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ABSTRACT: Flood is a common and recurrent phenomenon in Bangladesh. Major causes of flood is mostly associated with the low topography of the country, simultaneous high monsoon rain and snow melt in the Himalayas and coastal cyclones. Flood causes huge bank erosion which has serious socio-economic impacts in the rural as well as urban areas. River erosion engulfs about 10,000 hectares of land each year that destroys agricultural lands, homesteads, displacement of about one million of people and jeopardizes economic activities.  Flood induced river erosion and flood makes a number of people homeless every year and become destitute losing their homestead, cultivable land and properties. This paper reviews the flood problems of Bangladesh as well as flood induced erosion mitigation measures usually practiced in Bangladesh. Results of applicability of a new method of river bank erosion control tested on a medium sized river in Bangladesh are also presented in the paper. 
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1. INTRODUCTION
Bangladesh is a riverine country having an area of about 144,000 sq. km.; the environment and livelihood of people is mainly dependent on river and its resources. There are 230 rivers which occupy about 7% of the total land area of Bangladesh. The country is part of the Bengal delta, formed by the complex influence of three major river systems: the Ganges, the Brahmaputra, and the Meghna and their tributaries and distributaries. The combined basin area of these great river systems is about 1.72 million sq. km. and spread over China, India, Nepal, Bhutan and Bangladesh. Bangladesh being the lowest riparian country with low topography in the basin, these three major rivers discharge into the Bay of Bengal through the heart of Bangladesh as shown in Fig. 1. The huge discharge, of the order of 1.15 trillion cubic meters per year and enormous sediment loads, of the order of 1.6 to 2.0 billion tons per year, received from the basins of this river system create flooding and bank erosion problems acute (Hossain, 1992). Every year during the monsoon season, a significant part of the country is flooded which varies from 20% to even 68% in extreme cases. These floods cannot be prevented and bank erosion is an annual phenomenon along the major rivers. However, tolerable floods and inundations are necessary for re-fertilization of the flood plain. The location and extent of erosion in a river is not yet predictable with reasonable lead time. It may be noted that Bangladesh with her very small area and a huge population of about 150 million makes her one of the most densely populated and worst flood hit country of the world.
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Figure 1: Basin map of the three major rivers in context of Bangladesh.

2. FLOODING IN BANGLADESH

Bangladesh is a country richly endowed with water resources, but 80% of the local rainfall and the inflows of the 57-transboundary Rivers are concentrated into a five month wet season from June to October. Severe floods occurred in 1954, '55, '70, '74, '84, '87, '88, ’98, 2004 and 2007. Floods of 1987, '88 and ’98 were the most devastating which inundated about 40, 60 and 68% of the total area of the country respectively. Flood of 1998 inundated the country for a period of more than two months. The flood of 1988 and 1998 affected the capital city, Dhaka as well as the whole country. Severe coastal flooding occurred in the year 1822, 1876, 1897, 1942, 1950, 1970, 1974, 1988, 1991, 1994, 1995 and 2007. 

Severe floods are caused by mainly three factors: local intense rainfall, huge trans-boundary inflows and cyclone induced surges. Synchronisation of local rainfall and trans-boundary flows in the major rivers cause severe floods. Interior flooding is occasionally aggravated by the drainage congestion due to rise of water levels in the Bay of Bengal. Flooding causes sufferings to people, damage to crops and vegetation, destruction to infrastructures and affects economic activities. Since floodplain is a desirable location for man and his activities, it is important to control floods using both structural and nonstructural measures to keep the damage within acceptable level. 

