bengal to its next level i.e. demonstration phase which is long waited pending decision by the RSMT. Based on the reports by all NMHSs and centres, the meeting decided to start  the pilot demonstration phase of the subproject from 1 June 2019 up to 31 December 2020. The meeting also decided that full demonstration of the subproject may be commenced by 1 January 2021 subject to availability of products from CMA, JMA and KMA and positive evaluation of the pilot demonstration phase by the RSMT at least 3 months before the commencement of full demonstration phase.

9.4	The Regional Subproject Implementation Plan (RSIP)
Considering outcomes of discussions under previous agenda items and based on guidelines provided in the SWFDP Guidebook on Planning Regional Subprojects towards implementation of a mechanism to strengthen operational centres (please see para 3.2 above), the meeting reviewed and updated the RSIP for the SWFDP-Bay of Bengal (South Asia). The RSIP is available separately including through WMO website at the following link:
http://www.wmo.int/pages/prog/www/DPFS/SWFDP/RAII-BoB/BoB-RSIP.html 
10.	REVIEW OF THE MEETING REPORT
The meeting reviewed the initial draft report of the Meeting of the RSMT of SWFDP-Bay of Bengal (South Asia) and agreed to finalize the report later.

11.	RENAMING OF THE SUBPROJECT
Considering that the subproject in Bay of Bengal sub-region has been expanded to cover almost all countries in South Asia after joining of three additional countries (Bhutan, Nepal and Pakistan), the meeting decided that the subproject may be renamed as SWFDP Regional Subproject for South Asia (SWFDP-South Asia).

12	RECOMMENDATIONS AND DECISIONS
Based on discussions under various agenda items of the meeting including relevant issues and opportunities, the meeting suggested various recommendations and agreed on several decisions as mentioned below:
· The meeting recommended that IMD (India) may explore provision of technical support for calibration of weather instruments sensors, tool kit and communication tools of NMHSs in the sub-region upon request. This will minimize the calibration cost and also contribute in improving South-South cooperation.   
· The meeting recommended that NMHSs in the sub-region may benefit from the experience of NMHSs of India and Sri Lanka to initiate and strengthen the impact based forecasting and warning (IBFW) services in their respective countries. In addition, NMHSs may also include provision of IBFW services as part of their future national strategy and operating plan.
· The meeting recommended the NMHSs to extensively explore and use the latest available information from the satellite centres in China, India and Japan especially the tools available through IMD and RSMC websites to improve nowcasting and early warnings in their respective countries. (see also Para 5 above) 
· It was also recommended that higher resolution NWP LAM if so require by NMHSs may be implemented as per guidelines on high resolution NWP implementation which is being developed by WMO. The outline of guidelines is available in the meeting report of the Expert Team on Operational Weather Forecasting Process and Support (ET-OWFPS) held in Beijing, China during 12-16 March 2018: http://www.wmo.int/pages/prog/www/CBS-Reports/DPFS-index.html   
· The meeting recommended that WMO Secretariat should continue to suggest relevant eLearning training resources for the nominated trainees for SWFDP workshops to better prepare for the workshops. Freely available eLearning training resources offer learning opportunities to the wider community, therefore it is suggested that blended training events are considered for future SWFDP training initiatives. Blended training events combine self-study to face-to-face activities. The face-to-face phase is usually focused on practical assignments which reinforce the knowledge acquired during the self-study phase and allow learners to apply the acquired skills to use cases that are of relevance to their work.  Moreover, it is suggested that a Train the Trainer approach is adopted, whereby trainers for each country receive training and they can then organize and lead in-country training for their colleagues in the local language.

· The meeting further recommended that in addition to regular SWFDP workshops, specialized training may also be conducted on specific topics e.g. data assimilation in NWP LAM. Such training may explored for those NMHSs who have sufficient capacity and experience on NWP LAM implementation. 
· The meeting recommended that there should be coordination efforts for implementation of flash flood system in the sub-region including between South Asia FFG and flash flood forecast system being implemented by RIMES. The meeting recommended that WMO representatives attending this meeting may discuss on this with RIMES and HFWR staff at WMO.
· For the purpose of providing information on forecast verification as part of quarterly reporting by NMHSs during demonstration phase, the meeting recommended that NMHSs should provide information on verification of nowcast and early warnings with lead time of few hours as well as short range forecasts and warnings issued 24 hours in advance.
· The meeting recommended that SWFDP training workshops may be organized regularly and rotated among participating countries to provide opportunity for the host country to train its maximum staff. In addition, the host NMHSs are also requested to allocate, if possible, some resources for such workshops to share the cost e.g. for local hospitality, accommodation, local transportation etc. WMO Secretariat will circulate the information well in advance to the host NMHS to facilitate preparation by the host.
· Noting the benefits of training desks in other SWFDP sub-regions, the meeting recommended the organization of training desk at RSMC New Delhi also. It was also recommended that RSMC New Delhi may also explore provision support towards local hospitality, accommodation, local transportation etc.
· The meeting recommended that CMA, JMA and KMA provide their products as contributing global centres for the subproject as agreed in the RSIP at the earliest possible so that the subproject move to its full demonstration phase as soon as possible. 
· The meeting decided to start the pilot demonstration phase of the subproject on 1 June 2019 and extend the pilot up to 31 December 2020. The meeting also decided that full demonstration of the subproject may be commenced by 1 January 2021 subject to availability of products from CMA, JMA and KMA and positive evaluation of the pilot demonstration phase by the RSMT at least 3 months before the commencement of full demonstration phase. 
· Noting that RSMC New Delhi has already been issuing the Severe Weather Forecast Guidance product in graphics (for day 1 to day 5), the meeting recommended the RSMC New Delhi to start issuing the Guidance product for short-range and medium-range in its complete format (e.g. RSMC forecaster’s discussion, risk/probability tables, graphics etc.) as per its template as provided in the RSIP before the start of pilot demonstration phase from 1 June 2019. 
· The meeting recommended all the NMHSs to prepare themselves for the pilot demonstration phase including through training of forecasters by engaging their staff already trained through (train the trainers) SWFDP workshops organized in Macao (in 2013), Thailand (in 2015) and Sri Lanka (in 2018).
· The meeting recommended RSMC New Delhi to explore developing unique log-in details (username and password) for each of the participating NMHSs as well as WMO Secretariat to make access to the RSMC New Delhi web portal more secure.
· Considering the expansion of SWFDP-Bay of Bengal to cover three more countries in South Asia, the meeting decided that the subproject may be renamed as SWFDP Regional Subproject for South Asia (SWFDP-South Asia)
· The meeting recommended that each NMHS running NWP LAM to provide current status on their NWP LAM.

13.	CLOSURE OF THE MEETING
The meeting was closed on 1 December 2018 (Saturday) at 15:30hours.
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ANNEX-III
Severe weather monitoring, forecasting and Warning System in India
1. Introduction
[bookmark: _GoBack]The risk management of these natural disasters depends on several factors including (i) hazard analysis, (ii) vulnerability analysis, (iii) preparedness & planning, (iv) early warning, (v) prevention and mitigation. The detection and prediction of these hazards with sufficient lead period and reasonable accuracy is very essential for their management. The India Meteorological Department (IMD), Ministry of Earth Sciences (MoES) is the Nodal National Meteorological agency mandated for issuing seamless operational weather forecast and warnings for various meteorological hazards across the country. IMD also provides forecast guidance to the south Asian countries and members of WMO/ESCAP Panel countries as the WMO designated Regional Specialized Meteorological Centre (RSMC). The regional guidance on severe weather events including cyclone, heavy rain, strong wind, sea waves and storm surge (RSMC, New Delhi, 2018) are provided by RSMC, New Delhi to nine member countries of WMO’s severe weather forecasting demonstration project (SWFDP)-Bay of Bengal. 

The warnings and advisories by IMD for national purpose are issued for different temporal ranges and spatial domains. The temporal domain of forecasts and warnings ranges from Now-casting which is valid only for a couple of hours to long range which has the validity of months to a whole season. The components of a forecasting and warning system include (i) detection, monitoring and warning through global, regional, national and local observations, (ii) numerical weather prediction, (iii) forecasts on different timescales (now-casting to several days), (iv) timely dissemination of authoritative warning information, (v) risk Analysis and impact assessment. Mitigation and response actions of recipients depend on content and clarity of the warning, credibility of issuing organization, and preparedness of receiving authorities. The scientific knowledge alone is not sufficient as disaster management needs collaborative efforts of warning organization and hazards Community (other government organizations + local officials + emergency managers + media + voluntary and non-government organizations etc). All these aspects are to be taken into consideration while planning augmentation of early warning system by IMD. 

