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ABSTRACT 

 

Bangladesh is a riverine country. The rivers of the country are the most important 
source of freshwater. The ecology of a river catchment depends largely on the fresh 
water flow of the river. The rivers have been the major sources of fish production, 
livelihood resources, biodiversity, freshwater, etc. But the natural flows of the rivers are 
being altered by human interventions. The absence of environmental flow has become 
one of the major problems in the rivers of Bangladesh. The River Kobadak was once 
one of the main sources of fresh water in the South-Western region of Bangladesh. 
Now, the entire catchment of the Kobadak River is in lifeless condition. The users of 
this river have been facing a number of problems like flooding, water scarcity for 
irrigation, insufficient depth of water in the river for navigability, salinity intrusion, and 
shortage of water for the ecosystem services. This study was conducted on the Kobadak 
River stretching between the Mathabhanga River in the upstream and the Sibsa River in 
the downstream. The objectives of the study were to assess the environmental flow 
requirement of the river and to develop a framework for maintenance of such flow in it. 
A quantitative assessment of the environmental flow requirement was made by 
following a socio-technical approach. The discharge data was essential for the technical 
assessment of environmental flow in the river which was collected from Bangladesh 
Water Development Board. The technical assessment was made using the flow duration 
exceedance percentile method, which is one type of hydrological flow index method.  
In social assessment, the history of river flow was gathered by conducting Focus Group 
Discussions (FGDs) with the local people. The month which is critical in terms of 
environmental flow was also identified through the FGDs. A total of 15 FGDs were 
conducted with 15 focused groups and a total of 17 Key Informant Interviews (KIIs) 
were conducted with 17 key persons (officials, teachers, local elites, etc.) through six 
field visits to the study area. A framework has been developed for the maintenance of 
the environmental flow in the river. The framework is based on three criteria (ecology, 
hydrology and morphology) and 15 indicators. It considers restoration, rehabilitation 
and remediation as river maintenance options. The findings of the study indicate that 
the environmental flow requirement of the Kobadak River is about 20.0 m3/s. From the 
pair-wise ranking of the ecological indicators, the weights of vegetation, fish, dolphin, 
micro-invertebrate, bird and frog are found to be 14.3%, 11.9%, 7.1%, 9.5%, 2.4% and 
4.8%, respectively. Also, the weights of the hydrological indicators are found to be 
7.9%, 1.6%, 9.5%, 3.1%, 6.4%, and 4.8% for the river connectivity, encroachment area, 
discharge, salinity, water quality and water level, respectively. Moreover, the weights of 
the river width, salinity and river depth of the morphological indicators are found to be 
2.8%, 5.6% and 8.3%, respectively. It is found from the combined scores of the river 
management options that the total scores of the restoration, rehabilitation and 
remediation options are 50.72, 90.26 and 13.99, respectively. So, the rehabilitation of 
the river is found to be the best solution from a multi-criteria analysis. A rehabilitation 
plan for the river is also proposed in this study. 

http://en.wikipedia.org/wiki/Freshwater
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CHAPTER ONE 

INTRODUCTION 

 

 

1.1 Background and Present State of the Problem 

A river is a natural watercourse which usually contains freshwater. The ecology of 

every catchment of the river depends on the fresh water flow of the river. But, the 

natural flows of the rivers are being altered by human interventions such as 

construction of dams and weirs, abstractions for agriculture and urban water supply, 

drainage return flows, maintenance of flows for navigation, and structures for flood 

control (Dyson et al., 2003). It can be noted that not less than 60% of the rivers in the 

world is fragmented through hydrological impoundments (Ravenga et al., 2000). This 

led to large scale degradation of water ecosystems (Millennium Ecosystem 

Assessment, 2005). For this reason, the environmental flows of the river has been 

hampering for a long time. So, to manage the river water for the fulfillment of the 

human demands, the needs of the fresh water species and ecosystems have largely 

been neglected as well as the ecological consequences have been catastrophic 

(Richter et al., 2003). That is why, river management is a great concern for all the 

users of the rivers. Moreover, there is an increasing desire to conserve the ecological 

health and functioning of rivers as well as associated wetlands for human use and 

biodiversity. To integrate the principle of sustainable development into country 

policies and programs and reverse the loss of environmental resources, Goal No. 7 of 

the Millennium Development Goals (MDGs) commits nations to ensure 

environmental sustainability (SWH, 2009). At present, a strong consensus exists 

within the scientific community to maintain environmental flow variability to sustain 

the ecological health of river systems and the goods and services they provide to 

society (Richter, 2009). The International Union for Conservation of Nature (IUCN) 

is promoting environmental flow as a key element of integrated water resources 

management (Acreman et al., 2004). The maintenance of the environmental flow 

must be a component of river management though we have limited data and 

knowledge on aquatic ecosystem.  

 

http://en.wikipedia.org/wiki/Watercourse
http://en.wikipedia.org/wiki/Freshwater
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Bangladesh was formed by deltaic deposits of three large and extremely dynamic 

rivers entering the country of the Ganges-Brahmaputra-Meghna (GBM). About 90% 

of the watershed of the three rivers lies outside the territory of Bangladesh, within the 

countries of India, Nepal, Bhutan, and China (Er-rashid, 1978). India has been 

diverting about 60% of the Bangladesh Gangetic ecosystem’s water  since 1974 for  

maintaining  the  navigability of the Calcutta Port located  about 510 km downstream  

from the  Farakka Barrage and  at the  mouth of the  Hooghly River (Adel, 2013). 

The unilateral and disproportionate diversion of the Ganges since that time has 

caused a dangerous reduction in the amount of sediment and water flow of the 

Ganges in Bangladesh. Now, this delta receives inadequate environmental flow of 

water during the dry season in the year. From then the South-West region of 

Bangladesh faces a number of river water related challenges including decreasing the 

carrying capacity of rivers due to over siltation in the river bed, increasing water 

scarcity for irrigation, insufficient depth of water in the river for navigability, salinity 

intrusion and shortage of water for the ecosystem services. 

 

The Mathabhanga River is one of the most important distributaries of the Ganges 

River.  The Kobadak River originates from the Mathabangha at Alamdanga, 

Chuadanga and falls into the Sibsa at Paikgaca, Khulna. The morphology of the 

Kobadak is governed by sedimentation process and the human induced influences. 

Over times, the river has lost its drainage capacity due to reduced flow from 

upstream and large scale sedimentation. Now overbank spillage is a common 

phenomenon during each peak monsoon. Consequently, the entire catchment 

becomes water logged during the monsoon. In natural state of flow, the river had a 

great contribution in the socio-economic sectors like fisheries, navigation, 

agriculture, domestic uses, etc. The fisheries sector has been affected because of the 

destruction of aquatic habitat. Most of the fishermen are already in vulnerable 

condition. Most of the fish species are in extinct condition. The navigation facility in 

the river has totally been destroyed. In the past, the river had a great contribution in 

business. Paikgacha, Patkelghata and Jhikargacha were the main business centers on 

the bank of the river. Now, the Patkelghata and Jhikargacha have totally lost their 

roles in business.   In altered state, the physical structure of the channel and species 

richness has been destroyed. Now, it is necessary to manage the river in such a way 
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that would be helpful to sustain ecosystem, maintain navigability, meet agricultural 

water demand and convey flood water.   

 
1.2 Objectives of the Study 

 
The overall objective of the study is to assess environmental flow of the Kobadak 

River for its better maintenance of aquatic ecosystem. Therefore, the specific 

objectives of the research are as pointed out below: 

 To assess the environmental flow requirement of the Kobadak River; and  

 To develop a framework for maintenance of environmental flow in the river. 

 

1.3 Rationale of the Study 

 

Ecosystems provide a wide range of valuable services to people. In a developing 

country like Bangladesh, the livelihoods of rural people depend to a large extent 

directly on the provisioning services of ecosystem. The various resources associated 

with a river are valuable to the local people for their socio-economic development. 

However, Bangladesh has been facing a growing number of multifarious 

environmental problems. At present, most of the rivers in Bangladesh have been 

losing their environmental flows. Due to absence of such flows in the rivers, a 

number of consequences like water logging, siltation and decline in fresh water 

ecological production are becoming evident, particularly in the South-West region of 

Bangladesh. That is why, the assessment of environmental flow and development of 

a framework for maintenance of such flow are the demands of the time given the 

vulnerable condition of the rivers. 

 

1.4 Scope of the Study 

 

Now, many rivers all over the countries have been suffering for the absence of 

environmental flow. So, to estimate the environmental flow is needed for almost all 

the rivers in Bangladesh. But, this study was conducted only a reach of the Kobadak 

River. This type of study can be conducted by using other methodologies of 
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assessing environmental flow. In addition, the discharge data of the Bangladesh 

Water Development Board (BWDB) is not continuous. Environmental flow includes 

water quality and water quantity as well as this study will not address the water 

quality issue. 

  
1.5 Structure of the Thesis 

 

The thesis has been organized into six chapters including a number of sections and 

sub-sections in each chapter. A brief description of the contents of each chapter is 

given below:   

 
Chapter One: This chapter discusses the background of the study and present state 

of the problem.  It also highlights the objectives, the rationale and the scope and 

limitations of the study. 

 
Chapter Two: This chapter focuses on a review of the concept of environmental 

flow, the major categories of environmental flow assessment methods, and the 

relevant national policies and legislations of Bangladesh. It also discusses the causes 

of environmental flow reduction in the Kobadak River.  

  

Chapter Three: This chapter provides a brief description of the study area. It 

discusses the Kobadak River catchment, its climatic, hydrologic, ecological, and 

socio-economic features. 

 
Chapter Four:  The chapter discusses the methods in details used in environmental 

flow assessment of the Kobadak River. It also describes the methodology followed to 

develop the environmental flow maintenance framework. The data collected for this 

study are discussed in this chapter. 

Chapter Five: This chapter discusses the findings on the environmental flow of the 

Kobadak River. It also provides a framework on how to maintain such flow in the 

river.  

 

Chapter Six: Some conclusions of the study are provided in this chapter. Also, a few 

recommendations are made for further study.  
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CHAPTER TWO 

LITERATURE REVIEW 

 

 

2.1 Concept of Environmental Flow 

 

The concept of environmental flow is relatively new. In the past, application of 

environmental flow was focused on single specie or single issue. But, managing 

flow without consideration of other species was failed to capture system processes 

and biological community interactions that are essential for creating and sustaining 

the habitat and well being of that target species (Korsgaard, 2006). The concept of 

environmental flow is an essential part of Integrated Water Resources 

Management. According to Global Water Partnership (2000), Integrated Water 

Resources Management has three key strategic objectives: a) economic efficiency 

in water use, b) equity, and c) environmental and ecological sustainability. In the 

context of Integrated Water Resources Management, the environmental flow in a 

river is a negotiation among different water users, with ecosystems recognized as 

legitimate users, allows for a more comprehensive, fair and sustainable utilization 

of natural resources (Naiman el al., 2002). So, it can be said that environmental 

flow is a concept for sustainable river function. Thus, the environmental flow is an 

ecologically acceptable flow designed to maintain river function in an agreed state 

as well as the environmental flow is a compromise between water resources 

development and river maintenance in a healthy condition. 

 
According to Korsgaard (2006), the environmental flow may be dependent on the 

objective of the two different questions: 

 How much water / flow does a given ecosystem condition need? 

 How much water / flow does society allocate to ecosystems – what is the 

resulting ecosystem condition maintained by given water/flow allocation? – 

and is this condition desirable and sufficient ? 

From the above questions, the water allocation is very important term and for 

desired negotiation among the different users is a socio-political decision.  
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The wetlands and river ecosystems are subject to low flow periods and can recover 

from those during the high flow periods. Building this variability into the picture of 

environmental flow assessment may be seen as environmental water demand 

management. Bunn and Arthington (2002) have formulated four basic principles 

that emphasize the role of flow in structuring aquatic life and showed the link 

between flow and ecosystem changes: 

 
  Flow is a major determinant of physical habitat in rivers which in turn is 

the major determinant of biotic composition. Therefore, river flow 

modifications eventually lead to changes in the composition and diversity 

of aquatic communities. 

 
 Aquatic species have changed life history strategies primarily in response 

to the natural flow. That is why, the flow alterations can lead to loss of 

biodiversity of native species. 

 
 The maintenance of the natural flow patterns in between river and 

floodplain systems determines the ability of many aquatic species to move 

between the river and floodplain or between the main river and its 

tributaries and distributaries. Loss of longitudinal and lateral connectivity 

can lead to local destruction of species. 

 
  The introduction of exotic species in rivers is facilitated by the alteration of 

flow. Inter-basin water movement represents a significant role for the 

spread of exotic species. 

 

Another useful way of thinking about environmental flow is that of flow 

maintaining of environmental demand similarly to crop water requirements, 

industrial and domestic water demand. The freshwater and freshwater dependent 

ecosystem provides a range of services for human including fish, flood protection, 

wildlife, etc. (Postel and Carpenter, 1997). To maintain these services, water needs 

to be allocated to ecosystem, as it is allocated to other purposes like agriculture, 

domestic use and industry. Balancing the requirements of the aquatic environment 

and other uses are becoming critical in many of the river basins as population and 

associated water demands increase (Revenga et al., 2000). 
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The Environmental Flow Guideline (1999) was developed based on two factors. 

The factors are: a) establish water requirements in stream and lakes; and b) to 

ensure aquatic ecosystems. According to this guideline, environmental flow may 

comprise elements from the full range of flow conditions which describe long term 

average flows, variability of flows including low flows and irregular flooding 

events. If we change the flow patterns it can affect habitat availability, food supply, 

chemistry and nutrient processing. This leads to a decline in the ecological 

condition as well as a decline in river water quality. 

 

According to Vezza et al. (2013), ecological data and habitat characteristics are to 

be collected in specific site for natural conditions of flow regime which can be 

considered a promising tool for river restoration. Similarly, ecologists agree that 

the major criteria for determining the environmental flow should include the 

maintenance of both spatial and temporal patterns of river flow (Ward and 

Tockner, 2001). The flow variability affects the structural and functional diversity 

of rivers and their floodplains and which influences the species diversity of the 

river (Knights, 2002). For this, the environmental flow covers not only the amount 

of water needed but also when and how this water should be flowing in the river. 

