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Summary and purpose of document

This document provides information on the development of Flash Flood Guidance System (FFGS) in the Bay of Bengal sub-region and potential linkages between SWFDP and FFGS 
Action Proposed

The meeting is invited to… 
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1. Introduction
Flash floods are complex hydrometeorological events that can occur at any time and place, with little to no warning. They are considered among the world’s deadliest natural disasters and have one of the highest mortality rates among the various classes of floods. This is further compounded by the fact that they have a short duration than other categories of floods, making them extremely difficult to predict or forecast accurately. 
Recognizing the disastrous impact on lives and properties of affected populations by flash floods, the Fifteenth World Meteorological Congress (Cg-15, 2007) approved the implementation of a Flash Flood Guidance System (FFGS) project with global coverage that had been developed by the WMO Commission for Hydrology (CHy) jointly with the WMO Commission for Basic Systems (CBS) and in collaboration with the US National Weather Service (US NWS), the US Hydrologic Research Center (HRC) and the United States Agency for International Development (USAID)’s Office of Foreign Disaster Assistance (USAID/OFDA).
The main objective of WMO’s FFGS initiative is to mitigate the impacts of flash floods and enhance the early warning capabilities of the countries and regions implementing the system. This will also enable the mandated national authorities to undertake appropriate measures to safeguard the population at risk. 
Since its inception, a host of additional features and enhanced modules and improvements have been made to the FFGS over the last few years. These include a new Map Server interface that provides more informative products to the users such as disaster management agencies, landslide susceptibility and landslide occurrence prediction, urban area flash flood early warnings, scalable and expandable riverine routing (riverine flood forecasting), radar ingestion, multiple mesoscale numerical weather model ingestion, and seasonal and sub seasonal ensemble forecasting. The addition of these features to the FFGS enhance its performance by incorporating prevalent local conditions and by providing a customized solution for each region, as well as allowing users to obtain using the system a broader suite of products and information to inform warnings of landslide and riverine hazards (from short term to subseasonal and seasonal scales).

2. FFGS in South and Southeast Asia Sub-Regions
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). When combined, these 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 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 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).
3. Synergy with Severe Weather Forecasting Demonstration Project (SWFDP)
The Severe Weather Forecasting Demonstration Project (SWFDP) has been successfully strengthening the capacity of National Meteorological and Hydrological Services (NMHSs) in developing countries including least developed countries (LDCs) and Small Island Developing States (SIDSs) encompassing over 75 countries in eight sub-regions including Bay of Bengal and Southeast Asia. 
As flash floods are a hydrometeorological phenomenon, the FFGS programme makes use of several weather forecasting tools such as Numerical Weather Prediction (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. 
4. Linkage with SWFDP - Bay of Bengal 

The SWFDP – Bay of Bengal was started in 2010 with a focus on improving the forecast of heavy rains, strong winds and damaging waves in this region, with the India Meteorological Department (IMD) acting as a lead centre. The WMO Executive Council and the Commission for Basic Systems (CBS) have always emphasized the importance of Global Data-Processing and Forecasting Systems (GDPFS) and Public Weather Services (PWS) programmes to enhance the use of existing Numerical Weather Prediction (NWP) products for improving severe weather forecasting and warning services as well as to support emergency response services. In this regard, the FFGS also depends on the use of NWP to improve the forecasting and warnings of flash floods for these countries. 
At present, the following NWP models have been or are being incorporated into the FFGS by countries that are also involved in  SWFDP in Bay of Bengal (South Asia) and Southeast Asia sub-regions:
(i) 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.
(ii) 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.
(iii) 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.
(iv) 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. 
As is seen above in the application of the NWP models in various countries as well as the hosting of the servers for the FFGS, the member countries are required to collaborate closely  on various issues such as sharing of data and information among the National Meteorological and Hydrological Services (NMHSs) and the Disaster Management Agencies (DMAs).  It also paves the way for increased cooperation between the SWFDP and FFGS programmes for current as well as future projects in this region.