Though there has been significant improvement in forecasting, there is still scope to further improve (i) observational network (ii)  global and regional numerical weather prediction modeling, (iii) impact based warning product generation and (v) warning dissemination based on latest tools and technology as per need of disaster managers, various users and general public.

All the above aspects are analyzed and presented in the subsequent sections. The weather forecasting and early warning system in India is presented in Section 2. Recent achievements, gap areas and future plans are presented and analysed in Section 3, 4 and 5 respectively.

2.	Weather forecasting and warning services of IMD:
The aim of a National Meteorological Centre is to perform a clear analysis of the present weather, to provide weather forecasts, to evaluate the level of risk associated with the expected important meteorological phenomena and to issue pertinent warnings towards the concerned stake holders, agencies and people at large. Broadly speaking, weather analysis and forecasting is the succession of following tasks:
· to clearly understand the recent evolution and the actual situation of the atmosphere at all time scales (weather analysis); 
· to obtain the pertinent information from numerical models and observational systems including satellite & radar and to assess the future evolution of the atmosphere in order to determine the most likely scenario; 
· to deduce finally the consequences of the expected  synoptic situation in terms of weather elements (weather elements forecasting) and to evaluate the risk of the occurrence of hazardous phenomena (risk assessment); 
· to prepare the meteorological information (including possible warnings) to be directed toward the various internal or external users.  

2.1	Monitoring Process
The entire process of extreme weather monitoring and forecasting is shown in a schematic diagram (Fig.1). The observational network for monitoring consists of land-based surface and upper-air stations, observations from DWRs and data from geo-stationary and polar orbiting satellites. In addition, observations from ships and buoys are of immense importance for the analysis and forecasting of extreme weather, especially Ocean related hazards like cyclones, monsoonal heavy rainfall etc. It is important to correctly determine the location and intensity of the system, as initial error in location and intensity can lead to increase in error in forecast location and intensity. 

IMD has a good network of surface observatories satisfying the requirement of World Meteorological Organization (WMO). There are 559 departmental manned surface observatories of IMD at present. There are 62 pilot balloon observatories. High quality upper air observational data network using the GPS technology has now been extended to 43 locations. There has been augmentation of surface observational network over Indian landmass by increasing the number of Automatic weather stations (AWS) from 125 to 711 and by introducing 1350 Automatic Rain-gauges (ARG) leading to availability of meteorological observations from all the districts of the country (Fig.2). The meteorological data thus collected all over these stations are used on real time basis for monitoring the weather.

Under the National Data Buoy Programme (NDBP) at National Institute of Ocean Technology (NIOT), Chennai, twelve moored data buoys are deployed currently in the NIO. The data buoys are fitted with sensors to measure air pressure, air temperature, wind speed and direction and sea surface temperature among other parameters. These buoys have resulted in better monitoring and reduction of location and intensity error of cyclonic disturbances in association with ship and satellite observations. As per the guidelines issued to Indian voluntary observing fleet (IVOF), synoptic observations are made at the main standard times: 0000, 0600, 1200 and 1800 UTC by the ships. When additional observations are required, they are made at one or more of the intermediate standard times: 0300, 0900, 1500 and 2100 UTC. Over the NIO, 186 ships are registered under IVOF. The sea surface wind as estimated by scatterometer based satellites (ASCAT, Windsat and SCATSAT) is very useful in monitoring weather systems over the seas (Uhlhorn and Black, 2003).


Fig.1.Weather Monitoring and Forecasting process of IMD
DWR 24 (as on 2018)








Fig.2: AWS, ARG DWR network in India 
Fig.2.Network of Automatic Weather  Stations (AWS), Automatic Rain-gauges (ARG) and Doppler Weather Radars (DWR) in India

There are 27 numbers of C/S-band Doppler Weather Radars (DWR) in India. A DWR provides velocity and spectral width data along with various meteorological, hydrological and aviation products which are very useful for forecasters in estimating the storm’s centre, its intensity and predicting its future movement (Raghavan, 1997, 2013). (a)














Fig.3. Typical Example of satellite products for monitoring of fog, cyclone and dust storm.

The geostationary satellite, INSAT 3D and 3DR provides imageries in visible (VIS), infrared (IR) and water vapour (WV) channels. In addition to above, the products like outgoing long wave radiation, quantitative precipitation estimates, sea surface temperatures (SST), cloud motion vectors, water vapour derived wind vector, isotherm analysis on Enhanced infrared images are also analyzed on operational mode for monitoring. The microwave imageries are also used for monitoring and guidance, especially the internal structure of weather systems. Apart from Indian Satellite, products from other international Satellites are also used for cyclone monitoring (IMD, 2013b). Past studies (Dvorak, 1984, Kalsi, 2002, Velden et al, 2006, Bhatia & Sharma, 2013) have built up a store-house of knowledge on satellite applications in cyclone monitoring in the NIO. The INSAT 3D based satellite product for (L) detection of simultaneous occurrence of fog and cyclone, Vardah at the time of landfall and (R) RAPID tool for analysis of convective clouds, thunderstorm and dust storm (Fig.3).

2.2.	Forecasting system
A variety of observational data have been used in India till 1960s to forecast the extreme events. Satellite era, since 1960s, added another feature. There has been rapid development in objective techniques since 1970s and especially in recent years for forecasting extreme weather events. To summarize, currently following methods are used by IMD for short to medium range forecasting. 
i) Statistical technique(Analogue, Persistence, Climatology, Climatology and persistence(CLIPER)
ii) Synoptic technique – Empirical technique
iii) Satellite techniques- Empirical technique  
iv) Radar techniques- Empirical technique
v) Numerical weather prediction (NWP) models 
vi) Dynamical statistical models

There are three types of NWP models, viz., individual deterministic models, multi-model ensemble (MME) and single model ensemble prediction system (EPS) for different ranges of forecast as mentioned below (Regional Specialized Meteorological Centre (RSMC), New Delhi, 2018):

· Medium Range Forecast 
· Global forecasting system (GFS)  global model (horizontal resolution of 12 km and forecast up to 10 days)
· Unified model (horizontal resolution of 12 km and forecast upto 10 days)
· Global Ensemble Forecasting System (GEFS)  global probabilistic model (horizontal resolution of 12 km and forecast upto 10 days)
· Unified model ensemble prediction system (horizontal resolution of 12 km and forecast up to 10 days)

· Short Range Forecast 
· Weather research forecast (WRF) Meso scale model(horizontal resolution of 3 and 9 km and forecast upto 3 days.
· Unified Mesoscale regional model(horizontal resolution of 4 km and forecast up to 3 days
· Hurricane WRF (HWRF) for cyclone prediction ((horizontal resolution of 2 km and forecast upto 5 days)
· MME based cyclone track prediction (forecast upto 5 days)
· There is a suit of dynamical statistical models for prediction of genesis of tropical cyclone (Kotal et al, 2013), intensity of cyclone(Kotal et al, 2008).  
· Storm surge (rise of sea water above the astronomical tide due to cyclone) prediction model 
· IMD Nomogram (Ghosh model), 
· IIT Delhi Model (Dube et al, 2013) and 
· INCOIS, Hyderabad model. INCOIS model also provides coastal inundation in terms of aerial extent and height of inundation.  

· Nowcast and Very Short Range Forecast 
· Hourly venue specific forecast- WRF (3 km)
· ARPS model with assimilation of DWR data
· SWIRL with assimilation of DWR data 

All the above models are operational at MoES using IBM based High Power Computing Systems (HPCS).  The model is run twice in a day (00 UTC and 12 UTC). The real-time outputs are made available to the national web site of IMD. 

