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Abstract 

The Ganges Delta is a dynamic landscape that has experienced substantial transformation 

over the last half century and is particularly susceptible to future change as a result of rising sea 

levels. The aim of this project was to analyze recent trends in land cover in southwest 

Bangladesh, and to better understand the natural and anthropogenic factors responsible for this 

transformation. Three study areas spanning a salinity gradient across the region were selected for 

analysis.  

Research was conducted by linking multi-temporal remote sensing data (Landsat MSS, 

TM, and OLI; 1973-2014) and validating these data with ground-based survey information to 

understand historical land use and vegetation changes. Results indicate that throughout the basin, 

ecosystems ranging from freshwater to saline (all of which are found in the low-lying 

topographical zones of Bangladesh) have experienced a wide range of anthropogenic influences 

and geophysical driving forces. Cultivable areas have been decreasing substantially in the 

freshwater floodplain due to expansion of waterlogged and settlement areas. It was frequently 

observed that a decrease of agricultural land and natural freshwater bodies was accompanied by 

an increase in shrimp farms in the southernmost brackish and saline zone; this process has been 

moving northward over the past several decades. These interferences have physically altered the 

ecosystems of the basin and the land therein. As a result, agricultural land has diminished by 

approximately one percent per year during our 40 year study period, most significantly in the last 

two decades. This study also indicates that part of the world’s largest mangrove forest in the 

Ganges Delta has not significantly decreased during the last decade; however, dynamic coastal 

processes and excessive anthropogenic activities on the peripheries could cause mangrove 

deforestation. The outcome of this research will be important for coastal communities seeking to 
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protect the ecosystem and its dependent population. Improved policies on the control and 

monitoring of anthropogenic activities related to land use and resource extraction, would create a 

zone suitable for sustainable farming and living. 
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Glossary 

Aila (AILA) Major Cyclone, which hit Bangladesh coast on May 25, 2009  

Aman Local monsoon crop variety in Bangladesh grown in the monsoon season and harvested 

in the post-monsoon season. This is generally transplanted at the beginning of monsoon 

from July-August and harvested in November-December. Mostly rain-fed, but 

supplemental irrigation needed in places during dry spell.  

Aus Group of rice varieties sown in the pre-monsoon season and harvested in the monsoon 

season. These are broadcasted/transplanted during March-April and harvested during 

June-July. Generally rain-fed, irrigation needed for HYV transplant Aus.  

Betna Local river located in the south-western coastal part of Bangladesh, flowing through 

Satkhira and Khulna District. 

Boro A group of rice varieties sown and transplanted in winter and harvested at the end of the 

pre-monsoon season. These are mostly HYV and fully irrigated, planted in December-

January and harvested before the onset of monsoon in April - May.  

Char The chars, otherwise know as charlands, are riverine lands located in the active river 

basins of the main rivers of Bangladesh. They are located on the banks of the river and 

islands in the mid-steam of the main channel that are created by the continual shifting of 

these rivers and emerge from the deposition of sand and silt from upstream. 

Dyke A long earthen wall or embankment built in coastal Bangladesh to prevent flooding and 

storm surge from the Bay of Bengal. 

Gher Farmlands converted into ponds with low dykes and used for cultivation of 

shrimp/prawn/fish.  

Khal Waterways or Canals. Water not available in the khal all the year round because of 

limited water supply.  

Kharif Pre-monsoon and monsoon growing season. Cropping season linked to monsoon between 

March-October, often divided into kharif-1 (March-July) and kharif-2 (July-October). 

Khas land Ministry of Land manages the government owned lands (khas lands), sairat mahals 

(jalmahal, shirmp mahal etc.), vested properties and abandoned properties. Collection of 

land development tax is another important task of this ministry as well as land survey and 



xi 

 

record keeping and updating. Acquisition and requisition of land are also important 

responsibilities of this ministry. 

Rabi Dry agricultural crop growing season; mainly used for the cool winter season between 

November and February.  

Sidr (SIDR) Major Cyclone, which hit Bangladesh coast on November 15, 2007.  

Sundarbands The Sunderbans is composed of naturally growing halophytic plants, commonly named 

as mangroves. The Sundarbans mangrove forest is a UNESCO World Heritage site, and a 

UNESCO Biosphere Reserve which comprises transboundary protected areas in Eastern 

India and southern Bangladesh and one of the largest such forests in the world (140,000 

ha), lies on the Ganges delta, Brahmaputra and Meghna rivers on the Bay of Bengal.  

WAPDA Bangladesh Water Development Board (BWDB) started its operation in 1959 as the 

water wing of the erstwhile ‘East Pakistan Water and Power Development Authority-

WAPDA’ in 1959. After the independence of Bangladesh, the authority was restructured 

in 1972 into two different organizations to deal with water and power separately. BWDB 

was created under the Bangladesh Water and Power Development Boards (Ministry of 

water Resources) 

 

 

Note: Italics fonts used for local names, which mostly collected from Government 

documents and local people.
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Chapter 1 

Introduction and Background 

 

 

1.1 Introduction 

The coastal environment, where 38% of the world’s population currently lives, is 

changing rapidly all over the world (Nicholls et al., 2007; Wang, 2009; Sekovski et al., 

2012). Coastal regions and their populations are threatened by natural hazards and by 

development in low-lying deltas and low-elevation (<10 m from mean sea level) zones 

(Ericson at al., 2006). Humans deliberately change coastal environments, prioritizing 

short-term benefits, and looking forward to the potential profits of commercial 

development and activity. Such activity not only damages the environmental integrity of 

these regions, but also affects food production, jeopardizing food production stability for 

local and marginal populations (Sekovski et al., 2012).  Due to the dynamic nature of 

coastal environments, environmental conservation in these regions is often challenging. 

The low-lying Ganges-Brahmaputra deltaic coastal region (Figure 1.1), with the world’s 

highest population density, is a particularly challenging region (Pethick & Orford, 2013). 

Yet there is a strong desire for better environmental management and better food security 

in the context of potential climate change. This thesis presents research on recent change 

in land cover and land use in this region, with a view to better understanding the natural 

and anthropogenic factors responsible for its transformation. In so doing, it provides key 

information that can be used to help enable sustainable living in this region, and for 
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developing regional strategies for long-term food supply with relevance for other parts of 

the world as well. 

 

 
Figure 1.1 The Ganges-Brahmaputra-Meghna (GBM) river basin is located in South Asia (part of 

India, Bangladesh, and Nepal). The confluence of the three main rivers is located in Bangladesh 

and has significant influence on the Bangladesh coastal region. The southern part of the Ganges 

Delta is located in south-western Bangladesh and characterizes much of the coastal region. 

Source: CEGIS, 2014 

 

One of the issues most popularly discussed in the scientific literature is 

predictions of relative sea level rise and expected impacts on the livelihood and resources 

of low-lying coastal rural areas and cities (IPCC, 2007 & 2013). This is a key national 

issue in Bangladesh, raising serious concerns about the potential loss of coastal 

settlements, agricultural land, forests, and ecosystem productivity (Mahtab, 1989; 

Alonso-Perez et al., 2003). Since 2000, the Government of Bangladesh has prioritized 

planning for integrated coastal zone management (PDO-ICZMP, 2005; Brammer, 2010; 
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Hossain et al., 2015), with an emphasis on scientific research to provide a comprehensive 

understanding of the transboundary rivers and protected areas, coastal estuaries and 

resources (Slocombe & Danby, 2006; Giri et al., 2015). This is to ensure that the 

importance of these resources to the population living at the confluence of the Ganges-

Brahmaputra-Meghna basin is recognized, and to provide a basis for effective land-use 

planning (Figure 1.1). Understanding the coastal ecological system, which includes all 

living and geophysical aspects of the coastal zone, in the context of transboundary river 

flow and relative sea level rise requires different lines of investigation,− including those 

relating to the coastal vegetation (Hossain, 2001; Brammer, 2014; Khan et al., 2015).  

The development and growth of plant species and the characteristics of vegetation 

adjacent to the sea and landward areas in a coastal ecosystem depend on a wide range of 

factors. Water quality (both local water quality and the quality of water affected by 

upstream industrial pollution), soil salinity, tidal water level, upstream flow, and 

sediment influxes from erosion-accretion are particularly important issues (Feagin et al., 

2005; Craft et al., 2009). Coastal vegetation and habitats are also influenced by settlement 

expansion, human-induced land reform, land clearance, infrastructure development, and 

agricultural systems including tillage and plant protection practices (Lambin et al., 2003; 

Ali, 2006). Salinity is a particularly important factor influencing vegetation. Thus, from 

the marine salt water in the south through the tidal brackish water zone to the riverine 

fresh water zone located further inland, there are wide varieties of vegetation 

communities indicative of a regional gradient in salinity (Alonso-Perez et al., 2003).  

The coastal environment, which consists mainly of salt-marsh- and mangrove-dominated 

intertidal ecosystems in this area of Bangladesh, is highly valued (Blaso et al., 1996). The 
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Ganges Delta has great importance, as it includes the world’s richest and largest 

mangrove ecosystem. Landscape transformation and changes in land cover have been the 

subjects of extensive study (Alonso-Perez et al., 2003; Brammer, 2014). Geophysical 

aspects and the dynamic nature of this part of the Bangladesh coast cause coastal 

landscape alterations and make the region highly vulnerable to the potential adverse 

impacts of sea level rise (Blasco et al., 1996; Brammer, 2014). With diminished river 

flow, frequent coastal cyclones and the accompanying storm surges, and higher tidal-

induced inundation, saline water is expected to penetrate further inland (Brammer, 2014). 

Consequently, it is also expected that the dynamics of the coastal ecosystem, especially 

vegetation community types will change in response to these natural causes as well as in 

response to increases in anthropogenic activities (Warren & Niering, 1993; Morris et al., 

2002; Brammer, 2014). 

The south-western coastal zone, a part of the moribund Ganges Delta, is dissected 

by many rivers branching out from the Ganges over an area where the tidal river waters 

inundate the coastal floodplain.  Since the 1960s, the confinement of major delta-building 

rivers by the establishment of coastal embankments (i.e., polders) has caused perennial 

flooding and waterlogging. Salt water now penetrates through the embankments into the 

inland portion of the zone, and this has altered freshwater ecosystems and affected crop 

production (Brammer, 2014). As well, changes in geomorphology and the tidal regime 

have greatly affected some mangrove vegetation species (e.g., Rhizophora, Bruguiera, 

Sonneratia, Heritiera and Nypa) along the exposed coast. Local vegetation characteristics 

are determined and influenced by the regional climate and hydro-geomorphology. Thus, 

the variation in grassland vegetation and mangrove communities along with the 
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floodplain hydrology are all markers of changes in the coastal ecosystem (Blasco et al., 

1996).  

A key aspect of the present research is the exploration of how coastal vegetation, 

which is important for ecosystem services (such as  food production and protection from 

coastal storm surges and flooding), changes in response to tidal-level fluctuations, 

upstream water flow, shoreline geomorphology, and anthropogenic disturbances (Morris 

et al., 2002; Feagin et al. 2005; Woodroffe et al., 2006). Analysis and interpretation of 

changes in coastal land cover can provide insight into how ecosystems have developed, 

and provide indicators of natural vegetation change that will affect systems in other parts 

of the world that face similar susceptibilities (Woodroffe, 1990; Warren & Niering, 1993; 

Feagin et al., 2005). The identification and mapping of historical changes in the spatial 

extent, composition, and distribution of land cover, accomplished using geo-spatial data, 

is valuable for establishing a base-line reference that allows for comparison of past and 

future variations (Green et al., 1996; Mucher et al., 2000; Corbane et al., 2015). This 

research is especially pertinent in Bangladesh where coastal areas are particularly 

vulnerable to different types of disasters, such as storm surges and flooding. To that end, 

this thesis presents the results of a pair of studies, which link multitemporal remote 

sensing of land cover change in the coastal region of Bangladesh (Chapter 2) with field 

investigations in order to understand the processes and drivers of this change (Chapter 3). 
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1.2 Background 

1.2.1 Coastal areas as dynamic environments 

Coastal diurnal tidal inundation, sedimentation, erosion, and mangrove vegetation 

are common features that characterize coastal zones in central latitudes (Feagin et al., 

2005). The geophysical aspects of the estuarine and tidal fringe wetlands are dependent 

on diurnal tidal fluctuations, coastal siltation rates, and natural hazards related to coastal 

storm surges and flooding. These natural processes maintain the unique biodiversity of 

salt-marshes and provide a self-regulating set of functions for the ecosystem within the 

intertidal zone (Giri et al., 2015). This inter-tidal ecosystem, combining both terrestrial 

and marine components, is developed and integrated with vegetation, humans, and all 

habitats in general (Craft et al., 2009; Hossain et al., 2015). In Bangladesh, this 

ecosystem is also characterized by the tropical warm climate and seasonal monsoon 

rainfall. The productivity of resources and ecosystem services is largely dependent on 

elevation, and on edaphic, and hydrological characteristics (Brammer, 2014).  

Estuarine and tidal marshes with human-constructed vegetation and natural 

mangroves are important for protecting coastal communities from wave action/erosion 

and other destructive coastal processes. They also play a key role in maintaining sediment 

movement for accretion, and in providing food supply for all living things (Spalding et 

al., 2014).  

 

1.2.2 The mangrove forest 

Mangroves grow in the salt-marsh ecosystem, and are important for coastal 

ecosystem services in the tropical and subtropical regions (Splending, 2014). Salt-marsh 
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mangroves provide support for estuarine turbulent flow, provide habitat for estuarine fish 

resources, and help to settle sediments in the intertidal zone (Woodroffe et al., 2006). The 

dense mangrove vegetation protects freshwater resources from cyclones, storm surges, 

and coastal erosion, in doing so, saving millions of lives in the coastal zone (Splending et 

al., 2014).  

