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ABSTRACT

Analysis of historic data shows that the magnitude, intensity, and duration of floods have
increased in Bangladesh during the last few decades. It also appears that most of the
flood control embankments experienced breaching since their completion, and are not
very effective in reducing the damage to the environment, economy, and property.

It is argued that solutions to flooding problems require an understanding of the long-term
factors that contribute to increased floods, including: unplanned urbanization, soil erosion,
local relative sea-level rise, inadequate sediment accumulation, subsidence and
compaction of land, riverbed aggradation, and deforestation. To mitigate flooding
propensity in Bangladesh, both the government and people will have to adopt watershed-
scale best management practices (BMPs) — a series of activities designed to: (a) reduce the
run-off, (b) increase the carrying capacity of drainage system, and (c) increase land
elevations. Proposed BMPs are: floodplain zoning, planned urbanization, restoration of
abundant channels, dredging of rivers and streams, increased elevations of roads and village
platforms, building of efficient storm sewer systems, establishment of buffer zones along
rivers, conservation tillage, controlled runoff near construction sites, adjustment of life-style
and crop patterns, good governance, and improvement in flood warning/preparedness
systems.

INTRODUCTION

At the present time the Ganges-Brahmaputra Delta and its 130 million people living in
Bangladesh are facing a serious challenge. While delta growth is striving to keep pace
with local relative sea-level rise, the people are repeatedly confronted by natural and
human-made catastrophes such as cyclones, tornadoes, earthquakes, riverbank erosion,
surface and groundwater pollution, air pollution, droughts, wetland loss, coastal erosion,
and floods. While some of these environmental degradations are not directly related to
human activities and land-use practices (such as earthquakes, tornadoes, and cyclones),
others are related to human interactions with the nature. Flooding is one such water-
related environmental problem magnitude of which is very much dependent on land-use
practices in the watershed of each rivers or streams.

Riverine floods occur when the amount of runoff originating in a watershed (the area that
collects and directs the surface runoff into the rivers, streams and lakes that drain it) exceeds
the carrying capacity of natural and constructed the drainage system. Flooding can occur
due to river overflow or surface runoff. There are two types of floods which occur in
Bangladesh: annual floods (barsha) that inundate up to 20% of the land area; and low
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frequency floods of high magnitude that inundate more than 35% of the area (bonna).
While the annual floods are essential and desirable for overall growth of the Bangladesh
delta and the economy, the low frequency floods such as those that occurred in 1954, 1955,
1974, 1984, 1987, 1988, 1993, 1998, and 1999 are destructive and cause serious threat to
lives (Chowdhury, 1988; Brammer 1990; Shahjahan, 1998; Islam, 1999).

This paper analyzes the possible underlying causes of recent unusual riverine floods in
Bangladesh in light of hydrodynamic principles that take place in watersheds and land-use
practices. Other types of floods, such as local floods due to heavy rainfall, coastal floods
caused by cyclones, are not considered in this study. Solutions to the flooding problems are
offered in the context of watershed-scale BMPs.

OBSERVATIONS ABOUT HISTORIC FLOODS

Documentation of floods in terms of flood depth, area affected, damage to crops, damage
to infrastructures, number of people affected, and overall monetary damage started in
1953 (Elahi, 1992; Hughes, et al., 1994; Shajahan, 1998; Islam, 1999). Other major
recorded floods prior to 1953 took place in 1787, 1917, and 1943 (Elahi, 1991). Based
on the historic records, it is obvious that the frequency, magnitude, and duration of floods
have increased substantially during the last few decades. For example, all major floods
covering more than 30% of the country (total area of Bangladesh is 144,000 km?)
occurred after 1974. Four floods of such great magnitude (1974, 1987, 1988, and 1998)
took place during the last 25 years, averaging one in every 6 years. According to Elahi
(1991 and 1992), the floods of 1980 and 1984 also covered an area more than 30%,
making the number of such floods to be 6 since 1974 (i.e. one in every 4 years). In
addition, the total area covered by major floods has been steadily increasing since 1974,
with an exception of 1984 floods (Islam, 1999). The data showing the total affected area
varies widely from one source to the others (Table 1). 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.

