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Components

• Enhancing meteorological and hydrological g g y g
monitoring capacities

• Development of flood forecasting systemsp g y
• Development of Decision Support System (DSS) to 

communicate relevant, long-lead, location-specificcommunicate relevant, long lead, location specific 
flood risk information

• Training and Capacity BuildingTraining and Capacity Building



Elements of FFEWS

Risk identification
HVR

Forecasting
•HVR assessment
•Target area
•Evacuation route
•Shelter

Monitoring 
•Rainfall monitoring
•Water level monitoring

o ecas g
•Rainfall forecasting
•Flood level/discharge 
forecasting

Preparedness and Response
•First aid kits

People Warning
•Warning messages•Foods, Water, Utensils

•Blankets
•boats, ropes, shelter, 
•alternate livelihood


•Warning messages
•Bulletin
•Advisory

Dissemination and Communication
•Website of warning center (Graphs, Bulletin)
•NewspaperNewspaper
•Radio/TV
•Flags/Sirens/Phone



RISK IDENTIFICATIONRISK IDENTIFICATION



Risk Identification
• Participatory approach
• Historical flood depth, extent, duration assessed from community 

consultationconsultation
• HVR map developed on the basis of historical data analysis and field survey
• Local threshold values for warning assessedLocal threshold values for  warning assessed
• Evacuation route and shelter identified
Project Initiation

Involving various stakeholders to identify the target areas and 
locations for forecasting

P ti i l i i b fi i iProgress meetings involving various beneficiaries
To discuss the model setup and verifying the inclusion of all 
important locationspo ta t ocat o s



Risk Identification
Participating Agencies: (Myanmar flood project)

 Department of Meteorology and Hydrology (DMH)
 Department of Water Resources (DoWR)p ( )
 Irrigation Department (ID)
 Ministry of Energy and Power (MoEP)
 Ministry of Construction (MoC)



ENHANCING THE OBSERVATION NETWORKENHANCING THE OBSERVATION NETWORK



Real Time Monitoring System

Tipping bucketStaff gauges

Radar Shaft encoder Bubbler



Real Time Data Transmission System

VHF Radio at Station VHF Radio at Forecasting Center

SatelliteSatellite

Mobile



Real Time Monitoring System



FORECAST SYSTEMFORECAST SYSTEM



Elements of Forecasting System

 Numerical Weather Prediction (NWP) system
 Data preprocessing system
 Hydrological modeling system Hydrological modeling system
 Hydraulic modeling system
 Error correction system



Numerical Weather Prediction
 Processed and basin specific WRF 3 

days/ECMWF 15-days rainfall forecast isdays/ECMWF 15-days rainfall forecast is 
employed to generate flood/flow forecast

 Various steps involved in forecast processing are:
– Filling gaps in observation data– Filling gaps in observation data
– Generating basin average observations
– Generating basin average forecast for baseline period

F t ifi ti i t th b ti– Forecast verification against the observations
– Applying bias correction scheme in forecast used in hydrological 

models



Numerical Weather Prediction



Model Development
Hydrological and Hydraulic model integrated withHydrological and Hydraulic model integrated with 
Decision Support System



Data and Model Integration System



TRAINING AND CAPACITY BUILDINGTRAINING AND CAPACITY BUILDING



Training and Capacity Building

Training and capacity building at 
l l d ti l l llocal and national level on
o Capacity to generate flood 

fforecasts
o interpretation of flood forecasts 

and associated uncertainties
o local dissemination
o preparedness and immediate 

response 



Training and Capacity Building
• Training on telemetry system installation, operation 

and maintenance for local NMHSs staffand maintenance for local NMHSs staff
• Secondment training on WRF/ECMWF model 

validation to meteorologist for a designated periodvalidation to meteorologist for a designated period
• Secondment training on hydrological modeling and 

DSS to h drologistsDSS to hydrologists 
• Training at NMHSs office premises during the transfer 

f tof systems
• Continuous backup support



Community Preparedness and Response
 Build the capacity of a community to respond to the 

consequences of floods by having plans in place in q y g p p
advance so that people know what to do and where to 
go if a warning is issued.g g

 Community based organizations are strengthened to 
take immediate responsetake immediate response