Mangrove forests in the coastal fringe area are sensitive to changes in 

temperature, moisture, and salinity (Giri et al., 2015). Previous research suggests that 

over half of the world’s original mangrove cover has been destroyed or severely 

degraded, much of this in recent decades (Islam et al., 1997; Giri et al., 2015). World 

Resources Institute and FAO estimate a 25% loss from 1980 to 2000 (FAO, 2010) and 

Giri et al. (2008) estimate that between 1975 and 2005, Bangladesh, India, Indonesia, 

Mayanmar, Thailand, and Sri Lanka have lost 12% of their mangrove forest area. The 

tidal swamp mangrove forest had been deforested and cleared out for settlement and 

agricultural expansion in early 20th century (Giri et al., 2007 & 2015). However, much of 

the recent mangrove deforestation in south Asia has occurred in last few decades and was 

caused by natural disturbances, human-constructed land conversion, and over-harvesting 

(Giri et al., 2015).  The coastal reserve forest (Sundarbans) in the Ganges Delta is the 

world’s largest mangrove forest, and it is currently under threat from climate change and 

from human pressures along its periphery. That is why we selected a study site near 

mangrove forest areas.  
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1.2.3 Land use – including human habitation, infrastructure, agriculture, and 

aquaculture 

Floodplains with agricultural and homestead, marshes, and mangroves are the 

main land cover types in the coastal zone of Bangladesh. The land here is used 

predominantly for agriculture; human habitation and orchards are located in the 

highlands, and fish cultivation in the marshland areas (Lambin and Geist, 2006; Krause et 

al., 2011). The traditional crops grown in the floodplain are rice, jute, and vegetables. The 

coastal settlements are expanding into the flood-free highland and floodplain ridges and 

also include freshwater ponds, orchards and planted forest. Farmers are cultivating 

traditional rice and a few non-rice crops, and they also fish within the floodplains and 

estuaries. More recently, there has been an increase in the development of aquaculture in 

the estuarine salt-water marshes and along the rivers, driven by the local and global 

demand for fish and other seafood (Swapan and Gavin, 2011).  

 

1.2.4 Land change dynamics – human and natural 

 The nature and extent of the land cover changes varies from one region to another 

and from coast to coast. There have been many short- and long-term impacts on coastal 

vegetation as a result of natural processes and anthropogenic activities. Some of these 

effects are existing visible coastal issues. Others are predictable, but not yet identified 

(Khan et al., 2015). Upstream, India has established a large system of dams on the 

Ganges in order to divert water from the main channels (Brammer, 2014). Agricultural 

practices and the household water needs of a growing population and deforestation on 

upstream catchments also affect sediment distribution and freshwater supply within the 
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downstream low-lying floodplains. With the diminished upstream flow, the salinity-

levels of the coastal river plains have been increasing due to diurnal tidal influences. 

Recognizing the impacts of salinity due to potential climate-induced sea level rise, tidal 

fluctuations, and diminishing upstream freshwater flow, we believe that there is a need 

for better management of the coastal habitat,− mainly in intertidal ecosystems and marine 

fisheries resources. This would be crucial to ensure sustainable livelihoods for the 

population of Bangladesh’s coastal regions (Hossain, 2001).  

The south-west coast is a part of the lower Ganges Delta, and consists mostly of 

low-lying floodplains characterized by different coastal processes than those 

characterizing the eastern stable and piedmont coastal plains (Brammer, 2014). This low-

lying coastal region is more exposed to cyclones, river erosion, and tidal inundation and 

more vulnerable to the effects of climate change. To protect the coastal floodplain 

agricultural and inland freshwater bodies from natural disasters, the government has 

established hydrological interventions, which has included both structural and non-

structural measures (polders and sluice gates) in the estuaries and coastal zones. Due to a 

lack of proper maintenance, these embankments, however, are now causing perennial 

flooding and waterlogging from monsoon rain in the enclosed areas (Swapan and Gavin, 

2011; Brammer, 2014). 

For the past few hundred years, humans living in coastal areas have changed the 

surrounding environment to meet the needs of their families and also to encourage 

sustainable living with a minimal impact on the fragile ecosystem. However, humans are 

now using their lands for intensive food production and to collect large volumes of forest 

and fish resources for their livelihood. They are also using the available resources to 
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maximize profits, but in the process the intense activities are destroying natural habitats 

and the surrounding environment. Fisheries and aquaculture development in the marsh 

areas and constructed wetlands have put tremendous amount of pressure on the 

ecosystem, agricultural food production, and people’s livelihoods (Alonso-perez et al., 

2003; Ali, 2006). Human-constructed coastal embankments and shrimp farming 

enclosures are not directly affecting the coastal mangroves, but aquaculture and 

associated activities are influencing the hydrological patterns of the estuaries (i.e., runoff, 

sedimentation, and accretion rates), which affect the vegetation and the fragile ecosystem 

characteristics (Alonso-Perez et al., 2003). Major political decisions about regulating the 

salt-marsh, land cover alterations, and human activities have further contributed to the 

mangrove deforestation (Nguyen, et al., 2013). Nutrients and pollutants from intensive 

shrimp and agricultural farming also are harmful to ecosystem functions in the coastal 

zone (Hossain, 2001).   

The aforementioned geo-physical processes and socio-ecological characteristics 

determine the small- and large-scale land use transitions from agriculture to shrimp 

farming. The choice between these two land uses are influenced in part by the local 

geophysical setting, but are also dependent on the economics of export-oriented shrimp 

farming compared with conventional local agriculture (Ali, 2006). Coastal land reform in 

the public sector for human habitation and land transformation in the private sector, have 

both led to massive changes in land use (Luers et al., 2006). Massive conversion of land 

uses, primarily from traditional coastal agriculture to aquaculture, have led to a decrease 

in cultivated areas. The crop yield and animal fodder production have both declined 
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significantly due to this increase in soil salinity levels and the decline of cultivated land 

area which, in turn, have threatened the sustainability of the coastal villages (Ali, 2006).  

Diurnal tidal/saline water intrusion through the estuarine river channels are 

common coastal phenomena, and their impact varies in relation to the elevation and 

floodplain obstacles in the mangrove-dominated coastal region. Bangladesh experiences 

recurrent cyclone events and recent events (SIDR in 2007; AILA in 2009) have been 

devastating (Khan et al., 2015). Coastal cyclone-induced storm surges frequently 

influence the coastal fringe wetland and associated habitats (Morris et al., 2002). These 

recurrent coastal processes combined with the potential adverse impacts of rising sea 

level, make it a highly vulnerable area for human habitation and associated activities in 

the low-lying Bangladesh coast (Blasco et al., 1996; Brammer, 2014).  

 
 
1.2.5 Land use planning 

Coastal development initiatives and global demand have promoted land 

transformations, and these transformations have created new environmental risks 

(Hossain et al., 2015). Further monitoring is therefore required in this important and 

changing area, where excessive human intervention has occurred and natural ecosystems 

are under threat.  

The government of Bangladesh has turned its attention towards the proper 

management of the coastal embankments, and has sought to protect coastal settlements 

from the adverse impacts of rising sea level and stronger coastal surges (World Bank, 

2013). As a result of the national concern and increased desire to better manage coastal 

resources, model-based sea level rise (SLR) predictions have provided a better 
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understanding of sediment distribution patterns, hydro-morphological development, and 

the flooding of lowlands in the heavily-populated coastal cities (Brammer, 2014). 

Theoretical models have predicted changes in marsh surface elevation as well as the 

growth and development of different coastal plant communities and other habitats 

(Morris et al., 2002). Previous studies on the growth of different types of coastal 

vegetation in the coastal estuaries are also important for helping us to understand changes 

in elevation and coastal processes (Warren and Niering, 1993). The prediction results, 

along with thematic image maps and field data can provide valuable information for 

managing associated threats to the low-lying coastal landscapes and for long term coastal 

planning. These tools will also provide supporting information for disaster preparedness, 

and for developing adaptation strategies for different sea level rise scenarios.  

 

1.2.6 Role of remote sensing 

Vector and raster-based geospatial technology has been widely used for coastal 

hydrological and vegetation mapping in previous studies (Giri et al., 2007 & 2015). A 

few coarser and medium resolution satellite data have been used for broad scale analysis 

of mangrove change, erosion and accretion detection, and crop area mapping, along the 

Bangladesh coast (Brammer, 2014; Giri et al., 2015; Khan et al., 2015). Geospatial data 

provide useful location-based information on present and past coastal land cover 

resources and their potential uses (Blasco et al., 1996; Alonso-Perez et al., 2003; & 

Nguyen, et al., 2013). Raster-based satellite data analysis and classification techniques 

have helped to quantify the multi-temporal changes of small-scale coastal fresh and saline 

marshes, associated land use, and vegetation cover types discussed in this study. 
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Geospatial data, along with associated field information, provide explicit information on 

vast and inaccessible estuaries, mangrove forest areas, salt marshes and agriculture-

dominated coastal areas for both regular evaluation and monitoring purposes. 

 

1.2.7 Field based studies of the coastal zone 

People of the coastal zones are mainly engaged in aquaculture and intensive 

agricultural farming. Field surveys can provide valuable information useful for verifying 

the present coastal land resources that are identified using geospatial data. Together, this 

makes it possible to quantify and examine resources over time, to analyze habitat changes 

and to quantify significant drivers (Green et al., 1996; Liu et al., 2015). Field observation, 

group discussion, and questionnaire-based surveys can provide supporting information, 

which can be used to develop a good understanding of the characteristics of coastal land 

resources, ecosystem services, and recurrent natural processes. They can also help use to 

understand how these features are interacting and affecting each other. Previous field 

studies and surveys on coastal communities have provided information about coastal land 

reforms, the social crisis of shrimp farming, soil degradation, and associated livelihood 

issues in the various regions of Bangladesh. (Ali, 2006; Luers et al., 2006). Land cover 

transitions, vegetation dynamics, and local and regional drivers of Bangladesh’s coastal 

regions, are the main focal points of the present field survey. 
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1.3 Purpose and significance of this work 

The broad aim of this study was to understand coastal vegetation (both natural 

and agricultural) and habitat trends, and to examine the underlying factors causing the 

ecosystem shift that has occurred over the past few decades. Research was conducted by 

linking multi-temporal remote sensing data and validating these with ground-based 

information gathered from surveys, in order to understand historical land use and 

vegetation changes and their relationships to hydro-morphological characteristics and 

local environmental or edaphic characteristics. The specific objectives of the study were 

as follows:  

a) Identify and map land cover change (both natural and agricultural) across the 

coastal river plain of southwestern Bangladesh using remotely sensed data; 

b) Examine local environmental issues by implementing a survey questionnaire 

and relate these to the drivers of the land cover changes in the region; and 

c) Consider the possible short- and long-term effects of these changes, in terms of 

human life, in the coastal region of Bangladesh. 

 Previous research has focused largely on sea level change, model-based 

prediction and expected impacts on the coast. Some previous research has considered 

changes in the coastal wetlands, the uses and impacts of geospatial technologies, and 

socio-economic surveys. There is a need to examine other important drivers of change. 

The outcomes of this research will be of importance for coastal management 

professionals concerned with the protection of coastal ecosystems and their dependent 

populations, as well as to the international community as a whole. 
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Chapter One of this thesis summarizes predominant issues related to coastal 

environments and their study, with specific reference to the study region of Bangladesh.  

Chapter Two quantifies and discusses the land use and land cover changes that were 

observed in the coastal regions of Bangladesh using multi-temporal remote sensing data. 

It also describes the spatial extent of land cover changes, their trends, and the emerging 

need for improved monitoring. Chapter Three summarizes the information gathered to 

support the remote sensing analysis − including the field survey, the questionnaire 

survey, and group discussions. This chapter also discusses present land use changes 

occurring in the region, the locals’ opinions on various historical drivers and their 

impacts, and information gathered from government documents. Chapters Two and Three 

provide an overall picture of the region’s coastal land cover and vegetation dynamics, the 

associated system drivers, and the impact these features have on local populations. The 

land cover trends that we observed, our thematic map analysis, and our field information, 

have all helped us to draw our conclusions about landscape dynamics -- and to 

summarize the main points of both human and natural pressures challenging the 

environment.  
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Chapter 2 

Land Use and Cover Dynamics Using Landsat Data in the Ganges Delta 

Region from 1973 to 2014 

 

 

2.1 Introduction 

The coastal region of Bangladesh provides ecosystem services important to the 

local populations and those in nearby regions. The coastal ecosystem characteristics and 

its services - resource generation and productivity - largely depend on the hydrological 

characteristics, the morphological development, and the nature of vegetation (Alonso-

Perez et al., 2003; Brammer, 2014). In order to understand the ecosystem, it is important 

to investigate coastal socio-ecological and biological factors (Lambin & Geist, 2006; 

Brammer, 2014), particularly in areas where population is growing rapidly, resources are 

diminishing at a very high rate, and where there could be significant impacts from 

climatic change. The ecosystem is critical in the tropical zone, especially in a coastal 

zone, where the vegetation and other land cover are changing frequently and are 

dependent on up- and downstream hydro-morphology and other natural processes 

(Lambin et al., 2003; Brammer, 2010). The implications of these changes to marsh and 

natural vegetation area are determined by socio-ecological characteristics of the coastal 

zone and vary over space, place, and time (Luers et al., 2006).  

Better management of coastal habitats (vegetation and aquatic), mainly intertidal 

ecosystems, is important for coastal livelihoods (Craft et al., 2009). Development and 

growth of vegetation along the coast and landward in an ecosystem depends on a range of 
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factors among which water quality, soil salinity, tidal water level, upstream flow, and 

sediment influxes from erosion-accretion are particularly important (Feagin et al., 2005; 

Craft et al., 2009). Along a gradient from marine saline water through the tidal brackish 

water zone to riverine fresh water, there are range of vegetation types that reflect the 

regional gradient in salinity (Craft et al., 2009). With diminished river flow, frequent 

coastal cyclones, and storm surges, and higher tidal induced inundation, saline water is 

expected to penetrate further inland and change the gradient of salinity (Brammer, 2014). 

Consequently, it is also expected that the dynamics of the coastal ecosystem, especially 

vegetation type, will change in response to the salinity levels and both the natural causes 

and anthropogenic activities (Warren & Niering, 1993; Morris et al., 2002; Brammer, 

2014). These changes could have serious consequences for the livelihoods of people in 

the region, particularly through the impact on natural and agricultural vegetation.  