All components of the hydrological indicators have definite environmental 

implication (Knights, 2002). In addition, high water flows of diverse frequency are 

significant for river maintenance, fish breeding and wetland flooding. Furthermore, 

moderate flows may be critical for cycling of organic matter from river banks and 

for fish migration. Moreover, the environmental flow of different magnitudes is 

important for algae control, water quality maintenance, salinity intrusion control, 

vegetation production and the use of the river by local people. 

 

Though the concept is simple, difficulty has arisen in the actual estimation of 

environmental flow value by using different sorts of methodologies. This is due to 

the lack of both the understanding and the quantitative data on relationships 

between river flows and multiple indicators of river ecology. The assessment of 

environmental flow requirements of freshwater dependent ecosystems represents a 

major challenge due to the complexity of physical processes and interactions 

between the components of the ecosystems. So, for the maintenance of river, 

environmental requirement is often defined as a set of flow discharges of certain 
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magnitude, timing, frequency and duration. This flow ensures a flow regime 

capable of sustaining a complex set of aquatic habitats and ecosystem processes 

and are referred to as “environmental flow”, “environmental water requirement”, 

“environmental flow requirement”, “environmental water demand”, etc. (Lankford, 

2002; Smakhtin et al., 2004). 

 
 
2.2 Major Categories of Environmental Flow Assessment Methods 

 
 
Many methods for determining these requirements have been developed in recent 

years. They are known as environmental flow assessment methods. According to 

Tharme (2003), the development of environmental flow assessment methodologies 

began in the United States of America in the late 1940s and the practice of 

environmental flow provision has produced over 200 different methods. The 

environmental flow assessment methods should be used for different purposes 

from general water resources planning and management. In some countries, there 

is a movement towards the hierarchical multi-tier environmental flow assessment 

frameworks driven by the availability or access to resources, including data, time, 

technical capacity and finances (Dyson et al., 2003). The two major tiers include: 

  Desktop, rapid assessment, using primarily ecologically relevant 

hydrological characteristics (indices) or analysis of hydrological time 

series 

 Detailed assessment, using primarily holistic methods, or methods 

based on habitat modeling 

Methods from the first group often adopt a whole ecosystem view in assessing 

environmental flow whereby ecologically and socially important flow events are 

identified. An ecologically acceptable flow regime is defined by a multi-

disciplinary panel of experts. These methods include substantial amounts of field 

work and may take significant amounts of time and financial resources to complete 

for a single river basin (King and Louw, 1998; King et al., 2003). 

 
The flow duration percentile is calculated for largely natural to severely modified 

river, and the required environmental flow volume and elements of flow variability 
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are set to reduce with the decreasing level of ecosystem protection (Smakhtin et al., 

2006). 

 

Another frequently cited hydrological environmental flow assessment technique is 

the Range of Variability Approach (RVA) (Richter et al., 1997), which aims to 

protect a range of flows in a river. The 32 hydrological parameters which jointly 

reflect different aspects of flow variability (magnitude, frequency, duration and 

timing of flows) are estimated from a natural daily flow time series at a site of 

interest. It is suggested that in a modified (ecologically acceptable) flow regime, all 

32 parameters should be maintained within the limits of their natural variability. 

For each parameter, a threshold of one standard deviation from the mean is 

suggested as a default arbitrary limit for setting environmental flow targets in the 

absence of other supporting ecological information. 

 

Richter et al. (2009) have tried to develop environmental flows dimension among 

water quantity, water quality, ecological value and social value that is known as 

Sustainable Boundary Approach. A proposed presumptive standard by Richter et 

al. (2011) for the focus of Sustainability Boundary Approach (SBA), based on 

daily flow is: a) high level ecological protection is no greater than 10%, b) 

moderate level of protection is (11–20)% and c) major change is greater than 20%. 

In addition, a unified approach to ecological assessment in relation to both water 

quantity and water quality can be created. If this is not possible, two approaches 

for ecological assessment may emerge, one in relation to water quantity and the 

other in relation to water quality, which may be difficult to reconcile in future 

regulatory decisions (Maidment et al., 2005). 

 
Another hydrological index method suggested by Acreman et al. (2004) is the 

look-up method. Though the method is easy and cheap to apply, it can be less 

accurate and more suitable for coping studies. On the other hand, hydraulic 

modeling is more expensive to apply as well as it is suitable for impact assessment 

at specific sites.  

 
A recent advance in environmental flow assessment is a shift from prescriptive to 

interactive approach (Tharme, 2003). Davis and Hirji (2003) have given a 
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comparative feature between prescriptive approach and interactive approach. The 

former is a top down approach which defines the environmental flow requirement 

in terms of accepted departures from the natural flow regime. The prescriptive 

approach (Table 2.1) often provides a single flow regime to maintain a single 

objective and motivate for the inclusion of specific parts of flow regime. 

According to Brown and King (2003), the prescriptive approach is divided into 

four broad categories like hydrologic index method, hydraulic rating, expert panel 

and holistic approach. 

 

Table 2.1  Descriptions of prescriptive approaches 

Prescriptive 

Approaches 

Description 

Hydrologic index 

method 

Hydrological index methods are mainly desktop approaches 

based on historical records to make flow recommendations 

for the future. The attention should be given to thespecific 

nature of the considered river or its biota. The most widely 

used hydrological method is the Tennant method. 

Percentages of the mean annual naturalised flow are 

specified to maintain the riparian habitat in a particular 

state e.g. 10% for survival, 30% for a satisfactory healthy 

ecosystem, 60% to 100% for a pristine ecosystem. The 

second most widely used method includes various flow 

duration exceedance percentile (e.g. Q95, Q75), or single 

low flow indices (e.g. 7Q10, 7Q2). 

Another method is building block method which is 

developed in South Africa. This method has basic premise: 

a) low flow that provides a minimum habitat for species 

and prevents invasive species, b) medium flow that sorts 

river sediment as well as simulates fish migration and 

spawning, and c) flood that maintains channel structure and 

allow movement onto floodplain habitats.(Tharme and 

King, 1998) 
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Hydraulic Rating 

Method  

Hydraulic methods relate various parameters of the 

hydraulic geometry of a watercourse channel to discharge. 

The wetted perimeter method is the simplest of the field 

survey-based, site-specific techniques that allows the 

minimum in-stream flow of a watercourse to be calculated. 

To establish the environmental flow, a wetted perimeter-

discharge relationship is generated. The wetted perimeter of 

a watercourse is defined as the length of the line of 

intersection of the channel wetted surface with a cross-

sectional plane normal to the direction of the flow. It 

should be noted that the wetted perimeter technique 

includes no explicit representation of the aquatic habitat.  

Expert Panel To make judgments on the flow needs of different aquatic 

species by expert panel. 

Holistic approach Holistic approach requires collection of considerable river 

specific data and make structural linked between flow 

characteristics of the river and the flow needs of the main 

biotic groups (fish, vegetation, invertebrate). 

 

On the other hand, the interactive approach (Table 2.2) provides a range of flow 

regimes, each linked to a different river conditions as well as explain the 

consequences of flow manipulation. The interactive approach is a bottom up 

approach. A vast body of scientific literature reveals that environmental flow 

assessment is a bottom up approach, which is the systematic construction of a 

modified flow regime from scratch on a month by month and element by element 

basis, where each element represents a well defined feature of the flow regime 

intended to achieve particular objective (Korsgaard, 2006). One example of 

interactive approach is the In-stream Flow Incremental Methodology and another 

is the Downstream Response to Impose Flow Transformation. 
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Table 2.2  Descriptions of interactive approaches 

Interactive  

Approaches 

Description 

In-stream Flow 

Incremental 

Methodology 

In-stream Flow Incremental Methodology has developed 

by consideration both policies and technological issues. Its 

implicit quantitative nature integrating micro and macro- 

habitat as well as examine a variety of alternative 

environmental flow scenarios for several species. But, the 

main disadvantage is data intensive. It is time consuming.   

Physical Habitat Simulation System is one of the In-stream 

Flow Incremental Methodology that predicts depth and 

velocity at unmeasured flow using basic physical and 

engineering principals. 

Downstream 

Response to Impose 

Flow 

Transformation  

Downstream Response to Impose Flow Transformation is a 

scenario based framework, providing decision-makers with 

a number of options of future flow regime for a river 

together with the consequences for the condition of the 

river (Dyson et al., 2003). It is not possible to specify all 

the data requirement and types of expertise.  

 

The people in rural communities, particularly in Asia, depend on the river 

ecosystem for their livelihoods. The environmental flow maintenance offers an 

opportunity to protect the interest of these people (Islam, 2010). However, there 

are limited studies on environmental flow assessment and maintenance in 

Bangladesh. Chowdhury and Haque (1990) estimated the minimum inflow rate of 

the Lower Meghna River based upon salt-water intrusion. In the National Water 

Management Plan (WARPO, 2001), an in-stream flow requirement to hold or push 

back the salinity fronts in the rivers near Khulna and to arrest environmental 

degradation in the South-West hydrological region was estimated. IWFM (2005) 

proposed an eight-component protocol for establishment of environmental flow in 

Bakkhali River of the South-East Bangladesh. The components of the protocol are 

raising awareness and capacity, consultation with farmers, preliminary assessment 
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of environmental flow requirement, negotiation with farmers for release for 

environmental flow, monitoring the effect of environmental flow release on the 

health of river eco-system, intervene in planning and design of new rubber dams, 

development of scientific basis for assessment of flow requirement, and 

arrangement of data collection. Bari and Marchand (2006) reviewed the 

environmental flow assessment methods in context of a few rivers in Bangladesh 

and suggested that the hydrological method, PHABSIM and Ecotope can be used 

independently or collectively to generate in-stream flow requirements. Hossain and 

Hosain (2011) assessed the in-stream flow requirement of the Dudhkumar River in 

North-West Bangladesh using hydrological approach. In-stream flow requirement 

was assessed separately for the monsoon and dry seasons in the study.  

  

According to the Helsinki Rules of 1966 regarding water rights to international 

rivers, all basin states of an international river should have the right to access an 

equitable and reasonable share of the water flow (Hayton, 1983; Smakhtin et al., 

2004). 

 
 
2.3 River Management Options 

 
 
The words river restoration, rehabilitation and remediation are often used 

interchangeably. But, these words are different from each other. According to 

Lovett and Edgar (2002), the ideal restoration project will restore the degraded 

river to its original condition. This includes restoring the natural range of water 

quality, sediment and flow regime, channel geometry, native aquatic plants and 

animals, and adjoining riparian lands. The goal of restoration is very good, but it 

will seldom be possible to achieve. So, it is often impossible to establish what the 

„original‟ condition was and, secondly, such restoration would mean replicating 

previous inputs and outputs into the system (e.g. water quality and quantity, 

animals and plants) from upstream, downstream and the riparian zone. Moreover, 

by improving the most important aspects of the stream environment, it may create 

a stream that only similar to its original condition, is nevertheless an improvement 

on the degraded system and often a valuable environment in its own right. Since 

restoration is usually impossible, rehabilitation is the more common goal for 
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individuals and groups undertaking projects along most rivers. Furthermore, even 

rehabilitation is not possible because of irretrievable changes to the stream. In such 

a situation, it can be said that the original state is no longer an appropriate aim for 

the stream because inputs from the catchment will never support that condition. 

The aim of remediation is to improve the ecological condition of the stream, but 

the endpoint of that improvement will not necessarily resemble the original state of 

the stream.  

 

Figure 2.1 The differences between restoration, rehabilitation and remediation 

(Source: Breen and Walsh, 1996 in Rutherfurd et al., 1999) 

 
In addition, the restoration involves returning the stream to the original condition. 

The rehabilitation involves fixing only some aspects of the stream, but generally 

making the degraded stream closer to the original condition. Remediation 
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recognises the stream has changed so much that the original condition is no longer 

relevant and aims for an entirely new condition (Rutherfurd et al., 1999). 

 

 

2.4 Relevant National Policies and Legislations of Bangladesh 

 
 

The Embankment and Drainage Act was developed in 1952 for the better drainage 

of lands and for their protection from floods, erosion or other damages by water.  

 

The National Environment Management Action Plan (NEMAP, 1995) has been 

formulated based on national environmental issues like  flood damage, river bank 

erosion, environmental degradation of water bodies, increased water pollution, 

shortage of irrigation water and drainage congestion. 

 

The Water Resources Planning Organization (WARPO) was assigned to monitor 

the national water management plan. According to the Environmental 

Conservation Act (ECA), 1995 and the Environment Conservation Rules (ECR), 

1997, the government can declare the ecologically critical areas and impose 

restriction on the operations and processes in areas of vulnerable conditions. 

 

In Wetland Policy, 1998, emphasis is given to conserve wetlands to sustain their 

ecological and socio-economic functions and further sustainable development. 

 

The National Water Policy (1999) has given the emphasis to ensure efficient and 

equitable management of water resources, proper harnessing and development of 

surface and ground water, availability of water to all concerned and institutional 

capacity building for water resource management. The National Water Policy 

(1999) has several clauses specifically Clause 4.9b, Clause 4.12c: and Clause 4.13b 

which are related to environmental flow for ensuring ecological sustainability. The 

National Water Management Plan, 2004 has eight sub-sectors, among them, the 

sub-sector III concerns about main river, the sub-sector VII emphasizes on 

agriculture and the sub-sector VII discusses about environment and aquatic 

resources.  
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2.5 Causes of Environmental Flow Deterioration in the Kobadak River 

 

The Ganges-Brahmaputra delta in which Bangladesh is a part, has been created by 

deposition of river-borne sediments and  the largest sediment load in the world of 

1.84 billion tons a year (Morgan and McIntire, 1959; Bird and Schwartz, 1987). 

Two-thirds of the sediment supply to Bangladesh is carried by the Ganges and its 

tributaries (Holeman, 1968; Milliman and Meade, 1983). The entire Kobadak 

River catchment is characterized by active deposition of sediment causing 

significant reduction in their drainage capacity (IWM, 2009). 

