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ABSTRACT: Bangladesh is a land of many rivers, canals, bills and heavy monsoon rains, where flood and water logging is a recurrent phenomenon. All inundation or water logging in urban areas brings a lot of suffering and economic losses to the urban dwellers. The damage caused by floods is proportional to the duration and coverage of inundation. Dhaka city is located at the center of Bangladesh and flanked all the sides by rivers and canals. The city is the largest urban agglomeration in the country with an area of 1600 sq. km. In terms of population, it is one of the fastest growing cities of the world. At present with a population of 13 million Dhaka became the 8th populous city in the world. Unplanned structural development in urban areas, inadequate utility services, excessive population pressure and land use changes have further aggravated flood situation in Dhaka mega city. Two main types of floods are regularly experienced in Dhaka city. Firstly, river floods and secondly, frequent water logging and inundation due to normal rain in the monsoon season. In the recent years urban inundation and water logging have appeared as chronic problems of the capital city of Bangladesh. The main reason of water logging and inundation in the city is attributed to the drainage congestion due to filling and deposition of solid garbage. In the above context, the present paper is an attempt to focus on urban inundation in order to understand and explain the genetic causes of urban flood, its nature and consequences. 
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Introduction

Geographically, Bangladesh is located between 20034/ to 26038/ north latitude and 88001/ to 92041/ east longitude and thus falls in the great hydrodynamic region of South Asia. It is a low lying flat country except tertiary hills in the east and north-east side, which covers only 18% of Bangladesh (Khan, 1991). The country is the largest riverine delta in the world, where innumerable rivers and their tributaries, rivulets and streams crisscrossing the country and making it very prone to flood. Average height of the central part of the alluvial flat land of Bangladesh  is only 7-8 meters from mean sea level (Dewan and Asaduzzaman, 1999), where the capital city of Dhaka is located. Further, Bangladesh has humid sub tropical monsoon climate. The average annual rainfall varies from a maximum of 5690 mm in the north-east of the country to a minimum of 1110 mm in the west. In between, Dhaka receives on an average 2000 mm. All these parameters and the physical setting of Dhaka the capital city of Bangladesh create an ideal situation for flooding every year. In recent time, urban dwellers of Dhaka is beset with flash flood and urban inundation problems. Because all urban areas accommodate large population, high cost infrastructure, transport and industries (Ali, 1998). In Dhaka city alone, local flooding affects 65 percent of slums and squatter dwellers and 22 percent city dwellers are regularly flooded even during minor rainfall (Mohit, 1998). Urban areas provide a large share of GDP relative to their population through high labour productivity in the non-agricultural sectors (Mohit, 1988). In this respect, Dhaka with a population of 13 million and 1600 sq. km. area is the largest urban agglomeration in the country and is most vulnerable to any inundation.

Recently, the inundation pattern of the city has undergone many changes and the magnitude has increased manifold as the city continued to grow (Sharmin, 2003). Many organizations, Government bodies, NGOs and individual researchers have done the study on flood and its mitigation. Among these, Bangladesh Water Development Board (BWDB), Dhaka Water Supply and Sewerage Authority (DWASA), Dhaka City Corporation (DCC), Flood Action Plan (FAP), Institute of Water and Flood Management, BUET, Japan International Co operation Agency (JICA) are important. As an individual researcher Professor K.M. Elahi, Ainuan Nishat, Md. Khalequzzaman, Nazrul Islm, Abdul Baki are pioneers in research on flood hazard of Bangladesh.

2. Objectives and Methodology

From the above discussion it is observed that urban inundation is a serious economic and environmental problem, which causes untold suffering of the inhabitants. Morphology and the local hydrological characteristics of Dhaka city along with the rapid urban growth promoted flooding and inundation almost every year. Due to this phenomenal urban growth from 1980's Dhaka city started to experience rainwater stagnation and flooding more frequently than ever. Looking into the whole problems the present paper intends to examine the overall flood situation in the capital city of Bangladesh. For the purpose, the following specific objectives have been considered:

i) To analyse flood situation of Dhaka city in terms of its morphology.

ii) To investigate the causes and consequence of inundation in Dhaka city, and

iii) To examine the mitigation measures.