Coastal land use and land cover change mapping and monitoring have become 

more significant in the last few decades (Lambin & Geist, 2006). Previous research using 

Landsat MSS, TM, and ETM+ data has focused largely on general land use and land 

cover change in tidal wetlands and their impacts on the coast (Han et al., 2015). Multi-

temporal Landsat time series data were used in previous studies to assess and predict 

biophysical parameters, monitoring the changes in the coastal ecosystem (Green et al., 

1996; Coppin et al, 2004). Mapping of historical changes in land use and land cover 

using geo-spatial data can be valuable for establishing a base line reference for a similar 

inland coastal zone. As part of a coastal monitoring, in this study, satellite image analysis, 

classification, and change detection techniques determine changes in different types of 
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salt-marsh-dominated land cover types (Mas, 1999; Alonso-Perez et al., 2003; Nguyen et 

al., 2013; Yang et al., 2013).  

Using the operational land imager (OLI) on-board the Landsat 8 satellite for 

monitoring glacial environments, recent studies have measured land-surface water 

mapping, and dynamics of cropland (Ding et al., 2014; Du et al., 2014; Jia et al., 2014; 

Pahlevan et al., 2014; Roy et al., 2014; Bhardwaj et al., 2015). In the previous studies, a 

wide range of advanced image processing methods and computational techniques were 

used for digital change mapping of soil, vegetation and water over a time period (Yang et 

al., 2013).  There is a need to examine OLI data in combination with previously operated 

Landsat sensors for land cover dynamics in a deltaic coast. Such research is necessary for 

Bangladesh and other similar deltaic regions because of the importance of coastal 

vegetation, specifically the world’s largest mangrove forests for protecting coastal 

communities from different types of disasters, and surrounding land use for maintaining a 

sustainable livelihood (Giri et al., 2015).  

The broad aim of this study was to understand coastal land cover (both natural 

and agricultural) trends by change detection techniques with three different Landsat 

sensors. This research will provide a better understanding of the ability of Landsat multi-

temporal data, methods and techniques to discriminate physical and man-made features in 

low-lying coastal areas during the past four decades in Bangladesh.   
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2.2 Study areas 

Three study areas in the southern part of the Ganges Delta in southwest 

Bangladesh were selected from the administrative units (Kalaroa, Assasuni, and 

Shyamnagar Upazila) for analysis based on prior knowledge of the region and the 

availability of imagery spanning 40 years. The three areas cover a salinity gradient across 

the Delta. The first area is comprised of riverine ecosystems with stretches of fresh water 

(at 22º 48ʹ 45ʺ N and 89º 2ʹ 56ʺ E). The second area occupies the mixed brackish water 

zone (at 22º 35ʹ 22ʺ N and 89º 09ʹ 42ʺ E). The third area represents the saline sea-front (at 

22º 16ʹ 06ʺ N and 89º 15ʹ 38ʺ E). Comparisons between the three areas enables 

assessment of the effects of natural phenomena and robust anthropogenic activities on 

hydro-geomorphology and riparian vegetation from the coast to inland (Figure 2.1).  Each 

study area is made up of many rivers dissected by the Ganges that are undergoing 

increasing salinization as a result of decreasing upstream freshwater flow and expansion 

of aquaculture in the downstream (SRDI, 2012; Brammer, 2014). The areas contain a 

diversity of land use and land cover types, i.e., agricultural and grazing land, estuarine 

wetlands with shrimp farms, and tidal mangrove swamps (Table 2.1), which are affected 

greatly by diurnal tidal inundation, frequent storm surges, and monsoon rainfall-related 

flooding (Brammer, 2014; Khan et al., 2015).  
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Figure 2.1 Location of the three study areas in southwestern Bangladesh, in the southern part of 

the Ganges delta. Inset images are from Landsat OLI sensor for I.) Freshwater zone, II.) Brackish 

water zone, and III.) Saline zone. Source: CEGIS, 1996 and SRDI, 2012 

 

The study areas are characterized by different tidal conditions within the 

watershed of the Kapathakha-Kholpetua river basin (SRDI, 2012). Topographically, low 

ridges (natural levees) and valleys are two common features of the tidal plain. Elevation 

declines from 5 m above sea level at the upper Betna river to 0.6 m above sea level at the 

lower estuaries (Saifuzzaman & Alam, 2010). Agro-ecologically, the study area covers 

three characteristic zones: the  freshwater zone within the lower Ganges floodplain is 

dominated by silty clay loam; the brackish zone has mixed, clay with acid sulphate upper, 

I. Freshwater zone 

II. Brackish water 

 

III. Saline zone 
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and calcareous lower soil; and the saline zone is mostly mangrove swamp with saline silt 

and silty clay soil (SRDI, 2012; Brammer, 2014). Among the three zones, the freshwater 

zone is under intense agricultural pressure. In the remaining two zones, high tide reaches 

up to approximately 4 meters which means that more than 90 percent of the basin area is 

under regular tidal influence and agriculture is limited to rice cultivation during the 

monsoon season, when an average of about 1650 mm precipitation falls each year (BMD, 

2015).  

 

Table 2.1 Tidal, land use, and land cover characteristics of the three coastal study areas in 

Bangladesh. Daily tidal inundation characterizes coastal features in the brackish and saline zones. 

Source: Saifuzzaman et al. 2004; SRDI, 2012; and Field data, 2014 

Study 
area 

Area 
(km2) 

Coastal 
type 

Tidal 
characteristics 

Drainage 
pattern 

Embankment 
established 

Land use/Land 
cover 

Freshw-
ater 
zone  

333 

Interior 
coast with 
upstream 
freshwater 

Tidal water 
reached 
occasionally 

Meandering 
channels 
dissected 
from Ganges 

1961- 1987* 

Intensive 
agriculture 
using surface 
and ground 
water 

Brackish 
water 
zone 

267 

Interior 
coast with 
mixed 
water 
zone 

Transition 
zone with 
diurnal tidal 
effects 

Modified and 
well-
connected 
channels 
under 
embankment 

1962 - 1983 

Dominated by 
shrimp farms 
& agriculture 
using surface 
and ground 
brackish water 

Saline 
zone 276 

Cyclone 
induced 
exposed 
coast 

Dynamic 
coastal 
processes and 
strong tidal 
influences 

Multiple 
branching 
with tidal 
creek 
controlled by 
embankment  

1963 -1976 

Extensive 
shrimp 
farming, 
mangroves, 
limited 
agriculture 
using 
rainwater 

* No embankments are present within the analytical boundaries of this zone, but are present in the 
adjacent areas. 
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Embankments (coastal polders) were established in the study areas between 1960 

and 1980 to support increased food production, irrigation, and flood control projects 

(Table 2.1). Due to control of tidal and flood water, shrimp cultivation emerged in the 

area in the early 1980s and has undergone a massive expansion since the 1990s (Haque & 

Saifuzzaman, 2003). The major southern part include mangrove forest with very dense 

river network and is under high tidal influence (Saifuzzaman et al., 2004). More than one 

million people depend on the mangrove ecosystem, Sundarbans, with its rich flora and 

fauna for their livelihood and sustenance (Giri et al., 2007; Brammer, 2014). Three 

coastal regions (Assasuni, Kalaroa, and Shyamnagar) and their peripheral cities had a 

population of 958 043, 1 354 790, and 1 686 139 in 1974, 1991, and 2011, respectively, 

which is an increase of 76% from 1974 and 25% from 1991 (BBS, 2013). The highest 

density of rural and coastal city populations is found along the rivers and tidal 

inundation-free areas, mainly dependent on agriculture and aquaculture (Saifuzzaman et 

al., 2004). Due to coastal salinity and little rainfall in the cool-dry winter (October to 

March), residents of that area grow most of their food at the time of monsoon (June to 

October) rainfall (BMD, 2015).  

 

 

2.3 Data and methods 

2.3.1 Data 

2.3.1.1 Landsat image data 

We used cloud-free multi-spectral Landsat data obtained from three different time 

steps for this study (Table 2.2). The data were accessed from the free USGS Landsat 
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archive (http://glovis.usgs.gov). Imaging dates were important to consider for feature 

identification and image classification (Jensen, 2005; Lillesand et al., 2008). Yuan et al., 

2005 and Han et al., 2015 observed that tropical monsoon climatic regions like these have 

less leafy and agricultural vegetation intensity in winter. There are three cropping 

practices of all seasons in an agricultural land in Bangladesh; of these winter (November 

to March) has the lowest crop intensity. Images from winter and late winter were selected 

to achieve optimal separability between land cover classes (Appendix A: Figure A1) 

since forests and healthy agricultural crop canopies can have spectrally similar responses 

during summer (Jensen, 2005). Images from the multi-spectral Landsat MSS sensor 

acquired in 1973, Landsat TM acquired in 1992, and Landsat OLI acquired in 2014 were 

used for land cover mapping and change detection in this study. 

 

Table 2.2 Landsat multi-temporal remote sensing data sets used for digital classification and 

thematic mapping in this study. Landsat sensors and image characteristics are mentioned below. 

Satellite Sensor 
No. of Multi-spectral Bands Ground Sampling 

Distance (m) 
Satellite 

Path-Row 
Recording 
date Total Used in this study 

Landsat 1 MSS 4 1,2,3,4 60 (80*)  148-45 05 Feb 1973 

Landsat 5 TM 7 1,2,3,4,5,7 30  138-45 05 Mar 1992 

Landsat 8 OLI 11 1,2,3,4, 5,6,7,9 (8**) 30  138-45 05 Mar 2014 

* Original MSS pixel size was 80 meters; USGS resampled the data to 60 meters 
(http://landsat.usgs.gov). ** Panchromatic bands (15m) used to visualize and separate complex 
features. 
 

2.3.1.2 Reference image data 

Reference data sets were collected via various sensors and in various formats to 

yield training sites for accuracy assessment, class validation, and change detection 

http://glovis.usgs.gov/
http://landsat.usgs.gov/
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purposes (Table 2.3). A Landsat TM image of 1989 was used for feature validation (i.e., 

existence and progression of waterlogged sites and shrimp farms) of the 1992 image. A 

QuickBird multi-spectral image from 2002, only available for the saline zone, was 

obtained (http://glcf.umd.edu/data/quickbird/) via FTP server and RapidEye5 

multispectral images from 2011 were obtained from the Bangladesh Space Research & 

Remote Sensing Organization (SPARRSO). These high resolution data were used to aid 

in classification and validation of features of the 2014 imagery (Table 2.3). Images from 

2009 obtained from Google Earth (http://earth.google.com/) were also consulted to 

identify very recent changes in land use and land cover in the study areas by comparison 

with the OLI data of 2014. 

 

Table 2.3 Characteristics and acquisition dates of finer resolution images used to analyze and 

validate land cover classes in the study areas.  

Satellite 
Sensor 

No. of Multi-spectral Bands Ground Sampling 
Distance (m) 

Recording 
Date Total Used in this study 

QuickBird 4 1,2,3,4 2.8 04 Dec 2002 

GoogleEarth - - 5* 25 Dec 2009 

RapidEye5 5 1,2,3,4,5 5 08 Feb 2011 

* Images captured from QuickBird satellite sensor, downloaded from 

 http://earth.google.com and resampled to 5m. 

 

2.3.1.3 Field and ancillary data 

Field data were collected during September and October, 2014 from the three 

study areas using Global Positioning System - GPS (with a precision of ± 6 m) for the 

purpose of validating land cover classes and accuracy assessment. Agricultural areas, 

http://glcf.umd.edu/data/quickbird/
http://earth.google.com/
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shrimp farms, natural vegetation (estuarine mangroves), vegetation with settlements, and 

waterbodies with ponds and rivers/canals were visited in the field and verified with the 

land use classes in the images observed. The patterns of the land use classes and training 

site characteristics were recorded by GPS and digital camera. Topographic maps, which 

were prepared mostly from air photos from 1965-1972, were used for assessing the land 

cover classes in 1973. Various geospatial data, such as population density, flooding maps, 

salinity distribution, a land use map of 2013, administrative boundaries and headquarters 

were collected for data analysis. Non-spatial data, such as population distribution 

(Appendix B: Figure B1), rainfall of the watershed (Appendix B: Figure B2), and salinity 

level were collected from federal and local government offices (Appendix A: Table A1). 

These data sets were used for validating the land cover classes and analysing the land use 

changes.  

 

2.3.2 Methods 

2.3.2.1 Data processing for land cover classification  

Comparison of Landsat MSS, TM, and OLI data is challenging because of the 

differences in spatial resolution, geometric error, noise from various sources, and 

instrumental errors associated with each sensor (Homers et al., 2004; Giri et al., 2015). 

To overcome this, digital image processing steps were implemented, including 

radiometric enhancement, geo-referencing, co-registration between images, band 

ratioing, and resampling (Jensen, 2005). Radiometric adjustments, (e.g., LUT stress, 

noise reduction, and geometric correction) were applied to the images to minimize those 

errors. All Landsat images were co-registered with the most recent 2014 images using 15 
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well-distributed points and nearest neighborhood resampling techniques, and 

georeferenced to UTM zone 45 (WGS1984). The root mean square errors (RMSE) were 

approximately one Landsat pixel (30 m) for each image. During the process, the MSS 

data were resampled from 60 m to 30 m using the nearest neighbor method in order to 

achieve consistency with the TM and OLI data. The histograms of multiple bands 

(unsigned 8 bit for both the Landsat MSS of 1973 and TM of 1992; 16 bit for OLI of 

2014) were generated and used for ‘guide processing’ of satellite imagery enhancement 

and feature discrimination. ERDAS Imagine (v. 2014) and ArcGIS (v.10.2) were used for 

data processing of all digital images.  

Several spectral bands and/or combinations of bands were used as diagnostic tools 

in analysis of the different images and to help guide classification (Omo-Irabor & 

Oduyemi, 2007; Jia et al., 2014). Landsat 8 OLI has three new bands (Appendix A: 

Figure A2 and Table A2) that proved useful in this regard (Pahlevan et al., 2014); Band 1 

covers the ‘ultra’ blue region for maximum water reflectance and shallow coastal water 

detection; Band 9 covers the shortwave infrared (SWIR) region for atmospheric 

absorbance and possible cloud occurrence (Bhardwaj et al, 2015); and Band 8 is a 

panchromatic band spanning 0.50 - 0.68 micrometers wavelength with 15 m spatial 

resolution (Roy at al., 2014). In addition, band ratioing and multi-spectral false colour 

composites generated from Landsat OLI bands 5, 4 and 3; QuickBird bands 4, 3 and 2; 

and RapidEye bands 5, 3 and 2, as well as the panchromatic band 8, were used to identify 

and digitize settlements, infrastructures, small rivers/canals, and ponds (Appendix A: 

Figure A3 and A4). The thematic image maps were a supplement to field data and used 

for ground survey, post classification validation, and accuracy assessment. In this study, 
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the secondary geo-spatial data and government records were used to yield training sites 

for accuracy assessment, and to validate land use and land cover classes for 

understanding changes and dynamics. 

