	4th International Symposium on Flood Defence:         Managing Flood Risk, Reliability and Vulnerability                      Toronto, Ontario, Canada, May 6-8, 2008


	[image: image1.png]Institute for
Catastrophic Loss

Reduction —







Long Lead Flood Forecast Application to Benefit Society: Experiences of 2007 Bangladesh Floods
S.H.M. Fakhruddin1 
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Abstract: It has long been recognized that if society could have advance information on flood or weather, the adverse effects associated with it could be minimized. Prevalence of traditional forecast practices in various parts of the world reflects the demand for long-range forecasts schemes to manage uncertainties associated with it. Recent advancements in long lead flood prediction under the Climate Forecast Applications in Bangladesh (CFAB) program promise huge benefits for society and developed strong interagency cooperation and networking to facilitate the development of flood forecasting schemes and their application at the various levels. During the last monsoon 2007, significant efforts were made to further refine forecasting scheme and development of institutional networking and coordination mechanisms through series of training at national, districts and local levels for interagency collaboration and capacity building at institutional and community level to facilitate generation, interpretation and communication of forecasts at the risk communities.  The value of new generation CFAB long lead flood forecast products to reduce disaster risk at the community level has been demonstrated and proven a huge societal benefit and save life and property.  The usage of increased understanding of probabilistic long lead flood forecasting is extremely valuable for the society and the environment in Bangladesh. This paper will share the lessons learned on institutional and community aspects of CFAB in the context of 2007 floods experience.
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1. Introduction 
Bangladesh is delteic country located at the lower part of the basins of three large alluvial rivers, the Ganges, the Brahmaputra and the Meghna. Total catchments area of these three rivers is of 1.7 million sq. km  (Catchments Map Fig. 1). Numerous tributaries and distributaries of these rivers and extensive floodplains is the main physiographic feature of the country. In fact about four-fifths of the country is floodplain. As a result of flat topography of the floodplain, one fifth to one-third of the country flooded by overflowing rivers during monsoon when rainfall is also very high. This annual phenomenon of rainfall and river flooding has played an active role in shaping the landscape, economy, society and culture of the country.

The Climate Forecast Applications in Bangladesh (CFAB) program started from since 2001 is developing a series of forecasting schemes to increase lead time of flood forecasting in Bangladesh. These schemes cover short (1-10 days), medium (20-25 days) and long term (1-6 months) time periods.
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Figure 1: Fig. 1 The Ganges, Brahmaputra and Meghna Basins
2. Institutional Network for CFAB
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A strong institutional networking and commitment has been developed to facilitate the development of flood forecasting schemes and their application.  At international level, Climate Forecast Application Network (CFAN) of Georgia Institute of Technology (GATECH), established collaboration with the European Center for Medium-range Weather Forecasts (ECMWF) for accessing its forecast products. At national level a steering committee formed consisting of Disaster Management Bureau (DMB), Department of Agriculture Extension (DAE), Flood Forecasting and Warning Center (FFWC), Bangladesh Meteorological Department (BMD), Center for Environmental and Geographic Information System (CEGIS), Institute of Water Modelling (IWM), Asian Disaster Preparedness Center (ADPC), and CARE-Bangladesh to evaluate the forecast products, interpret, translate, disseminate at  community level and other decision making process. The institutional partnership to connect all stakeholders with communities at risk shown in figure 2.

Figure 2: Institutional collaboration for generation and application of flood forecasts.
It is envisaged that in near future all the dotted lines agencies will back stop and the core government agencies of Bangladesh will take the lead to developing forecast information products, interpret and disseminate information at the nationwide. At local 
At the local level the Upazilla (i.e. sub-district) level disaster management committee chaired by the Upzilla chairman discussed regularly and validate the information and usefulness of long lead forecast information products. A close consideration of social factors, design of climate forecast products to suit users’ needs, communication of the forecast products, sector system models (crop climate models), decision behaviour, institutional constraints and social settings in which the decisions are made were taken care of to institutionalized the system. At the same time a continuous dialogue mechanism between climate information producers, intermediary research organizations, and policy-makers and end-users has been established. 

3. Decision Support System of FFWC 
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Flood Forecasting and Warning Centre (FFWC) of Bangladesh Water Development Board (BWDB) is responsible for flood forecasting and its dissemination within Bangladesh. Flood forecasting models of FFWC developed on MIKE 11, one-dimensional modelling software used for the simulation of water levels and discharges in the rivers. For real-time flood forecasting, FFWC uses Flood Watch, a decision support system developed in ArcView GIS, which integrates database, modelling system, model outputs and dissemination of forecasts. Flood Watch and MIKE 11 modelling system have been used for the flood forecasting using CFAN data to produce  1-10 days forecasts. CFAN generated 1-10-day discharge predictions at Bahadurabad on the Brahmaputra River and Hardinge-Bridge on the Ganges River. The prediction generated 51 sets of ensemble forecasts for a particular day at each of the discharge prediction points (Figure 3). The colored lines represent the 51 ensemble members. The bold black line indicates the observed values of discharge measured at Bahadurabad. 