	IMD also makes use of NWP products prepared by some other operational NWP Centres like, GFS-USA, GFS-NCMRWF, Japan Meteorological Agency (JMA), United Kingdom Meteorological Office (UKMO), Global Tropical model, Meteo-France etc. The MME technique for cyclone track forecast also uses statistical linear regression approach using five operational NWP models. (ECMWF, GFS(IMD), GFS(NCEP), UKMO and JMA). The single model based ensemble forecast products from ECMWF (50+1 Members), NCEP (20+1 Members), UKMO (23+1 Members) and Meteorological Services, Canada (MSC) (20+1 Members) and JMA (20+1 Members) are available near real-time for NIO region. These Products includes: Deterministic and ensemble track forecasts of cyclones, strike probability maps and strike probability of cities within the range of 120 km 4 days in advance. The super-ensemble has also been developed based on above ensembles. In the ensemble prediction system (GEFS and UMEPS) run in MoES, various probabilistic forecast products are generated for severe weather events, probabilistic occurrence of different thresholds of rainfall (heavy rain and deficient rain), temperature (heat wave and cold wave) and wind (squally wind and gale winds) etc at different locations/regions.

2.3. Decision support system (DSS)
In the synoptic method, prevailing environmental conditions are considered. All these fields in the NWP model analyses and forecasts are also considered. The development of characteristic features in satellite and radar observations is also taken into consideration. While, the synoptic, statistical and satellite/radar guidance help in short range forecast (upto 12/24 hrs), the NWP guidance is mainly used for 24-120 hr forecasts. Consensus forecasts that gather all or part of the numerical forecast and uses synoptic and statistical guidance are utilised to issue official forecast. Thus the analysis, prediction and decision-making process is made by blending scientifically based conceptual models, dynamical & statistical models, meteorological datasets, technology and expertise. For this purpose a decision support system (DSS) in a digital environment is used to plot and analyse different weather parameters, satellite, Radar and NWP model products.  In this hybrid system synoptic method could be overlaid on NWP models supported by modern graphical and GIS applications to produce high quality analyses and forecast products. It includes: 
· Analysis of all synoptic, satellite, Radar and NWP model products for genesis, intensity and track monitoring and prediction
· Preparation of past weather and forecast  up to 120 hrs
· Depiction of uncertainty in forecast based on probabilistic assessment

An SOP is followed for analyzing various monitoring and forecast guidance available from different sources to arrive at decision on forecast and formulation of forecast and warning bulletins.  There is well defined road map and check list for this purpose. The automation of the process has increased the efficiency of system, visibility of IMD and utility of warning products.

2.4. Warning system of IMD
The goal of the warning system is to maximise actions for safety. To carry out the warning process, there is a well-defined Organization and standard operation procedure (SOP) is in place. The Warning criteria are defined for each parameter. Linkages with Media and Disaster authorities are well defined. Scheduled time of issue and frequency of bulletins along with the content (Text and graphics) are also designed as per the requirement of users. The warnings and advisories by IMD for national purpose are issued for different temporal ranges (from a few hours (nowcast) to five days (short to medium range forecast)) and different spatial domains. The spatial domains range from venue, city, District and State/meteorological subdivisions, each having different temporal domains. However, short and medium range forecast, especially during southwest monsoon season (June-September) and cyclonic disturbances period continues to remain in highest demand by the different users including farming community and other stakeholders and therefore accurate prediction in this range occupies greater significance. Followings are the various types of forecasts and warnings issued by IMD.

2.4.1. Cyclone Warning System
Types of bulletins and warnings issued in the interest of Mariners in cyclone specific situations are: 
· Sea area bulletins (for shipping on high seas and for ships plying in coastal waters (unto 75 Kms off the coast line)), 
· Bulletins for Indian Navy, 
· Port warnings, 
· Fisheries warnings, 
· Four stage warning for disaster managers
· Bulletin for all India radio (AIR), 
· Warnings for Designated/ Registered users, 
· Bulletins for Press.

The cyclone warnings are issued to central and state government officials in four stages. The First Stage warning known as "PRE CYCLONE WATCH" issued at least 72 hours in advance contains early warning about the development of a cyclonic disturbance in the north Indian Ocean, it’s likely intensification into a cyclone and the coastal belt likely to experience adverse weather. This early warning bulletin is issued by the Director General of Meteorology himself and is addressed to the Cabinet Secretary and other senior officers of the Government of India including the Chief Secretaries of concerned maritime states. The Second Stage warning known as "CYCLONE ALERT" is issued at least 48 hrs in advance of the expected commencement of adverse weather over the coastal areas. It contains information on the location and intensity of the storm likely direction of its movement, intensification, coastal districts likely to experience adverse weather and advice to fishermen, general public, media and disaster managers. This is issued by the concerned ACWCs/CWCs and CWD at HQ. The Third Stage warning known as "CYCLONE WARNING" issued at least 24 hours in advance of the expected commencement of adverse weather over the coastal areas. Landfall point is forecast more precisely at this stage. These warnings are issued by ACWCs/CWCs/and CWD at 3 hourly interval giving the latest position of cyclone and its intensity, likely point and time of landfall, associated heavy rainfall, strong wind and storm surge alongwith their impact and advice to general public, media, fishermen and disaster managers. The Fourth Stage of warning known as "POST LANDFALL OUTLOOK" is issued by the concerned ACWCs/CWCs/and CWD at HQ at least 12 hours in advance of expected time of landfall. It gives likely direction of movement of the cyclone after its landfall and adverse weather likely to be experienced in the interior areas. However, the above procedure is applicable to the cyclones developing over the open sea area. In case the genesis takes place near the coast and thus restricts the lead time before the landfall, the above procedure may not be applicable. The cyclone warning may be issued directly bypassing the pre-cyclone watch and cyclone alert.
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Fig.4. Observed & Forecast track of ESCS Hudhud along with cone of uncertainty

At national level, the bulletins are issued from the stage of depression onwards. During the stage of depression/deep depression; it is issued based on 00, 03, 06, 12, and 18 UTC observations. When the system intensifies into a cyclonic storm, these bulletins are issued at 00, 03, 06, 09, 12, 15, 18 and 21 UTC (every three hourly interval) based on previous observations. The cyclone warning is furnished on a real time basis to the Control Room in the Ministry of Home Affairs, Government of India, besides other Ministries & Departments of the Central Government, Doordarshan and All India Radio (AIR) at New Delhi and other electronic and print media and concerned state Governments. Different colour codes are being used since post monsoon season of 2006 at different stages of the cyclone warning bulletins (cyclone alert-yellow, cyclone warning-orange and post landfall outlook-red), as desired by the Government.An example of graphical presentation of track forecast alongwith the cone of uncertainty and actual observed track in case of cyclone Hudhud is presented in Fig.4.

2.4.2. Thunderstorm/Duststorm/Lightning warning: 
Severe thunder storms are localised phenomena with a life period of about a few hours. These can be detected on real time with a dense network of DWR in the country. The currently available array of numerical weather prediction system is not capable to provide accurate location specific forecast of these thunderstorms and associated weather with reasonable lead time. Worldwide nowcasting, the very short range forecasting upto 3-6 hours is applied to predict and warn against these severe thunderstorms with the help of DWRs supported by dense observational network, satellite observations and suitable numerical modeling and expert system. In India, this nowcasting is limited to 403 cities. At the same time the district level nowcast against the thunderstorm and associated adverse weather is issued by IMD through its state level Meteorological Centres to the disaster managers and general public. As soon as IMD issues any severe weather warning, it is flashed to general public through mass media and register mobile users. IMD through its state level offices is issuing SMS based warning to All India Radio stations, Door Darshan for immediate broadcast/telecast to general public. 