 

2.3.2.2 Landsat image classification 

A flowchart of land use and land cover classification procedures of multi-

temporal Landsat 8 OLI, TM, and MSS image data is given in Figure 2.2. Six basic land 

cover classes (Table 2.4), were adopted from Anderson et al. (1976) at various spatial 

scales (Ehlers & Klonus, 2014) and from the visual feature identification of high 

resolution QuickBird and RapidEye images (Appendix A: Figure A3 and A4). Pixel-

based classification of a combination of multi-spectral bands from the images of 1973, 

1992, and 2014 was applied to identify the areal extent of vegetation and marshland. An 

unsupervised classification was used for producing multi-temporal thematic maps of the 

study sites. However, there were several spectral confusions when using this method (Jia 

et al., 2014, Corbane et al., 2015). Supervised classification techniques with the use of 

field data were appropriate for identifying the complex coastal features and gave a better 

confidence (Green et al., 1996; Jensen, 2005). The following hybrid approach, ‘guide 

clustering’ or combination of supervised and unsupervised classification, was also 

important in order to reduce spectral mixing between the classes and potential errors 

(Yuan et al., 2005; Omo-Irabor & Oduyemi, 2007; Pradhan et al., 2010).  
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Table 2.4 Definition and general land cover classification scheme adopted for this study. The 

land cover classes are generally found in all three study sites and were defined based on 

government documents and field observations. 

Land cover class Description 

Agricultural land Crop fields, pasture (grass and moist soil), and bare/fallow fields 
(barren with no grass condition) 

Homestead Residential/commercial, mixed urban, orchard/vegetable garden or 
backyard/or open spaces, playground 

Mangrove forest Low-lying tropical evergreen forest mainly coastal mangrove, natural 
vegetation in saltmarsh area 

 Shrimp farms/ponds 
(ghers) 

Non-forested wetland, shrimp farms with year round flooded 
condition, shrimp farms seasonal fallow 

Waterbodies Perennial open water (shallow marshes wetlands), lakes, reservoirs, 
pond, streams, estuarine rivers or canals 

Waterlogged 
areas/waterlogging 

Land saturated with full of surface water (and with few grass and 
hydrophytes), but this land was used as agricultural land 
previously 
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Figure 2.2 Flow diagram of the various Landsat image processing and classification techniques 

used to generate thematic maps. Ancillary and field data were used as an input to validate feature 

classes and thematic image maps of the study area.  

 

Landsat OLI data has the ability to aid in detection of irregular and complex 

features as a result of the introduction of new bands and narrowed band widths (Du et al., 

2014; Jia et al., 2014). In particular, Bands 1 and 9 are useful for identifying features of 

the complex ecosystem in brackish and saline zone. As such, the inclusion of Bands 1 

and 9 in 2014 images used in this study gave greater feature detection capability, which 
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helped to identify complex patterns of isolated shrimp farms, shrimp fallows, and 

waterlogged areas. In this study, major challenges were distinguishing between mangrove 

vegetation and high biomass homestead, closed crop canopy with healthy agricultural 

vegetation, and shrimp farms with flooded conditions exhibiting the same turbidity level 

as tidally influenced estuarine waterbodies (i.e., rivers and canals). Shrimp fallow and 

agricultural fallow provided better spectral response in OLI bands but were difficult to 

identify from a single classification method (Pahlevan et al., 2014).  

Unsupervised classification: As part of the unsupervised classification, 

Normalized Difference Vegetation Index (NDVI) maps from Landsat MSS, TM and OLI 

data of the three study sites were generated and used to identify the vegetation fluxes in 

floodplain, accreted land, and variations in the swampy areas (Pradhan et al., 2010; Ding 

et al., 2014). Discrete pixel-based classification by K-means algorithm was also used to 

identify areas where vegetation types and other land covers occupied a significant 

number of pixels in a certain class (Vogelmann et al., 2012). The first-level classes in this 

method were targeted to cluster into 20 subclasses. Based on prior field knowledge, the 

reference, and other ancillary data, the twenty subclasses were recoded into five basic 

land cover classes. According to imaging season and spectral reflectance characteristics, 

the images of 1973, 1992 and 2014 were classified into three distinct categories of 

features, i.e. waterbodies, homestead and agricultural land, as well as waterlogged sites in 

the freshwater zone, shrimp farms in the brackish and saline zone. The mangrove forest 

area was observed in the saline zone. However, there is a need to improve spectral 

confusion among the features of different marshy areas, agricultural cropland mixed with 

grassland, and homestead mixed with mangroves.  
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Supervised classification: Supervised classification methods with training samples 

are used to minimize the spectral confusions. Maximum likelihood is the most common 

and efficient supervised classification technique, in which level 1 classes are clustered 

and obtained by training samples (Omo-Irabor & Oduyemi, 2007). Without any historical 

signature and seasonal variation records, it is almost impossible to conduct a supervised 

classification of the 1973 and 1992 images. To overcome this challenge, this study relied 

on field information, base maps, and historical documents to help guide training site 

selection. Training sites of six known classes in Table 2.4, were collected by 

unsupervised classification, the reference, ancillary and field data. GPS coordinates, and 

training site information were collected from field and used for minimizing spectral 

confusion. As an input of supervised classification procedures, we collected a minimum 

of six training sites for each feature. The images of 1992 and 2014 were useful for 

identifying more feature variations, because of improved spatial resolution and more 

multispectral channels than were available in the MSS image of 1973. More attention was 

given in selecting the training sites for this classification method in the image of 1973 

and 1992, because of seasonal agricultural fallow with grass being spectrally similar to 

settlement with young vegetation in the saline zone. We also collected more training site 

information from shrimp farms because of flooded condition with different turbidity 

levels, which showed similar spectral reflectance as the water with high upstream 

sediment at the estuary river mouth. Seasonally dried parts of rivers and canals have the 

same reflectance as the barren/agricultural fallow in the brackish and freshwater zone. 

The OLI bands of 2014 including Band 1, were more useful for water edge identification 

than those of MSS and TM bands; however the water edge vegetation are merged with 
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either agricultural crop (low canopy/small growth) and low biomass homestead area. 

Visible and near-infrared with short-wave bands in the image of 2014 were found to be 

useful for separation of vegetation. Few crop fields with growth stage vegetation merged 

with young tree canopy of mangrove forests; however by applying this method 

classification along with field and reference data improved the spectral confusion in a 

few areas of the three zones.  

 

2.3.2.3 Image reclassification 

Recognizing the need to improve the observed spectral mixing in the previous two 

methods, a hybrid classification method was applied to the different thematic images. In 

order to locate areas where there was spectral confusion, a preliminary examination of the 

results obtained from two algorithms was done carefully along with field and ancillary 

data, and previous knowledge. Discussion with local farmers at the three field sites and 

group meetings with different stakeholders (i.e., farmers, local community leaders, and 

government officials) were also held in order to learn about present land use patterns and 

past uses. Spectral confusion was found at a small scale in areas of homestead, 

waterlogged areas with grass and hydrophytes, and some mangrove areas. To improve 

classification accuracy and reduce these problems, highlighting major areas of the 

misclassified land cover, with the aid of ancillary data and field observation, was applied 

(Omo-Irabor & Oduyemi, 2007).  

Mangrove vegetation and extensive areas of waterbodies (i.e., waterlogging, 

rivers and canal) were classified and separated by an unsupervised method. The refined 

feature classes were then added to the supervised classification. For further improvement 
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of the land cover classes, a rule-based spatial modeler in ERDAS was used for the sub-

class masking for the spectral confusion areas of agricultural, homestead, waterlogged 

sites, and shrimp farms. These masks were updated by using the field information, GPS 

data, topographical maps, NDVI values, and reference images. With the help of the 

masks, an improvement occurred in the subclasses of agricultural land into agricultural 

crop and seasonal fallow (grass and barren soil). According to soil moisture and 

abundance of grass, shrimp farms were finally separated from other water bodies and 

shrimp fallow from agricultural fallow in the saline zone. Finally, a 3x3 neighborhood 

filter (majority class value) was applied to each land cover class to remove isolated 

pixels. A total of eight land cover classes in the freshwater and saline zone, and seven in 

the brackish water zone were produced. 

 

2.3.2.4 Land cover classification accuracy assessment 

An accuracy assessment was conducted for understanding error extent on an 

individual maps (Yuan et al., 2005, Congalton & Green, 2009). It is also important for 

assessing quality of the post-classification image maps and for further change analysis. 

Error matrices (classification errors), i.e., overall accuracy, user’s and producer’s 

accuracies, and Kappa statistic, (Appendix A: Table A3, A4, and A5), were assessed for 

classification accuracies from classified features of the image and the reference classes on 

the ground (Jensen, 2005; Congalton & Green, 2009). The reference classes were created 

using ancillary data, topographical maps, and historical government documents for 

evaluating the accuracy of the main land cover classes. Prior knowledge and discussion 
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with local residents on past land uses, was also used for accuracy assessment of 1973 and 

1992. 

Accuracy assessment of the final classifications was conducted for the main land 

cover categories in each study area (i.e., 3 classes in the freshwater zone, 4 in the 

brackish water zone, and 5 in the saline zone). According to the spatial extent of the study 

areas (Table 2.1) and feature diversity in those sites, 30 independent polygon masks 

(systematic sampling grid) were created to cover the study sites in the brackish and saline 

zones, and 35 in the freshwater zone. In each single polygon area, a feature was randomly 

selected from each class. Features, with a total of 35*3 =105 points in the freshwater 

zone, 30*4=120 in the brackish water zone, and 30*5=150 in the saline zone, were 

selected for accuracy assessment.  

 

2.3.2.5 Land use and land cover change trends and analysis 

Various change detection algorithms, which include bi-temporal algorithms, post 

classification comparison, composite analysis, and multi-temporal spectral mixture 

analysis, have been used in previous studies to identify broad ecosystem components and 

decadal change trends (Jensen, 2005). However, it is widely accepted that pixel-based 

post-classification techniques represent better thematic output (Coppin et al., 2004; Lu et 

al., 2004; Jensen, 2005; Omo-Irabor & Oduyemi, 2007). Post-classification change 

detection ‘matrix union’ in ERDAS is the most effective method to offer ‘from-to’ 

change classes (Coppin et al., 2004), “while the accuracy of individual classes was 

determined by the product quality of the post-classification algorithm” and the previous 

knowledge on the field features (Yuan et al., 2005). Changes between the features in 
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thematic images in a single location were presented better in ‘from-to’ methods (Coppin 

et al., 2004). The individual classified thematic images of 1973, 1992, and 2014 in the 

three different zones were used to produce change detection maps for understanding land 

use trends and transition patterns. In this study, more than twelve change patterns were 

obtained in a change map of an individual zone from 1973 to 1992 and from 1992 to 

2014. The changes of the single feature class were then compared temporally in a single 

site and among the various sites on the map. The vegetation trend map and the 

relationships between vegetation habitat types, water, topographical, and environmental 

characteristics were examined for determination of changes, their relationships to 

environmental, and other anthropogenic factors. Analyses of field data, historical 

documents and Government data were also helpful to understand this changes and link 

with the factors. 

 

 

2.4 Results 

2.4.1 Classification accuracy 

The overall accuracies and Kappa coefficients of the images of the three zones are 

reported in Table 2.5. The overall accuracies of the 1973, 1992, and 2014 image 

classifications in the freshwater zone were 86.6%, 88.5%, and 92.1%, respectively, which 

represented acceptable feature classification of the Landsat data (Congalton & Green, 

2009). In this area, spectral confusion arose in homestead and water areas. Spectral 

mixing of agricultural crop with grass cover and with homestead affected the overall 

accuracy when comparing the images covering the 41 year period in the brackish water 
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zone. These were 84.4%, 90.0%, and 86.6% from 1973, 1992, and 2014 (Appendix A: 

Table A4). Mangrove vegetation in the saline zone mixed with healthy agricultural and 

homestead, caused lowering of the producer’s and user’s accuracy (Appendix A: Table 

A5). The shrimp farm development and its flooded water turbidity gave similar spectral 

reflectance to response of other coastal natural waterbodies in the saline zone, which 

resulted in accuracies of about 87.1% and 90.0% in 1992 and 2014 respectively. The 

overall accuracy of the freshwater and saline zones, which is more than 90%, signified a 

better result in the 2014 images (Table 2.5). The producers’ accuracies of 2014 in 

agricultural land, homestead and mangrove vegetation were above 95% (Appendix A: 

Table A5), which demonstrates the importance of the new multispectral channels of OLI 

data. According to the producer’s and user’s accuracies, the mangrove, agricultural 

vegetation, and shrimp farms features were relatively well classified. 

 

Table 2.5 Zonal land cover classification accuracies for MSS, TM and OLI images in the three 

study sites, 1973 – 2014. Individual class producer’s and user’s accuracy provided in the 

Appendix A: Table A3, A4, and A5. 

Study 
sites/zones 

Area 
(km2) 

No. of 
classes 

Overall accuracy (%)  Kappa (K) statistic 

1973 1992 2014  1973 1992 2014 

Freshwater  333 3 86.6 88.5 92.1  72.3 72.9 87.1 

Brackish water 267 4 84.4 90.0 86.6  54.3 83.0 79.4 

Saline 276 5 85.8 87.1 90.0  77.7 85.8 86.8 

 
 

The Kappa statistic (K) measured and compared confusion metrics from random 

metrics, and then assesses the accuracy (Omo-Irabor & Oduyemi, 2007). K varied from 
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72.9% (in freshwater zone), 83.0% (in brackish water zone), and 85.8% (in saline zone) 

in 1992 from 1973, because of the feature separation capabilities of narrowing 

bandwidths from the MSS to TM sensors (Yuan et al., 2005). The Kappa statistics of 

fresh water and saline zones indicate that the thematic map of Landsat OLI data, 2014 

classified more than 85% of the pixels correctly (Table 2.5).  