Figure 3: 1-10 days CFAN discharge forecasts at Brahmaputra river (source: CFAN)
Using 51 sets of data for simulation and further processing/ analyses of the results is not practical from operational viewpoint of a flood forecasting system and hence it was decided to carry out selective simulations and prepare forecast bulletin that would be easily understandable and usable to the end-user. Hence, CFAN was requested for further processing of ensemble forecasts and provide forecasts for 97.5% & 2.5% quantiles (upper and lower limits of 95% confidence limits), 16% and 84% quantiles (for -1 Stdv and +1 Stdv)  and Ensemble Mean.
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The updated FFWC model was taken for customization for real-time flood forecasting utilizing CFAN predictions. The customized FFWC model used for the flood forecasting of extended lead-time using climate forecast application data has been named CFAB-FFS (CFAB Flood Forecasting Study) model. Under this program five pilot areas has been selected for the application and capacity building of community. Five pilot areas are Uria, Gaibandha, Kaijuri, Sirajganj, Gazirtek, Faridpur, Bekra Atgram, Tangail and Rajpur, Lalmonirhat. The forecast stations selected for the CFAB-FFS modelled river network and pilot areas presented in figure 4

Figure 4: Model Rivers and Forecast Stations (left) and five pilot areas for CFAB
4. Forecasts Product Application Methods 

A method to bridge the gap between producers and users of forecasts has been developed through the generation of user friendly forecast products that provides an aggregated risk analysis to aid a user community in making absolute decisions. For an example, the crop is in 80% maturity stage and nearing physiological maturity during early July. It requires additional 10 days to reach complete maturity that falls after mid July. Consider that the decision to be taken during early July is whether to harvest the crop before its complete maturity or wait until middle of July to ensure good quality. The forecast indicates higher chance of above average flow during mid July that may cause inundation of paddy fields so that harvest would be affected substantially. Inundation during harvesting stage may lead to complete loss of produce and entire cost of investment. Figure 5 shows the decision outcomes tree for risk paradigm.
On the other hands a detailed assessment was made at each community regarding the  forecast lead time requirement, users needs, impacts and management plan  for crop, livestock and fisheries sector to customise the forecasts products. The table 1 shows the Disasters, impacts and management plan matrix for crop, livestock and fisheries sector of one pilot area. 
Figure 5: decision outcome tree for risk reduction paradigm.[image: image6.emf] 

District: Lalmonirhat   Thana: Lalmonirhat Sadar   Union: Rajpur  

District: Gaibandha    Thana: Fulchhari,    Union: Uria  

District: Sirajganj   Thana: Shahajadpur   Union: Kaijuri  

District: Tangail   Thana: Nagarpur   Union: Bekra Atgram  

District: Faridpur    Thana: Char Bhadrasan   Union: Gazirtek  


Table 1: Disasters, impacts and management plan matrix for crop, livestock and fisheries sector (eg. Uria, Gaibandha district of Bangladesh)
	Disasters
	Crop
	Stages
	Season/

month
	Impacts
	Time of flood forecast
	Alternative management plans

	Early flood
	T.Aman
	Seedling and

Vegetative stage
	Kharif II

Jun – Jul
	Damage seedlings

Damage early planted T.Aman

Delay planting

Soil erosion
	Early June
	Delayed seedling raising,

Gapfilling, skipping early fertilizer application

	 
	T.Aus
	Harvesting
	Kharif I

Jun – Jul
	Damage to the matured crop
	Early June
	Advance harvest

	 
	Jute
	Near maturity
	June-July
	Yield loss

Poor quality
	May end
	Early harvest

	 
	S.Vegetables
	Harvesting
	June-July
	Damage yield loss

Poor quality
	Mar - Apr
	Pot culture (homestead)

Use resistant variety

	High flood
	T. Aman
	Tillering
	Kharif - II

July-Aug
	Total crop damage 
	Early June
	Late varieties

Direct seeding

Late planting

	Late flood
	T. Aman
	Booting
	Kharif II

Aug-Sep
	Yield loss and crop damage
	Early July
	Use of late varieties

Direct seeding

Early winter vegetables

Mustard or pulses

	Flood (early, high and late)
	Cattle
	-
	Jun-Sep
	Crisis of food and shelter. Diseases like cholera, worm infestation
	Early June
	Food storage, flood shelter, vaccination  de-warming

	Flood
	Nursery table fish

Brood fish
	-
	June to Aug
	Inundation of fish farms

Damage to  the pond embankments 

Infestation of diseases

Loss of standing crops
	Apr - May
	Pre-flood harvesting,

Net fencing/bana,

Fingerlings stocked in flood free pond, High stock density


5. Flood Forecasting and Warning Dissemination 
The warning information was disseminated through FFWC’s traditional dissemination process (Fax, Telephone, e-mail). In the five pilot areas the over all process of flood forecast dissemination is divided intro three part. First, the requirements of the flood forecast dissemination was analyzed though consultation with FFWC and community. Secondly, message production system from regional to community was established. Finally, the flood forecast dissemination and monitoring instruments were established. The information was sent via SMS, flag network and physical contact.  Capacity building and community understanding was made through flood pillar, bulletin board, leaflets and regular training to the community people, flag operators, upazilla disaster committee member and schoolchildren. 