The present study is based mainly on secondary literature and published data and report obtained from various sources, like government institutions and NGOs etc. Besides these, simple statistical methods and some GIS techniques were also followed to analyse and mapping the collected data and information.

3. Urban Growth of Dhaka City

Dhaka as a capital city in this region of South Asia has a long history. In different times it was capital of different regimes. It was formed capital about 400 years ago in 1608 on the left bank of the river Buriganga. After many political and administrative changes lastly it became the capital of independent Bangladesh in 1971. Since the independence of Bangladesh large scale urbanization started specially in terms of population growth and areal expansion. During the Mughal period Dhaka city conceived an area of about 2 sq. km. After the Mughal, during the entire British period spatial expansion of Dhaka's urban area was very slow. Even at the time of partition of British India in 1947 its area was only 15 sq. km, which increased dramatically to 360 sq. km. under the Dhaka city corporation and 1600 sq. km. as Dhaka mega city or Dhaka Statistical Metropolitan Area in 2000 (Islam, 2003). The boundary of DSMA incorporates three districts Dhaka, Narayanganj and Gazipur with five municipalities named Gazipur, Savar, Tongi, Kadam Rasul and Narayanganj. Within this boundary there are many  patches of lowlands and water bodies (Map 1).

At the time of first census of British India in 1872 Dhaka had a population of 69212, which jumped to 13 million in 2004. The overwhelming growth of its population has been chiefly due to enormous number of rural migrants from all over the country to Dhaka city for searching jobs and other opportunities. Since 1971 the population pressure on Dhaka city has been enormous. This enormous growth in population has had its impact upon the city's housing and socio-economic life, as well as on environment. The shortage of suitable land for housing has compelled people to construct their houses in low lands and some time over the water bodies by piling. As a result low lying areas on the east, for example Jurain, Badda, Khilgaon, Goran, Rampura and on the west, Kamrangir Char, Shyamali, Kalyanpur all were brought under habitation. Thus the capital city is gradually becoming more vulnerable to flood disasters not only for a change in nature but also for the population spread over the floodplains (Rahman, 2004). Furthermore, a large number of floating population live in slums in all vacant pockets in between the built up areas. Nearly one third of the Dhaka city population live in slums in most inhuman condition. Rapid changes in land use pattern and the construction of high-rise building without following the building code has brought significant changes in the physical environment of the city area. Water logging, pollution, change in the hydro geological system, localised land subsidence are most common (Islam, 2003).

4. Morphology and Drainage System

Dhaka is located at the center of the country and flanked in all the sides by rivers and canals. Besides these, a large number of canals, numerous gullies and channels form drainage arteries are crisscrossed over the Dhaka metropolitan area. The Buriganga river, in the South and South-west is the prime river of Dhaka city. Along the city boundary its length is 17 km. In the western side of the city, the river Turag remains active throughout the year. The river is 30 km. long within the city limit. It discharges the water in to the Tongi canal and the Buriganga river. In monsoon season flood water comes from the Turag river in to the western low lying areas of Dhaka city. The Balu river in the east runs 28 km. along the eastern border of Dhaka city from north to south and joins the Sitalakkhya river at Demra. The river mainly passes through the extensive swamps, bill and low land of east Dhaka. Tongi cannel on the north linking the Turag and Balu river. In dry season, the main source of Balu's flow comes from the Turag river through this Tongi canal (Sharmin, 2003). As a whole the topography of the city area is irregular with complicated contour lines. There were many canals, locally known as khal, lakes and other water bodies scattered within Dhaka city. 
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Till early sixties of last century all these natural drainage channels help to runoff the excess water of Dhaka city. At present many of these water bodies have been filled up for housing office building, roads and other urban  infrastructure causing drainage congestion. According to Dhaka Water Supply and Sewerage Authority (DWASA) there were 26 canals out of which they recovered only 19 canals. However, among these canals and lakes, Dhulaikhal, Kallayanpur Khal, Mirpur Khal.  Begunbari Khal, Dhanmondi lake, Gulshan lake, Banani lake are most important in hydrographic sense of Dhaka city. Dhanmondi lake was an abandoned channel of the river Caravan commonly known as Karwan Bazar river. It is 3 km. in length and 35-100 m. in width. There is an outlet of the lake through which storm water and excess flood water due to heavy rainfall passes and falls into the Begunbari canal (Islam, 2003).