 

2.4.2 Land cover classification and change statistics 

The results of land cover classification serve to illustrate the major differences 

between the three study areas associated with the gradient of salinity. The spectra also 

demonstrate that each of the study areas has undergone substantial land cover change 

over the last forty years, with the saline zone exhibiting the greatest change (Table 2.6, 

2.7, and 2.8).  

 

Table 2.6 Land cover classes, their extent and area statistics in hectares (ha) for the fresh water 

study area - 1973, 1992, and 2014. Italics indicate sub-categories of the main land cover class. 

Land cover class 1973 
 

1992 
  

2014   

 
Area (ha) % 

 
Area (ha) % 

 
Area (ha) % 

Waterbodies 1615.8 4.9   1446.0 4.3   197.4 0.6 

Water-logging (perennial) 0.0 
  

0.0 
  

2183.8 6.6 

Agricultural land 21 964.7 65.9 
 

19 663.8 59.0 
 

16 334.5 49.0 

Agricultural fallow (wet/bare) 5805.7 
  

 
  

 
 

Agricultural fallow (barren) 5157.7 
       

Agricultural fallow (grass) 8560.8 
  

5697.5 
  

5013.6 
 

Agricultural crop 2440.4 
  

13966.3 
  

11 320.9 
 

Homestead (with structure) 9732.2 29.2   12 203.2 36.6   14 597.7 43.8 

Total 33 313 100   33 313 100   33 313 100 
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Table 2.7 Land cover classes, their extent and area statistics in hectares (ha) for the brackish 

water study area - 1973, 1992, and 2014. Italics indicate sub-categories of the main land cover 

class. 

Land cover class 1973 
  

1992 
  

2014   

  Area (ha) %   Area (ha) %   Area (ha) % 

Waterbodies 2574.0 9.7 
 

2404.0 9.0 
 

1320.7 5.0 

Shrimp farms 0.0 
  

3189.2 12.0 
 

11 582.7 43.5 

Shrimp  farms  
      

10 345.4 
 

Shrimp farms (dry fallow) 
      

1237.3 
 

Agricultural land 21 526.9 80.8 
 

16 083.6 60.3 
 

7686.9 28.8 

Agricultural fallow (barren) 3925.4 
  

5881.6 
  

1447.6 
 

Agricultural fallow (grass) 17 601.5 
  

4906.5 
    

Agricultural crop 
   

5295.5 
  

6239.3 
 

Homestead 2553.8 9.6   4978.6 18.7   6064.8 22.8 

Total 26 655 100   26 655 100   26 655 100 

 

 

Table 2.8 Land cover classes, their extent and area statistics in hectares (ha) for the saline water 

study area - 1973, 1992, and 2014. Italics indicate sub-categories of the main land cover class. 

Land cover class 1973 
  

1992 
  

2014 
 

   Area (ha)  %    Area (ha) %    Area (ha) % 

Waterbodies 5648.4 20.5 
 

5214.6 18.9 
 

5144.6 18.6 

Mangrove forest 6532.9 23.7 
 

6916.5 25.1 
 

6564.4 23.8 

Shrimp farms 0.0 
  

1702.4 6.2 
 

9487.8 34.4 

Shrimp  farms  
      

9142.5 
 

Shrimp farms (dry fallow) 
      

345.3 
 

Agricultural land 14 687.7 53.2 
 

11 586.4 42.0 
 

1631.3 5.9 

Agricultural fallow (wet) 1413.4 
       

Agricultural fallow (barren) 2448.0 
  

3140.9 
  

1395.8 
 

Agricultural fallow (grass) 10 826.3 
  

8445.5 
    

Agricultural crop 
      

235.5 
 

Homestead 718.9 2.6   2167.8 7.9   4759.4 17.3 

Total 27588 100   27588 100   27588 100 



 

39 

 

2.4.2.1 Freshwater zone 

In the three study sites, there was development of homestead areas including a 

few orchard gardens, playground, road, ponds, and other non-residential/commercial 

buildings, taking place in agricultural land since 1973. In 1973, settlements and 

agricultural land were the dominant land use in the freshwater zone (Figure 2.3). Most of 

the agricultural land was fallow in 1973 while much was cropped by 2014 (Table 2.6). 

Agricultural land decreased from 21 965 ha in 1973 to 19 664 ha in 1992, a 7% 

reduction. However, the total cropped area captured in the image increased to 13 966 ha 

in 1992 from an area of 2440 ha in 1973, associated with introduction of high yielding 

varieties (HYV) being established on the available agricultural land. The crop area 

decreased by 2646 ha from 1992 to 2014. Natural freshwater waterbodies, rivers, canals, 

lakes, and ponds, occupied about 5% of the total area in 1973, decreased significantly 

mostly after 1992 and remained less than 1% of the area in 2014. Homestead areas 

increased from 9732 ha in 1973 to 12 203 ha in 1992, a 7.4% increase and a further 7.2% 

from 1992 to 2014, which is consistent with the steady and significant population 

increase in this coastal zone. About 2184 ha of waterlogging areas had developed in 

agricultural land by 2014 (Figure 2.3). In this zone, the seasonal agricultural land, that 

was largely in fallow with grass and left wet and barren, decreased substantially with 

increased settlements and waterlogged areas. The pattern of changes and their 

distributions to separate land use classes from earlier to later years are represented in the 

following change trends and patterns section.  
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 Homestead  Agricultural crop  Agricultural fallow (bare soil)  Waterlogging 
 Homestead (structure)  Agricultural fallow (grass)  Agricultural fallow (barren)  Waterbodies 

Figure 2.3 Land use and land cover classification maps of the fresh water zone (1973 to 2014).  
 

   
 

 Homestead   Agricultural fallow (grass)  Shrimp farms (dry fallow)  Waterbodies 
 Agricultural land (crop)  Agricultural fallow (bare soil)  Shrimp farms   

Figure 2.4 Land use and land cover classification maps of the brackish water zone (1973 to 2014). 
 

   
 

 Homestead  Agricultural fallow (grass)  Shrimp fallow (bare soil)  Shrimp farms 
 Agricultural land (crop)  Agricultural fallow (barren)  Mangrove forest  Waterbodies 

Figure 2.5 Land use and land cover maps of the saline water zone (1973 to 2014). 

 

 

1973                                                   1992                                                 2014 

1973                                                   1992                                                 2014 

1973                                                   1992                                                 2014 
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2.4.2.2 Brackish water zone 

The brackish water study area is different than the freshwater floodplain because 

of riverine tidal effects bringing a level of salinity. In 1973, most of the agricultural land 

during the image recoding time (winter) was fallow with grass or barren. A significant 

amount of agricultural land decreased while there was an increase of shrimp farms and 

homestead area by 2014 (Figure 2.4). Agricultural land decreased from 21 527 ha in 1973 

to 16 084 ha in 2014; the decrease was 21% and further 32% from 1992 to 2014. A 5296 

ha crop area found in 1992 and deceased to 6239 ha in 2014. Shrimp farming became 

very attractive in this zone beginning in the 1980s due to saline water sources; it 

increased from 3189 ha in 1992 to 11 583 ha 2014, a sharp 32% increase (Table 2.7). In 

this zone, homestead increased from 10% of the total area in 1973 to 23% in 2014. On 

the other hand, a much large portion of the freshwater zone was occupied by settlement 

increasing from 29% to 44% over the study period (Table 2.6). In the brackish water 

zone, natural waterbodies (rivers, canals, and inland freshwater bodies) occupied 2574 ha 

(9.7% of the total area) in 1973. There were no major changes in the natural waterbodies 

from 1973 to 1992 but the area declined by 4% from 1992 to 2014 with the expanse of 

shrimp cultivation (Figure 2.4). In this zone, a significant amount of land use transitions 

had occurred from seasonal agricultural land and waterbodies to saline shrimp farms and 

settlements during the study period. Their distribution patterns are reported in the 

brackish water zone section. 
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2.4.2.3 Saline zone  

Due to levels of river water salinity in the saline zone and its location near the 

exposed coast, a large number of new settlements along with shrimp and agricultural 

farms have been occupying part of the land. Over the same period, however, the spatial 

extent has been different than that of the brackish water zone. From 1973 to 2014, there 

have been massive changes in all the land that has been covered with vegetation of 

various types (Figure 2.5). Agricultural land, mostly fallow with grass or barren, is used 

for grazing in dry-winter (November to March) seasons and for single cropping during 

monsoon in the year of 1973. The seasonal fallow land decreased from occupying 14 688 

ha, which was 53% of the total area in 1973, to 11586 ha in 1992, and there was a further 

large decrease from 1992 to 2014, so that at present now occupies 1396 ha in 2014. Only 

236 ha crop area was occupied in 2014 in the saline zone due to higher levels of salinity. 

With support of the hybrid classification procedure, it was possible to distinguish 345 ha 

of dry shrimp ponds from agricultural fallow land in 2014. By 1992, 1702 ha of small 

shrimp farms had developed (Table 2.8), and this area continued to increase substantially 

so that by 2014 these farms covered 9488 ha. As a consequence, shrimp farms had 

become the dominant feature in this zone. Compared with the fresh and brackish water 

zones, human habitats with vegetation occupied a smaller fraction of the area, increasing 

from 719 ha in 1973 to 2168 ha in 2014, a total increase of 14%. Because of strong 

influences in the coastal zone, the area occupied by natural waterbodies, showed only 2% 

decrease over the forty year time of the study. 

Only in the southern part of the study area, where mangroves found; in that region 

in the saline zone, they occupied a large fraction of the land. The area occupied by 
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mangroves changed slightly over the study period beginning at 6533 ha in 1973 to 6565 

ha in 2014. This is in contrast with previous studies that have shown a large decrease in 

the extent of mangrove vegetation in the Ganges delta regions (Giri et al., 2007 & 2015). 

The small fluctuations in mangrove areas and waterbodies are affected by seasonal 

variations in water edge vegetation at the image recording time and diurnal tidal water 

influence in the two zones.  

 

2.4.3 Change trends and patterns 

Change matrix produces images which clearly show changes that occurred from 

one specific class to another during the study periods. There was spatial evidence of 

shifting tendencies in the coastal land cover over the entire 41-year period (Figures 2.6 - 

2.11). Land cover conversion from 1973 - 1992, 1992 - 2014, and matrices of the land 

cover changes including magnitude and direction are reported in Tables 2.9 - 2.14. Land 

conversion of more than 100 ha is represented in these statistics (Tables 2.9 - 2.14), and 

involved four distinct classes in freshwater, five in brackish water, and six in saline zone.  

 

2.4.3.1 Freshwater zone 

Two kinds of transitions were observed to have occurred extensively in the 

freshwater zone. First, settlement grew and expanded into agricultural land and 

waterbodies, second, waterlogged areas arose in the low-lying areas previous occupied by 

agricultural land. A large amount of agricultural land was converted into waterbodies by 

1992 because of ponds and enclosures, which are created for household use and fish 

cultivation. 1651 ha of agricultural land became waterlogged due to monsoon flooding 
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and poor drainage into rivers. Also since 1973, a large amount of agricultural land was 

converted into settlement a total of about 7000 ha of land (Table 2.9 and 2.10). As shown 

above, by 2014, homestead occupied 44% of the total area in the freshwater zone. The 

growth patterns of settlement were mainly along floodplain ridges and along the rivers, 

canals and other waterbodies (Figure 2.6 and 2.7).  

Counteracting the loss of agricultural land due to settlement expansion, mostly the 

middle part of the zone, freshwater bodies including silted up rivers and natural canals 

were converted into agricultural land. This has caused the waterlogged situation to 

become more extensive. Natural waterbodies decreased by 1189 ha from 1973 to 1992, 

and a further 824 ha by 2014. In order to fulfil the demand of growing population, the 

new cropping area which planted with HYV seeds covering 346 ha where sediment had 

been deposited heavily in previous waterbodies. This land was converted into settlement 

by 2014. The transformation from agricultural land to waterbodies and into settlements in 

freshwater zone, are discussed below. 

 

Table 2.9 Land cover change matrix for the freshwater zone from 1973 to 1992. Values indicate 

the total area (ha) of each type of land cover transition. For example, 3792.6 ha of land that was 

considered agricultural in 1973 had been converted to homesteads by 1992. Grey shade indicates 

no changes within the class. 

Land cover classes of 
1973 

Land cover classes of 1992 (ha) 

Waterbodies Agricultural land Homestead 

Waterbodies 326.2 1188.5 177.1 

Agricultural land 895.5 17 701.2 3792.6 

Homestead - - 7993.0 
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Table 2.10 Land cover change matrix for the freshwater zone from 1992 to 2014. Values indicate 

the total area (ha) of each type of land cover transition. For example, 3315.9 ha of land that was 

considered agricultural in 1992 had been converted to homesteads by 2014. Grey shade indicated 

no changes within the class. 

Land cover classes of 
1992 

Land cover classes of 2014 (ha) 

Waterbodies Waterlogging Agricultural land Homestead 

Waterbodies 452.7  824.0 168.4 

Waterlogging - - - - 

Agricultural land - 1651.4 14 889.7 3315.9 

Homestead -  - 11 108.5 

 

 

  

  

Figure 2.6 Major land cover changes pattern 

in the freshwater zone, 1973 - 1992. 

Figure 2.7 Major land cover changes pattern in 

the freshwater zone, 1992 - 2014. 
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2.4.3.2 Brackish water zone 

As in the freshwater zone, water is a significant factor of land use changes in 

brackish and saline zone. Diurnal tidal characteristics and brackish river water throughout 

the floodplain has been affecting land use practices in brackish water zone. As a result, 

the agricultural land and waterbodies were transformed into shrimp farms from 1973 to 

2014. In 1973, agricultural or barren land occupied more than 80% of the zone (Table 

2.7). Agricultural land and floodplain water reservoirs decreased by a large amount due 

to the introduction of shrimp farming since 1980s. The increase was 2896 ha by 1992 and 

further increase of 7305 ha by 2014; shrimp farming had become a dominant land cover 

class in this region. In addition, by 2014, about 3800 ha of valuable agricultural land had 

been converted into homestead. Furthermore, during the study period, a total 719 ha of 

agricultural land disappeared into water, due to the effect of coastal erosion and river 

course changes in the floodplain (Figure 2.8 and 2.9). In this zone, waterbodies including 

natural rivers and canals, which were used as open water fishing grounds since 1973, 

were blocked and converted into shrimp farms − 566 ha from 1973 to 1992, and 847 ha 

from 1992 to 2014. A few silted up rivers and canals were converted into agricultural 

land, a total of 973 ha by 2014, and used for agricultural expansion employing HYV 

crops (Table 2.11 and 2.12). 134 ha of waterbodies were also converted for settlement 

expansion from 1992 to 2014.  
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Table 2.11 Land cover change matrix for the brackish water zone from 1973 to 1992. Values 

indicate the total area (ha) of each type of land cover transition. For example, 2895.8 ha of land 

that was considered agricultural in 1973 had been converted to shrimp farms by 1992. Grey shade 

indicated no changes within the class. 