6. Response of National institutions for 2007 flood forecasts
The FFWC incorporated the CFAB forecasts to produce water level forecasts for many locations along Brahmaputra and Ganges river well in advance. National level disaster emergency response group consisting of INGOs, Ministry of Food and Disaster Management and international organisations prepared emergency response plans, logistics for preparedness and relief in advance. National level NGO network and INGOs prepared localised warning messages and disseminated to their counterparts at local level.
National level service organisations like DAE  prepared rehabilitation plans in advance. Figure 6 shows the daily response after getting the long lead flood forecasting from the national level. 
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Figure 6: Users response during the 2007 flood. Forecast issued on 21st July showing greater chance of exceeding danger level in Brahmaputra from 28th July 2007 

7. Response of local institutions for 2007 flood forecasts

Based on the forecast information, district level service organisations in partnership with NGOs communicated 1-10 days forecast in 5 days advance to their respective communities. Local NGOs and implementing partners prepared evacuation and response plans to protect lives and livelihoods. District level relief and emergency organisations plan to mobilise resources for relief and recovery activities. Local NGOs, Government organisations and CBOs mobilise mechanised and manual boats to rescue people and livestock from the “char” areas. Local NGOs and Department of agriculture extension prepared work plan for relief and rehabilitation activities
8. Community level decision responses for 2007 flood forecasts (Low lands)

Upon receiving the information, local people planned to store dry food and safe drinking water for about 15 days knowing that relief will start only 7 days after initial flooding. The community secured cattle, poultry birds, homestead vegetables, protected fishery by putting nets in advance, secured cooking stove, small vessels, firewood and animal dry fodder. As well as planed to evacuate and identified high grounds with adequate sanitation and communication and planed for alternative livelihood options immediately after flooding (eg. Small-scale fishing, boat making, etc). 
9. Community level decision responses for 2007 flood forecasts (High lands)

Community living at the high land abandoned T. aman transplanting temporarily anticipating floods, secured additional seedlings for double planting of rice after the floods. They also protected homestead vegetables by creating adequate drainage facilities, reserved seeds of flood tolerant crops, planned for growing seedlings in high lands, planed for alternative off-farm employment during floods. Farmer early harvested their of B.aman rice and jute anticipating floods and leaving livestock in high land shelters. 

10. Key lessons from 2007 flood forecast application 

The 1-10 days forecast performed significantly well in 2007. Bangladesh faced two times flooding in 2007 which gives impacted the community and national economy at the same it gave a good opportunity to test and build confidence on the model developed under CFAB. No other country in the world would able to developed this kind of forecasting techniques. Some key lessons learned during the 2007 flood are summarized below: 

· Conflicting community perception and misinterpretation of forecast information reduces the local response actions in appropriate time. Future targets would be related to capacity building at community level

· Community level risk maps are the better tools to incorporate flood information and prepare localized impact outlooks 

· Preparedness plans by local institutions are driven by response from local DMC members and require capacity building initiatives for DMC members

· The relief activities are slow due to sequence of lengthy procedures with district administration

· Response to forecasts in low lying areas and “char” regions are related to saving lives and small household assets (dry food, drinking water, fire wood, animal fodder, barrowing credit from micro-financing institutions)

· Response to flood forecasts in high lands are mostly related to preparedness activities like reserving seedlings for double planting, protecting fisheries, early harvesting, abandoning early planting, protecting livestock and preserving fodder

· Local institutions during 2007 in pilot unions are well informed and prepared for floods in advance

· Local level infrastructure facilities (high lands, flood shelters, sanitation etc.,) are not sufficient to carry out preparedness and response actions  

11. Conclusion

The usage of increased understanding of probabilistic long lead flood forecasting is extremely valuable for the society and the environment in Bangladesh. In order to receive value-added benefits from the flood information, requirements of different users need to be looked very carefully and to be met judiciously.  More over, accuracy and lead- time of forecast is very important for a country like Bangladesh, which is a lower riparian country of three major river systems and drains huge run-off from a large catchments. 

The community based CFAN flood forecast system has generated greater interest of people living in the pilot unions and other region as well. The flood forecast should be more specific so that the forecast will match with real condition more accurately. People have realized the benefit of the forecast and start to believe in the system. More training and awareness of the Union Disaster Management Committee (UDMC) is required to institutionalize the system. 
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