2.4.3. Heavy Rainfall & Flood warning: 
IMD issues heavy rainfall warning at meteorological sub-divisional level through its National Weather Forecasting Centre (NWFC) located at New Delhi. The following are the terminology in use at present to indicate and forecast the rainfall intensity (24 hours accumulated rainfall ending at 0830 hrs IST of each day) in the short & medium range weather forecasts.
	Descriptive term 
	Rainfall (mm)
	Descriptive Term
	Snow depth (in cm)

	Heavy Rain
	64.5 – 115.5
	Heavy snowfall
	64.5 – 115.5

	Very Heavy Rain
	115.6 – 204.4
	Very Heavy snowfall
	115.6 – 204.4

	Extremely Heavy Rain
	>204.5
	Extremely Heavy snowfall
	>204.5


[image: ]The colour codes (red, orange, yellow and green corresponding to warning, alert, watch and no warning) are used (Fig.5) for warning advisories in association with rainfall and snowfall. In order to decide upon the colour to be assigned to a given weather forecast situation under the 5-day forecast scheme, IMD follows this matrix, giving thrust on the probability of occurrence of the event as well as its impact assessment. The probability of occurrence for D1 to D5 is derived based on the ensemble probabilistic forecasts provided by NCMRWF and various Global centres. For an impact assessment, the forecaster goes ahead with the conceptual model of the weather associated with the expected evolution of the synoptic situation based on a proper interpretation of the numerical model outputs along with the topography and land use pattern of the region under consideration. It is carried out through both objective consensus derived from the models and the subjective consensus derived through tele/video conferencing of forecasters within the country everyday utilizing the knowledge, experience and expertise. 





Fig.5. The matrix used by IMD to provide impact based forecast and warning against weather hazards

The work of flood forecasting and warning in India is entrusted with the Central Water Commission (CWC) of Ministry of Water Resources (MoWR). The Hydromet Division of IMD at New Delhi caters to the need of hydromet inputs particularly of water resources development and water related disaster (like floods and drought) monitoring/management. It provides services in the following fields (i) Rainfall monitoring (ii) Hydromet forecasting (QPF) (iii) Hydromet Design.  Major work involves meteorological support for flood warning and flood control operations to field units (Flood Forecasting Divisions (FFDs)) of Central Water Commission (CWC) through its Flood Meteorological Offices (FMOs).

A WMO Project for south Asia Flash Flood Guidance system (SAFFGS) has been adapted in collaboration with WMO/South Asia Countries and Hydro Research Centre (HRC), USA. It will be implemented by the end of 2018 to provide flash flood guidance to Nepal, Bhutan, Bangladesh, Myanmar, Sri Lanka and Maldives.

2.4.4. Heat and cold waves 
The Ministry of Earth Sciences has implemented state-of-the-art coupled climate model for seasonal forecasting. The model has been used to prepare the monsoon forecasts since 2012. The model was used first time to prepare a temperature outlook for the 2016 Hot Weather Season (April –June) and also cold weather season (December-February) since 2016-17. It is interpreted to provide the outlook on sub-divisional levels for expected heat wave and cold wave conditions in the country during the season. It is followed by the extended range outlook on summer maximum and winter minimum temperatures issued every Thursday valid for next two weeks on meteorological sub-divisional level. In short to medium range, heat wave and cold wave warning are issued daily valid up to five days. The colour code system indicating severity of an expected heat wave and cold wave used by IMD is given below.
	(a) Cold wave

	Green(No action)

	Normal night
	Minimum temperatures are near normal

	Yellow Alert
(Be updated)
	Cold Alert
	Cold wave conditions at isolated pockets  persists on 2 nights 

	Orange Alert
(Be prepared)
	Severe Cold Alert for  night
	(i) Severe cold wave conditions persists for 2 days
(ii) Through not severe, but  cold wave  persists for ≥4 nights 

	Red Alert
(Take Action)
	Extreme cold Alert for night
	(i) Severe cold wave persists for more than 2 nights
(ii)Total number of cold/severe cold wave nights > 6 nights. 



	(b) Heat wave

	Green(No action)
	Normal Day

	Maximum temperatures are near normal

	Yellow Alert 
(Be updated)
	Heat Alert

	Heat wave conditions at isolated pockets  persists on 2 days 

	Orange Alert
(Be prepared)
	Severe Heat Alert for day
	(i) Severe heat wave conditions persists for 2 days
(ii) Through not severe, but  heat wave  persists for ≥4 days 

	Red Alert
(Take Action)
	Extreme Heat Alert for day
	(i) Severe heat wave persists for more than 2 days. 
(ii) Total number of heat/severe heat wave days > 6 days. 





2.4.5. Fog
There has been drastic Improvement in the Fog monitoring and Forecasting systems at IGI Airport (IGIA) in Winter of recent years. It has been possible because of successful and effective implementation of three new project, viz., (i) installation of thirteen Indigenous Drishti for runway visibility measurement, (ii) Winter fog experiment (WIFEX)  and (iii) forecasting demonstration project(FDP) in recent years. The forecast accuracy of different weather hazards in recent years are shown in Fig.6.
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Fig.6(a-b) Five Year Moving Average Skill Score of Heavy rainfall warning, (c-d), Five Year Moving Average Track Forecast Errors (km) & Skill (%), (e-f) Comparative analysis of Skill of Fog forecast during 2010-14 and 2014-18, (g) Heat Wave forecast accuracy during 2017, (h) Year-wise Thunderstorm nowcast verification score during March-June. FAR: False alarm rate, MR: Missing rate, CNON: Correct non-occurrence, PC: Percentage correct, BIAS: Bias for occurrence, CSI: Critical success index, HSS: Heidke skill score, ETS: Equitable threat score,
2.5. Warning Dissemination Mechanism
The warnings are disseminated to various users through telephone, fax, e-mail, SMS, All India Radio, FM and community radios, Television and other print & electronic media. These warnings/advisories are uploaded in the website of IMD (www.imd.gov.in). Also the warning bulletins are disseminated by email and SMS to state and national disaster management authorities. In case of emergency, police wireless and telecommunication lines of railways and aviation authorities are also used. The Cyclone Advisories bulletin for WMO/ESCAP Panel countries and international airports are disseminated through global telecommunication system (GTS) and e-mail. 

Recently there is initiative through NDMA for common Alert protocol (CAP) for dissemination of thunderstorm warning. Once, implemented, it will be very useful for quick dissemination to last mile. Further it is recommended that the synergised observational and forecast and warning products in text cum visual graphics format should be generated by IMD with direct CAP-feed facility so as to reach the last mile with no loss of time. Similarly the proposed last mile connectivity through satellite based initiative if ISRO, viz., Gagan Messaing System (GAMES) and Navik in collaboration with MoES and state & central Govt. will be very helpful to mitigate the disasters.

3. Achievement in recent years:
In the last decade, there have been considerable improvements in the quality of weather and climate services. This was mainly due to augmentation of observational network, research efforts in weather & climate modelling and specialized training of scientists. Important achievements in weather and climate services during the last the last decade are as follows:
The Gramin Krishi Mausam Seva (GKMS) is rendered twice a week in collaboration with State Agricultural Universities (SAUs) and Institutions of Indian Council of Agricultural Research (ICAR). District level weather forecasts for next 5- days, weekly cumulative rainfall forecast, and crop specific advisories are provided to farmers (Mahadevaiah et al, 2012). Presently around 2.60 Crores farmers are directly benefitted by this service being provided through SMS as compared to 0.5 Crores farmers in April 2014. As per assessment made by National Council of Applied Economic Research (NCAER), from these agro-meteorological advisories, farmers made economic benefits exceeding Rs. 42,000 crores. 
· Noteworthy improvement was made in track and intensity forecast of the tropical cyclones (24 hour forecast error in track prediction reduced from 141 km to 85 km and Landfall error from 99 km to 52 km during 2006 to 2018). Increase in lead time alongwith increase in accuracy of the forecast of genesis, track, intensity (Mohapatra et al, 2013b, 2013c, 2017) and adverse weather (Mohapatra, 2015) in recent years have helped in better management of disaster due to cyclone. 
· Though the damage due to cyclones cannot be minimized, the loss of life has been drastically reduced being limited to double digit figure in the recent years. Death toll due to cyclone Phailin (October, 2013) was 22 and Hudhud (October, 2014) was 46 as compared to 9885 due to Odisha Super Cyclone (October, 1999).
· The skill in accurate prediction of track, intensity and landfall point & time has resulted in reduction in damage to property. It has been $4500 million due to Odisha Super Cyclone (1999) as against $696 million due to VSCS Phailin (2013). The ex-gratia paid by Govt. during Odisha Super Cyclone (1999) was Rs 593 crores as against Rs 1.24 crores during VSCS Phailin 6(2013). (Assuming that ex-gartia @ Rs 6 lakhs was paid by Govt. in both the years). The area of evacuation has decreased from 500 km during 1999 Odisha Super Cyclone to 180 km during Phailin. Thus the cost of evacuation has reduced being Rs 180 crores during Phailin (2013) against Rs 500 crores during Odisha Super Cyclone (1999).(Assuming the cost of evacuation as Rs 1 crore per km for both the years)
  improvements in skills of Heavy Rainfall Forecasts (False Alarm Rate reduced from 46% to 11% and Probability of Detection increased from 49% to 67% from 2002 to 2015). 
  Increase in validity period of forecasts from 2 days in 2006 to 7 days in 2015 and spatial resolution from met. Sub-division to district level & Block-wise forecasts for selected blocks. 
  Increase in city forecasts from around 30 cities in 2006 to 324 cities in 2018. 
  Introduction of nowcasts (next six hours) of thunderstorms for 403 cities based on Doppler Weather Radars and highway and tourism forecasts. 
  Quantitative precipitation forecast (QPF) to CWC for flood warnings increased from 125 to 146 river sub-basins. Validity of QPF has been increased from 5 days to 7 days in 2015.
 Customized weather forecasts for Shri Amarnathji Yatra, Bhakra and Beas Management Board (BBMB), Indian Coast Guard and defence sectors.
 Services for optimum operation of activities like irrigation, shipping, oil explorations were augmented. Specialized services were introduced for Power & health sectors