Land cover classes of 
1973 

Land cover classes of 1992 (ha) 

Waterbodies Shrimp farms Agricultural land Homestead 

Waterbodies 1734.4 565.5 775.4 - 

Shrimp farms - - - - 

Agricultural land 573.4 2895.8 14 471.2 2421.9 

Homestead - - - 2838.4 

 

Table 2.12 Land cover change matrix for the brackish water zone from 1992 to 2014. Values 

indicate the total area (ha) of each type of land cover transition. For example, 7305.0 ha of land 

that was considered agricultural in 1992 had been converted to shrimp farms by 2014. Grey shade 

indicated no changes within the class. 

Land cover classes of 
1992 

Land cover classes of 2014 (ha) 

Waterbodies Shrimp farms Agricultural land Homestead 

Waterbodies 1161.5 846.9 188.0 134.2 

Shrimp farms - 3346.4 - - 

Agricultural land 145.3 7305.0 7102.0 1379.0 

Homestead - - - 4612.9 
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Figure 2.8 Major land cover changes pattern 

in the brackish water zone, 1973 - 1992. 
Figure 2.9 Major land cover changes pattern 

in the brackish water zone, 1992 - 2014. 

 

2.4.3.3 Saline zone 

Influenced by frequent coastal cyclones and regular tidal inundation in two major 

rivers floodplains (Kholpetua and Kapotakhi) in the saline zone, large amount of 

agricultural lands, was converted into shrimp farm. Since 1973, 1576 ha by 1992 and 

7784 ha by 2014 of seasonal agricultural land were converted into shrimp farms. In 

addition, area of 1390 ha and 2060 ha of formerly agricultural land were became 

occupied by homestead by 1992 and 2014 respectively. This is similar to the 

transformation that was observed to the transformation that were observed in the seasonal 

agricultural land in the brackish water zone.  

An area of 558 ha of agricultural land by 2014 in the saline zone was also lost by 

erosion due to tidal action and other strong coastal processes. There was some new 
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agricultural land which developed, 250 ha by 1992, where waterbodies silted up heavily. 

By 2014, however, a total of 369 ha of homestead had taken over the accreted land (Table 

2.13 and 2.14). From 1992 to 2014, small silted up channels occupying 145 ha were 

converted into shrimp farms.  

Since 1973, in the silted up areas along two major rivers and outside of the 

embankments waterbodies became covered with mangrove vegetation, spreading over an 

area of about 715 ha by 1992 (Table 2.13) and a further 380 ha by 2014 (Figure 2.10 and 

2.11). Counteracting these increase of mangrove vegetation, by 2014 a total of 327 ha of 

fringe mangrove forest areas had been converted into homestead. Less than 100 ha of 

mangrove areas were converted into shrimp farms and are not reported here as a major 

changes. Because of strong tidal influences and erosion in the southern exposed coast 

over the study period, deforestation occurred naturally in about 379 ha by 1992 and a 

further 462 ha by 2014 (Figure 2.10 and 2.11). This agricultural land transformation into 

settlements, and shrimp farms, and transformation from forest cover are reported in the 

discussion. 
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Table 2.13 Land cover change matrix for the saline zone from 1973 to 1992. Values indicate the 

total area (ha) of each type of land cover transition. For example, 1576.0 ha of land that was 

considered agricultural in 1973 had been converted to shrimp farms by 1992. Grey shade 

indicated no changes within the class. 

Land cover classes of 
1973 

Land cover classes of 1992 (ha) 

Waterbodies Mangrove 
vegetation 

Shrimp 
farms 

Agricultural 
land Homestead 

Waterbodies 4419.9 714.9 - 250.2 229.6 

Mangrove vegetation 379.1 6101.6 - - 178.2 

Shrimp farms - - - - - 

Agricultural land 363.7 - 1576.0 11206.2 1389.8 

Homestead - - - - 559.6 

 

Table 2.14 Land cover change matrix for the saline zone from 1992 to 2014. Values indicate the 

total area (ha) of each type of land cover transition. For example, 7784.46 ha of land that was 

considered agricultural in 1992 had been converted to shrimp farms by 2014. Grey shade 

indicated no changes within the class. 

Land cover classes of 
1992 

Land cover classes of 2014 (ha) 

Waterbodies Mangrove 
vegetation 

Shrimp 
farms 

Agricultural 
land Homestead 

Waterbodies 4374.7 380.0 144.5 - 138.8 

Mangrove vegetation 462.2 6294.0 - - 148.5 

Shrimp farms - - 1371.24 - 265.59 

Agricultural land 193.8 - 7784.46 1568.1 2060.0 

Homestead - - - - 1970.1 
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Figure 2.10 Major land cover changes pattern 

in saline zone, 1973 - 1992. 

Figure 2.11 Major land cover changes pattern 

in saline zone, 1992 - 2014. 

 

 

2.5 Discussion 

This research reveals the potential for using Landsat OLI in combination with 

data acquired from previous Landsat sensors for identifying land use and land cover 

dynamics in tropical coastal zones. Landsat MSS and TM imagery yield important 

information for understanding historical and multi-decadal change, and the progression of 

coastal land cover dynamics. The added value of the Landsat8 OLI data lies in the 

addition of three new bands, which allow for effective categorization and the 

discrimination of coastal land cover components, including vegetation with different 

moisture conditions, shallow marshes/waterbodies, and associated ecosystems (Pahlevan, 

et al., 2014). Fragmentation of the land cover components makes the methods of analysis 
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more complicated, but the trend analysis it provides through change detection makes it 

easier to understand the stress on the coastal habitats and their associated ecosystems. 

The performance of the thematic mapping techniques and methods with training 

sites and ancillary data, which substantially enhanced the feature separation capability of 

the various Landsat images, greatly improved feature accuracies (Table 2.5). For 

instance, by applying the improved hybrid approach for the multispectral Landsat data,  

rates of misclassifying homestead as  agricultural land (crop areas) in the freshwater zone 

were reduced, and the accuracies were moved into an acceptable range (Appendix A: 

Table A3). The methods were also classified correctly: different agricultural land 

(fallow/barren, grassland, and crop areas) and different marsh areas in the coastal plain 

were properly differentiated.  

In all the zones, the spatial resolution of 60 m for the MSS sensor of 1973 

affected the produce’s accuracies greatly, as all were lower than 80% (Appendix A: Table 

A3). Because the spatial resolution was reduced, feature separation capability in the 

vegetation and water edges was of a lower quality (Congalton & Green, 2009). The 

Landsat TM image with better spatial resolution (30 m) and narrow multispectral 

channels has presented an overall accuracy of above 85%. However, the producer’s and 

user’s accuracy of less than 70% occurred because of scattered homestead development 

throughout the floodplain and because homestead development was mixed with 

mangroves in saline zone, and with small scale fish ponds (with sparse vegetation) in the 

other two zones. The hybrid classification techniques used in conjunction with Landsat 

OLI Band1, field observation, and finer resolution data gatherers - such as RapidEye and 

QuickBird – represented better overall accuracy when measuring agricultural land cover, 
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as well as other classes, including homestead of 2014.  In the brackish and saline zone, 

diversity of land use practices in the imaging time also affected the overall accuracies of 

OLI thematic maps. According to performance of features accuracy (Table 2.5), Landsat 

OLI data successfully discriminated between physical and human-constructed features, 

such as shallow marshes (shrimp farms), rivers, forest cover, agricultural crop, and fallow 

land.  

 

2.5.1 Land use and land cover dynamics in the three coastal zones 

The land use and land cover in these three zones changed over the course of  the 

41 years we studied,  along with the gradient of salinity (Appendix A: Table A6 and 

Figure A8).  Many of the changes occurred in the last two decades of the period we 

studied. To understand the characterization of land features ranging from freshwater areas 

to saline marshes, we used a wide range of satellite images taken during different 

seasons, along with soil and water salinity maps obtained from the Soil Resource 

Development Institute of Bangladesh (SRDI). The freshwater and brackish water zones in 

the last twenty years have been experiencing a large-scale land use transition from 

agriculture to aquaculture and/or waterbodies to aquaculture – more significantly than in 

the saline zone, where land had already undergone these transition in the last few 

decades.  

Water: Among the three zones, waterbodies (i.e., shallow marshes, lakes, 

channels, and rivers) decreased by only 1.8% in the saline zone due to the expansion of 

homestead and shrimp farms in the silted-up land. However, more than 4% of 

waterbodies were converted in the freshwater and brackish water zone (Figure 2.12) 



 

54 

 

because of decreasing upstream freshwater flow and coastal sedimentation. After the 

establishment of the Farakka barrage in 1975 on the upstream Ganges River in India, 

continuous water diversion has been reducing trans-boundary water flow to Bangladesh’s 

coastal regions (Brammer, 2014). In the dry-winter season, a huge upstream sediment 

deposit on the riverbed forms in the three floodplains. The sediment-deposited riverbeds 

are gradually dried-up, and then occupied by the expansion of settlements and 

agriculture, by the introduction of fish/shrimp farms.  

 

 
Figure 2.12 Comparison of major land uses and land cover change patterns in the three coastal 

zones from 1973 to 2014 (area increased/decreased compared to the base year of 1973). 

 

Agriculture: According to field information and SRDI (2012) data, land in the 

freshwater zone is very fertile and highly productive. Agricultural crop area increases 

during the winter season in the available seasonal fallow, and expands in the silted up 

land due to the development of agricultural technology (e.g., HYV seeds used to shorten 
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the cropping time and to lessen the amount of water required).  However, the agricultural 

land in this area decreased by 17% during the study period of 1973-2014 because of four 

factors: (i) sedimentation on the river bed and in the floodplain that create poor drainage, 

(ii) increasing human habitation in flood-free agricultural land, (iii) inability to cultivate 

agricultural land because of decreasing freshwater sources and upstream water flow, and 

(iv)  water-logging in low-lying areas due to heavy monsoon rain and poor drainage. Due 

to the decrease in upstream water flow, the rivers on the freshwater floodplain are 

creating oxbow lake, which is silted and dried up in the dry-winter season. The peripheral 

embankments, along with the above-mentioned factors, combine to create poor drainage 

throughout the floodplain during the monsoon periods, and lead to extensively 

waterlogged areas. Huge sediment was furthermore deposited further on the floodplain as 

a result of a devastating flood in 2000. The rivers and channels of the floodplain are now 

disconnected from upstream and downstream rivers. In the monsoon season, the 

floodplain water does not drain out to the main and downstream rivers that aggravate the 

water-logging situation.  Human habitations also increased in the silted up and flood free 

land during our study period. Besides these factors, freshwater supply from rivers for 

agricultural use is limited and only available during the monsoon season. These issues 

also affect dry-winter crop cultivation.  As a result, the cultivable areas have been 

decreasing substantially in the freshwater floodplain.  

Agricultural land diminished by an average of 50% in the brackish water and 

saline zone (approx. 1% yr-1) during our study period (Appendix A: Table A6) due to the 

competition between expansion of shrimp farms and human habitation. Due to the 

decrease of upstream water flow, the salt-water moves  further inland through tidal rivers 
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during the dry-winter season in these  two zones (Appendix A: Figure A9). The coastal 

embankment had originally been established for protecting the agricultural land from the 

increasing salinity, and for increasing crop production in the tidal floodplain. The 

controls of floodplain rivers and their water movement have been encouraging saline 

shrimp farming since the 1980s. From 1973, shrimp farms with enclosures, settlements, 

and other infrastructures (such as coastal embankments and roads) have increased 

immensely, replacing agricultural land. The water control structures and shrimp farms 

hold saline water in the floodplain for a long period of time, which has had an adverse 

impact on the salinity of the soil, and on agricultural crop production. Small floodplain 

channels have further dried up and silted up, because of encroachment, e.g. the 

construction of polders/embankments, and river infill. Also increasing was the 

segmentation of natural ecosystems, mostly because of obstacles ranging from natural 

flow and nutrient exchange within the inner floodplain through embankments.  

Land cover changes between fish/shrimp farms and agricultural cropland are 

interdependent, and indicate a decrease of agricultural land with the increase of shrimp 

farms (Appendix A: Figure A8). The waterlogged areas were increased extensively in 

freshwater floodplains after a major flood that took place in 2000. Seasonal and 

permanent waterlogged sites occupied 6.6% of the former agricultural land in the fresh 

water area.  Local inhabitants have no choice when it comes to land use -- other than 

open water fishing and very small-scale freshwater shrimp farming in the waterlogged 

areas. According to the local people, because of the increasing salinization of 

groundwater in this zone, there could be another possible extension of shrimp farming 

that would lead to a further decrease in agricultural land. After the establishment of 
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coastal embankments, shrimp farming in tidal brackish and saline swamps was 

introduced in the early 1980s, and had increased by an average of 40% by 2014 

(Appendix A: Table A6), thus affecting the entire agricultural ecosystem, homestead 

biomass, and natural water flow.  

Settlements: Human settlements and their associated characteristics of nearby 

vegetation patterns increased (an average of 14%) at the same pace over all three zones 

(Figure 2.12) in place of areas formerly occupied by valuable agricultural land. The 

agricultural habitats were changed in the new settlement sites, with few orchard gardens 

(which made use of new HYV plants) and concrete structures used for homestead and 

business centres. However, the freshwater zone was more attractive for establishing 

coastal settlements, and for establishing business and commercial centres, all of which 

have contributed to reducing the total space left for vegetation.  Government reports 

unveiled a high population density, with an increase of 76% from 1974 in the coastal 

cities and periphery, due to the attractions of coastal resources and new job opportunities 

related shrimp farming (BBS, 2013). As we observed in the field, homestead is now 

growing with less vegetation biomass, because of the salinity in the brackish and saline 

water zone.  