2.1
Flood types

Four types of floods are generally observed in Bangladesh: Flash floods characterized by rapid rise and fall in water levels, flood due to local rainfall, river flood and coastal flooding. Average rainfall of Bangladesh varies from some 1200 mm in the northwest to about 5000 mm in the northeast with annual average of about 2500 mm. Annual rainfall exceeds evapotranspiration in almost all the regions, but during dry season there is a significant deficit which cause drought in some parts of Bangladesh. Flood control and hence water resource management is a very complex task with the twin problems of flood and drought. Sudden downpour may cause local flooding and drainage congestion. These can be aggravated by ponding with polders designed for protection against high river levels for major cities. River floods occur when the amount of runoff originating in a watershed exceeds the carrying capacity of the river systems.  As stated earlier that the major river system of Bangladesh are trans-boundary in nature and their combined discharge can cause severe flooding, provided the peak discharges in these rivers occur simultaneously. Examples of such floods are that of 1988 and 1998. Two flood pictures of Bangladesh during 1988 and 2007 are shown in the following figures (Hossain & Islam, 2005; Hossain, 2007).
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Figure 2: (a) Flooded Dhaka city, 1988, (b) Flooded village, 2007
The coastal area of Bangladesh is about 28% of the land area and provides homes for about 30 million people. Unlike floods, a cyclone is short-lived leaving though a trail of devastation and destruction. Surges are produced in April-May and October-November when intense pre and post monsoon cyclonic winds funnel waters into the Bay of Bengal, producing tidal waves up to 5 m or more above normal high tide with associated wind speed over 220 km/h. The cyclones strike slightly more frequently over the SW coast than the SE coast (56:44). Of the 43, which have occurred in the last 50 years, 12 caused major loss of life with 225,000 lives lost in 1970 and 150,000 in 1991 (Khalil & Hossain, 1996). Sidr of 2007 killed about 4000 lives.
2.2
Flood damage
In case of severe flooding in major rivers, 60% or more land area of the country is affected. This brings untold sufferings to the poor and colossal damage and destruction to properties and infrastructures amounting to the tune of billion dollars. The damage caused by such floods usually takes a very long time (decades) to repair or restore the damaged economy. The 1988 flood set a new record for flooded area, while 1998 flood was unprecedented with its long duration. After the big flood of 1987 and ‘88 various authorities investigated the disaster from the aspect of meteorology, geomorphology, hydrology, river engineering and sociology in order to be able to plan structural and non-structural countermeasures. 1988 flood resulted in a total damage to the national economy of approximately US$2 billion, and it was estimated that 45 million people were directly affected (Brammer, 1990). The official death toll was put at 2379; the number of houses affected was 12.8 million, including 3.8 million totally destroyed; and crop damage was 7.54 million ha (Sado & Islam, 1997). The cost of direct damage for 1998 flood was US$ 2.8 billions (World Bank, 2002). In 2004 the flood damage was estimated to be US$ 2 billion (Hye, 2007). River erosion is another area where flood plays the dominating role. For a country like Bangladesh, this damage is a severe set back in terms of economic development. 

2.3
Observations on severe floods
Documentation of floods in terms of flood depth, affected area, damage to crops, damage to infrastructures, number of people affected, and overall monetary damage started in 1954 (Islam, 1999).  Other major recorded floods prior to 1953 occurred in 1787, 1917, and 1943 (Elahi et al., 1991).  Based on the historic records, it appears that the frequency, magnitude, and duration of floods have increased substantially during the last few decades.  For example, all major floods covering more than 35% of the country occurred after 1974.  Five floods of such great magnitude (1974, 1987, 1988, 1998 and 2004) occurred in 30 years, averaging one in every 6 years. Floods of 1980 and 1984 also covered an area more than 30%, making the return period of such floods to be even less than 6 years. In addition, the total area covered by major floods has been steadily increasing since 1974, with an exception of 1984 floods. The area affected by major floods has increased from 35% in 1974 to 68% in 1998.  Variations in data pose a problem in analyzing the findings.  However, all sources of data show a general trend of increased flooding propensity (Hossain, 2007). 

3. FLOOD INDUCED RIVERBANK EROSION 

Historically the rivers of Bangladesh are unstable and bank erosion is common during flood. Major avulsion of the rivers of Bangladesh occurred during the late eighteenth century when the River Teesta changed its main course to flow along the current course and the subsequent diversion of the main flow of the Brahmaputra now Old Brahmaputra occurred through the current course of the Jamuna River. The changes have been followed by gradual shifting, widening and widespread bank erosion. Major natural catastrophes like floods and earthquakes in the basin have contributed to the changes of river courses and bank erosion. The response and adjustment process still now continues.

Various estimates show that about 2000 km of river reaches in Bangladesh experience bank erosion each year mainly due to flood induced flow processes. Besides this, changes of courses of rivers occur by development of cut-offs in the meander bends and development of new deeper channel towards the floodplain due to formation or movement of chars or large bars in the middle of the river. In both cases, erosion occurs at a higher rate. The bankline shifting rate in the major rivers of Bangladesh may vary between 50 m to more than a kilometer per year, although the high erosion rate at a place does not continue for consecutive years (Hossain et al., 2001).
Studies have shown that erosion rate is the highest in the Jamuna River. Very low erosion and width change occur in the Upper Meghna River which is the most stable among the large rivers. Erosion rate varies with time and space. Same location may experience severe erosion in a year followed by several quiescent years, when it may occur again. Erosion and accretion at different reaches along the Jamuna River are shown in Fig. 3. The estimate is based on data between 1973 and 2004. The erosion rate is different for different reaches. The average land loss along the Jamuna is about eleven thousand hectares during the selected period. A total 87,790 hectares of land were eroded during this period. However, the accretion rate is very small, only 14.2 % of the total area eroded along the whole stretch of the river within Bangladesh.
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Figure 3: Land loss at different reaches of the Jamuna River during 1973-2004.
4. FLOOD CONTROL MEASURES