The elevation of Dhaka SMA ranges from 1.5 to 13 meters. The highest land of the city is located in the north at Mirpur with an elevation of 13 meter, while the lowest is in the west along the flood plain of the river Buriganga near Mohammadpur (Sharmin, 2003). On the basis of elevation the city of Dhaka is divided in to three distinct topographic units high, medium and low (Map 1).

Northern and central parts of Dhaka city are comparatively high land attain an elevation of more than 6 meters above the sea level. This central plateau shaped high land of Dhaka city is the southern extension of Pleistocene Terrace locally known as Modhupur tract. This area is wholly built-up and remains above the highest flood level. This area covers nearly 32 percent of the city area. 

Medium high lands with a height of 5 to 6 meters are mostly found along the eastern side of high land. Some patches of medium high land are also found in north west section of the city. This unit nearly covers 21% percent of the city's area. Due to the population pressure urban development is sprawling in this area by the use of land accretion. Nearly 70 percent of these areas are built-up.

The topographic unit of low land is found at the peripherial zone of the city. Mainly these are the flood plains of the Burigang in the west and the Balu rivers on the east. This area consists of abandoned channel, depressions and active natural levee of the above mentioned two rivers. Drainage density is also highest in this unit. Elevation of this unit ranges from 1.5 meter to below 5 meter. This area covers more than 46% percent of Dhaka city. During the rainy season most of the area remain under water. Only one fifth of the area is scatterdly built-up. Rest of the area is only suitable for agriculture during the dry season (Khanum, 2008).    

5. Causes and Nature of Inundation

In Bangladesh flood season start as early as May and continue until October. Within this period specially with the onset of monsoon, water logging and inundation occur in several times a year in Dhaka city. This inundation originates in two ways. Firstly, river flood occurs when pre saturated rivers surrounding Dhaka city flows above danger level blocking drainage outlets and it coincides with heavy monsoon rainfall in the upper catchments areas. Levee breaks and seepage further aggravate such floods. Levee breaks happen suddenly and allow rapid inundation of the city areas, whereas seepage continues steadily far as long as the river level is higher than that of the protected area by the levee (Moody, 1995). Secondly inundation occurs from very heavy and intensive rainfall over Dhaka city.  Rain water inundation is characterized by a very sharp rise and fall up to about 1m in a day with high flow velocity (Miah, 1988). It is also marked by rapid recession of water from the inundated areas within a few hours or days (Brammer, 1995). Such floods usually inundate low-lying areas of Dhaka city like Santinagar, Mouchak, Razarbag, Malibagh, Maghbazar, Fakirapul, Purna Paltan, Modhubag, Paikpara, Palashi, New Market, Azimpur, Motijheel, Arambag and many other places. Flash flood causes severe damages to shopping centers, market places, transport and urban infrastructure. 

Above-mentioned areas of Dhaka city experience water logging very frequently even with any normal rainfall. Water logging in the city is caused by several reasons, mainly due to drainage congestion resulting from earth filing and dumping of garbage to change the existing land use pattern. Unplanned structural growth and high rise road construction across the drainage system delayed flood water recession. The runoff from inundated areas of the city is further affected by backwater effect from the Dhaleswari, Sitalakkhya, and Meghna rivers. The backwater effect is caused by tides in the Bay of Bengal (Nishat, 2000). The back water effect certainly increases in flood intensity and results in more flooding of land in Dhaka city in recent years (Khalequzzaman, 1994). Finally, it can be attributed to the fact that most of the surface area of Dhaka city is covered with impervious structure like paved roads, buildings, parking lots etc. As a result, infiltration capacity of the city has almost come to zero (Sharmn, 2003).