 

In 1974, India built a barrage on the Ganges at Farakka in order to divert water for 

its own use. As a result, adequate freshwater flow became absent, and the coastal 

rivers experienced saltwater intrusion 160 km farther inland than normal during the 

summer months (Zaman, 1983). This diminished upstream flow during the dry 

season deteriorated the sedimentation problem in the region and silted up the river. 

Besides, construction of coastal polders has disconnected the flood plains from the 

rivers (IWM, 2005). Consequently, the study area has been suffering severe 

drainage congestion and water logging since the late ninety.  

  

The concept of sediment management in tidal basin originated in the 1880s to 

serve both as visual centerpiece and as means for flushing the Washington channel, 

a harbor separated from the Potmic River by fill lands where East Potomic Park is 

situated (Green, 1974). According to available statistics on coastal zone in 

Bangladesh, majority of the land is within one meter from mean sea level, a 

significant proportion of which again falls below high-tide level (Islam, 2005).  For 

the Kobadak River, the sediment derived from the downstream tidal rivers by 

natural erosion processes and transported upstream by tidal movements seems to 

be the most plausible explanation of their origin (SMEC, 1997). The reduction of 

flushing flow from upstream and substantial reduction of tidal flooding area along 

the river by constructing polders caused severe siltation over a long stretch of the 

river. Sedimentation mainly occurs during dry season since tidal flow is restricted 

over the flood plain by constructing polders and there is no fresh water flow into 

the Kobadak River from the Ganges River to flush the sediment during low tide. 
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Monsoon flow does not erode the deposited sediment on river bed because 

sediment concentration is also high, that results huge sedimentation over a 

considerable reach of the river. Eventually, the main Kobadak River and its 

distributaries and tributaries lost drainage capacity causing long standing drainage 

congestion (Shampa at el., 2012). 

 

According to Rahman (2005), the cross sectional area of the Kobadak River has 

decreased significantly from 40% to 95% and the average area of the river has 

decreased from 36% to 88%. As a result, the conveyance capacity of the Kobadak 

River has decreased from 57% to 99% and created waterlogging in the adjacent 

area of the river. 

  

National level scientific and knowledge institutions like Institute of Water 

Modelling (IWM), Center for Environmental and Geographical Information 

Services (CEGIS), and multilateral development finance agency Asian 

Development Bank (ADB) have acknowledged the concept to be an effective way 

to mitigate the waterlogging crisis that has been plaguing the region since 1980 

(ADB,2007; CEGIS,2007; IWM2007). The environmental and social impact 

assessment report remarked that the tidal river management is environment 

friendly, cost effective and economically viable and acceptable to the people 

(EGIS 1997 and 1998). 
 

According to the local people, the drainage congestion and waterlogging problem 

started in 1999 and deteriorated sharply after the flood of 2000 (Map 2.1). In 2000, 

the flood occurred due to huge amount of overland flow coming from India, which 

exceeded the conveyance capacity of the Kobadak River. In 1999 total 

waterlogged area was 400 hectare and it increased to an area of 7320 hectare in 

2002 (CEGIS, 2004).   
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Figure 2.2 View of waterlogging in the Kobadak River in different years (CEGIS, 2004) 
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2.6 Salinity Condition in the Study Area  

 

The salinity condition in the tidal channels is governed by the boundary conditions 

at the river entrance facing the Bay of Bengal, the transport-dispersion processes, 

storage volumes of the upstream and local fresh water discharges and their 

distribution in the river system. The river system of the southwest region is 

affected by coastal saline water from the month of November. The Kobadak and 

the Betna River are the only sources of fresh water on the western part of the 

region. These rivers are no longer linked to the Ganges as they were in the past. 

The flow of these rivers at the upstream is not significant and carries only runoff 

coming from local rainfall (SBCP, 2003). Salinity increases steadily from 

December through February, reaching maximum in late March and early April 

following the trend of the Ganges flow where minimum flow in the Ganges is in 

late April to May (EGIS, 2001). 

 

The increased intrusion of saline water into the fresh water of southwest 

Bangladesh is one of the most significant effects on the environment, which 

changed the overall ecosystem in the coastal areas of the region (Nishat, 1988). 

The salinity observed at Khulna topped all past records, reaching 17,100 micro-

mhos in April1983 (Nishat, 1988). The advancement of the saline front in the 

Khulna region is a matter of concern. Investigation carried out since 1976 have 

established that the salinity intrusion length, concentration and duration in the 

region depend mostly upon the quantity and duration of the upland flow received 

in the area, from the Ganges through the Gorai-Madhumati system.  

Salinity build up in the soil is higher in the west and south and follows the salinity 

gradient of river water (Karim, 2000). In 1968, a salinity level of 3800 micro-

mhos/cm was registered in Khulna when fresh water flow was normal in the Gorai 

River (Crow, 1997). With the yearly maximum salinity data in southwest region 

expressed in micro-mhos/cm at the monitoring stations for the lean period of 

1982/83, lines of equal salinity have been drawn over the affected area for 500, 

1,000 and 2,000 micro-mhos/cm concentrations.  
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  Figure 2.3 View of southwest coastal region of Bangladesh 

 

The surface water in the study area mainly comprises river or canal water and Gher 

water. In general, almost all the river or canal waters in southwestern part are 

extremely saline in the dry season and not suited for irrigation. About 56 % rivers 

of the southwest coastal region are severely affected by the different degrees of 

salinity. The khals, ponds, and beels experience more saline water through the 

activities of shrimp cultivation (SRDI, 2000). The surface water salinity in coastal 

areas is above 4,000 micro-mhos/cm, which is severely harmful to the agricultural 

crops. The salinity value of river water, however, falls dramatically during the peak 

monsoon (Ahmed, 2003).  

 

The groundwater is the primary source of potable water in the coastal region of 

Bangladesh. The shallow groundwater at 1.0-2.5 meter depths in the coastal area is 

mostly saline (Anon, 1991) and is extremely variable and changes rapidly over 

short distances up to a depth of about 60 m (Nishat, 1988). In southwest region, the 

(Source: CEGIS, 2005) 



21 
 

groundwater of Paikgacha is mostly affected by salinity and the salinity level 

varies 16,000-20,000 micro-mhos/cm where the acceptable limit is 1,560 micro-

mhos/cm (PDO-ICZMP, 2004). The groundwater is directly related to the 

irrigation of agriculture farming land but it creates serious threats to the 

agricultural crops that are not saline tolerant.  

 

2.6.1 Expansion of saline area in southwest region 

 

About 0.170 million hectares (20.4 %) new land of this area has been affected by 

various degrees of salinity over last three decades compared with the calculation of 

1973 (SRDI, 2002). Due to several reasons like fresh river water withdrawal from 

upstream, introduction of brackish water shrimp cultivation, faulty management of 

sluice gates, regular saline tidal water flooding in unpoldered area, capillary 

upward movement of soluble salts due to presence of high saline ground water at 

shallower depth etc., soil salinity in these areas increases considerably (SRDI, 

2002). More than 20 % of land in Satkhira, Khulna and Bagerhat has been found 

within the salinity level of 16,000 micro-mhos (Karim et al., 1990). The southwest 

region experiences about 43.19 % of the newly saline affected coastal area over 

last three decades that changes the soil pattern of the region. A comparative picture 

of saline land in six districts of southwest region is shown in the Table 2.3 where 

about 44.49 % saline affected area is under the southwest region. Among these 

Khulna and Bagerhat are in the highest level (SRDI, 2001). 

Table 2.3  A comparative picture of saline affected land of six districts of 
southwest region 

Districts Total cultivable land 
(ha) 

Saline affected land (ha) Percentage 

Satkhira 228125 147080 64 
Khulna 211328 145250 69 
Bagerhat 206409 125130 61 
Norail - 16050 - 
Gopalgang 87072 10200 12 
Jessore 95071 10860 11.4 

Source: SRDI (2001) 
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2.6.2 Impacts of salinity on fisheries 
 

The study of Bentley et al., (2003) showed that salinity and pH are two important 

factors influencing the ability of water to support the fish species. The salinity may 

have higher influence in the estuarine habitat than pH in comparison to the river. A 

wide variety of fresh water fish was available before inception (1975) of saline 

water in the southwest part of the country. Among 20 fresh and 10 brackish water  

fish species, 8, 10, and 2 species (fresh water) are in extinction, endangered, and 

threatened conditions respectively, while 10 species  (brackish water) are available. 

It was also observed that 11 aquatic plants became extinct.  

The environmental flow reduction has severely affected the historical river regime, 

allowed the intrusion of the saline front, thus leading to severe dislocation of the 

life cycle of the fish population. Changes in the river regime affect the spawning 

ground; the required water is not available at the time of spawning leading to 

substantial reductions in the inland open water capture fishery, and the salinity 

intrusion affects the sweet water species (Ali, 1999; Rabbi and Ahmed, 1997).  

 

2.6.3 Impacts of salinity on agriculture 

 

Three million acres of land in the coastal areas of Bangladesh have been inundated 

with saline water and can hardly sustain single crop during rainy season from June 

to October (Shah, 1992). In addition, about 203,000 ha is under very slightly, 

492,000 ha under slightly, 461,000 ha under moderate and 490,200 ha under 

strongly salt affected soils in southwestern part of the coastal area (Kumar et al., 

2001). Thus, it reduces the diversity of agricultural crops, native species and 

freshwater bodies are disappearing due to salinity intrusion (Tutu, 2004). Salinity 

reaches its peak level during April and May when it causes the major damage 

(Kumar, et al., 2001). Rice seedlings are extremely sensitive to this salinity or 

excessive accumulation of soluble salts (Mohiuddin, et al., 1997). Noman (2002) 

showed that the species like fruit and or food producing trees are found to decrease 

in number due to salinity.  
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Salinity hampers the growth of crops at germination and early vegetative stage 

(Karim, 2000). Tata (1992) stated that salinity has great effect on germination of 

different species but in all cases it is not similar. Some species are more salt 

tolerant, some are semi tolerant and some are less tolerant. Diversity index value is 

decreasing due to salinity (Kamal, 1997). It is mentioned that rice production 

suffers 10 % yield reduction when the salinity tolerance limit of 20,000 micro-

mhos is exceeded and when water salinity exceeds 48,000 micro-mhos, yield is 

reduced by 50 %. Chaffey et al., (1985) stated that for mangrove species, an 

optimal range of salinity is needed for maximum growth. Die-back of sundari may 

be due to an adverse increase in soil salinity. Sana (2004) observed that in kharif 

season 95.98 % land is used for rice cultivation whereas 56.75 % land is used for 

the cultivation of local varieties of rice, and in rabi season only 43.97 % land is 

used for till and vegetable cultivation in saline areas. Salt tolerant crops may be an 

alternative for increasing cropping intensity in these problematic soils. It is 

suggested that rice variety Brridhan 33 (15 days early), BINA mustard varieties 

and HYV boro rice variety - Binadhan 6 (potential yield 8 ton/ha) instead of T. 

aman and boro will certainly be able to increase the production per unit area and 

increase land use intensities 200 to 300 % (Sarker et al., 2000). 

According to Uddin (2005), the salinity intrusion has created suitable habitats for 

shrimp. Now, the people of these regions are more interested to lease their lands 

and to practice shrimp cultivation. Majority of the households (68 %) in Paikgacha 

are engaged in shrimp cum rice or shrimp cum rice and fresh water fish culture 

instead of rice. If this salinity intrusion continues, nobody will be interested to 

cultivate crops in near future due to its poor yield. 
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CHAPTER THREE 

STUDY AREA  

 

 

3.1 Introduction  

 

The study area falls in the catchment of the Kobadak River. The reach of the river 

that falls within the study area is from Thairpur, Chaugacha upazila to the Sibsa 

River at Paikgacha, Khulna. The map of the study area is shown in the Figure 3.1. 

A brief description of different features of the study area is given below.  

 

3.2 The Kobadak River Catchment 

 

The Kobadak is the major fresh water flow in the South-West region of 

Bangladesh. The catchment of the Kobadak River started at Thairpur, Chaugacha 

and finally dropped into the Sibsa River at Paikgacha, Khulna. The water flow in 

Chugachaga, Jhikargacha, Keshbpur, Tala and Paikgacha reach the sea through the 

Kobadak River. Its total length is around 200 km and drains an area of about 1067 

km2 spread over nine Upazilas in Jessore, Satkhira and Khulna districts (CEGIS, 

2004).  

The physical features of the study area have been dominated by surface water 

systems.  The dynamic morphology is greatly governed by sedimentation 

processes. The human induced intervention has influenced the entire hydro-

geophysical characteristics of this region (Ahmed, 2010). The land is mostly 

floodplains of the major rivers.  A few wetlands such as beel and baor wetlands 

have been formed naturally which provides ecosystem support to aquatic species. 

Moreover, a few other wetland systems such as ponds and constructed water 

bodies that are locally known as “Ghers”. Moreover, the encircled embankments 

(i.e., polders) have been created since early 1970s to safeguard agricultural 

activities from tidal and saline influence. Therefore, the polders have become a 

permanent feature on the lands which have influenced sedimentation dynamics of 

the area.  
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Figure 3.1 The Kobadak and adjoining river system (Source: CEGIS) 
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Figure 3.2 Google image of the meeting place between the Kobadak and the Sibsa 
Rivers 
 

The Kobadak also now is a nearly dead river with no flushing action as well water 

pressure from the upstream. The flushing action lost its power due to loss of the 

wetland by the construction of embankment by the bank of the river for the 

purpose of shrimp culture.  Withdrawal of the Ganges water reduced the amount as 

well as the velocity of its downstream distributaries that accelerated the magnitude 

of sedimentation process. The River Kobadak already lost its carrying capacity due 

to enormous siltation over a long period. Drainage congestion and overbank 
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spillage became a regular phenomenon in this river during each peak monsoon. As 

a result, the Kobadak River has been causing waterlogging problem in the entire 

catchment in every year (Anonymous, 2009). 

Figure 3.3 The Kobadak River catchment (CEGIS) 

Photograph 3.1 Siltation of the Kobadak River 
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Photograph 3.2 Water logging in the Kobadak River Catchment 

 

The high levee near Tala upazilla of Satkhira District indicates that once upon a 

time the river might have a width of about 750 meter, but it is now only about 100 

meter but at Chandkhali the width is about 300 meter (Banglapedia, 2004). The 

South-Western region of Bangladesh has been subjected to a plethora of hydro-

geo-morphological hazards which include poor drainage through its river systems, 

high rates of sedimentation on river beds, acute low flow conditions during the dry 

season, salinity ingress along the rivers, cyclonic storm surge, moisture stress in 

the dry season, rise in sea level, and to a lesser extent, flood (Halcrow-WARPO, 

2001). 