Flooding is a natural phenomenon, which cannot be prevented in Bangladesh. The flood control measures and policies are to be directed to mitigation of flood damage, rather than flood prevention.  Resources need be allocated to help people adopt a life style that is conformable to their natural environment.  Indigenous solutions such as changing the housing structures and crop patterns can help reduce flood damage. Moreover, good governance, appropriate environmental laws, acts and ordinances will be necessary to achieve sustainable economic development and to reduce any environmental degradation. In addition, implementation of an improved real-time flood and drought control warning system can reduce damage caused by floods (National Water Policy, 1999)
4.1
Structural measures
Flood control methods are historically linked with erosion control measures in Bangladesh. When a portion or reach of existing river bank is spilled over (whether protected or unprotected), the adjoining area gets flooded and colossal damage occurs through bank erosion and sedimentation. Therefore flood control measures are eventually erosion control measures along major river bank in Bangladesh; while urban flood control measures are mainly a poldered city with provision for drainage.  Dhaka city flood protection work is an example where embankment, flood wall and pumping facilities have been utilized. Most of the flood control measures are multifunctional in Bangladesh. So far about 5,695 km of embankments, including 3,433 km in the coastal areas, 1695 flood control/regulating structures, and 4,310 km of drainage canals have been constructed (Chowdhury et. al., 1998).  

Bangladesh Water Development Board (BWDB) as part of structural measures for flood control, constructed a number of embankments, slope protection works with provision of falling apron, groynes and spurs etc. Brahmaputra Right Bank Embankment (BRE) located on the right bank of the the Brahmaputra from Kaunia to Sirajganj; initially a continuous embankment of 217 km constructed in early 60’s and subsequently had to be relocated and rehabilitated at places several times, due to erosion by the Brahmaputra floods. It aims at providing flood protection and gravity drainage to 240,180 ha, of which 159,000 ha are cultivated. Gumti river embankment is located in Comilla district with a length of 67 km on both banks to provide flood protection to 37,440 ha area. 

A number of flood control and drainage works have been implemented with a view to increasing food production. Examples of some major flood control, irrigation and drainage projects are those of The Ganges-Kobadak Irrigation Project (G-K Project) located in the districts of Kushtia, Chuadanga, Jhenaidaha and Magura covering a gross area of 197,486 ha (Phase-I: 84,986 ha and Phase-II: 112,500 ha). The project started in 1954 and put into partial operation in 1962 and finally completed in 1981; Dhaka-Narayanganj-Demra (DND) Project located between the cities of Dhaka and Narayanganj and bounded by the Buriganga and the Shitalakshya River. It was started in 1964 and completed in 1968. The project provides flood control for 4,860 ha, irrigation for 6,070 ha. Karnafuli Multipurpose Project located in the district of Rangamati on the river Karnafuli and constructed with the aim of generating hydropower and providing flood control facilities. Other such flood control works include Chandpur Irrigation Project, Meghna-Dhonagoda Project, Manu River Project, Khowai River Project. Pabna Irrigation and Rural Development Project (PIRDP) located in Pabna district is protecting about 7 km length of vulnerable bankline that extends from the outlet of the Hurasagar River in the north to Kaitala Pump House in the south. Under the project, two reaches of the riverbank have been identified as susceptible to erosion of different severity. To accommodate the adaptive approach using geobags, the activities are phased over six year period. The reach is selected according to the existing geometry of the riverbank. Under this project, 1200 m long grout filled mattress for wave protection has been built during the dry season 2006-2007. The grout filled mattress and geobags is a relatively cheaper construction material compared to conventional cement-concrete blocks in river erosion protection.
System Rehabilitation Projects (SRP) located in the districts of Sylhet, Sunamganj, Bogra, Gaibandha, Nawabganj, Magura, Jessore, Chittagong, Cox's Bazar, Patuakhali, Barguna, Nilphamari and Feni have provided improved flood control and drainage facilities to 179,520 ha and irrigation facilities to 27,598 ha. 
Coastal Embankment Project (CEP) located in the coastal belt of Bangladesh has protected the coastal lands from saline water intrusion as well as from the monsoon and tidal floods to boost agricultural production through a complex system of embankments and drainage sluices. It covers a gross area of 1.38 million ha, of which 1 million ha is cultivable; 4,037 km of embankment and 1,039 drainage sluices in 104 polders were constructed. 