4. Gap Areas
	Weather Prediction Models are used for generating forecasts of weather and climate parameters. However, the present day forecast models are known to have systematic errors and random biases. Inaccurate treatment of physical processes in the models (Physical parameterization schemes) is one of the largest sources of the errors in weather and climate prediction models. Therefore, it is important to improve physical parameterization schemes in the models. This is an important, but difficult task. Development of new physical parameterization schemes or improvement of existing schemes will need many observational data of physical processes. These data are used for testing a physical hypothesis, validating physical processes in the models and also for tuning empirical constants used in the physical parameterization schemes. Therefore, observational campaigns, physical process studies and model development should go together.

As mentioned earlier, the weather and climate services have improved over the time due to investments in observations, modelling, and specialized trainings. At present, there is a skillful short range prediction of weather up to 3-5 days over the Indian region. Since short range forecasts depend on initial conditions, improvement in initial conditions can make a visible improvement in prediction skill. Therefore, observational network (conventional, satellite and Radar) needs to be strengthened and the data assimilation methods to ingest the observations need to improve. More stress is needed to ensure good quality of data and their timely reception for data assimilation. The current skill level of 3-5 days can be improved to 7-8 days by employing an ensemble approach to forecasting in addition to the deterministic forecasting system at very high horizontal resolution of about 10 km. 

	Significant research has been carried out in the past to enhance the understanding on Indian monsoons, however, challenges and uncertainties still remain with respect to the accuracy of monsoon predictions and precipitation forecast skill improvements across different time-scales, especially in short to medium range. The users also need forecasts for much smaller spatial and temporal scale, for example at district level. Extended range prediction system provides very useful products at time scale of 15 days. This skill needs to be improved beyond 3 pentads. At present, there are very limited applications with the extended range prediction system. The potential areas in which these forecasts can be applied are agriculture, water resources/management, power, energy and health. 

On many instances of extreme rainfall having potential of causing floods, flooding events are missed causing loss to economy and life as the meteorological forecasts are not readily usable by various stake holders. Therefore, there is an urgent need to improve and customize meteorological forecasts specifically for floods. For formulating  the  flood  forecast  in  the  real  time,  the  observed meteorological and flow data are used into the calibrated & validated real time flood forecasting model to forecast the flood flow and corresponding water levels for different lead periods varying from few hours  to  few  days  depending  on  the  size  of  catchment  and  purpose  of  the  forecast.
	
Accurate forecasts of the intensity of tropical cyclones (TCs) still remain a gap area which sets the basis for research in improving the model. There is a also scope to further improve prediction skill in predicting land fall and associated rainfall, storm surge and winds. The recent research analysis suggests that models do not perform well in predicting associated heavy rainfall during the landfall of tropical cyclones. 

Large forecasting and research gaps include the understanding and prediction of thunderstorms and associated adverse weather. Denser Radar network not only would help detecting mesoscale convective system but also would help constraining the model parameters for better representation of convection. Assimilation of meso-network observational data would be necessary to generate mesoscale analyses/reanalyses representing the regional heterogeneity. Predictability of convection initiation and scale interactions associated with superposition of micro-scale, meso-scale, and synoptic-scale processes needs to be studied. There is an urgent need to translate the high resolution weather forecast into lightning probabilities. This remains as one of the most important gap areas at present in areas of forecasting. 

We need to improve in predicting prolonged heat and cold wave spells and improve forecast accuracy of flash flood events over the urban and complex topography. Another detrimental weather phenomenon during Indian winter months is the dense fog formation over the Gangetic Valley which has very high damage potential (physical as well as economical). Objective tools for short- and medium-range forecasting of timing of onset, intensity and duration of fog well in advance falls into one of the largest gap areas. A comprehensive understanding of micro-meteorological and chemical processes responsible for the haze or fog formation over the Ganges Basin and fog impact on health and ecosystems is not clearly addressed yet. High-resolution mesoscale model, coupled with interactive aerosol model with chemical details of species is also the need of the hour. 

Forecasting urban weather is increasingly important to manage disasters, decision making in the public sector, and for urban planning purposes, etc. Recent introduction of urban development plans such as Atal Mission for Rejuvenation and Urban Transformation (AMRUT), Smart Cities Mission, and Housing for All (Urban) by Prime Minister are modes to increase the opportunity for urban centres and especially urban areas are considered as “growth engines”. India is poised to have 100 smart cities in five years and 2 crore houses will be constructed in next 7 years. These urban development plans also should be supported by adequate weather related support systems for information, management and mitigation of urban hazards such as heat wave, flash floods, heat islands, air pollution dispersion, etc. 

5.	Conclusions and Future Plans
IMD continuously expands and strengthens its activities in relation to observing strategies, forecasting techniques, disseminating methods and research relating to different aspects of extreme weather events to ensure most critical meteorological support to disaster managers and decision makers.

Demands from the public/private/government sectors are increasing for more accurate prediction of weather at various temporal and spatial scales. Improved and reliable forecast of weather requires high resolution dynamical models. Thus, intensive monitoring of various weather systems through different platform based observing systems provide not only the necessary information about current weather systems, their effective assimilation in numerical models provide important guidance for accurate forecasts. Hence, there is scope to improve further the weather services by providing high resolution customized impact based forecast and risk based warning products for different existing and emerging socio-economic sectors.

There is also scope for improvement of (i) sectoral applications of early warning, (ii) warning communication to last mile and disaster managers through state of art technology, (iii) developing synergized standard operation procedure among the early warning agencies and user agencies and (iv) upgrading and enhancing the link between early warning service provider and disaster managers. 















ANNEX-IV	
Satellite data-processing systems and products for nowcasting and very short-range forecasting in RA II especially for Bay of Bengal  (South Asia)
(Reports by IMD, CMA & JMA)
1. Contribution by India

At present IMD is receiving and processing meteorological data from two Indian satellites namely INSAT-3D & INSAT-3DR. INSAT-3D launched on 26 July 2013 is positioned at 82°E and INSAT 3DR launched on 28th Aug 2016 is located at 74°E. INSAT-3D and INSAT-3DR have an advanced imager with six imagery channels {Visible (0.55-0.75 µm), Short wave Infra-Red (SWIR) (1.55-1.70 µm), Medium Infra-Red (MIR) (3.80-4.00 µm), Thermal Infra-Red-1(TIR-1) (10.2-11.3 µm), TIR-2 (11.5-12.5 µm), & WV (6.50-7.10 µm)} and a nineteen channel sounder (18 IR & 1 Visible) for derivation of atmospheric temperature and moisture profiles. It provides 1 km. resolution imagery in visible band, 4 km resolution in IR band and 8 km in WV channel.