Before the construction of city protection embankment during the 1990's most of the low lying areas of Dhaka city used to be inundated during monsoon in any given year. Even after the construction of embankment and flood protection wall 23% of the western part and most of the eastern part of the city went under water during the devastating flood of 1998 (Nishat, 2000). This happened due to the non-functioning of the pump stations and sluice gates to pump out the inundated water from inside the embankment to outside. During the monsoon or flood season, the depth, duration and frequency of water logging and inundation vary to a great extent from place to place. Duration of water logging normally ranges from few hours to a couple of days. But in low-lying areas it remains days together. Water depth within the built up area also vary from 40 to 70 cm.

6. Problems Associated with Inundation

Flash flood and urban inundation cause tremendous suffering and economic losses in all sectors of the economy. Due to the compact settlement and intensive landuse the degree of economic losses and the vulnerability of the people of Dhaka city has dramatically increased in recent time (Haque, 1995). Displacement of urban inhabitants specially poor class are the worst sufferers. In most cases it becomes difficult for them to move to relief camps with their movable properties. Firstly they try to cope with the flood and live on the rooftop or on the raised platform. When such arrangement fails to protect them, they take shelter in under-construction high rise building, or roadside close to their houses without sanitation, water and light. Most of the relief camps are educational institution buildings where space, water supply and toilet facilities are not sufficient as requirement. As a whole relief camps could not maintain a healthy condition and the people who take shelter suffer from various diseases like diarrhea and skin diseases. 

During the flood and inundation, water supply in the city is also disrupted. Because, during the flood many production Deep tube wells, distribution network, street side taps and ground level water reservoirs remain submerged. In this condition supply water contaminates through suction or back pressure and leakage in the pipes. Suction in the water supply system is also produced by installation of unauthorised pumps in the service line to suck more water (Nishat, 1998). Further during the flood period water supply is also reduced, as many production deep tube wells remain under water in suspended condition. Even after the flood these DTW require repair and replacement to regain its working position.

During the flood intra city transportation becomes very difficult. Rickshaw and baby taxi are very popular and comparatively cheap transport in Dhaka city. Most of the rickshaw and baby taxi-parking garage go under water. As a result, good number of rickshaw and baby taxi becomes out of order. Furthermore, whenever a baby taxi tries to move thorough inundated road water enters into the engine and ceases on the road. This also happens with other motorised vehicles specially cars, which create traffic jam in many inundated areas of the city. Frequent accidents also occur in the inundated roads because of pothole and open manholes hidden under water. Country boats also start sailing over the inundated roads further complicating the traffic system in the city.

Disruption and damage also occur in gas supply system, telephone services and in electric supply system. These disruption and damage ultimately affect on individual households. Without these essential services it is very difficult to live even in multi storied brick masonry houses. In Dhaka city nearly 50% of the population are poor and hard core poor (Islam, 1997). Generally they live in low-lying areas and in slums. With the rise of the flood level or prolonged inundation this poor group become shelterless. Thus human suffering is the worst side of the flood damage.

During the prolonged flood most of the educational institutions of the city are virtually remain closed and turned into relief camp for the flood-affected people. As a result, losses of academic days, damage of teaching aids, dislocation of students, teachers and staff further aggravate the normal education program.

Along with the losses and damages in different sectors overall environmental degradation is also observed in water and air pollution. Impact on biodiversity is also considerable. During the flood time city sewerage system, septic tank, pit latrines all are submerged under water. Beside, this waste dumping centres also remain under water making the entire flood water polluted and hazardous to all wildlife and vegetation of the city. Commuting people also suffer mental and health hazard, while commuting through the dirty and polluted water (Haque, 1999).

7. Flood Mitigation Effort

Measures on flood prevention and mitigation are also as old as floods in Bangladesh. Historical records show that the first comprehensive report of the past floods in Bangladesh with their causes, severity and affected areas was prepared by Professor Mahalanabis after the severe flood of 1922 in North Bengal (Siddiqi, 1998). But before 1947 there was very little flood control activity in present Bangladesh. Only after the devastated floods of 1954 and 1955 krug mission from united nation submitted a report on water development problems of Bangladesh. According to their recommendation Water and Power Development Authority (WAPDA) presently known as Bangladesh Water Development Board (BWDB) was established in 1959. Since then under different project construction of structural measure started to mitigate flood problems in Bangladesh. One of such project completed in 1968 to protect Dhaka city was Dhaka Narayanganj Demra (DND) flood control and irrigation project. The DND embankment is successful in protecting the normal floods, but it shows again and again structural instability during the high magnitude floods. After the flood of 1988 the embankment was again reconstructed and repaired with a concrete  flood control wall nearly 25 kilometer long over the embankment (Choudhury, 2000).