 

3.3 Climate of the Study Area 

 

The South-West region of Bangladesh has a tropical monsoon climate 

characterized by wide seasonal variations in rainfall, high temperature, and high 

humidity. Regional climatic differences in this flat country are minor. Three 

seasons are generally recognized: 

 

 A hot summer from March to May;  

 A hot, humid and rainy monsoon season from June to October; and 

http://en.wikipedia.org/wiki/Tropical_monsoon_climate
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 A cold, dry winter from December to February.   

The monsoons result from the contrasts between low and high air pressure areas 

that result from differential heating of land and water. Natural calamities such as 

floods, tropical cyclones, salinity intrusion and water logging are the common 

phenomena in the South-West region of Bangladesh. Annual monsoon flooding 

creates results in human death, damage to property and communication system as 

well as a shortage of drinking water which leads to the spread of disease. The 

climate profile of the study area is given below: 

3.3.1 Temperature 

 

There are three BMD meteorological stations (Jessore, Satkhira and Khulna) 

situated in the Kobadak River catchment.  The temperature varies widely from dry 

season to monsoon season. The study area is situated in warmer part of the country 

where the annual maximum average temperature varies from 26.00C to 36.50C 

from March to October. Annual minimum temperatures were recorded from 

November to February at a range between 11.00C to 26.00C.  

3.3.2 Precipitation 

 

The precipitation is one of the most important components of hydrological cycle. 

Rainfall not only creates surface runoff but also contributes to the stream flow. 

There are eight BWDB rainfall stations such as Chaugachha, Jessore, Benapole, 

Kalaroa, Keshabpur, Islamkathi, Binerpota, Kapilmuni, which are evenly spread 

over the proposed study area.  
 
According to the rainfall data of BWDB, the mean annual rainfall of the project 

area was about 1,640 mm while the maximum annual average rainfall was 1,730 

mm at the Keshabpur station. In addition, the minimum annual average rainfall 

was 1,485 mm at the Islamkathi station. Both the mean annual and maximum 
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annual rainfall was less than the national mean annual and maximum annual 

rainfall. 

 

3.3.3 Relative humidity 

 

In the study area, relative humidity during dry season is comparatively less than in 

the monsoon season. The humidity data in 2009 of the three meteorological 

stations (Jessore, Satkhira and Khulna) are presented in Table 3.2.  The average 

humidity of the three stations in dry season is almost the same and the calculated 

average humidity is near about 76%.  The average humidity in the monsoon varies 

between 86% and 87%.  

 

Table 3.1  Seasonal Average Relative Humidity (%) at Kobadak Catchment,     

2009 

Station 

Name 

Station ID Average Relative Humidity (%), 2009 

Dry  season 

(November–May) 

Monsoon  season 

(June-October) 

Jessore 11407 77 86 

Satkhira 11610 74 86 

Khulna 11604 76 87 

Average  humidity 76 86 

Source: BMD, 2009. 

 

3.3.4 Wind speed  

 

The BMD records indicate a significant variation in the mean wind speed across 

the Kobadak River catchment. The average wind speed at the Jessore station is 6.3 

knots. The monthly average distribution of wind speed show a flat distribution 

from Khulna to Faridpur (3.3 knots) and Jessore with peaks in the month of the 

April. The wind speed distribution at the Satkhira station shows two peaks during 

April and August. 

 

 



31 
 

 
 

 

3.3.5 Sunshine hour 

 

The study area experiences wide variations in the distribution of sunshine hours, 

ranging from a mean annual of 6 hours to a maximum of 7.5 hours in Jessore and 

Satkhira district. The sunshine hours in the monsoon season from June to 

September are much lower than during the rest of the year. 
 

3.4 Hydrology of the Study Area 

3.4.1 Water level 

Two types of hydrologic conditions are present in the Kobadak River. The lower 

part of the river is continuously experiencing tidal influence and the upper part of it 

is free from tidal influence. However, after the development of drainage congestion 

problem in its catchment, which started in around 1993and turned into a severe 

problem around 1998, tidal effect in the river is found to be confined within much 

downstream than the previous condition. On the Kobadak River, there are three 

water level gage stations. These are located at Tahirpur (station: SW161), 

Jhikargacha (station: SW162) and Tala Magura (station: SW163). Among the three 

stations, Tahirpur station is a non-tidal station located most upstream. The Tala 

Magura station is a tidal station located most downstream, but its data available 

with BWDB is not continuous. The BWDB treats the Jhikargacha station as tidal. 

Figure 3.4 shows the monthly variation of water levels in the river. From the 

figure, it can be seen that the water level starts to increase sharply from the month 

of June and it reaches the peak in the month of September. On the other hand, from 

October, water level starts to decrease and it reaches the lowest in the month of 

April. Since there is not much difference between the monthly maximum and 

minimum water levels, the tidal influence does not reach the Jhikargacha point in 

these days.   
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Figure 3.4 Variation of monthly maximum, minimum and average tidal water 

levels of the Kobadak River at Jhikargacha in the year of 2007. 

3.4.2 Discharge 

The Kobadak is a perennial river. However, the river flow is not uniform by nature 

among the months. Figure 3.5 presents a typical discharge hydrograph of a 

hydrological year. From the hydrograph, it can be seen that the river discharge 

starts to increase in the month of May and reaches the peak of 45 m3/s in the month 

of August.  On the other hand, from November, discharge starts to decrease and it 

reaches the lowest flow of 8 m3/s in the month of April.   
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Figure 3.5 Variation of monthly maximum, minimum and average discharges of 

the Kobadak River at Jhikargacha in the year of 2007. 

3.4.3 Salinity 

 

Surface water salinity is one of the important factors of tidal river system. In the 

coastal rivers, saline water penetrates through the rivers with flood tides coming 

from the Bay of Bengal mostly during the dry season. In most of the rivers in the 

South-West region, such as the Gorai, the Nabaganga and the Sibsa, saline water 

intrudes during the dry season and pushes down during the monsoon. But in the 

Kobadak River even during the wet season, saline water intrudes in the upstream 

direction because of insufficient upstream fresh water flow due to loss of 

connectivity with upstream rivers. On the Kobadak River, there are four salinity 

stations of the BWDB at Tahirpur (station: SW161), Jhikargacha (station: SW162), 

Jogikhali (station: SW164.1) and Islamkati (station: SW164.2). Figure 3.6 shows 

the monthly variation of salinity in the river. From the figure, it can be seen that 

the salinity during flood tide is little higher than ebb tide. The salinity increases 

from November until June and reaches the peak in the month of June.  
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Figure 3.6 Variation of monthly salinity in the Kobadak River  

3.5 Ecological Features  

 

The River Kobodak is one of the main sources of fresh water in the South-West 

region of Bangladesh. But due to absence of environmental flow in the river the 

fresh water is sharply decreased. So, the Sundarbans which is the largest mangrove 

forest ecosystem in the world is in vulnerable condition.It also provides various 

ecosystem services like fish, timber, fuel wood, honey, raw materials for industries 

and other valuable products to about one million people who are living in this 

region 

 

Baor eco-system is one of the most important eco-system of this catchment area.  

Naturally, baors are connected with the parent river during monsoon and 

disconnected during the dry season. Jhapa, Khajura, Ujjalpur, Khetapar, Bookbola, 

Hariharnagar, Khatua and others are the important baors in the study area. Jhapa 

Baor is one of the biggest baor in this area.  Kanarali Baor in the west and 

Bahadurpur Baor in the east near Jhikargacha are also important to support 

floodplain fishes. Ujjalpurer Baor, major fishes are now cultured. Now-a-days, the 

brackish water fishes are less  in Khajura, Ujjalpurrer and Jhapa Baors. 

There are various types of trees available in the both sides of the River Kobadak. 

Most importantly jackfruit trees have died in many water logged villages during 
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the last 10 years due to drainage congestions. Timber trees like Mehagini also have 

reduced. 

 

3.6 Agricultural Practices 

 

Agriculture is the main source of income for the majority of the population in the 

Kobadak River catchment.  Rice has been widely grown for a long period. But, in 

recent time the cultivation of rice has reduced dramatically because of water logging in 

Jessore, Satkhira and Khulna districts. Due to increasing salinity, a vast area of paddy 

fields has been changed into shrimp cultivation from the early 1980. Although in the 

first stage, the shrimp farming was acceptable to the local poor agricultural based 

people for the purpose of creation of job facilities, but at present urban elites are the 

driving forces of the shrimp cultivation by investing a large amount of money.  In this 

regard, both Khulna and Satkhira contribute to over 20 per cent each of all shrimp 

production at national scale (Rahman, 2002).  

Rice is the single dominant crop in the Kobadak catchment area of Tala, Paikgacha 

and Khulna, whereas   in Jhikargacha and Chugacha the cultivable lands are being 

used for multi-dimensional agricultural production. For example, vegetables, wheat, 

cut flower, spices, vegetables, tobacco, jute, and sugarcane are grown in Jessore, 

which are not as visible in the other two districts. In the saline affected areas of Khulna 

and Satkhira, farmers can utilize their lands for only one major rice crop (Aman) 

during the monsoon season. In those two districts, dry-season (Boro) rice cannot be 

profitably grown due to increased salinity. 

 

3.7 Demography and Socio-economy of the Study Area 

 

The Kobadak River catchment supports the livelihoods of a large population. 

According to the fifth population census 2011, the population density is about 976 

per square kilometer at national level. However, there exists a huge difference in 

population density between Kobadak catchment areas and the national figure. The 

districts of Satkhira and Jessore, which are within the catchment, have a density of 

520 and 1060 per square kilometer respectively. Thus, the population density in 

some places of the catchment is higher and in some place lower than the national 
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average. About 41 per cent of coastal population belongs to age group of below 15 

years. Therefore, the number of dependent population on every employable 

(income worthy) person is more (i.e., 0.9) than the national average (i.e., 0.83).  

 

The population growth rates are 0.62% and 1.11% at Satkhira and Jessore, 

respectively. The population distribution in urban and rural areas in the two 

districts provides interesting features. Only 7.2% people live in urban areas in 

Satkhira district, while 22.8% of population live in urban areas in Jessore. The 

other observation reveals that the percentage of males is about 51.7% in Jessore 

and 48.56% in Satkhira compared to females. The demographic features are given 

in below:  

 
Table 3.2       Demographic structure of Jessore and Satkhira districts, 2011. 

Items Jessore Satkhira 

Population 

Both Sex 27,64,547 19,85,959 

Male 13,86,293 9,82,777 

Female 13,78,254 
 

10,03,182 

Urban 4,56,570 
 

1,40,572 

Rural 22,50,995 
 

17,88,343 
 

Annual growth rate 1.11 0.62 
 

Density per sq. km 
 

1060 520 

Literacy 

Both 56.5 52.1 

Male 59.4 56.1 

Female 
 

53.7 48.2 
 

 

Salinity is the constraint in terms availability of safe drinking water. The number 

of effective tube wells in term of running and operationable per square kilometer 

for Satkhira and Khulna is about 4, compared to national availability of 7. Since 
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the number of tube wells per square kilometer is 8 in Jessore which is little higher 

than the national average (Ahmed, 2010).  

  

3.8 Effects of the Farakka Barrage and Unplanned Structural Development 

 

Upstream India’s Hooghly River is a south-flowing canal-like off-shoot from the 

Ganges before its entrance to Bangladesh. India constructed the Farakka Barrage 

on the Ganges about 16 km beyond the India-Bangladesh border in 1975.  Due to 

the withdrawal of water through the barrage, the freshwater flow to the Kobadak 

River has reduced significantly. As a result, the riverine ecosystem of Bangladesh 

has been facing a critical condition. The main purpose of the Farakka Baragge was 

to maintain the navigability of the Calcutta Port without considering the 

consequences of the ecological habitat of the downstream riparian country. The 

treaty between the government of the republic of India and the people’s republic of 

Bangladesh on sharing of the Ganges Water at Farakka in 1996 has not been able 

to restore the flow of the river.  

 

Before establishing the polder in this region, the boat was the only way of 

communication and goods transportation. But there is no such boat system now. 

Instead, many roads, culverts and bridges have been developed in this region. As a 

result, problem arises for discharging the water from those areas. Moreover, the 

slope of land in this region is towards north-south direction but maximum 

structures are constructed facing east-west direction. Furthermore, during 

construction period, many cannels and discharge path of water were closed but 

comparably less number of culverts were developed. In addition, most of the 

culverts were not constructed at the necessary height for water discharge. Also, the 

pillars of bridges help siltation. So rivers and cannels have lost their environmental 

flow of water and created water logging at this region. 
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CHAPTER FOUR 

METHODOLOGIES AND DATA COLLECTION 

 

 

4.1 Methodologies of Environmental Flow Assessment 

 

Environmental flow assessment of a river requires consideration of a number of 

factors including: 

 Size of the river (e.g., large wide, small wide, short narrow and long 

narrow) 

 Type of the river (e.g., perennial, seasonal and high base flow); 

 Its perceived environmental importance (e.g., ecological, hydrological 

and morphological); 

 Complexity of the decision to be made (e.g., conflict among different 

stakeholders); and 

 Increased cost and difficulty of collecting large amounts of information 

The environmental flow requirement of the Kobadak River has been assessed by 

following a socio-technical approach. It comprises technical assessment of 

environmental flow requirement with checking the adequacy of such flow with the 

local people. 

 

The technical assessment has been made based on Flow Duration Exceedance 

Percentile (FDEP) method, which is one type of Hydrological Flow Index Method 

(Barker and Kirmond, 1998). The FDEP method is used because of its 

inexpensiveness and no ecological data requirement. This technique is also applicable 

for all sorts of river. In this method, historical flow records are analyzed to produce 

the relationship between the range of discharges and the percentage of time each of 

them is equalled or exceeded. 