At Present about 48 nos. of satellite images are taken daily from INSAT-3D and INSAT-3DR. Images from imager data are available every 15 minutes and Sounder multi-level imagery is obtained half hourly from the sounder channels of INSAT-3D and INSAT-3DR satellites in staggered mode. All the received data from the satellite are processed and archived in National Satellite Data Center (NSDC), New Delhi. INSAT-3D Meteorological Data Processing System (IMDPS) is processing meteorological data from INSAT-3D and INSAT3-DR that supports real time satellite based monitoring of severe weather events. Cloud Imagery Data are processed and available to SWFDP. The following products derived from the satellite are useful for monitoring of severe weather:

1. Enhanced grey scale imagery of cyclone.
2. Enhanced coloured imagery of cyclone.
3. Lower level Vorticity
4. Upper level Divergence.
5. Lower level convergence.
6. Vertical wind shear.
7. Wind shear tendency. 
8. Outgoing Long wave Radiation (OLR) at 0.250X0.250 resolution
9. Quantitative Precipitation Estimation (QPE)
10. Sea Surface Temperature (SST) 
11. Cloud Motion Vector (CMV)
12. Water Vapour Wind (WVW)
13. Upper Tropospheric Humidity (UTH)
14. Temperature, Humidity profile
15. Value added parameters from sounder products
a. Geo-potential Height
b. Layer Precipitable Water
c. Total Precipitable Water
d. Lifted Index
e. Dry Microburst Index
f. Maximum Vertical Theta-E Differential
g. Wind Index

With the Web Archival System developed at IMD, INSAT-3D and 3DR products & imageries are archived and accessible to SWFDP member countries.
The real time satellite products as well as archived products are available in a separate web page of IMD website with the link,  http://satellite.imd.gov.in/insat.htm.

Real time Analysis of Products & Information Dissemination called RAPID is a web based quick visualization and analysis tool for satellite data and products. This tool was conceptualized and developed by Satellite Application Centre (SAC), ISRO in collaboration with India Meteorological Department (IMD), New Delhi to enhance the visualization and analysis of INSAT Meteorological Satellite data on real time basis by the forecasting community. This system is operationally sustained by National Satellite Meteorological Centre (IMD), New Delhi. This tool is hosted at http://www.rapid.imd.gov.in/. 

The RAPID tool is accessible to all including SWFDP member countries. The examples of image products analysis using RAPID tool are given below. It can help to derive geo-referenced information for each pixel so as to monitor severe weather and provide the nowcast.

[image: ]


[image: ]

The salient features of RAPID are as follows:
➢ It connects atmospheric science and geosciences. 
➢ There is no specific Operating System/ software/ library / compiler required on the desktop to access RAPID. It is accessed through web browser. 
➢ It provides features of interest to scientific community 
➢ RAPID follows Open Geospatial Consortium’s (OGC) open standards. 
➢ Web Mapping Service (WMS) – For visualization of meteorological data (Satellite and ground observations). 
➢ Extensions written for scientific community 
➢ Zero learning curve 
➢ It can overlay Map Boundaries (World Coastline, State, District Boundaries, Gridlines) with configurable: o Color o Opacity o Thickness o Contrast Stretch o Lookup Table Application 
➢ It has Probe Data feature (on the fly) i.e. analysis of data Point,  Time Series, Vertical Profile, Transect, Area Measurement, Distance Measurement 
➢ Animation can be generated and visualized in it. 
➢ Day and Night time microphysics RGB Composites imageries are available in it. 
➢ Contouring feature over meteorological data.
➢ Map background can be changed based on user preference. 

Satellite based nowcast of cloud imagery based on brightness temperature is available based on INSAT-3D through RAPID system. The product is available every half an hour for nowcast upto 3 hours at the interval of every half an hour (i.e. 30, 60, 90, 120, 150 and 180 minutes forecast). An example of 60 minute forecast is given below.
[image: ]

2. Contributions by China
CMA provided the Visible, Infra-red and Water Vapor satellite imagery products of FY-2E and FY2G for SWFDP-SeA before 2017. FY-2 series are geostationary meteorological satellite with five channels (Visible, Infra-red, Split-window, Water Vapor and Mid-infrared) .

In 2018, the satellite images for SWFDP-SeA have replaced by the geostationary meteorological satellite FY-4A. FY-4A were launched in December 2016, carrying the advanced observing functions. It is located 105° E and the time intervals of full disk are about 15 minutes.  CMA built a website (http://eng.nmc.cn/swfdp/) to provide the satellite images for the SWFDP-Southeast Asia. 

FY-2H are the 8th(last) flight unit of the FY-2 series lanched in June 2018. It is located at 79° E that well suitable to supporting the Bay of Bengal (South Asia). 

A Satellite Weather Application Platform(http://rsapp.nsmc.org.cn/geofy/en/) is built to provide the near-real time satellite imagery sercives of FY-2H and FY-4A for each observing band an RGB composite images. These images are updated every 15 minutes for FY-4A and every 30 minutes for FY2H, respectively. 

CMA expects to support  nowcasting and very short-range forecasting in RA II especially for Bay of Bengal (South Asia)
[image: C:\Users\Admin\AppData\Local\Temp\notes256C9A\FY2_coverage.jpg][image: ]
Example satellite images of FY-4A in SWFDP-SeA website and the sketch map of coverage areas for FY-2 series.

3. Contribution by Japan: Himawari-8 and -9 operation and products
Himawari-8 and -9 were launched in 2014 and 2016, respectively, carrying the advanced observing functions. Both satellites are located around 140.7 degrees east, and the imagery data of the satellites is disseminated and distributed through the HimawariCast and the HimawariCloud services to the most National Meteorological and Hydrological Services (NMHSs) in the satellite observing coverage including the Bay of Bengal region [1, 2].

JMA provides satellite black-and-white images for each observing band and RGB composite images showing cloud microphysics, convective storm, airmass and dust on the Himawari Real-Time Image website [3]. These images are updated every 10 minutes.

JMA launched its new international service called “HimawariRequest” in January 2018 in collaboration with the Australian Bureau of Meteorology (AuBoM). The service enables registered NMHSs to request Target Area observations of every 2.5 minutes by Himawari-8/9 [4]. JMA expects the service to support disaster risk reduction activities in the Asia and Pacific regions.

[1] http://www.data.jma.go.jp/mscweb/en/himawari89/himawari_cast/himawari_cast.php
[2] http://www.data.jma.go.jp/mscweb/en/himawari89/cloud_service/cloud_service.html
[3] http://www.data.jma.go.jp/mscweb/data/himawari/index.html
[4] http://www.jma.go.jp/jma/jma-eng/satellite/HimawariRequest.html
[image: http://www.data.jma.go.jp/mscweb/data/himawari/img/se4/se4_snd_0550.jpg][image: http://www.data.jma.go.jp/mscweb/data/himawari/img/se4/se4_trm_0550.jpg]
Example images on the Himawari Real-Time Image website: Sandwich (Blended Infrared - High Resolution Visible) product (left) and True Color Reproduction imagery (right; courtesy CSU/CIRA, JMA and NOAA/NESDIS) at 06:00UTC on 22 November, 2018.

4. Precipitation products for Nowcasting through SCOPE-Nowcasting (Sustained Coordinated Processing of Environmental Satellite Data for Nowcasting)

The goal of the WMO Sustained, Co-Ordinated Processing of Environmental Satellite Data for Nowcasting (SCOPE-Nowcasting) initiative is to demonstrate continuous and sustained provision of consistent, well-characterized satellite products for nowcasting and severe weather risk reduction. The products for SWFDP sub-regions including for Bay of Bengal are available at: http://sigma.cptec.inpe.br/scope/

[image: ]
SCOPE-Nowcasting is supported by CGMS satellite operators, and aligned with a number of WMO initiatives, in particular SCOPE-CM and the Severe Weather Forecasting Demonstration Project (SWFDP). The SWFDP is focused primarily on NWP including EPS outputs and its use in severe weather forecasting and early warning services; the observational focus of SCOPE-Nowcasting has the high potential to complement and enhance SWFDP final output and thus lead to improved warning services. More on SCOPE-Nowcasting can be found at http://www.wmo.int/pages/prog/sat/scope-nowcasting_en.php.
ANNEX V

Implementation Status of Impact Based Forecasting Warning Services in SWFDP countries in Bay of Bengal (South Asia)

	Member country

Vs.