FLOOD CONTROL MEASURES AND THE OUTCOME

Flood control measures in Bangladesh are mainly limited to building of earthen
embankments, polders, and drainage. A total of 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 by the Bangladesh Water Development Board
(Rahman and Chowdhury, 1998). Embankments and polders have reduced floodplain
storage capacity during floods, leading to an increase in water levels and discharges in
many rivers (Chowdhury, 1998). Embankments can also create a false sense of security
among residents living within embanked areas. For example, breaching of the Gumti
embankment at Etbarpur during the 1999 flood caused substantial damage to the
environment and property. Earthen embankments can easily breach and can be damaged
by riverbank erosion. Most of the embankments in Bangladesh have experienced
breaching and erosion more than once since their completion.



FACTORS CONTRIBUTING TO FLOODING PROPENSITY

Flooding propensity in an area can vary greatly with a change in the: (a) amount of runoff
that results from precipitation in a watershed, (b) water carrying capacity of a drainage
basin, and (c) change in land elevations with respect to riverbeds and sea level. An increase
in runoff component of the hydrologic cycle in a watershed, a decrease in water carrying
capacity of a drainage system, and a decrease in land elevations will increase flooding
propensity in an area. Therefore, the flooding problem and the solutions to such problems
can (or should) be analyzed in the context of these three fundamental parameters: runoff,
water carrying capacity, and land elevations. We need to analyze landuse practices in
watersheds during the last few decades that have potentials to impact hydrodynamic
behaviors of rivers, affecting three vital parameters mentioned above.

Unplanned urbanization: Rapid population growth creates extra pressure on the land of
already overcrowded Bangladesh. Agricultural lands give way to housing developments
and roads. This rapid development and urbanization has almost undoubtedly must have
aggravated the flooding problem in Bangladesh. Urban population has increased from 1.81
million (4.33% of total population) in 1951 to 25.2 million in 1990 (RTF, 1991). According
to Islam (1999), the current urban population is more than 30 million (25% of total
population), and is projected to exceed 58 million (36% of total population), by the year
2010 (RTF, 1991).

Unplanned urbanization can adversely impact flooding situation in a watershed. Prior to
urbanization there exists a greater lag time between intense rainfall and peak stream flow.
After urbanization the lag time is shortened, peak flow is greatly increased, and the total run-
off is compressed into a shorter time interval, creating favorable conditions for intense
flooding. For example, in a city that is totally served by storm drains, and where 60% of the
land surface is covered by roads and buildings (like Dhaka City), floods are almost six times
more numerous than before urbanization (Pipkin and Cunnings, 1983).

Following urbanization, it is necessary to adjust drainage capacity in the watershed to take
into account the “basin development factor (BDF)” in order to accommodate the extra
runoff that results due to urbanization. The amount of adjustment in the carrying capacity of
natural streams following urbanization depends on the degree of BDF. For an increase the
amount of impervious surface by 10% in a watershed, a 23% increase in the drainage
capacity by dredging or deepening of streams is suggested by Sauer et al. (1983). Dhaka
City is located in the watersheds of Buriganga and Sitalakha Rivers. A significant increase
in the amount of impervious surface in these watersheds has taken place due to expansion of
the Dhaka Metropolitan area over the last few decades. However, no attempts have been
taken to increase the carrying capacity of these rivers to accommodate for the BDF. On the
contrary, the internal drainage system consisting of tributaries to Buriganga and Sitalakha
Rivers has been diminished due to unplanned landuse practices. For instance, it is apparent
from topographic maps that Dhanmondi Lake and Baridhara Lake are remnants of
tributaries of Bugiganga-Sitalakha Rivers. Also, filling up of Dholaikhali chnnel has
reduced the runoff capacity from Dhaka City. The lack of an efficient storm sewer system
in Dhaka City also contributes to the reduction of water carrying capacity, causing



waterlogging throughout the monsoon season. According to reports published in national
newspapers, Dhaka City has experienced serious waterlogging problems during the wet
months of July to October in 1999.