The 1988 flood of Bangladesh received huge attention from the international community. Step taken by them on the basis of several earlier studies, Flood Action Plan (FAP) was established soon after the flood. The FAP consists of comprising 26 different components including the "Dhaka Town Protection". The policy programme of FAP was limited within huge structural measures to control and mitigate flood problems in this country. Therefore, they proposed construction of huge embankments along the banks of the major rivers chiefly to protect the river flood without considering the flash flood and rain water flood. However FAP also received much support form the international donors for the implementation of its programme. Different authorities in the past considered that through the construction of three dams along the Dhaka city boundary may protect the city from flood inundation, of which DND was one of them, which was completed in 1968. The second dam is from Tongi bridge to old Dhaka through western periphery of the city. The last one will be Tongi to Demra along the right bank of the Balu river. It was thought that, if all the dams work properly Dhaka city would be saved from flood inundation and vulnerability. All these big structural measures denies the fact of the geomorphological and tectonic characteristics of the country. It also ignores the population growth and speed of urbanization. As a result DND project which was actually designed for dual purpose, firstly flood control and secondly agricultural development through irrigation of 6070 hectors, has totally failed, as many people started constructing their unplanned houses assuming the project area as safer place from flood. The population of the DND project area has increased merely from ten thousand in 1965 to two millions at present (Polma, 2007).

From these evidences it is apparent that technology based structural measures alone are not suitable for mitigating flood hazard. A second paradigm emphasizes non-structural measures to mitigate flood hazard, which means coping with flood in indigenous way to mitigate losses by flood. The emphasis should be put more on non structural measures as they can be implemented at nominal costs and in a very short time resulting in positive benefit to the flood plain users (Islam, 1995). Non-structural measures include flood forecasting and early warning systems, land management to increase absorption and reduction of runoff water, changes in landuse and cropping pattern and introduction of flood resistant corps and floodplain zoning.      

8. Conclusion

Floods and inundation in urban areas is always a disaster in many ways. In Dhaka city two types of flood are seen. Firstly, due to its location and topography extensive floods and inundation occur frequently by the over bank flow from the enormous volume of water which passes through the rivers around. Secondly, local rain water inundation, which occur several time in a year. The river flooding along with rainfall often aggravates the situation and causes abnormal flood in Dhaka city like floods of 1987, 1988, 1998 and 2004. Floods and inundation are therefore, a recurring phenomenon in Dhaka city. Many factors, both natural and anthropogenic are identified as the root causes of floods in Dhaka city. Since long our people knew how to live with floods in indigenous way, yet their methods are no longer compatible in the context of rapid urbanization. Dhaka city is gradually becoming more and more vulnerable to flood hazards as the population spread over the low-lying areas of the city. The land grabbers have occupied the lakes and canals of the city. There are back flows as the water retention capacity has been lost.

The main causes of flooding inside the embankment areas of the city are hydraulic leakage, failure to operate the regulators and lack of timely pumping out of inundated water. Structural solution through embankments alone will not solve the urban inundation problem. A combination of both the structural and non-structural measures are required. Structural measures aim at protecting the city area up to a certain level of flooding. While, non-structural measures are aimed at reduction of loss due to flood by adaptive measures taken by communities before, during and after floods. Water logging and inundation problems  in Dhaka city cannot be solved without giving considerable thoughts. Furthermore, Bangladesh is a small part (nearly about 7 percent) of a large drainage basin area of the Ganges-Brahmaputra-Meghna (GBM) river system. So Bangladesh alone will not be able to solve her flood related problems, without cooperation among the countries within this drainage basin. 
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