In the freshwater zone, fertile agricultural land became waterlogged area. New 

aquatic vegetation (e.g., algal blooms and grass) and animal diversity (mainly culture fish 

species) both emerged in the waterlogged sites. In the brackish and saline water zone, 

most of the agricultural cropland was extensively converted into shrimp farms. In 1992, 

the saline zone had large portions (approx. 65%) of vegetation coverage, of which 25% 

was mangrove vegetation, with the remaining parts containing agricultural crops and 
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fallow. The diversity of agricultural vegetation, which was single and seasonal monsoon 

rain-fed cropping, changed drastically in the years between 1973 and 2014.  

Approximately 6% of cropland was used for multiple crop rotation (three crops a year) 

with the development of agricultural technology (i.e., HYV seeds for a shorter cropping 

time, fertilizer, and equipment). The remaining areas of agricultural land were mainly 

converted to shrimp farms and homestead developments (approx. 35%); thus the 

biodiversity experienced a high degree of change, shifting from a mainly vegetative 

nature to fisheries in the coastal area. 

Hossain and his colleagues (2015) reported that the shrimp farming areas in 

coastal Bangladesh have caused soil degradation and influenced the productivity of 

agricultural farms in the peripheral areas. Our study indicates the conversion of surface 

water resources (Appendix A: Figure A5, A6, and A7) and freshwater-based grass 

land/crop land into salt-marsh shrimp farms.  All of these factors contribute to causing 

floodplain habitat fragmentation (Hossain, 2001 & Khan et al., 2015). Another 

detrimental effect of the spreading of shrimp farming is the destruction of the natural 

habitat of the domestic animals, through the destruction of grassland areas - which are 

used for the grazing necessary for organic animal production. The spreading of shrimp 

farming further damages the conditions necessary for raising domestic animals by 

diminishing crop land, as well as crop production (which provides fodder), and the fresh 

water reservoirs from which the animals drink (Appendix D: Photo D8).  
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2.5.2 Dynamics in the mangrove forest area 

The mangrove forest (Sunderbans), a protected forest and UNESCO World 

Heritage site, occupied most of the southern part of the Ganges Delta and the saline zone 

(FD, 2013). Within the study region, there has been essentially no change in the forest 

area. Our data shows that the forest has increased by 1.4% between 1973 and 1992 along 

the river, canals, and newly accreted areas (Table 2.8 and Figure 2.10). Waterbodies 

became mangrove vegetation areas, spreading in the silted up areas along two major 

rivers and along embankment areas (Figure 2.10 and 2.11). Brammer (2014) reported that 

this change was in part due to coastal sedimentation from upstream and floodplain 

sediments passing through estuarine rivers and channels. However, forest area has 

decreased by 1.3% (352 ha) from 1992 to 2014 due to coastal erosion and human 

intervention in the peripheries (Figure 2.11). Giri et al. (2015) reported that mangroves 

have deforested in some areas of the Ganges Delta due to tidal action and strong coastal 

processes such as erosion and wave actions. The mangrove area has increased by 0.1%, 

which is insignificant. Because the classification errors (with a +/- 5% error estimation in 

Figure 2.12) influenced the results, due to seasonal phenology and narrow open water 

channel width with edge vegetation canopy,  comparison of data with coarser resolution 

of MSS images, from 1973, was necessary. However, given the error estimation and high 

degree of tidal inundation of the coastal regions, some of the mangrove forest cover 

changes varied from year to year (Wahid et al., 2007; Giri et al., 2015).  

According to Forest Range Officials  and government documents, approximately 

50 000 ha of mangrove forest (Chokoria Sundarban) has been lost in the eastern coast 

(District of Cox's Bazar) of the country due to the  development of fisheries and the 
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conversion of traditional agricultural farms to shrimp farms (FD, 2013). The World 

Resources Institute and FAO estimate a 25% loss (FAO, 2010) and Giri et al. (2008) 

estimate an average mangrove forest reduction of 12% in the last three decades in 

selected Asian countries located within the tropical region. Similar threats of 

deforestation are possible in this southwestern coastal zone because of ongoing excessive 

resource extraction (i.e., the extraction of timber, fuel, wood, leaves, honey, fish, etc.) 

and other human interventions (i.e., clearance for agricultural land and the expansion of 

shrimp farms). According to government officials and local people living within the 

saline zone, the expansion of shrimp farms and increasing trends of soil salinity have 

been  limiting access to common property resources, i.e., fuel resources gained from 

woody vegetation,  animals, and the fish that come  from natural water sources - all of 

which have been  decreasing substantially. People depend on the mangrove forest area for 

the availability of these resources, the extraction of which they depend on for their lives 

and livelihoods. 

On the other hand, the forest has grown naturally in the newly accreted land 

(Chars). On the road and embankment sides, regeneration and growth of the forest 

vegetation has been expedited by the government rehabilitation program for protecting 

small-scale coastal erosion. Moreover, there is little public support for this project 

because of increasing awareness among the coastal population about disaster 

preparedness, and an increased desire to provide protection from recurrent tropical 

cyclones and tidal surges (Giri et al., 2007 & FD, 2013). 
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2.5.3 Associated drivers with coastal dynamics 

Working from the images taken in 1973, 1992, and 2014, our analysis indicates 

that the freshwater zone has been influenced by several independent factors that have 

affected the land cover. These factors do not come into play in the brackish and saline 

water zone. Small channels and marsh areas in the floodplains of the three zones are 

mostly disconnected from rivers and downstream backwater pressure because of human 

interventions and estuarine sedimentation (Pethick & Orford, 2013). With the decreasing 

upstream natural flow and huge sediment deposits on the floodplains, caused by a 

devastating flood in 2000, the rivers are now creating oxbow lakes, back-swamps, and 

developing side-channel aquatic habitats in the fresh water zone. Analysis shows that this 

floodplain is also more prone to seasonal flooding and water-logging (ponding), which 

has been replacing valuable agricultural land (Appendix A: Figure A5). Given the 

uncertainty in agricultural production caused in part by the flooding and water-logging 

situations, fish farming is the only option guaranteeing secure jobs and profits for the 

residents. In the freshwater floodplain, settlements have expanded in the silted up and 

flood free land.  

The time series of Landsat images confirmed the major land use competition, and 

the transition from an agrarian ecosystem to a salt-marsh ecosystem dominated by shrimp 

farming in the brackish and saline water zone. Recurrent cyclone events affected the 

coastal floodplain ecosystem, with aquatic resources, forest resources, and agricultural 

crop production all being affected (Appendix A: Figure A10). Continuous anthropogenic 

intervention and concurrent natural factors (such as increasing river water salinity and 

exposure to cyclones) have made the agricultural land barren and unproductive during the 
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rest of the year. Big landowners and renters were introducing shrimp farming in the 

barren land since 1990s. As a result, people began to convert their seasonal agricultural 

land into aquaculture areas, in order to create jobs that would last year-round and begin 

an economic push. After the salt marsh shrimp cultivation began inside the embankment 

of the brackish and saline zone, SRDI (2012) reported a  soil salinity level of  ≥15 EC 

dS/m, which indicates that shrimp farms are affecting soil salinity and putting continuous 

pressure on  regional crop production (Hossain, 2001). The present patterns of land cover 

changes make the coastal zone economically profitable due to the salt-marsh shrimp 

business, but fail to achieve local and institutional targets of food production, as well as 

food security for an increasing population.  This current pattern is also not 

environmentally sustainable, due to depletion of natural resources and endangerment of 

ecosystem services caused by the shrimp farms (Brammer, 2010; Talukder et al., 2015). 

Furthermore, the increasing rate of land use change and resource depletion (both forest 

and agricultural), that created seasonal job loss,  has had a long term impact on the 

coastal population and their livelihood, which has  caused an out-migration of the 

population to nearby cities (Black et al., 2011; Khan et al., 2015). 

 

 

2.6 Conclusion 

The coastal zone of Bangladesh and its systems, both physical and human, are 

shown to be dynamic when measured over a range of time scales, demonstrating both 

short-term fluctuation and long-term changes. In this study, the change analyses 

conducted in a part of the coastal area aimed to characterize these dynamics in a subset of 
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the region across a gradient ranging from freshwater to saline ecosystems, in the three 

distinct topographical zones of the Bangladesh area. Our results indicate the unstable 

nature and trends of coastal land use and land cover over the 40 years of our study period. 

Besides the field observation and secondary data used to assess various patterns of land 

use in these dynamic coastal zones, two new spectral channels, along with other visible 

channels of Landsat 8 OLI data, have been shown to have a significant role in   resource 

inventory and habitat conservation work.  

Various data analysis techniques (i.e. combined classification and change 

detection) were used in combination, to discriminate between natural and man-made 

features, as well as between features of vegetative and non-vegetative nature in the three 

low lying coastal zones. These analysis techniques were used to improve our 

understanding of land categorizations and their uses. Coastal agricultural ecosystems are 

diverting to aquatic or salt-marsh ecosystems (shrimp farming). Vegetation biomass has 

been changing throughout the study period, and decreasing due to the suitability of fish 

farming and other land uses in the changing environment (and because of the vision of 

the land cover’s potential profitability). As a result, new aquatic ecosystems (i.e. animals 

and plants) in these coastal zones – mainly in the brackish and saline zones – have 

emerged. Part of the mangrove forest in the Ganges Delta did not significantly decrease 

during last three decades (Giri et al., 2007), presumably in part because of increased 

protection and the designation of the forest as a UNESCO World Heritage Site (FD, 

2013). However, the dynamic coastal processes (i.e., erosion, and cyclones) and 

excessive anthropogenic activities (caused by continuous access to resources) remain a 

significant threat to the world’s largest mangrove forest (Coleman et al., 2008; Giri et al., 
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2008). As well, the entire part of the saline swamp forest has faced huge deforestation, 

which has included the loss of aquatic plants and animals due to coastal cyclones and 

dynamic coastal processes (e.g., wave and wind actions) in the past decade (FD, 2013; 

Khan et al., 2015).  

As was indicated earlier, the three intertidal coastal zones are characterized by 

different agro-ecological and hydrological conditions, and are very productive and 

provide unique ecosystem services to their coastal populations (Giri et al., 2015). 

Population increase and the constant pressure of this increase on coastal resources and 

shrimp farms are being expressed through the clearing of mangrove forest areas and 

agricultural land.  These modifications indicate changes in land cover, which have had a 

great impact on the local and regional environment (Ali, 2006; SRDI, 2012). The 

damaging effects of tropical weather anomalies (i.e. cyclones,  frequent storm surges, 

etc.), flooding, and water-logging, the decrease of upstream fresh water flow, the 

increasing soil-water salinity, and especially the fierce competition in land cover changes 

and associated ecosystems, are making the coastal zone of  the Ganges Delta a more 

susceptible to predicted climate change impact (SRDI, 2012; Brammer, 2014). The 

above-mentioned issues and concerns about dynamic land use and the pressure it puts on 

the peripheral mangrove ecosystem make the coastal region highly vulnerable. The 

present land use and land cover enhance the zone’s export-oriented shrimp production 

economy, but put the region at risk for a shortage of staple food production. With 

resources currently diverted toward shrimp farming, insufficient focus has been given to 

sustainable farming. Associated government policies need to be updated with regards to 

the coastal land cover systems in order to improve the sustainability of the coastal 
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environment. This research will be valuable for the researcher, and for government 

officials currently dealing with the complex nature of the coast and aiming toward its 

better management in the context of climate change. This research will be important to 

anyone working toward achieving long-term sustainability for the Bangladesh coastal 

region, and for the rest of the world, by improving the monitoring and investigation of 

natural stresses and excessive anthropogenic factors.  
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Chapter 3 

Land Use, Land Cover Dynamics, and Associated Drivers in the Coastal 

Zone of Bangladesh Based on Field Data 

 

 

 3.1 Introduction 

Remote sensing is a useful tool for mapping the patterns of land cover and land 

use change, but identification of the agents and processes responsible for coastal land 

dynamics from remote sensing alone is more challenging. Issues frequently include 

lengthy time spans between images, lower spatial resolution of older data, seasonal 

differences in image acquisition, and spectral mixing in heterogeneous land cover types. 

Ground truthing to validate spectral features is necessary for classification of 

contemporary imagery, but can be extended to include a variety of techniques aimed at 

identifying agents of change as well as validating past land cover types, including 

historical documents, people’s perception, and interviews with spatial context and 

seasonal issues. The remote sensing image maps, GPS survey, and the interview data are 

then combined to identify land cover ecosystem components such as land cover crops, 

water resources, vegetation, and socio-ecological elements including urban/village 

centers, human activities, and livelihoods (Allen et al., 2013).  

The coastal region of Bangladesh is distinguished from all other parts of the 

country by its dynamic natural processes, varied resources, and dense population (Feagin 

et al., 2005). Land use and land cover vary from one zone to another, and the type and 

extent of change depend on a variety of different factors (Khan et al., 2015). In addition 
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to these challenges, the identification of the ecosystem components and assessment of 

associated indicators of the changes require acquisition and analysis of reliable historical 

data. To support image analysis as well as to achieve a strong understanding of the 

processes of land cover change and the factors driving them, a brief field survey was 

conducted from September to October 2014 in our three study locations. Field survey 

locations, methods, and data analysis techniques are discussed in the following sections. 

The intent of this chapter is to present a summary-level analysis of the data in 

support of the remote sensing analysis of Chapter 2, rather than a comprehensive analysis 

of natural and socio-ecological elements. This analysis includes the comparison of 

present and past land use practices at the individual village level, and a list of factors 

influencing the heterogonous land cover types and effects of their historical occurrences. 