Riverbed aggradation: Riverbed aggradation is most pronounced for the Ganges and its
distributaries. From the border with India to the point where the Ganges meets the
Brahmaputra River, the riverbed has aggraded as much as 5-7 meters in recent years
(Alexander, 1989b). According to a study done by Kalam and Jabbar (1991), the average
width of the Ganges has decreased from 1.27 km in 1973 to 1.01 km in 1985. Riverbed
aggradation is so pronounced in Bangladesh that changes in riverbed level can be observed
during one's lifetime. For example, the Old Brahmaputra River was navigable for steamers
only about 30 years ago, and is presently an abandoned channel. This situation is true for
many other distributaries of the Ganges and Meghna Rivers, such as the Madhumati,
Bhairab, Chitra, Ghorautra Rivers, etc. Riverbed aggradation reduces the water carrying
capacity of rivers, causing bank overflow. This recent increase in riverbed levels has
undoubtedly contributed to the increased flooding propensity in Bangladesh.

Soil erosion: Ploughing makes the land surface more susceptible to soil erosion. Surface
run-off can easily wash away the topsoil from cultivated lands. This surface erosion reduces
land elevations, which in turn increase flood intensity in an area. According to the Report of
the Task Forces (RTF) on Bangladesh Development Strategies for the 1990s (1991), soil
erosion is a serious problem in many parts of Bangladesh. Hilly areas in Sylhet, Chittagong,
and Chittagong Hill Tract districts are more susceptible to soil erosion. About 55% of
Chittagong Hill Tract area is highly susceptible to soil erosion (RTF, 1991). Heavy
monsoon showers remove the surface soil through runoff. Eroded sediments are deposited
on the riverbeds, reducing the water carrying capacity and increasing flooding propensity in
a watershed. Soil erosion also reduces land elevations and increases elevations of riverbeds,
contributing to increased flood depths. The land elevations in other parts of Bangladesh
must have been reduced over time due to soil erosion. Aside from this, the tilling on the
mountain slopes of the Himalayas is thought to be responsible for massive soil erosion in
Nepal (Dregne, 1987; Thapa and Weber, 1991; Sharma, 1991), which eventually causes
rapid riverbed aggradation in Bangladesh (Alexander, 1989a). Moreover, construction sites
in cities can contribute to soil erosion if silt fences or retention ponds are not employed
properly (Allen, 1999). In Bangladesh, no such measures are in practice at construction
sites.

Deforestation in the upstream region: A rapid increase in population in the Indian
Subcontinent over the course of the 20™ century has resulted in an acceleration of
deforestation in the hills of Nepal to meet the increasing demands for food and fuel wood
(Sharma, 1991). Deforestation of steep slopes is assumed to lead to accelerated soil erosion
and landslides during monsoon precipitation, which in turn is believed to contribute to
devastating floods in the downstream regions such as in Bangladesh. Deforestation within
Bangladesh also contributes to the soil erosion. The amount of forest cover in Bangladesh
was reduced from 15.6% in 1973 to 14.6% in 1985-86, and eventually t013.4% in 1987
(RFT, 1991). ). A minimum of 25% forest cover is suggested for a healthy ecosystem. The
amount of forest cover in Bangladesh at the present time believed to be less than 10%.



Local relative sea-level rise: The ultimate destination of all rivers is the ocean. The land
elevations are measured with respect to the sea level in an area. Therefore, any change in
the sea level causes land elevations to change as well. At the present time the sea level is
rising globally (Pilkey et al., 1989). If the sea-level rises in an area at rates faster than the
rates of land aggradation due to sedimentation, then land elevations decreases over time.
Any decrease in land elevations can cause increased inundation by rivers overflowing at
bankfull stage. The rate of local relative sea-level rise is 7 mm/year in the coastal areas of
Bangladesh (Emery and Aubrey, 1990). According to another study by Das (1992), the
local relative sea level at Chittagong Port has increased by as much as 25 cm between 1944
and 1964. The relative sea level in the Bay of Bengal is predicted to rise 83 to 153 cm by
the year 2050 (Jamal, 1993). An increase in the sea level raises the base level of rivers,
which in turn reduces the gradients of river flow. As a consequence, the amount of river
discharge decreases, creating a backwater effect further inland. The backwater effect caused
by sea-level rise can result in more flooding of lands from "piled up" river water inland.
This certainly seems to be one of the reasons for the increase in flood intensity in recent
years in Bangladesh.