IBFWS Training events
	IBFWS 
2015
	1st WMO/ KMA IBFWS 
Workshop, Rep. Korea  7-9 Nov 2017
	2nd  WMO/ KMA IBFWS 
Workshop, Rep. Korea 19-21 Nov 2018
	SWFDP-BoB Regional Training Workshop on Severe Weather and IBFWS, 
Sri Lanka 
6-8 Dec 2018
	IBFWS Implement. status
	Comments

	Bangladesh
	
	· 
	
	
	


	

	Bhutan
	
	· 
	· 
	· 
	No IBFWS in Bhutan yet
	It will be discussed with senior officials

	India
	
	· 
	· 
	· 
	IBFWS has been implemented partially 

	Currently, IBFWS is implemented for tropical cyclone and associated hazards including storm surge and strong winds. For Thunderstorm, IBFWS will be implemented from next Pre-monsoon season in 2019. Color coded warnings are issued for other hazards.

	Maldives
	· In-country workshop
	· 
	· 
	· 
	
No IBFWS in Maldives yet

	

	Myanmar
	· In-country  Pilot Project
	· 
	· 
	· 
	No IBFWS in Myanmar yet
	Only color-coded warnings are issued.

	Nepal
	
	· 
	
	· 
	No IBFWS in Nepal yet


	It will be initiated after discussion with senior officials

	Pakistan
	
	
	· 
	
	


	

	Sri Lanka
	
	· 
	
	· 
	IBFWS has been implemented partially in Sri Lanka
	Currently, IBFWS is implemented for tropical cyclone (and associated hazards only e.g. storm surge and strong winds), thunderstorms and heat waves.

	Thailand
	
	· 
	· 
	· 
	No IBFWS in Thailand yet?


	A color-coded MetAlarm system is in place. Process to implement IBFWS has been initiated











































ANNEX-VI

The Regional Sub-project Management Team (RSMT) for the SWFDP –Bay of Bengal (South Asia) as in November 2018


	Centres
	Names
	E-mail

	NMHSs

	Bangladesh
	Mossammat Ayesha Khatun (Mrs)
	AyeshaBMD@gmail.com
info@bmd.gov.bd

	Bhutan	
	Tayba Buddha Tamang (Mr)
	tbtamang@nchm.gov.bt

	India
	M. Mohapatra (Mr/Dr)

	mohapatraimd@gmail.com
mohapatra_imd@yahoo.com

	Maldives
	Ahmed Rasheed (Mr)
	Rasheed@meteorology.gov.mv

	Myanmar
	Tun Hla (Mr/Dr)
	hlatunmr@gmail.com

	Nepal
	Jagadishwor  Karmacharya (Mr/Dr)

	J_Karmacharya@yahoo.com
info@mfd.gov.np

	Pakistan
	Muhammad Hanif (Mr/Dr)
 
	hanifwxc@hotmail.com

	Sri Lanka
	Anusha. R. Warnasooriya (Ms)

	rashanthie@yahoo.com

	Thailand
	Somkuan Tonjan (Mr)
	kuanmet@gmail.com 
kuanmet@metnet.tmd.go.th  

	Regional Centres

	RSMC New Delhi
	M. Mohapatra (Mr/Dr)
	mohapatra_imd@yahoo.com 
mohaptraimd@gmail.com 

	Global Centres

	CMA
	Hoa Tong (Ms/Dr)
	tongh@cma.gov.cn    

	IMD (supported by NCMRWF and INCOIS)
	M. Mohapatra (Mr/Dr)
	mohapatra_imd@yahoo.com 
mohaptraimd@gmail.com 

	JMA
	Junichi Ishida (Mr)
	j-ishida@met.kishou.go.jp

	KMA
	Hyun-Cheol Shin (Mr)
	sinhyo@korea.kr

	ECMWF
	Anna Ghelli (Ms/Dr)
	Anna.Ghelli@ecmwf.int 

	UKMO
	Steve Manktelow (Mr)
	Steve.Manktelow@metoffice.gov.uk




image48.jpeg
Ty e ——




image49.jpeg




image52.png
at—
*| 1





image2.jpeg




image3.jpeg




image4.jpeg




image5.jpeg




image6.jpeg




image7.jpeg




image8.jpeg




image9.jpeg




image10.jpeg




image11.jpeg




image12.jpeg




image13.jpeg




image14.jpeg




image15.jpeg




image16.jpeg




image17.jpeg




image18.jpeg




image19.emf
Monitoring and Forecast Process of Tropical Cyclone

Action

Runs of different 

Models, 

Consecutive runs 

from the same 

model,

Ensemble runs 

("choosing the 

best member")

Numerical

forecasts

Model

Decision

maker

Numerical

forecasts

End

forecast

Initial conditions 

(Observations)

Forecaster

Model

Model runs

Numerical

forecasts

Broad Classification of  

Observations

Surface

Upper Air

Space Based 

•Pilot Balloon

•RSRW

•Profiler

•Ground Based RADAR

•Aircraft

•GeoststionarySatellites

•Polar Orbiting Satellites

•AWS

•ARG

•SYNOP

•BUOYS

•AVIATION

•SHIPS

Monitoring and 

Forecast Process


Microsoft_PowerPoint_Slide1.sldx
Monitoring and Forecast Process of Tropical Cyclone





Action

Runs of different Models, 

Consecutive runs from the same model,

Ensemble runs ("choosing the best member")

Numerical
forecasts

Model

Decision
maker

Numerical
forecasts

End
forecast





Initial conditions (Observations)



Forecaster





Model

Model runs

Numerical
forecasts













Monitoring and Forecast Process





image1.wmf

Broad Classification of  


Observations


Surface


Upper Air


Space Based 


•


Pilot Balloon


•


RSRW


•


Profiler


•


Ground Based RADAR


•


Aircraft


•


Geoststionary


Satellites


•


Polar Orbiting Satellites


•


AWS


•


ARG


•


SYNOP


•


BUOYS


•


AVIATION


•


SHIPS




oleObject1.bin




Broad Classification of  Observations 








Surface


Upper Air


Space Based 


			 Pilot Balloon


			 RSRW


			 Profiler


			 Ground Based RADAR


			 Aircraft





			 Geoststionary Satellites


			 Polar Orbiting Satellites





			 AWS


			 ARG


			 SYNOP


			 BUOYS


			 AVIATION


			 SHIPS

































image20.png




image21.png
Legend

[ X-BAND DWR
DUAL POL. S-BAND DWR
DUAL POL. C-BAND DWR
S-BAND DWR




image22.png
AWS 711 (2018)





image23.png
IMD's ARG Network
1350 (2018)

K
& e -





image24.png




image25.png
Legend

[ X-BAND DWR
DUAL POL. S-BAND DWR
DUAL POL. C-BAND DWR
S-BAND DWR




image26.png
AWS 711 (2018)





image27.png
IMD's ARG Network
1350 (2018)

K
& e -





image28.png
=

~ Glstribit vm%.
%

e
 Intense cB el

 Resultingin DustStrom
over Rajasthan

"

Y

N 5 5,

"




image29.jpeg




image30.png
Foi

Vardah
Cyclone




image31.png
=

~ Glstribit vm%.
%

e
 Intense cB el

 Resultingin DustStrom
over Rajasthan

"

Y

N 5 5,

"




image32.jpeg




image33.png
Foi

Vardah
Cyclone




image32.png




image33.emf

image34.jpeg
Five Year Moving Average-Track forecast Skill (%)

~+12-hours -#-24-hours ~#-36-hours
——d48-hours  ~—60-hours  ~e-72-hours

7
2003-07 2004-08 2005-092006-102007-11 2008-122009-132010-14 2011-152012-162013-17
Period

=
]

]

8

S

2

]

X
820
E

@

=

g

2
<





image35.png
Heidke's Skill Score & Critical Success

Index for Heavy Rainfall Warning

HSS
Csl

0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

94026 |IDS

LT-¥10¢
9T-€T0C
ST-¢10¢
Y1-110C
€1-010¢
¢1-600¢
T1-800¢
0T-£00¢C
60-900¢
80-500¢
L0-¥00¢
90-€00¢
§0-200¢

Year




image36.png
Skill Score

0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

False Alarm Rate, Mixing Ratio & Probability
of Detection for Heavy Rainfall Warning

2002-05

2003-06
2004-07
2005-08
2006-09
2007-10

2008-11

Year

2009-12

2010-13
2011-14
2012-15

2013-16
2014-17

—FAR

—POD




image37.jpeg
Average Track forecast error (km)