 

In social assessment, the history of river flow is gathered by conducting Focus Group 

Discussions (FGDs) with the local people. The last known period having satisfactory 

environmental flow in a river, 1990-1993 in our case, is identified through the FGDs. 

The month which is critical in terms of environmental flow, April in our case, is also 
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identified through the FGDs. Then a desk analysis is carried out with the secondary 

flow data of the river for the specified period and month to estimate average flow in 

the river. This average flow becomes the minimum environmental flow of the river. 

 

4.1.1 Flow Duration Exceedance Percentiles 

 

A flow duration exceedance percentile simply represents the percent of time during 

which specified flow rates are exceeded at a given location. In flow duration 

exceedance percentile analysis, naturalised or present-day historical flow records are 

analysed over specific durations to produce curves displaying the relationship 

between the range of discharges and the percentage of time each of them is equalled 

or exceeded.  The flow duration exceedance percentile is a plot that shows the 

percentage of time that flow in a stream is likely to be equal or exceeded some 

specified value of interest.  For example, in some cases the 80 percentile flow (Q75) 

may be set as the minimum environmental flow.  This is the flow that is exceeded 

80% of the time. Preparing a flow duration exceedance percentile requires the 

following steps: 

 

 Step 1: The mean daily discharges for period of record are sorted from 

the largest value to the smallest value, involving a total of n values and 

ranked. 

 Step 2: The class intervals (ranges) for which flow duration curve has 

to be prepared is set. 

 Step 3: The number of mean-daily flows that occur within given 

ranges of magnitude are counted.  

 Step 4: The percentage of days of record that mean-daily flows exceed  

(exceedence probability, P) is calculated as follows: 

 

P = 100 * [ m / (n + 1) ] 

where,  P = the probability that a given flow will be equaled or 

exceeded    (% of time); m = the number of mean-daily flows that 

occur within given ranges of magnitude (dimensionless); and n = the 

number of events for period of record (dimensionless). 
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In this study, Q80 was used as the minimum environmental flow of the Kobadak River 

as it also matches with the social assessment of environmental flow. The assessment 

required the daily discharge data of the Kobadak River.  

 

4.1.2 Framework for maintenance of environmental flow  

 

A framework has been developed for environmental flow maintenance. The 

framework includes six steps, which are:  

1. Numerical estimation of the environmental flow of the river Kobadak by the 

socio-technical method which is necessary to sustain the natural ecosystem. 

2. The human influences have been determined on the river flow based on the 

encroachment area of the river banks in every year for the purpose of the 

agriculture. 

3. The ecosystem variables have been selected such that they are directly 

linked with the change in flow regime. The variables are:  

I. Ecology: Vegetation, fish, dolphin, micro-invertebrate, water bird, 

and frog; 

II. Hydrology: River connectivity, encroachment area, discharge, 

salinity, water quality and water level; and 

III. Morphology: Sediment load, width and depth. 

4. The impacts (positive and negative) of present flow regime have been 

determined on selected ecological, hydrological and morphological parameters 

through Focus Group Discussions (FGDs) and Key Informant Interviews 

(KIIs) with the local people. 

5. The best solution has been selected from restoration, rehabilitation and 

remediation river management options by Multi-Criteria Analysis (Bradshaw, 

1996). Three main strategies have been followed in the multi-criteria analysis 

method. They are: Scoring, Standardization and Weighting. 

a. Scoring: The overall performance of different maintenance options 

(Restoration, Rehabilitation and Remediation) with respect to different 

indicators (Ecology, Hydrology and Morphology) is calculated in the 

study area. 
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b. Standardization: Standardization is a procedure that reduces scores 

to same type of unit in the research. The method which is used in this 

study for standardization is given below: 

 
ScoreWorstScoreBest
ScoreWorstScoreActualSTD     

          where, STD is standardized score, which ranges from 1.00 to 0 

 

c. Weighting: Weighting means the relative importance of criteria or 

indicators. In this study weight calculation has been used two times, 

one is among the criteria (ecological, hydrological and morphological) 

and another is among the indicators. 

 

6. Determining the activities under the selected option by gathering 

information from the local people, public officials, NGO personnel, experts, 

etc. 
 

4.2 Data Collection  

 

Both primary and secondary data were needed in this study to assess the 

environmental flow of the Kobadak River and to develop a framework to maintain 

such flow in the river.   

 

4.2.1 Primary data  

For the purpose of primary data collection, a total of six field visits have been made to 

the study area. The field visits were made during February, 2011 to June, 2012. The 

locations of the field visits were: 

 Field Visit 1: Kopilmuni, Khulna. 

 Field Visit 2: Tala, Satkhira. 

 Field Visit 3: Patkelghata, Satkhira. 

 Field Visit 4: Trimphini, Jessore. 

 Field Visit 5: Jakhargacha, Jessore. 

 Field Visit 6: Tahairpur, Jhinaidhah. 
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Through these field visits, the primary data required for this study were collected by 

using the following Participatory Rural Appraisal (PRA) tools: 

 Focus Group Discussions 

 Key Informant Interviews   

 

4.2.1.1 Focus Group Discussions 

 

Focus Group Discussions (FGDs) were carried out with both male and female groups. 

The groups were either directly involved in river-related activities or affected due to 

absence of environmental flow. 

 

On the basis of occupation and nature of effects of absence of environmental flow, the 

males were divided into ten groups and the females were divided into five groups. So, 

a total of 15 FGDs were conducted with 15 groups. The details of the FGDs were as 

follows: 

 

FGD 1 & 2: Landless male farmers: who have no agricultural land but 

cultivate others’ land 

FGD 3 & 4: Male farmers having own lands:  who have agricultural 

cultivable and water logging affected land 

FGD 5 & 6: Male day laborers: agricultural and non-agricultural day 

laborers 

FGD 7 & 8: Fishermen: the people who engaged in capture and open water 

fisheries 

FGD 9 & 10: Businessmen: the businessmen who used the River Kobadak 

for transportation purposes  

FGD 11 & 12: Women: The families which are affected severely by water 

logging 

FGD 13 & 14: Wives of fishermen: The people who are responsible to 

maintain the families 

FGD 15:  Women day laborers: Agricultural and non-agricultural laborers 

 



43 

 

The major purpose in conducting FGDs was to gather the history of river flow and the 

month which is critical in terms of environmental flow as well as to determine the 

weights of different indicators and their opinions in favor of the restoration, 

rehabilitation and remediation river management options. 

 

4.2.1.2 Key Informant Interviews 

 

Key Informants Interviews (KIIs) were carried out with school, college and 

madrashaw teachers, BWDB officials, Upazila agriculture and fisheries officers, UP 

Chairmen and members, local elites, NGO personnel and local experts. The total 

number of KIIs conducted was 17. The major purpose in conducting KIIs was to 

discuss about the development potential and plan for rehabilitation of the Kobadak 

River. 

 

4.2.2 Secondary data  

 

The secondary data on river discharge was required to assess the environmental flow 

requirement of the river as well as to know the flow condition of the river. The 

discharge is also important for meeting the demand of all sectors that is related to the 

river. The discharge data is essential for the development of maintenance framework 

for environmental flow in the Kobadak River. The discharge data of the Kobadak 

River was collected from Bangladesh Water Development Board (BWDB). The 

discharge station is located at Jhikargacha (station: SW162). The available period of 

records was from 1965 to 2007. Though there are other gage stations on the river, the 

discharge data was not available and hence could not be used.  
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CHAPTER FIVE 

ENVIRONMENTAL FLOW AND MAINTENANCE FRAMEWORK 

OF THE KOBADAK RIVER 

 

5.1 Introduction 

 

The environmental flow requirement for a river is the minimum flow required to 

maintain aquatic life. The environmental flow is often defined as how much of the 

original flow of a river should continue to flow down it in order to maintain the 

riverine ecosystem. So, environmental flow is needed for the following reasons: 

 Prevention of saline water intrusion; 

 Dilution of effluent; 

 Maintenance of the flood carrying capacity of the channel; 

 Cultural and social reasons; 

 Prevention of invasive plant species; and 

 Maintenance of the channel diversity. 

 

Society has to consider the potential costs and benefits to the environment. All water 

users have to consider that a certain amount of water is needed to the environment. An 

environmental flow assessment is used as a method for estimating the quantity of 

water required to maintain in a river. An environmental flow assessment produces one 

or more descriptions of possible future flow regimes for a river, each linked to an 

objective relating to the health of the ecosystem.   

 

5.2 Assessing Environmental Flow of the Kobadak River 

 

To assess the environmental flow requirements of the Kobadak River by the socio-

technical method, the discharge data of the river from 1990-1993 were considered. 

The selection of the years was based on the information collected using the Focus 

Group Discussions (FGDs) among aged, educated and experienced local people in the 

field level. The years 1990-1993 were the last period when the flow of the River 

Kobadak was good for maintaining the ecological balance. The natural condition of 

the river was healthy in that time because there was environmental flow in the river. 
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But, the reduction of the upstream freshwater supply from the Ganges has increased 

the river salinity in the downstream. It has consequences for reducing fish and 

agricultural diversity of the south-west coastal region (Gain et. al., 2008). In addition, 

the modification of threshold flow-induced ecosystem degradation can result in a 

reduced availability of ecosystem goods and services (Meijer et. al., 2011; Hossain et. 

al., 2013). The economic conditions of the fishermen, the farmers and the people, who 

are directly or indirectly dependent on the river ecology, were good. The river was the 

main source of protein for the people, especially the poor segment of the society, on 

both sides of the river. The lives and livelihoods of the poor people were relatively 

good at that time. So, the river was flowing in an environmentally good condition up 

to the year of 1993. 

 

For estimating the environmental flow, firstly the daily discharge data in the month of 

April of 1990, 1991 and 1992 (Table 5.1) were averaged. The environmental flow of 

the Kobadak was found to be about 24.0 m3/s. This amount of discharge is necessary 

to sustain the ecosystem in this river. Without the flow of this amount of water in the 

river, its ecology has deteriorated greatly in the recent years. The river has lost its 

natural balance.  The results of the loss of the natural balance have been in every 

sector of the society. At present, the total catchment area is a permanent waterlogged 

area. 
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Table 5.1 Daily discharge (m3/s) of the Kobadak River at Jhikargacha 

Day April, 1990  April, 1991 April, 1992 

01 42.1 43.1 42.2 
02 37.02 39.6 36.5 
03 32.1 30.1 37.1 
04 30.1 30.1 32.1 
05 31.2 31.2 31.4 
06 28.4 29.4 30.1 
07 26.0 24.1 23.4 
08 24.1 23.6 22.3 
09 21.3 22.2 21.3 
10 20.1 20.1 22.1 
11 20.1 20.8 22.6 
12 22.3 20.3 20.1 
13 21.6 21.6 22.1 
14 21.8 20.8 22.6 
15 24.6 22.8 22.3 
16 20.5 20.5 20.3 
17 20.2 21.5 20.9 
18 20.5 20.2 20.6 
19 21.3 20.8 20.4 
20 20.4 21.6 22.3 
21 20.3 20.3 20.2 
22 20.4 20.6 20.4 
23 20.6 20.3 20.9 
24 20.3 20.1 20.1 
25 20.1 20.1 21.5 
26 22.1 20.1 21.5 
27 20.1 20.5 21.1 
28 22.1 20.3 20.3 
29 22.5 20.2 20.3 
30 22.3 20.1 20.9 

Average 23.9 23.6 24.0 
Total Average 24.0 
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By following the flow duration percentile method for the month of April (1958-1992), 

it is found that 79.3% data fits with the daily discharge range of 20-29 m3/s (Table 5.2 

and Figure 5.1). The 80th percentile is usually used as environmental flow of a river 

(ACT Government, 1999). Thus, the environmental flow requirement of the River 

Kobadak is found to be 20 m3/s and this amount of flow is essential for the 

maintenance of hydrology, morphology and ecology of the Kobadak River. In the 

National Water Management Plan (WARPO, 2001), the instream flow of the Kobadak 

River was estimated to be 25 m3/s. Thus, the estimate of this study compares well 

with the NWMP estimate. This amount is comparable with the environmental flow 

requirement of 24.0 m3/s which was obtained from the social method using FGDs. 

Without this quantity of water, sustainability of the environment of the river would be 

hampered.  After 2002, the flow of this river has significantly reduced. That is why, as 

soon as possible, the necessary steps should be taken to protect the channel for the 

well-being of the inhabitants of both banks of the river. If it is not possible to take 

proper steps to save from this difficult condition, in near future it will be alarming for 

all the beneficiaries of this river.  Some signs of alarming are already observed in the 

last few years. It is one of the most important rivers in the south-west region of 

Bangladesh. The agriculture and the business are vital sectors which are mostly 

dependent on the river flow of the Kobadak. The water for the purpose of irrigation is 

not available in the dry season. For this, the production of agriculture has decreased at 

notable amount. Once upon a time, the river was used for the communication and 

transportation. But now-a-days, the communication and the facilities are fully 

damaged. The salinity of this region is also dependent on the environmental flow of 

this river. The fresh water in the world’s largest mangrove forest, the Sundarbans, is 

contributed by the River Kobadak. But in recently, due to the decreasing water flow in 

the river, the salinity of this forest has increased. So, the forest is in a vulnerable 

condition. If this situation is continued for long time, the existence of the forest will 

be at high risk. Fisheries is the another economic sector in the South-West coastal 

region of Bangladesh. The breeding field is already destroyed due to the absence of 

the environmental flow in the river.  
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Table 5.2 Flow duration analysis for the month of April (1958-1992) 

Class interval 

(m
3
/s) 

Number of days 

in the class 

Cumulative 

number of days 

with flow equal to 

or greater than 

% time flow 

equal to or 

greater than 

100 5 5 0.47 

90-99 3 8 0.76 

80-89 4 12 1.14 

70-79 11 23 2.19 

60-69 47 70 6.66 

50-59 39 109 10.37 

40-49 80 189 17.98 

30-39 159 348 33.11 

20-29 485 833 79.26 

10-19 78 911 86.68 

0-09 139 1050 99.90 

 

 

 

 



49 
 

 

 

 

Figure 5.1 Flow Duration Curve for the Kobadak River at Jhikargacha 

 

5.3 Developing a River Maintenance Framework 

5.3.1 Selecting criteria and determining weights of indicators 

A river maintenance framework is needed to support the implementation of an 

environmental flow maintenance process that can address multiple functions of 

aquatic ecosystems.  Such a framework is developed for environmental flow 

maintenance in the entire catchment of the River Kobadak. It is a starting point to 

initiate studies to move towards land and water management that can better meet 

ecological needs. The framework would provide the basis for a structured process to 

involve a multi-disciplinary group of local people to consider potential environmental 

responses to change in the flow regime at three sorts of indicator consideration, i.e., 

ecology, hydrology and morphology. The FGDs have been conducted for measuring the 

weight of the ecological, hydrological and morphological criteria, and also for selecting 

the indicators under the ecology, hydrology and morphology. Some photographs of the 

FGDs conducted in the field are shown below: 
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Photograph 5.1 View of a focus group discussion with the farmers 

 

 

Photograph 5.2 View of a focus group discussion with the fishermen 
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A pair wise ranking has been done in the field based on the FGDs and KIIs. The 

ranking of ecology, hydrology and morphology of the river is given in Table 5.3. It is 

seen from the table that the rank of ecology is I, hydrology is II and morphology is III.   