Inadequate sediment accumulation: A delta can prograde if sediment accumulation rates
are greater than the rates of local relative sea-level rise. Limited data shows that the average
sediment accumulation rates in the coastal areas of Bangladesh is 5-6 mm/year for the last
few hundred years, which is not enough to keep pace with the rising sea level at 7mm/year
(Khalequzzaman, 1989). As a result, land elevations must have been decreasing over time
in Bangladesh, resulting in more flooding inundation.

Subsidence and compaction of sediments: Sediments on a delta plain are rich in
decomposed organic matters, and are subject to compaction due to dewatering and sediment
weights. Most deltas subside due to the weight sediments, and due to overdraft of
groundwater to meet the demand of increased population. Subsidence and compaction
reduce land elevations with respect to sea level (Pilkey et al., 1989). No direct
measurements of subsidence or compaction are known for Bangladesh. However, the
groundwater table in Dhaka City has had a considerable lowering by as much as 9 to 12
meters over the last 3 decades. Experience in other countries indicate that at least 9 meters
of permanent lowering of groundwater table cause 30 cm of land subsidence (RFT, 1991).
Therefore, it is likely that land elevations in many parts of Dhaka City have been lowered by
up to 30 cm, contributing to increased flood depth.

BEST MANAGEMENT PRACTICES AS FLOOD CONTROL
MEASURES:

Flooding is a natural phenomenon, which cannot be prevented. Complete flood control is
not in the interests of most Bangladeshi farmers (Haque and Zaman, 1993). The flood
control measures and policies should be directed to mitigation of flood damage, rather than
flood prevention. Resources should be allocated to help people adopt a life style that is
conformable to their natural environment (Alexander, 1998; Islam, 1999). Indigenous



solutions such as changing the housing structures and crop patterns can help reduce flood
damage (Rasid and Paul, 1987; Islam, 1990; Hughes, et al., 1994; Islam, 1998).

Moreover, good governance, appropriate environmental laws, acts and ordinances will be
necessary to achieve sustainable economic development and to reduce any environmental
degradation (Alauddin and Hasan, 1999). In addition, implementation of an improved real-
time flood and drought control warning system can reduce damage caused by floods.

A greater understanding of the processes that contribute to increased flooding propensity,
however, can help us mitigate the adverse effects on human lives, the environment, and the
economy. To mitigate flooding propensity in Bangladesh, both the GOB and the people will
have to shift their paradigms, as well as will have to adopt BMPs in agriculture, forestry,
landuse planning, water resources management, and urbanization (Khalequzzaman, 1994;
Khalequzzaman, 1999). The BMPs pertaining to flood control are those activities that will
help reduce the run-off, will increase the carrying capacity of drainage system, and will
increase land elevations with respect to sea level or riverbeds (Allen, 1999). Table 3
summarizes the BMPs and the expected effects on mitigation of flooding problems in
Bangladesh.

CONCLUSIONS:

Formulating solutions to flooding problems requires a comprehensive understanding of the
geologic settings of the region, and a better knowledge of hydrodynamic processes that are
active in watersheds. Only solutions that take into account the underlying long-term factors
contributing to flooding problems can prevail. Such contributing factors are as follows:
unplanned urbanization, soil erosion, local relative sea-level rise, inadequate sediment
accumulation, subsidence and compaction of sediments, riverbed aggradation, and
deforestation.