Mentionable urban flood protection works are those of Dhaka city flood control works which consists of embankments, flood wall and pumping stations; Rajshahi town protection works, Chandpur town protection works, Khulna town protection works and Sirajganj town protection. These works are mainly implemented to protect the cities from floods of the nearby rivers. Typical flood induced erosion and its protection measure is shown in Fig. 4 in Bangladesh.
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Figure 4: (a) Flood induced bank erosion, (b) Erosion protection works
4.2
Non-structural measures
An alternative strategy for mitigating flood hazard, the concept of social adjustment, also known as non-structural measures can be important. These include: dissemination of meteorological forecasts, short and long range warning system including the height to which the flood water is likely to rise in the next few hours or so and a programme of speedy evacuation; land management for reduction of runoff; landuse change and enactment of building codes, diversification of agricultural production; floodplain zoning involving landuse zoning to control development and restrictive development regulations; disaster relief during and post flood situation forms an important part of flood loss recovery. Short term relief includes emergency shelter, food, medical care, unemployment benefits and restoration of essential services such as communication, hospitals, water supply, electricity and transportation. Long-term relief consists primarily of assistance in the form of low interest loans, assistance for reconstruction and rehabilitation of public facilities, assistance for flood victims and some form of tax relief and arrangement for compensation. Flood insurance is also a part of non-structural measures of flood mitigation although not practiced in Bangladesh. Non-structural measures have played a vital role side by side with structural measures in Bangladesh in mitigating flood problems.
4.3
A new low cost concept: Bottom vanes
As mentioned earlier that different types of bank protection and sediment control works are implemented in Bangladesh. For major rivers high cost bank protection measures are frequently exercised while for medium and minor rivers relatively low cost measures are often implemented. Constructions of spurs, groynes and revetments using boulders and cement concrete blocks are very expensive. A number of traditional and low cost measures are available, for example bottom vanes, bandals, percupines, sills, floating screens, cut-offs, so-called intelligent dredging schemes, etc. have been implemented on a limited scale in Bangladesh for river training and flood control works.  
Extensive investigations in the laboratory and in river have been carried out in Bangladesh to apply bottom vanes either for the reduction of bank erosion (Meghna Estuary Study) or for the diversion of sediments at a bifurcation of two rivers (Gorai River restoration project) and erosion control (Hossain and Mosselman, 2006). The major applications of bottom vanes are to increase navigable depth and erosion control by redistribution of sediment and water discharge. A pilot project was undertaken to test the efficacy of bottom vanes on a medium sized river named Elanjani near village Porabari in Tangail of Bangladesh to mitigate flood induced erosion hazard which used to erode at an average rate of about 6 m per year. If no protection was provided in the selected river bend, the houses at the outer bend in the village could have been washed away by floods in few years. Bottom vanes used on the river Elanjani, a part of the Dhaleswari River, which is a distributary of the Jamuna produced a remarkable result due to deposition of sediments in the eroding bend. The deposition had a length of 20 m, width 8 m and the depth about 4 m in one flood. This implies that 640 m3 of sediment have been deposited at the outer bank due to placement of bottom vanes. Fig. 5 shows the very promising result (Hossain and Mosselman, 2006).
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Figure 5: Deposition in the eroding bank of Elanjani river in Bangladesh
5. CONCLUSION

Structural solutions, such as the building of embankments along the rivers, hard material protection and polders in coastal regions in Bangladesh are the conventional structural measures against floods. Lack of proper planning and design and their proper construction hold the key to success of these structures, otherwise many adverse environmental, hydrologic, economic, and ecological consequences might develop. Experience shows that solutions to flooding problems can be achieved by adopting and exercising the best management practices that include both structural and non-structural measures. Special attention need to be given on floodplain zoning, planned urbanization, restoration of abundant channels and lakes, proper dredging of rivers and streams, increased elevation of roads and village platforms, efficient storm sewer systems, establishing buffer zones along rivers, conservation tillage, controlled runoff at construction sites, good governance, indigenous adjustment of life-style and crop patterns and improvement on flood warning and preparedness systems.

Since Bangladesh is a small part of a larger hydrodynamic system that comprises several countries in the region and the origin of flooding is mainly outside the control of the territorial boundary, mutual understanding and cooperation among the co-riparian countries will be necessary to formulate any long-term and sustainable solutions to the flooding problems. 
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