 

Table 5.3 Pair-wise ranking of ecology, hydrology and morphology of the River 

Kobadak  

 Ecology (E) Hydrology (H) Morphology (M) 

Ecology (E) E   

Hydrology (H) E H  

Morphology (M) E H M 

Total Frequency 3 2 1 

Rank I II III 

  

The weights of the three indicators are calculated as below: 

 

Weight of an Indicator = (Individual Frequency of the Indicator/ Total 

Frequency of all the Indicators)* 100 

 

As the individual frequencies of ecology, hydrology and morphology are 3, 2 and 1, 

respectively, the total frequency is 6. So, the weights are: 

 

The weight for ecology = (3/6 *100)% = 50.0% 

The weight for hydrology = (2/6 *100)% = 33.3% 

The weight for morphology = (1/6 *100)% = 16.7% 

 

Thus, the weights of the ecology, hydrology and morphology are found to be 50.0%, 

33.3% and 16.7%, respectively. 

The above weights were comparable with the weights provided for ecology, 

hydrology and morphology criteria by the key informants during the KIIs. 
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From these weight distributions, the conclusion could be drawn that the importance of 

ecology is the top most and morphology is the lowest in position. So, ecology is the 

most important criterion for the environmental flow maintenance of the River 

Kobadak. A large number of people depend on the ecological bionetwork of the river 

system. These people are in vulnerable condition because of losing the environmental 

flow of the river.  The fishing sector is the most vulnerable sector and the fisherman is 

the most exposed group who is dependent on the river for their livelihoods. The 

agriculture sector is also affected for reducing the water flow of the river. Most of the 

agricultural lands by the side of the river are suffering from waterlogging. At present, 

single crop is cultivated in the farming land. Before the year of 2000, two or three 

crops were farmed in the land. Those have created the economic condition of the 

dependable group risky. The hydrology and morphology of the river are in the second 

and third positions, respectively. So, the priority of ecology based on people’s opinion 

is much rational. 

 

A pair-wise ranking of the ecological indicators has been done based on the FGDs and 

KIIs in the field level. The ranking of ecological indicators is given in Table 5.4. It is 

seen from the table that the vegetation, fish, dolphin, micro-invertebrate, water bird 

and frog rank the first, second, third, fourth, fifth and sixth, respectively. From this 

ranking, it can be distinctly understood that the importance of vegetation is the highest 

and water bird is the lowest.  
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Table 5.4 Pair-wise ranking of ecological indicators of vegetation, fish, dolphin, 

micro-invertebrate, water bird and frog of the River Kobadak 

 

The weights of the six indicators are calculated as below: 

 

Weight of an Indicator = (Individual Frequency of the Indicator/ Total 

Frequency of all the Indicators)* The Weight of Ecology 

 

The individual frequencies of vegetation, fish, dolphin, micro-invertebrate, frog and 

water bird are 6, 5, 4, 3, 2 and 1, respectively and the total number of frequency is 21. 

So, the weights are: 

The weight for vegetation = (6/21 *50.0) % = 14.3% 

The weight for fish = (5/21 *50.0) % = 11.9% 

The weight for dolphin = (3/21 *50.0) % = 7.1% 

The weight for micro-invertebrate = (4/21 *50.0) % = 9.5% 

The weight for water bird = (1/21 *50.0) % = 2.4% 

The weight for frog = (2/21 *50.0) % = 4.8% 

 Vegetation 

(V)  

Fish  

(F)  

Dolphin 

(D) 

Micro-

invertebrate 

(M)  

Water bird   

(W) 

Frog 

(FR) 

Vegetation 

(V) 

   V      

Fish (F) V F     

Dolphin (D) V F D    

Micro-

invertebrate 

(M) 

V F M M   

Water bird 

(W) 

V F D M W  

Frog (FR) V F D M FR FR 

Total 6 5 3 4 1 2 

Rank I II IV III VI V 
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Thus, the weights of vegetation, fish, dolphin, micro-invertebrate, bird and frog are 

found to be 14.3%, 11.9%, 7.1%, 9.5%, 2.4% and 4.8%, respectively. 

The above weights were verified with the key informants during the field visits. 

 

The pair-wise ranking of the hydrological indicators has been done in the field based 

on the FGDs and KIIs. The ranking of the hydrological indicators is given in Table 

5.5. It is seen from the table that the rank of hydrological indicators of river 

connectivity – II, encroachment area – VI, discharge – I, salinity -V, water quality – 

IV and water level – III. From this ranking, it can be distinctly understood that the 

importance of discharge is the highest and encroachment area is the lowest.  

 

The weights of the six indicators are calculated as below: 

 

Weight of an Indicator = (Individual Frequency of the Indicator/ Total 

Frequency of all the Indicators)* The Weight of Hydrology 

 

The individual frequencies of discharge, river connectivity, water quality, water level, 

salinity, encroachment area are 6, 5, 4, 3, 2 and 1, respectively and the total number of 

frequency is 21. So, the weights are: 

 

The weight for river connectivity = (5/21 *33.3) % = 7.9% 

The weight for encroachment area = (1/21 *33.3) % =1.6% 

The weight for discharge = (6 /21 *33.3) % = 9.5% 

The weight for salinity = (2/21 *33.3) % = 3.1% 

The weight for water quality = (4/21 *33.3) % = 6.4% 

The weight for water level = (3/21 *33.3) % = 4.8% 

 

Thus, the weights of 7.9%, 1.6%, 9.5%, 3.1%, 6.4%, and 4.8% are found for the river 

connectivity, encroachment area, discharge, salinity, water quality and water level, 

respectively. 

 

The above weights were comparable with the weights provided for hydrological 

indicators by the key informants during the KIIs. 
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Table 5.5 Pair-wise ranking of hydrological indicators of encroachment area, river 

connectivity, discharge, salinity and water quality of the River Kobadak 

 

 

 

 

 

 

 

 River 

connecti-

vity 

(RC) 

 

Encroach-

ment area 

(EA) 

Discharge 

(D) 

Salinity 

(S) 

Water 

quality 

(WQ) 

Water level 

(WL) 

River 

connectivity 

(RC) 

 

 

RC      

Encroachment 

area (EA) 

RC EA     

Discharge (D) 

 

D D D    

Salinity (S) 

 

RC S D S   

Water quality 

(WQ) 

RC WQ D WQ WQ  

 

Water level 

(WL) 

 

RC WL D WL WQ WL 

Total frequency 05 01 06 02 04 03 

Rank II VI I V IV III 
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The pair-wise ranking of morphological indicators has been done based on the FGDs 

and KIIs in the field. The ranking of the morphological indicators is given in Table 

5.6. It is seen from the table that the river depth, sediment load and river width rank 

the first, second and third, respectively. From this ranking, it can be distinctly 

understood that the importance of river depth is high and river width is low. If the 

depth can be maintained in the satisfactory level, then it will be very easy to maintain 

the environmental flow in the River Kobadak. The sediment in the water is also 

important for the river because of ensuring the carrying capacity. 

 

Table 5.6 Pair-wise ranking of morphological indicators of sediment load, river 

width and river depth of the River Kobadak 

 

The weights of the three indicators are calculated as below: 

 

Weight of an Indicator = (Individual Frequency of the Indicator/ Total 

Frequency of all the Indicators)* The Weight for Morphology 

 

The individual frequencies of river depth, sediment load and river width are 3, 2 and 

1, respectively and the total number of frequency is 6. So, the weights are: 

 

The weight for river width = (1/6 *16.7) % = 2.8% 

The weight for salinity = (2/6 *16.7) % = 5.6% 

 River width (R) 

 

Sediment load (S) River depth (RD) 

 

River width (R) 

 

R   

Sediment load (S) 

 

S S  

River depth (RD) 

 

  RD RD RD 

Total 

 

1 2 3 

Rank III II I 
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The weight for river depth = (3/6 *16.7) % = 8.3%  

 

Thus, the weights of the river width, salinity and river depth are found to be 2.8%, 

5.6% and 8.3%, respectively. 

The above weights provided for morphological indicators were verified with the key 

informants during the field visits. 

 

The summary of the weights of the ecological, hydrological and morphological 

indicators is given in Table 5.7. This table indicates that the total weight of the 

ecological criteria of 50.0% are distributed among the vegetation, fish, dolphin, 

micro-invertebrate, bird and frog by 14.3%, 11.9%, 7.1%, 9.5%, 2.4% and 4.8%, 

respectively.  The weights of the hydrological criteria of 33.3%  are divided into 

7.9%, 1.6%, 9.5%, 3.1%, 6.4%, and 4.8% for river connectivity, encroachment area, 

discharge, salinity, water quality and water level, respectively. In the same way, the 

weights of the morphological criteria of 16.7% are distributed among the river width, 

salinity and river depth by 2.8%, 5.6% and 8.3%, respectively. 
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Table 5.7 Total weights of different indicators for selection of the best option by 

multi-criteria analysis 

Note: The weight for vegetation = (Individual frequency of vegetation/ Total       

frequency of all indicators)* weight of ecological criterion 

                                                             = (6/21× 50.0) % = 14.3% 

 

 

 

 

 

 

Objective 

 

Criterion  Weight of the 

criterion (%) 

Indicator Weight of the 

indicator 

 

To develop 

environmental 

flow 

maintenance 

framework 

Ecological 50 Fish 11.90 

Water bird 2.38  

Micro-

invertebrate 

9.52  

Vegetation 14.28 

Dolphin 7.14 

Frogs 4.76 

Hydrological 33.3 Encroachment 

Area 

1.59  

River 

connectivity 

7.95  

Water quality 6.36 

Water level 4.77 

Discharge 9.54 

Salinity 3.14  

Morphological 16.7 Sediment load 5.56 

Width 2.77 

Depth 8.31 
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5.3.2 Combined scores determination of ecological criterion 

 

The ecosystem in the Kobadak River catchment derives from the fresh water system 

of the Ganges River at the north and a huge estuarine system at the south.  The 

ecosystem of the study area was once one of the most established ecosystems of the 

country. The weights of the ecological criteria have been given based on the FGDs 

and KIIs in the entire Kobadak River catchment. The ecological criteria achieved 

50.0% weight following a pair-wise ranking method. That means, the ecology is the 

most important criterion among hydrology, ecology and morphology in the study 

area. But, the ecology in the study area has been altered in the last 25-40 years by 

massive human interventions. The determination of combined scores of different 

ecological indicators (fish, water bird, micro-invertebrate, vegetation, dolphin and 

frog) is discussed below: 

 

5.3.2.1 Fish  

 

The fish indicator’s combined score has been determined based on the FGDs with the 

fishermen and their wives, and the KIIs with the upazilla fisheries officers of Tala and 

Jhikargacha and fish traders in the field. For fish, about 60%, 90% and 30% of the 

people, out of 100% in each case, expressed their opinions in favor of the restoration, 

rehabilitation and remediation river management options, respectively (Table 5.10). 

Although it is intuitive that the restoration river management option would receive the 

highest score in terms of the fish indicator, the best score of 90% was found for the 

rehabilitation option. This could be due to the fact that while scoring, the feasibility of 

the option, i.e. whether the option is practically implementable or not, was in the 

minds of the people. This could also be due to the approach undertaken to evaluate the 

river management options where feasibility of different options was not 

conceptualized as a separate criterion.  

 

After obtaining the scores for different options, they were standardized by following 

Section 4.2. The standardized scores for the restoration, rehabilitation and remediation 

options were found to be 0.50, 1.00 and 0.00, respectively (Table 5.11). After 

multiplication of the standardized scores with the weight of the fish indicator given in 
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the last column of Table 5.7, combined scores for the restoration, rehabilitation and 

remediation options were found to be 5.95, 11.90 and 0, respectively (Table 5.12). It 

is apparent that the rehabilitation is the most preferred option for management of the 

Kobadak River in term of fish indicator. Also, people do not prefer remediation as an 

option for the river in term of fish indicator. 

 

5.3.2.2 Water bird 

 

The FGDs and KIIs social tools have been used with the local people to determine 

combined score of water bird indicator in the study area. About 85%, 80% and 70% 

of the people for water bird, out of 100% in each case, expressed their opinions in 

favor of the restoration, rehabilitation and remediation river management options, 

respectively (Table 5.10). The highest score 85% among the all scores was given to 

the restoration option. Because, it is linked available water in the river, then fish, but 

water bird is not physically dependency to the other indicators of the river. The 

Section 4.2 has been followed for standardizing the above percentages, the 

standardized scores for the restoration, rehabilitation and remediation were found to 

be 1.00, 0.66 and 0.00, respectively (Table 5.11). Then multiplication of the 

standardized scores with the weight of the water bird given in the last column of 

Table 5.7, combined scores for the restoration, rehabilitation and remediation were 

found to be 2.38, 1.59 and 0, respectively (Table 5.12). It is clear that the restoration 

is the most favored option for management of the Kobadak River. Besides, people do 

not desire remediation as an option for the river in context of water bird. 