Structural solutions, such as the building of embankments along the rivers and polders in
coastal regions in Bangladesh, will not solve the flooding problems, but will result in many
adverse environmental, hydrologic, economic, ecological, and geologic consequences.
Solutions to flooding problems can be achieved by adopting and exercising watershed-scale
best management practices that include: floodplain zoning, planned urbanization, restoration
of abundant channels and lakes, dredging 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/preparedness
systems.

Since Bangladesh is a small part of a larger hydrodynamic system that comprises several
countries in the region, mutual understanding and cooperation among the co-riparian
countries will be necessary to formulate any long-term and permanent solutions to the
flooding problems.
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Table 1: Area affected by floods 1953-1998. Total area of Bangladesh is 144,000 km®.
Years for which flood affected area exceeded 50,000 km? are shown in boldface.

Year | Area affected by floods (km?)
Elahi (7) Shahjahan (3) Islam (4)

1953 27,000

1954 37,000 36,920
1955 40,000 50,000
1956 36,000 35,620
1962 37,000 37,440
1963 35,000 43,180
1964 10,000

1966 33,000

1968 37,000 37,300
1969 41,000

1970 42,000 42,640
1971 36,000 36,475
1972 21,000

1973 29,000

1974 90,650 52,000 52,720
1975 17,000

1976 28,000

1980 64,750 35,000

1981 12,000

1982 23,000

1983 11,000

1984 64,750 48,000 28,314
1985 22,000

1986 18,000

1987 88,000 60,000 57,491
1988 98,000 98,000 77,700
1998 84,000




Table 2: History of breaching and erosion in major flood control embankment
projects. Data modified from Rahman and Chowdhury (8), and Islam (4). Years for which
flood affected area exceeded 50,000 km? (>35% of the country's area) are shown in

boldface.
Year of Embankment | No. of years Erosion Flood damage
completion project of breaching (in million taka)
1953
1954 1,200
1955 1,290
1956 900
1962 560
1963 Gumti 5 (* including in | continuous 580
1999)
1964
1966
1968 Brahmaputra 9 continuous 1,160
Embankment
1969
1970 1,100
1971
1972
1973
1974 28,490
1975
1976 Hatiya 2 continuous
1978 Alfadanga 2 once
1980 Chandpur 0 none
Sari-Gowain 2 none
1981
1982 Teesta 5 continuous
1983 Ganges-Kobdak | 1 none
Manu 2 continuous
1984 N’ganj-Narsindi | 2 none 4,500
1985 Karnafuli 1 none
1986
1987 Chenchury 3 twice 35,000
Mubhuri 0 none
1988 Salta-Bagda 0 none 100,000
1998 ongoing Chalan Beel 3 none 100,000




Table 3. List of BMPs and their effects on mitigation of flooding.

BMPs

Expected effects on mitigation of flooding

Dredging rivers and streams

Increase carrying capacity of drainage

Re-excavation of abandoned channels,
ponds, and lakes

Increase carrying capacity of drainage;
reduce run-off

Dispersal of dredged/excavated sediments
on land

Increase elevations of earthen roads and
village platforms

Conservation tillage

Reduce soil erosion and run-off

Establishment of vegetated buffer zone
along rivers and streams

Reduce soil erosion, run-off, and bank
erosion

Silt fence around construction sites

Reduce soil erosion and run-off

Sediment and run-off detention ponds in
construction sites

Reduce soil erosion and run-off

Removal of coastal polders

Increase land elevations by tidal inundation

Efficient storm sewer system in cities

Increasing carrying capacity and reduce
water-logging in cities

Planned urbanization and compact township

Reduce impervious surface and run-off

Watershed-scale landuse planning

Reduce run-off, soil erosion, and impervious
surface; sustainable economic developments

Reforestation programs

Reduce run-off and soil erosion

Good governance, self-reliance, and
implementation of environmental acts

Implementation of BMPs to mitigate
flooding problems; sustainability in
economy and environment

Integrated regional water resources
development plan for Ganges-Brahmaputra-
Meghna Basin in Indian Subcontinent

Flood/drought control; optimal uses of
natural resources in the region; sustainable
environment and development
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