 Provision of multi-purpose shelters
 Periodic drills/simulation
 Improving coping capacityImproving coping capacity



Local Preparedness
 prepare evacuation and response plans by 

identifying high grounds with adequate 
dsanitation and communication

 plan to store dry food and safe drinking 
aterwater

 plan to mobilise resources for relief and 
recovery activitiesrecovery activities

 prepare work plan for relief and 
rehabilitation activities

 plan for alternative livelihood options (e.g. 
small scale fishing, boat making)



Community Response

 evacuate people and livestock from the 
fl d d i fl diflood prone areas during flooding 

 secure cattle, poultry birds, homestead secure cattle, poultry birds, homestead 
vegetables, protect fishery by putting nets 
in advance

 secure cooking stove, small vessels, 
firewood and animal dry fodderfirewood and animal dry fodder



System sustainability

 Continues support to NMHSs for making the forecast 
operational

 Community level workshops to develop the understanding of Community level workshops to develop the understanding of 
end users

 Back up system working at RIMES until country system 
become self dependent



Institutional Collaboration For Sustainable End-to-
End Flood Forecasts Systemy

Forecasting System

BMD

(rainfall and discharge)
RIMES - CFAN

BMD

FFWC Di h

RIMESFlood forecastRIMES 

Agro met 
translation

FFWC Discharge 
translation  

Interpretation

RIMES L l PDMB, DAE

Communication

RIMES,  Local Partners

RIMES, Local Partners

End users



CASE STUDY B l d hCASE STUDY: Bangladesh



Objectives
1. Expand medium range (1-10 days) flood

forecastforecast

2. Piloting flash flood early warning system at
Sunamgang & Cox’s Bazar area;g g ;

Operationali e long range (1 3 month)3. Operationalize long range (1-3 month)
forecasts.



Pilot Areas



Forecasting

 3-days deterministic forecast, now extended to 5-days
b d l l d b d di i P kh based on water level data as boundary condition at Pankha on 
Ganges River and Noonkhawa on Brahmaputra River

 10-days probabilistic forecast with RIMES support
 based on discharge forecast boundary condition at Hardinge

Bridge on Ganges River and Bahadurabad on Brahmaputra River
 uses ECMWF EPS rainfall forecast, CFAB-FFS model and MIKE11 

model



10-days Forecasting



Flood Forecast



Flash Flood Warning Methodology

 Assessment of rainfall intensity-duration thresholdsy

 Analysis of flash flood potential using observed and a ys s o as ood pote t a us g obse ed a d
forecasted rainfall and thresholds

 Development of web-based system for flash-flood advisory 
by integrating thresholds with rainfall forecasty g g



Flash Flood Analysis



Flash Flood AnalysisFlash Flood Analysis



Web-based Dissemination Systemy



Seasonal Flow Outlook
1) Extract  ECMWF historical seasonal ensemble (41) 

forecast of rainfall and temperature for the Gangesforecast of rainfall and temperature for the Ganges 
and Brahmaputra basins

2) Compute ensemble mean for each grid2) Compute ensemble mean for each grid
3) Compute Mean Areal Precipitation (MAP) and Mean 

l ( ) h hAreal Temperature (MAT) over the catchment
4) Set up rainfall-runoff model with MAP and MAT as 4) p

input
5) Calibrate and validate the model5) Calibrate and validate the model



Seasonal Flow Outlook
Approach & Methodology

Rainfall-runoff modeling  in R-Hydromad package
For Ganges, 

SMA: Catchment Wetness Index (cwi), 
Routing: Exponential Unit Hydrograph (expuh)g p y g p ( p )

For Brahmaputra, 
SMA: Catchment Wetness Index (cwi),  
Routing: AutoRegressive Moving Average with eXogenous inputs (armax)Routing: AutoRegressive Moving Average with eXogenous inputs (armax)



Seasonal Flow Outlook System



Web-based Dissemination System



Integration into FFWC System



Conclusions
 RIMES is developing capacity of member states to 

generate different ranges of hydrological forecasts  g g y g
(flash flood, 10-days, seasonal).

 Training and capacity building is core component Training and capacity building is core component
 National Professional level 
 Communit le el Community level
 Secondment scientists 

 Overall flood risk management has been enhanced in 
member states through different range of early warning 
systems.
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