 

5.3.2.3 Micro-invertebrate 

 

The social tool such as the FGDs and KIIs has been used to determine combined score 

of micro-invertebrate with the local people in the field. In case of micro-invertebrate 

indicator, about 65%, 85% and 35% of the people, out of 100% in each case, 

expressed their opinions in favor of the restoration, rehabilitation and remediation 

river management options, respectively (Table 5.10). During scoring, the greatest 

score of 85% was given to the rehabilitation option, the practicability of the option, 

was in the thinking of the stakeholders.   For the purpose of standardizing the Section 
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4.2 has been followed of the above percentages. The standardized scores for the 

restoration, rehabilitation and remediation were found to be 0.60, 1.00 and 0.00, 

respectively (Table 5.11). The combined scores for the restoration, rehabilitation and 

remediation were found to be 5.71, 9.52 and 0, respectively by following 

multiplication of the standardized scores with the weight of the micro-invertebrate 

given in the last column of Table 5.7. It can be said that the rehabilitation is the most 

preferred option for management of the Kobadak River. In addition, people do not 

prefer remediation as an option for the river at all in the respect of micro-invertebrate. 

  

5.3.2.4 Vegetation 

 

The FGDs with the farmers and women, and KIIs with the agricultural officers in the 

upazilla, businessmen of the crops in the study area have been used to determine 

combined score of vegetation. For vegetation, about 60%, 80% and 40% of the 

people, out of 100% in each case, expressed their opinions in favor of the restoration, 

rehabilitation and remediation river management options, respectively (Table 5.10). 

At the time of data collection in the field level, the feasibility of the option that means 

it is truly implementable or not, was mind of the people. So, the people have given the 

best score of 80% to the rehabilitation option. By standardizing the above percentages 

following the Section 4.2, the standardized scores for the restoration, rehabilitation 

and remediation were found to be 0.50, 1.0 and 0.00, respectively (Table 5.11). After 

multiplication of the standardized scores with the weight of the vegetation given in 

the last column of Table 5.7, combined scores for the restoration, rehabilitation and 

remediation were found to be 7.14, 14.28 and 0, respectively (Table 5.12). It is 

apparent that the rehabilitation is the most preferred option for management of the 

Kobadak River. Also, people do not prefer remediation as an option for the river in 

term of vegetation.  

 

5.3.2.5 Dolphin 

 

To determine the combined score of dolphin, the FGDs with the fishermen and KIIs 

with the dolphin officers in the upazilla in the study area have been used. About 55%, 

75% and 20% of the people for dolphin, out of 100% in each case, expressed their 
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opinions in favor of the restoration, rehabilitation and remediation river management 

options, respectively (Table 5.10). During scoring, the best score of 75% was given to 

the rehabilitation option because the feasibility of the option was in the thought of the 

stakeholders. The Section 4.2 has been followed for standardizing the above 

percentages, the standardized score for the restoration, rehabilitation and remediation 

were found to be 0.55, 1.0 and 0.00, respectively (Table 5.11). Then, multiplication of 

the standardized scores with the weight of the dolphin given in the last column of 

Table 5.7, combined scores for the restoration, rehabilitation and remediation were 

found to be 4.54, 7.14 and 0, respectively (Table 5.12). It can be noted that the 

rehabilitation is the most favored option for management of the Kobadak River. 

Besides, people do not desire remediation as an option at all for the river in the 

context of dolphin. 

 

5.3.2.6 Frog 

 

The combined score of frog indicator has been determined based on the FGDs and 

KIIs with the local people in the field. For frog, about 70%, 85% and 30% of the 

people, out of 100% in each case, expressed their opinions in favor of the restoration, 

rehabilitation and remediation river management options, respectively (Table 5.10). 

During information collection in the study area, the feasibility of the option that 

means it is truly implementable or not, was mind of the people. So, the rehabilitation 

option has gain the best score of 75%. By standardizing the above percentages 

following the Section 4.2, the standardized scores for the restoration, rehabilitation 

and remediation were found to be 0.72, 1.0 and 0.00, respectively (Table 5.11). The 

combined scores for the restoration, rehabilitation and remediation were found to be 

3.46, 4.76 and 0, respectively (Table 5.12) by following multiplication of the 

standardized scores with the weight of the frog given in the last column of Table 5.7. 

It is apparent that the rehabilitation is the most preferred option for management of 

the Kobadak River. In addition, people do not prefer remediation as an option for the 

river in the respect of frog indicator. 
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5.3.3 Combined scores determination of hydrological criterion 

 

Hydrological criterion is needed for ensuring environmental flow in the Kobadak 

catchment. It is the second most important criterion for the maintenance of the River 

Kobadak based on the field information. The pair-wise ranking among the indicators 

of ecology, hydrology and morphology has been completed based on FGDs and KIIs. 

The total weight of the hydrology is 33.3% as given in Table 5.7. Under the 

hydrology, the determination of combined scores of different indicators 

(encroachment area, river connectivity, water quality, water level, discharge and 

salinity) is discussed below: 

 

After obtaining the scores for different options, they were standardized by following 

Section 4.2. The standardized scores for the restoration, rehabilitation and remediation 

options were found to be 0.50, 1.00 and 0.00, respectively (Table 5.11). After 

multiplication of the standardized scores with the weight of the fish indicator given in 

the last column of Table 5.7, combined scores for the restoration, rehabilitation and 

remediation options were found to be 5.95, 11.90 and 0, respectively (Table 5.12). It 

is apparent that the rehabilitation is the most preferred option for management of the 

Kobadak River in term of fish indicator. Also, people do not prefer remediation as an 

option for the river in term of fish indicator. 

 

5.3.3.1 Encroachment area 

 

The FGDs and KIIs social tools have been used with the local people to determine 

combined score of encroachment area in the study area. In case of encroachment area, 

about 50%, 80% and 30% of the people, out of 100% in each case, expressed their 

opinions in favor of the restoration, rehabilitation and remediation river management 

options, respectively (Table 5.10). Though it is perceived that the restoration river 

management option would receive the highest score in terms of the encroachment area 

indicator as the process of restoration will return the encroached area to the river, the 

best score of 80% was found for the rehabilitation option. This could be due to the 

fact that while scoring, the feasibility of the option, i.e. whether the option is 

practically implementable or not, was in the minds of the people. This could also be 
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due to the approach undertaken to evaluate the river management options where 

feasibility of different options was not conceptualized as a separate criterion.  

 

For the purpose of standardizing the Section 4.2 has been followed of the above 

percentages. The standardized scores for the restoration, rehabilitation and 

remediation were found to be 0.40, 1.0 and 0.00, respectively (Table 5.11). The 

combined scores for the restoration, rehabilitation and remediation were found to be 

0.64, 1.59 and 0, respectively (Table 5.12) by following multiplication of the 

standardized scores with the weight of the frog given in the last column of Table 5.7  

It is clear that the rehabilitation is the most suitable option for management of the 

Kobadak River. Moreover, people do not desire remediation as an option at all in the 

context of encroachment area indicator. 

 

5.4.3.2 River connectivity 

 

The social tools such as the FGDs and KIIs has been used to determine combined 

score of river connectivity with the water development board engineers in the 

upazilla, businessmen of the crops the study area.  For river connectivity, about 60%, 

75% and 25% of the people, out of 100% in each case, expressed their opinions in 

favor of the restoration, rehabilitation and remediation river management options, 

respectively (Table 5.10). At the time of scoring, the best score of 75% was given to 

the rehabilitation option because the practicability of the option was in the mind of the 

stakeholders. The Section 4.2 has been followed for standardizing the above 

percentages, the standardized scores for the restoration, rehabilitation and remediation 

were found to be 0.70, 1.0 and 0.00, respectively (Table 5.11). After multiplication of 

the standardized scores with the weight of the river connectivity given Table 5.7, 

combined scores for the restoration, rehabilitation and remediation were found to be 

5.57, 7.95 and 0, respectively (Table 5.12). It can be noted that the rehabilitation is the 

most favored option for management of the Kobadak River. In addition, people do not 

expect remediation as an option for the river in the respect of frog indicator. 

 

 

 



65 
 

 

 

5.4.3.3 Water quality 

 

To determine the combined score of water quality, the FGDs and KIIs with the local 

people have been conducted in the field. About 55%, 70% and 35% of the people for 

water quality, out of 100% in each case, expressed their opinions in favor of the 

restoration, rehabilitation and remediation river management options, respectively 

(Table 5.10). During information collection in the study area, the practicability of the 

option that means it is truly implementable or not, was mind of the people. So, the 

rehabilitation option has gain the best score of 70%. For the purpose of standardizing 

the Section 4.2 has been followed of the above percentages. The standardized scores 

for the restoration, rehabilitation and remediation were found to be 0.57, 1.0 and 0.00, 

respectively (Table 5.11). After multiplication of the standardized scores with the 

weight of the water quality given in the last column of Table 5.7, combined scores for 

the restoration, rehabilitation and remediation were found to be 3.63, 6.36 and 0, 

respectively (Table 5.12). It is apparent that the rehabilitation is the most preferred 

option for management of the Kobadak River. In addition, people do not prefer 

remediation as an option for the river in term of water quality indicator. 

 

5.4.3.4 Water level 

 

The water level’s combined score has been determined based on the FGDs with the 

local people, fishermen and women, and KIIs with the water development board 

engineers in the upazilla in the study area. In case of water level, about 75%, 65% and 

80% of the people, out of 100% in each case, expressed their opinions in favor of the 

restoration, rehabilitation and remediation river management options, respectively 

(Table 5.10). It is not dependent on the other factors, if a new channel is dug, then 

water level will be high. So, the remediation option has gain the best score of 80%. 

By standardizing the above percentages following the Section 4.2, the standardized 

scores for the restoration, rehabilitation and remediation were found to be 0.67, 0.00 

and 1.00, respectively (Table 5.11). After multiplication of the standardized scores 

with the weight of the fisheries given in the last column of Table 5.7, combined scores 

for the restoration, rehabilitation and remediation were found to be 3.18, 0 and 4.77, 
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respectively (Table 5.12). It can be said that the remediation is the most suitable 

option for management of the Kobadak River. Also, people do not favored 

rehabilitation as an option for the river in the context of water level indicator. 

 

5.4.3.5 Discharge 

 

The FGDs with local people and KIIs with the water development board engineers in 

the upazilla, school teachers in the field have been conducted for determination of 

combined score of discharge indicator. For discharge, about 55%, 75% and 20% of 

the people, out of 100% in each case, expressed their opinions in favor of the 

restoration, rehabilitation and remediation river management options, respectively 

(Table 5.10). The best score of 75% was given to the rehabilitation option, while 

scoring, the feasibility of the option, i.e. whether practically implementable or not, 

was mind of the people. To standardize the above percentages following the Section 

4.2, the standardized scores for the restoration, rehabilitation and remediation were 

found to be 0.25, 1.0 and 0.00, respectively (Table 5.11). After multiplication of the 

standardized scores with the weight of the discharge given in the last column of Table 

5.7, combined scores for the restoration, rehabilitation and remediation were found to 

be 2.39, 9.54 and 0, respectively (Table 5.12). It is clear that the rehabilitation is the 

most suitable option for management of the Kobadak River. In addition, people do not 

desire remediation as an option at all for the river in the context of discharge 

indicator. 

 

5.4.3.6 Salinity 

 

For determination of the combined score of salinity indicator, FGDs with the local 

farmers and KIIs with the Bangladesh Water Development Board engineers and the 

agricultural officers have been conducted in the study area. From salinity perspective, 

about 70%, 80% and 50% of the people, out of 100% in each case, expressed their 

opinions in favor of the restoration, rehabilitation and remediation river management 

options, respectively (Table 5.10). During information collection in the study area, the 

feasibility of the option that means it is truly implementable or not was in the minds 

of the people. So, the rehabilitation option has gained the best score of 80%.  By 
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standardizing the above percentages following the Section 4.2, the standardized scores 

for the restoration, rehabilitation and remediation were found to be 0.66, 1.0 and 0.00, 

respectively (Table 5.11). After multiplication of the standardized scores with the 

weight of the salinity given in the last column of Table 5.7, combined scores for the 

restoration, rehabilitation and remediation were found to be 2.09, 3.14.28 and 0, 

respectively (Table 5.12). It is apparent that the rehabilitation is the most preferred 

option for management of the Kobadak River. Moreover, people do not expect 

remediation as an option at all for the river in the respect of salinity indicator. 

 

5.3.4 Combined scores determination of morphological criterion 

 

Morphology is important for effective management of the Kobadak River. It is the 

least important criterion based on the field information. The weight of the 

morphology is 16.73% as given in Table 5.7. The determination of combined scores 

of different morphological indicators (sediment load, river width and river depth) is 

discussed below: 

 

5.3.4.1 Sediment load 

 

The combined score of sediment load has been determined based on the FGDs with 

the local people and KIIs with the water development board engineers in the upazilla, 

in the field. For sediment load, about 65%, 80% and 25% of the people, out of 100% 

in each case, expressed their opinions in favor of the restoration, rehabilitation and 

remediation river management options, respectively (Table 5.10). Although it is 

instinctive that the restoration river management option would receive the highest 

score in terms of the sediment load as the process of restoration is expected to reduce 

the sediment load, the best score of 80% was found for the rehabilitation option. This 

could be due to the fact that while scoring, the feasibility of the option, i.e. whether 

the option is practically implementable or not, was in the minds of the people. This 

could also be due to the approach undertaken to evaluate the river management 

options where feasibility of diverse options was not conceptualized as an isolate 

criterion.  
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To standardize the above percentages following the Section 4.2, the standardized 

scores for the restoration, rehabilitation and remediation were found to be 0.72, 1.0 

and 0.00, respectively (Table 5.11). After multiplication of the standardized scores 

with the weight of the sediment load given in the last column of Table 5.7, combined 

scores for the restoration, rehabilitation and remediation were found to be 4.04, 5.56 

and 0, respectively (Table 5.12). It can be noted that the rehabilitation is the most 

suitable option for management of the Kobadak River. In addition, people do not 

desire remediation as an option for the river in the context of sediment load indicator. 