600

500

400

300

200

100

Five Year Moving Average-Track forecast Error (km)

—+~12-hours ~#-24-hours ~#+-36-hours.
——d48-hours  ——60-hours  -e-T2-hours

—_— T T =

2003-072004-082005-092006-102007-112008-122009-132010-142011-152012-162013-17
Period




image38.png
‘Skill of Fog forecast (Onsetlifting Timinas & Visibility)
- 201014

- 201418
8425
61.75

3 Difference of forecast onset; . Difference of lowest
liting timings within 2 hours  Visiblity forecast within
against those observed 100m aainst the lowest

observed





image39.png
991102
uorpely
10 934109
afejuadiag
ul
Sa1ILINIIY

0.94

0.92

(VHN+IH
)JmH=(21008
Jeaiyy)
Xapu|
$$33INng
[T

I Skill of Fog Forecast 2010-14
mm Skill of Fog Forecast 2014-17

NHIHI(Y 3+
UH)= (21008
selg)
$3JU3.Indlo
Jloj selg

1.10

1.14

1.20
1.00
0.80
0.60 -
0.40 -
0.20
0.00





image40.png
/M Fud FOP Report-2017

Y[ STORM Report-2017.pdf X \ & My Drive - Google Drive X ¥ \\] EWS(MoES).doc - Google X ¥ M Tnbox (1091) - cwchg20. x W | T R o) (oo (-

C ) | ® file///C:/Users/imd/Downloads/STORM%20Report-2017.pdf * @ :

T e

compared to similar scores of previous years. Figure 7.4 displays the verification scores of nowcast
centres for FDP 2017, as compared to similar scores for the same period (March to June) of previous
years. As may be noted, the probability of detection has improved, the false alarm frequency has
decreased and the overall accuracy has improved all over the country in 2017 as compared to 2015

and 2016. Hence, a similar SOP shall be in place for Nowcasting of severe weather during FDP

STORM 2018
Yearwise TS Nowcast Verification Scores for Storm Period (March
to June) over the country

1o
o 2013
on w20
050 205
oe s
03 2017
010
000

RATIOSCORE  POD ean e =

Fig 7.4z Comparative Verification Scores during last five years (2013-2017) for Thunderstorm

Noweast issued during STORM Period for country as a whole

) ews(voesM.doc A | 8 scatsatavoywppte A | B ewsoes) @).doc ~ | B ewsoes) @)doc ~ | B ewsoes) (2.doc ~ x





image41.png
Heat Wave Forecast Accuracy (March-June 2017)
15 W24 hours W48 hours M 72 hours

FAR MR CNON PC BIAS CSI HSS POD





image44.jpeg
Five Year Moving Average-Track forecast Skill (%)

~+12-hours -#-24-hours ~#-36-hours
——d48-hours  ~—60-hours  ~e-72-hours

7
2003-07 2004-08 2005-092006-102007-11 2008-122009-132010-14 2011-152012-162013-17
Period

=
]

]

8

S

2

]

X
820
E

@

=

g

2
<





image45.png
Heidke's Skill Score & Critical Success

Index for Heavy Rainfall Warning

HSS
Csl

0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

94026 |IDS

LT-¥10¢
9T-€T0C
ST-¢10¢
Y1-110C
€1-010¢
¢1-600¢
T1-800¢
0T-£00¢C
60-900¢
80-500¢
L0-¥00¢
90-€00¢
§0-200¢

Year




image46.png
Skill Score

0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

False Alarm Rate, Mixing Ratio & Probability
of Detection for Heavy Rainfall Warning

2002-05

2003-06
2004-07
2005-08
2006-09
2007-10

2008-11

Year

2009-12

2010-13
2011-14
2012-15

2013-16
2014-17

—FAR

—POD




image47.jpeg
Average Track forecast error (km)

600

500

400

300

200

100

Five Year Moving Average-Track forecast Error (km)

—+~12-hours ~#-24-hours ~#+-36-hours.
——d48-hours  ——60-hours  -e-T2-hours

—_— T T =

2003-072004-082005-092006-102007-112008-122009-132010-142011-152012-162013-17
Period




image48.png
‘Skill of Fog forecast (Onsetlifting Timinas & Visibility)
- 201014

- 201418
8425
61.75

3 Difference of forecast onset; . Difference of lowest
liting timings within 2 hours  Visiblity forecast within
against those observed 100m aainst the lowest

observed





image49.png
991102
uorpely
10 934109
afejuadiag
ul
Sa1ILINIIY

0.94

0.92

(VHN+IH
)JmH=(21008
Jeaiyy)
Xapu|
$$33INng
[T

I Skill of Fog Forecast 2010-14
mm Skill of Fog Forecast 2014-17

NHIHI(Y 3+
UH)= (21008
selg)
$3JU3.Indlo
Jloj selg

1.10

1.14

1.20
1.00
0.80
0.60 -
0.40 -
0.20
0.00





image50.png
/M Fud FOP Report-2017

Y[ STORM Report-2017.pdf X \ & My Drive - Google Drive X ¥ \\] EWS(MoES).doc - Google X ¥ M Tnbox (1091) - cwchg20. x W | T R o) (oo (-

C ) | ® file///C:/Users/imd/Downloads/STORM%20Report-2017.pdf * @ :

T e

compared to similar scores of previous years. Figure 7.4 displays the verification scores of nowcast
centres for FDP 2017, as compared to similar scores for the same period (March to June) of previous
years. As may be noted, the probability of detection has improved, the false alarm frequency has
decreased and the overall accuracy has improved all over the country in 2017 as compared to 2015

and 2016. Hence, a similar SOP shall be in place for Nowcasting of severe weather during FDP

STORM 2018
Yearwise TS Nowcast Verification Scores for Storm Period (March
to June) over the country

1o
o 2013
on w20
050 205
oe s
03 2017
010
000

RATIOSCORE  POD ean e =

Fig 7.4z Comparative Verification Scores during last five years (2013-2017) for Thunderstorm

Noweast issued during STORM Period for country as a whole

) ews(voesM.doc A | 8 scatsatavoywppte A | B ewsoes) @).doc ~ | B ewsoes) @)doc ~ | B ewsoes) (2.doc ~ x





image51.png
Heat Wave Forecast Accuracy (March-June 2017)
15 W24 hours W48 hours M 72 hours

FAR MR CNON PC BIAS CSI HSS POD





image1.jpeg




image42.png
M Inbox (84) - mol de & Departr X | [ Satelite Images

c 0 pic.imd.gov.in

RPID §
Disclaimer About
Satellite Data
Ground Data
Base Layers

Vectors

Enable @ 8

INSAT3D IMAGEF
Full Disk |
TIR1 Count ¥ I
23-11-2018 20:0
Asia/Calcutta ']

3

855PM

O Type here to search i G NG g B




image43.png
INSAT3D IMAGEF

Sector

TIR1 BT I

23-11-2018 20:0

Asia/Calcutta ¥
Image Settings

~ Probe

Type:

Time Series ¥

Animation

Contour

User Preferences

O Type here to search

Lat:-10.283, Lon:104.385

Probe(Time Series) .

(ISR S S

Time(Asia/Calcutta)
Number of valid values in time-series plot:96
Selected Time: 23-11-2018 20:00 IST
Lat/Lon: 6.86/80.04
IMG_TIR1_TEMP2D:191.2782 K

A Status:Done

4 m Save Time Series

5

.-

906PM

£ 1zyaore B

@ @) 7 NG




image44.png
Lat:-3.779, Lon:52.354

Ground Data A
4
Base Layers 22253
Vectors
238

Enable @
Sat: INSAT-3D IMG

product: [N 223

Layer: Nowcast BT(60

23-11-2018 20:
Asia/Calcutta ¥ 208

~ Image Settings

<=193
nowcast_b:

1000km
000 mi INSAT-3D IMG Nowcast Nowcast BT(60 minutes), India States;"World Coastlines

= sasom
=1 9 m A Gy B




image45.jpeg
Legend





image47.png
Time: 0101122 <] Satellite: FViA + Channe1 : [

Y- avenzz09s1 e Tozzose v C 1/ 85) 20181122 09:63 Qo=