 

5.3.4.2 Width 

 

The FGDs with the farmers and fishermen local people and KIIs with the water 

development board engineers in the upazilla, school teachers in the study area have 

been conducted for determination of combined score of discharge indicator. In case of 

width, about 55%, 70% and 60% of the people, out of 100% in each ease, expressed 

their opinions in favor of the restoration, rehabilitation and remediation river 

management options, respectively (Table 5.10). During information collection in the 

study area, the practicability of the option that means it is truly implementable or not 

was in the minds of the people. So, the rehabilitation option has gained the best score 

of 70%. For the purpose of standardizing these percentages following the Section 4.2, 

the standardized score for the restoration, rehabilitation and remediation were found 

to be 0.00, 1.0 and 0.33, respectively (Table 5.11). After multiplication of the 

standardized score with the weight of the width given Table 5.7, combined scores for 

the restoration, rehabilitation and remediation were found to be 0, 2.77 and 0.91, 

respectively (Table 5.12). It is clear that the rehabilitation is the most favored option 

for management of the Kobadak River. Also, people do not prefer restoration as an 

option for the river in the term of width indicator. The field data of the width of the 

River Kobadak is given below:  
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Table 5.8  River width at Tala, Patkelghata, Trimohini and Jhikargacha 

Place Width in the Past 

(m) 

Width at the Present 

 (m) 

Tala 750 150 
Patkelghata 685 123 
Trimohini 680 105 

Jhikargacha 710 150 
 

 

5.3.4.3 Depth  

 

The river depth’s combined score of depth indicator has been determined based on the 

FGDs with the local people and fishermen, and KIIs with the agricultural officers in 

the upazilla, businessmen of the crops are the study area., About 50%, 60% and 70% 

of the people for depth, out of 100% in each case, expressed their opinions in favor of 

the restoration, rehabilitation and remediation river management options, respectively 

(Table 5.10). The highest score 70% among the all scores was given to the 

remediation option. Because, if new channel is dug then depth of the river will be 

ensured. To standardize these percentages following the Section 4.2, the standardized 

scores for the restoration, rehabilitation and remediation were found to be 0.00, 0.50 

and 1.00, respectively (Table 5.11). After multiplication of the standardized scores 

with the weight of the depth given in the last column of Table 5.7, combined scores 

for the restoration, rehabilitation and remediation were found to be 0, 4.16 and 8.31, 

respectively (Table 5.12). It is apparent that the remediation the most preferred option 

for management of the Kobadak River. In addition, people do not prefer restoration as 

an option for the river in the respect of depth indicator. The field data of the depth of 

the River Kobadak is given below:  

 

Table 5.9  River depth at Tala, Patkelghata, Trimohini and Jhikargacha 

Place Depth in the Past 

(m) 

Depth at the Present  

(m) 

Tala 10.66 3.04 
Patkelghata 9.14 2.44 

Trimohini 9.14 2.50 
Jhikargacha 10.66 4.57 
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5.4 Evaluation of River Management Options 

 

An appropriate management option for the River Kobadak is needed because of its 

critical condition. The management options such as restoration, rehabilitation and 

remediation can be followed in the river. There are 15 indicators selected against the 

three management options.  The combined scores of the river management options are 

given in Table 5.12. It is seen from the table that the combined scores of restoration, 

rehabilitation and remediation options are found to be 50.72, 90.26 and 13.99, 

respectively. Thus the rank of restoration is II, rehabilitation I and remediation III. It 

can be said that the rehabilitation is the most favorable option for implementation in 

the context of the Kobadak River.  
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Table 5.10 People’s opinion (%) for choosing different river management options 

 

 

Indicator 

 

Restoration  Rehabilitation Remediation 

Fish 

 

60 90 30 

Water bird 

 

85 80 70 

Micro-invertebrate 

 

65 85 35 

Vegetation 

 

60 80 40 

Dolphin 

 

55 75 20 

Frog 

 

70 85 30 

Encroachment area 50 

 

80 30 

River connectivity 

 

60 75 25 

Water quality 55 

 

70 35 

Water level 

 

75 65 80 

Discharge 

 

50 65 45 

Salinity 

 

70 80 50 

Sediment load 65 

 

80 25 

Width 55 70 60 

 

Depth 50 60 70 
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Table 5.11 Standardized scores of indicators for different river management options 

Indicator Restoration Rehabilitation Remediation 

 

Fish 0.50 
 

1 0 

Water bird 1 
 

0.66 0 

Micro-invertebrate 0.60 
 

1 0 

Vegetation 0.50 
 

1 0 

Dolphin 0.55 
 

1 0 

Tree 0.72 
 

1 0 

Encroachment area 0.40 
 

1 0 

River connectivity 0.70 
 

1 0 

Water quality 0.57 
 

1 0 

Water level 
 

0.67 0 1 

Discharge 
 

0.25 1 0 

Salinity 
 

0.66 1 0 

Sediment load 0.72 
 

1 0 

Width 0 
 

1 0.33 

Depth 0 0.50 1 

Note:  
ScoreWorstScoreBest
ScoreWorstScoreActualSTD  

 

 50.0
3090
3060
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Table 5.12 Combined scores of indicators for different river management options 

Indicator Restoration Rehabilitation Remediation 

Fish 5.95 

 

11.90 0 

Water bird 2.38 

 

1.59 0 

Micro-invertebrate 5.71 

 

9.52 0 

Vegetation 7.14 

 

14.28 0 

Dolphin 4.54 

 

7.14 0 

Frog 3.46 

 

4.76 0 

Encroachment area 0.64 

 

1.59 0 

River connectivity 5.57 

 

7.95 0 

Water quality 3.63 

 

6.36 0 

Water level 

 

3.18 0 4.77 

Discharge 

 

2.39 9.54 0 

Salinity 

 

2.09 3.14 0 

Sediment load 4.04 

 

5.56 0 

Width 0 

 

2.77 0.91 

Depth 0 4.16 8.31 

Cumulative score 

 

50.72 90.26 13.99 

Rank II I III 
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5.4.1 Restoration 

 

The total score of the restoration option is found to be about 51 which is the second 

highest score among the three river management alternatives.  It is impossible now in 

the present condition to establish its past river ideal condition. The establishment of 

connections between the river and the broader catchment means that the entire river 

network and most of its catchment areas are to be restored which is quite impossible 

now. For this reason the local people has given lower preference for the restoration of 

the river.  

 

5.4.2 Rehabilitation 

 

From the field survey of present condition of the Kobadak River, the restoration is not 

possible for three reasons: a) the river has changed to such an extent that it is 

impossible to restore in original condition; b) it is difficult to determine what the 

original condition was; and c) the river is constantly changing in response to many 

interacting factors. These make it difficult to predict desired outcomes. The overall 

score of the restoration maintenance option is found to be about 91 which is the 

maximum value among the three river maintenance alternatives. So, the rehabilitation 

process is applicable for the maintenance of Kobadak River. For this reason the local 

people have given highest preference for the rehabilitation of the river. All the 

indicators which were present in the past in the Kobadak River are not possible to 

bring back that is why the selection of rehabilitation is logical.  

 

5.4.3 Remediation 

 

In this river maintenance process a fully separated channel has to be created.  In most 

of the causes remediation is not possible because of permanent changes of river 

channel. In such a situation, it can be said that the original state is no longer an 

appropriate aim for the stream because inputs from the catchment will never support 

that condition. The whole score by adding all the indicators of remediation option is 

found to be about 14. So, the remediation option is the lowest preference for the 

maintenance of the Kobadak River.  
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5.5 Rehabilitation Plan for the River Kobadak 

 

The rehabilitation river management option has been selected as the best option by the 

multi-criteria analysis preselected in earlier section. The objectives of the 

rehabilitation plan for the River Kobadak are maintaining environmental flow and 

eliminating the water logging problem. The proposed rehabilitation plan is given in 

Table 5.13. 

 

Table 5.13  Rehabilitation plan for the Kobadak River 

Activities Results 

Establishment connection between 

the two parts  of the Old Kobadak 

River  

The flow of water in the river will increase  

Augmentation of fresh water flow 

from upstream 

The morphology will be in good condition 

The salinity will be removed 

 

Re-excavation of the upper 

Kobadak by manual digging 

The soil will be properly managed  

 

Tidal River Management of the 

lower of the Kobadak River 

The soil will be managed in a small place 

The establishment of the 

connectivity between the canal and 

the beel 

The flashing action will be activated 

Inter linking of the rivers The rivers of this area could be revived for 

long  time 
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5.5.1 Establishment of connection between the two parts of the Old Kobadak 

River 

 

In the decades of late eighty and early ninety in 1900 century the main channel of 

Kobadak River was divided in to two parts by developing “Gucho Gram” of 

Government. Then the water flow of the river was reduced. This is one of the main 

reasons to decrease the environmental flow. Reconnection the two parts of old 

Kobadak River will increase the environmental flow of the river. Finally, the 

ecological, hydrological and morphological indicators will partly restore that means 

the rehabilitation river maintenance process will be ensured for the River Kobadak. 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Photograph 5.3 View of disconnected part of the Kobadak River 

 

5.5.2 Augmentation of fresh water flow from upstream   

 

From the construction of the Farakka Barrage, the upstream flow of the channel has 

decreased. As a result, the local velocity of river water flow has reduced and sediment 

deposition has occurred in a large scale in the River Kobadak. The Farakka Barrage 

deprives the water of irrigation, navigation and prevention of saline incursions in the 
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Bangladesh Ganges delta region. However, after its construction the salinity of water 

and soil increased markedly. Soil moisture and groundwater levels continue to 

decrease. So, to increase the upstream flow is not possible in the river.  Still in 1990-

1993, the discharge was so good to maintain the ecological health. After that the 

environmental flow was absence in the river.  

 

5.5.3 Re-excavation of the Upper Kobadak by manual digging  

 

Mechanical dredging is not supported by the local people as the maintenance of 

dredged soil is a problem of mechanical river dredging. In this process, the soil is 

dumped in the low lying wetland. The flood plain has loosed its water holding 

capacity. For this in the rainy season, the water creates flood. In 2003 river dredging 

has ensured and from then most of the wetlands has loosed the water holding capacity 

by the both sides of the River Kobadak. The result of this river dredging is only 2-3 

years the convenience capacity of the river was normal. After that the river has lost 

the convenience capacity. But, by manual digging the soil can be easily managed and 

this soil can be put in both side of the river. That is why most of the people are in 

favor of hand-spade method.  

 

5.5.4 Tidal river management of the lower part of the Kobadak River  

 

The key purpose of the tidal river management (TRM) is proper management of silt. 

The history of tidal river management is mainly a history of silt management. When 

silt management was done properly, production turned out to be very satisfying. In the 

middle ages, historians and tourists praised this country as a land of greenery and 

crops. This was because crops grew very well in silt-deposited soil. Bangladesh is a 

country of silt and about 80% area is floodplain. Local people have understood well 

that without silt management system the present situation cannot be overcome. The 

lower part of the Kobadak River has a great opportunity to implement the TRM. From 

Tala to lower part of the river are still suitable for TRM. The upper part is not suitable 

for TRM because in 2003 the major beel in this catchment was filled up by dredged 

soil. 
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5.4.5 Inter-linking of the rivers 

 

Inter-river linking among the water bodies can increase the discharge in the Kobadak 

River whose water flow is currently lower than the environmental flow.  This is 

fruitful for the maintenance of the environmental flow in the River Kobadak. There 

are some opportunities to link Kobadak and the other water ways. The opportunities 

are given below:  

 

 The Buri Bhadra River can be linked with the Kobadak River at  Trimohini of 

Keshabpur; and 

 The Kobadak and the Betna can be linked through the Tiyasha River from the 

Sorulia Khal. 
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CHAPTER SIX 

CONCLUSIONS AND RECOMMANDATIONS 

 

 

6.1 Conclusions 

 

The specific conclusions drawn from this study are summarized below:    

 

 In this study, environmental flow of the Kobadak River is assessed by two 

methods – social method and technical method. According to the technical 

method, the environmental flow requirement of the River Kobadak is 20 

m3/s. The social method provides an environmental flow requirement of 24 

m3/s. The two methods provide comparable environmental flow 

requirement. Thus, a minimum flow of 20 m3/s is to be maintained in the 

Kobadak River to satisfy the environmental flow need.   

 

 A pair-wise ranking between ecology, hydrology and morphology was 

conducted to identify relative importance of these criteria in river 

maintenance options. It is found that ecology is the most important criterion 

and morphology is the least important criterion in environmental flow 

maintenance. The importance of hydrology is found to be in between. The 

weights of the ecology, hydrology and morphology are found to be 50.0%, 

33.3% and 16.7%, respectively. 

 

 Within the ecological indicators, the weights of vegetation, fish, dolphin, 

micro-invertebrate, bird and frog are found to be 14.3%, 11.9%, 7.1%, 

9.5%, 2.4% and 4.8%, respectively in environmental flow maintenance. 

The weights of the hydrological indicators are found to be 7.9%, 1.6%, 

9.5%, 3.1%, 6.4%, and 4.8% for the river connectivity, encroachment area, 

discharge, salinity, water quality and water level, respectively. The weights 

of the morphological indicators are found to be 2.8%, 5.6% and 8.3% for 

the river width, sediment load and river depth respectively. 

 



80 
 

 From the evaluation of the river maintenance options, it is found that the 

combined scores of restoration, rehabilitation and remediation options are 

50.72, 90.26 and 13.99, respectively. So, the rehabilitation is the best 

option for maintenance of the Kobadak River.  

 

 A plan for rehabilitation of the Kobadak River is formulated in this study.  

6.2 Recommendations 

Based on the findings of the study and the experience gained during the study, the 

following recommendations are made for further study: 

  

 In this study, the minimum environmental flow requirement is estimated for 

the Kobadak River using two techniques. Though the technical assessment 

method is widely used and tested, the socio-technical approach followed in 

this study is unique in Bangladesh. Therefore, this type of study needs to be 

conducted in other rivers to further validate the approach.   

 

 This study was conducted only for the Kobadak River between the 

Mathabhanga River in the upstream and the Sibsa River in the downstream. 

However, to have a complete picture of environmental flow of the river, the 

Mathabhanga River and the Sibsa River are to be studied as well.   

 This study represents the Kobadak River. Now, many rivers all over the 

countries have been suffering for the absence of environmental flow. This 

type of study can be replicated for other rivers to solve this type of 

problem.  

 

 This type of study can be conducted by using other methodologies of 

assessing environmental flow.  
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