 

 

3.2 Field survey locations 

As detailed in Chapter 2, the three study areas are located in the downstream 

portion of the Ganges Delta (Figure 2.1) within the southwestern coastal zone of 

Bangladesh. The Kapotakha and Khlopetua are the main rivers flowing through the three 

study areas and both drain into Bay of Bengal. An area of 333 ha in the fresh water zone, 

267 ha in the brackish water zone, and 276 ha in the saline zone were selected for this 

study. The region consists of marshes, estuaries, and coastal lagoons that maintain the 

riverine agricultural, aquaculture, and forest ecosystems (Saifuzzaman et al. 2004). Until 

the 1960s, active natural processes and resources characterized most of the coastal areas 

(Brammer, 2010). Then, beginning in the mid-1960s, the Government established the 
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massive Coastal Embankment Project (CEP) with the support of the World Bank in 

response to the need to increase food production in the context of the ‘Green Revolution’ 

(Swapan and Gavin, 2011). As part of the CEP, natural waterways were disconnected 

from the freshwater bodies of the floodplain. Since then, backwater and seawater pressure 

have been increasing, causing coastal salinity to creep further inland across the region 

(Figure 3.1). As a result of the CEP, there has been a very large expansion of aquaculture 

development in the floodplains of the region, as well as other changed land use practices.  

 

 
Figure 3.1 The location of the three study areas (Kalaroa, Assasuni, and Shyamnagar) in the 

coastal zone of Bangladesh. The soil salinity boundary, defined by threshold EC value of 2 dS/m, 

is progressively moving inland from the coast, as indicated by the 1973, 2000, and 2009 

isopleths. Source: SRDI, 2012 



 

69 

 

3.3 Data and methods 

Field observations, questionnaires and surveys, and group discussions have been 

widely used for understanding coastal wetland and resources dynamics (Mee 2012; 

Hossain et al., 2015). We used a ‘two-tier’ framework for understanding the field sites 

and coastal land cover dynamics, and to assess the probable factors affecting change 

(Nestlerode et al. 2009). Tier I used geospatial data for rapid assessment of survey 

locations and planning, and indicator settings for assessment of land cover change and 

implications in the coastal zones. Tier II used on-site data collection between September 

and October 2014 through a questionnaire survey, and facilitated group discussions to 

better understand the nature of the factors affecting land use and land cover change in 

each study area. In addition, we conducted a field survey to identify the factors and their 

past and present characteristics of randomly selected sites in each of the three study 

zones. Ethics approval was taken for conducting the survey (Appendix E). 

 

3.3.1 Field observation 

As detailed in Chapter 2, land use and land cover in each study area were mapped 

into several classes from a set of multi-temporal Landsat images. Classes included 

agricultural farms and fish farms, homesteads with vegetation, mangrove vegetation, and 

seasonal fallow/barren land. Two sites from each zone, a total of six in the three zones, 

were selected randomly for field observation: major waterlogged and dried-up canals 

beside the agricultural farming sites from the freshwater zone, shrimp farms and 

embankment sites from the brackish water zone, and HYV rice cultivation and mangrove 

sites from the saline zone were observed for preliminary assessment, for use in the 
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questionnaire survey. Another forty-two sites were selected for the questionnaire survey 

that is based on people’s perception in the above-mentioned six sites. Corresponding to 

the land cover maps, on-site topographical conditions and floodplain characteristics, 

including slope, dry or wet and vegetative nature, and hydrological characteristics, river 

and channel connectivity, and associated closure/embankment were all assessed. These 

were observed within the three field sites in the saline, brackish, and freshwater zone, and 

recorded through Global Positioning System (GPS), digital cameras, and handwritten 

notes. Object-based photos were taken based on the above-mentioned landscape features 

(Appendix D: Photo D1, D2, and D3), floodplain obstacles including hydrological 

dams/embankments, and available resources in the survey locations. The photos were 

geo-tagged in ArcGIS and organized according to the data and spatial characteristics of 

the land features. Present and historical land use during the 2010s, 1990s, and 1980s, and 

land cover information and changing characteristics, were identified and recorded 

through observation and following discussions with inhabitants of the field sites.  

A GPS survey was carried out in the observation sites during the field visit to 

collect spatial information, so that the data could be compared with remote sensing maps 

and secondary maps, in order to offer a general understanding of the land use and land 

cover components. This survey was also helpful for identifying the villages for 

implementing questionnaire surveys. Survey locations were selected based on discussion 

with local people and government officers, and also based on the land cover maps from 

Chapter 2. A handheld Garmin GPS, with a precision of 6 m, was used for collecting 

locational information and mapping linear features. Points of interest (tracking points and 

lines) were converted into shape files, to be compared with thematic image maps. 
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Historical maps, including District Gazetteer and Local Government Engineering 

Department (LGED) maps, were collected from government offices and digitized for 

comparison with the supplied thematic image maps. Points of interest – including 

locations where questionnaires were distributed, villages, agricultural areas, and shrimp 

farms, as well as linear data, including roads, embankments, and small canals - were 

collected with the GPS. These pieces of data were overlaid on the historical data and land 

cover maps for visual comparison and to be used in the interpretation of land cover 

changes in the three zones.  

 

3.3.2 Questionnaire survey 

A survey with open- and closed-ended questions was conducted in 2014 

(Appendix D: Photo D4, D5, and D6) for the purpose of understanding individual and 

village-level land use practices, and to better understand individual perception of how 

these factors are affecting the villagers’ livelihoods. The survey locations were chosen 

based on people’s perceptions of the preliminary observation sites. A preliminary 

questionnaire was first tested in the six field observation sites. A sample population from 

the three study areas was selected randomly, but stratified to ensure a range of 

demographic characteristics (age, sex, and education) and land holding characteristics 

(ranging from landless to large farmers) were all represented (Table 3.1). One farmer 

from each stakeholder category in a village (i.e. one agricultural farmer/land owner, one 

fish farmer/owner, one businessperson, and one landless farmer/fisherman) was 

questioned in each of the three different zones. Forty-two farmer-level questionnaire 

surveys were conducted across twenty-six villages, all of which were chosen for study 
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based on their proximity to HYV rice fields, homesteads, shrimp farms, water logging 

sites, embankments, and forest periphery (Appendix B: Table B2, B3, and B4). Several 

sets of factors, including demographic, land tenure, farm management practices and 

yield, water sources, use of coastal resources, environmental precondition, and factor of 

changes, were considered and listed during the designing of the questionnaire.   

 

Table 3.1 Zonal survey population (n), demographic and their land holding characteristics in the 

coastal Bangladesh. Source: Field survey, 2014 

Zones 
Administrati
ve unit 

(Upazila) 

No. of 
surveyed 
population (n) 

Age 
group 

Education 
level 

Household 
size (popn) 

Land holding (Acre) 

Owned Rented 

Freshwater Kalaroa 19 38-81 Illiterate to 
University 

2-12 1.7-19.8 0.7-39.6* 

Brackish 
water 

Assasuni 7 47-71 High school 
to College 

4-9 2.97-14.8 57.8 

Saline Shyamnagar 16 32-77 Illiterate to 
University 

3-12 1.3-16.5 3.3-49.5* 

* A few people have no land of their own but rent land for their livelihood 

 

Freshwater zone 

Nineteen people (n = 19) were surveyed in the 13 villages of four administrative 

units (Unions) (i.e., Jalalabad, Jhaudanga, Langaljhara, and Koila) in Kalaroa Upazila, 

which are all located in the freshwater zone (Figure 3.2). The surveyed villages were 

chosen from the inhabited areas adjacent to the waterlogged areas, homesteads, and fish 

and agricultural farming areas (Appendix B: Table B2).  
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Figure 3.2 Survey village locations (with questionnaire/location ID) with administrative 

boundaries and surrounding characteristics in the freshwater zone. Village names and information 

corresponding to the survey locations (ID) are presented in Appendix B: Table B2. Source: Field 

survey and CEGIS data, 2014 

 

Brackish water zone 

A questionnaire survey in the brackish water zone was conducted in four villages 

in the three Unions (i.e. Shobnali, Kulla, and Budhata) of Assasuni Upazila (Figure 3.3). 

Brackish and saline zone have similar tidal and land use characteristics. Only seven 

people (n = 7) were selected from the four villages which are close to shrimp and 

agricultural farming areas, embankment sites, and the inhabited areas adjacent to the river 

in the brackish water zone (Appendix B: Table B3). 
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Figure 3.3 Survey village locations (with questionnaire/location ID) with administrative 

boundaries and surrounding characteristics in the brackish water zone. Village names and 

information corresponding to the survey locations (ID) are presented in Appendix B: Table B3. 

Source: Field survey and CEGIS data, 2014 

 

Saline zone 

A larger number of people were surveyed in the saline zone than in the brackish 

water zone, because of the peripheral land uses of mangrove forest area and exposed 

coast in the saline zone.  The locations of surveyed populations (n = 16) in the nine 

villages of the Padma Pukur, Gabura, and Buri-goalini Unions at Shyamnagar Upazila in 

the saline zone is shown in Figure 3.4. Village locations chosen were those adjacent to 

the shrimp and saline-tolerant agricultural farm areas, and those located along the 

peripheries of the mangrove forest (Appendix B: Table B4). 
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Figure 3.4 Survey village locations (with questionnaire/location ID) with administrative 

boundaries and surrounding characteristics in the saline water zone. Village names and 

information corresponding to the survey locations (ID) are presented in Appendix B: Table B4. 

Source: Field survey and CEGIS data, 2014 

 

Several sets of questions were asked to the farmers regarding their land 

ownership, existing cropping practices, and any changes they had noticed over time. 

Some questions dealt with the introduction of HYV crops, crop yield, farm management 

practices, and the historical and concurrent phenomena of these changes in land use and 

land cover (Appendix C). The farmers were also asked about the implications of the 

changes with regards to their livelihoods and their sustainable options. The list of the 

individual crops and the list of contemporary and historical factors were both obtained 
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from the questionnaire survey. The numeric values for farm size, crop yields, and income 

were also obtained from the survey in order to further analyze these factors. 

The collected data were edited and validated using other secondary data and 

government records (Appendix A: Table A1). The data about income, crop types, 

agricultural energy input, and various causes of resource depletion were determined 

through a combination of observation, questionnaire, and government documents, all of 

which were used to evaluate the relative importance of drivers (Nestlerode et al., 2009; 

Khan et al., 2015). The historical environmental causes, various socio-economic factors, 

and implications of land cover change, were all ranked and counted in this regard (Ali, 

2006). The data were then listed (Appendix B: Table B5, B6, and B7) and summarized 

for the three zones.   

 

3.3.3 Individual and facilitated group discussion 

A group discussion with different stakeholders, and discussions with non-

governmental organizations (NGOs), government officials, and community leaders, were 

conducted to validate the change trend maps created with remote sensing data and the 

emerging factors observed from questionnaire surveys and observation. A group 

discussion for each zone was held in an administrative headquarters in each of the three 

zones (Appendix D: Photo D7). We invited the targeted individuals from the agricultural 

farmer/land owner, fisher, fish farm owner, and business person categories (Appendix B: 

Table B1). However, there were very few landless people available to attend the group 

discussions. Guided and open-ended questions, the same as those in the questionnaire, 

were asked of the participants. We guided the discussion as per our framework and 
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questionnaire. In the group discussions, we learned mostly about the local factors, which 

are in turn influenced by external factors in the three zones. The data were recorded and 

the participants’ responses were summarized. 

One elected village leader from each village was selected for an individual-level 

discussion of the above-mentioned issues. Agricultural officers and/or fisheries officers, 

forest and water resources officers, land officers, federal level government officials and 

one NGO official from each study zone (Upazila level) were selected for semi-formal 

interviews (Appendix B: Table B1). Present and past land use trends, agricultural 

intensifications, livelihood options, freshwater sources, disaster events, mangrove 

deforestation, Government initiatives, and policy issues were discussed during these 

interviews. Printed historical data from government offices and recent data regarding land 

use − agricultural land and crop information, shrimp farming details, land clearance 

information, and details of economic policies and population − were collected for the 

purpose of validating the questionnaire survey data and information. In addition, other 

government documents including maps, reports, and historical records were collected 

from national archives. The collected data were edited, validated, and summarized for use 

in the discussion.  

All the recorded information was transcribed and made into lists and tables to 

help us better understand how the factors affect coastal people.  
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3.4 Results and discussion 

Our field data revealed that decreases in freshwater flow from upstream areas, 

establishment of coastal embankments, and saline water intrusion inland into the fertile 

floodplains, are the primary endogenous factors affecting land use and land cover change 

in the region.  It is evident that these cumulative changes have affected the agricultural 

economy and livelihoods of those living in the coastal region of Bangladesh. The key 

points in the questionnaire − related to land use change, crop diversity, historical 

phenomena, land tenure, and possible effects on population livings − are discussed 

below. These and other socio-economic issues and environmental factors relevant to the 

coastal dynamics were also discussed.  

 

3.4.1 Land use change phenomena and crop diversity 

There are three seasons of different land use in the coastal zones of Bangladesh. 

Robi, the dry winter season stretching from November to March, is a popular time for 

growing field crops and vegetables (see Glossary). Kharif I and Kharif II are the early-

monsoon (March to July) and full-monsoon (July to October) cropping seasons. A rice 

crop is grown in parts of the coastal region during some or all of these periods. In our 

group discussion, we were told that there are large sedimentation deposits on parts of the 

floodplain due to a seasonal and long-term decrease in upstream river flows. Because of 

this, and due to changing salinity over the last four decades, there is a wide variety of 

land use practices in the various regions, which vary throughout the year according to the 

season.  
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Our questionnaire data indicated that 90% of farmers prefer to cultivate paddy 

using local seed and traditional farming methods on their own land for subsistence level 

production, as long as seasonal salinity remains at a tolerable level. According to the 

SRDI (2012), the salinity tolerance limit of the rice and vegetables is <5 dS/m. However, 

a few of the farmers in brackish and saline zone we interviewed also rented land to 

establish large fish farms or shrimp farms for profit (Table 3.2). Field data confirms what 

was found in satellite image maps; that crops are more widely cultivated in the freshwater 

zone in the winter season than in the other two zones.  

 

Table 3.2 Predominant contemporary land use practices in the three study zones (as identified 

through questionnaires and group discussions) as they relate to land ownership and seasonality. 

Zones 

Land uses with ownership  Individual level land use (Seasons) 

Owned Rented  Robi  

(November-
March) 

Kharif I  

(March-
July) 

Kharif II  

(July-
October) 

Freshwater Paddy with few 
fish farms 

Fish farms with 
few seasonal 
paddy 

 Paddy/fish and 
vegetables 

Fish with 
non-
paddy 
crops  

Paddy, 
fish, and/or 
mixed 

Brackish 
water 

Fish farms with 
seasonal paddy 
(monsoon) 

Fish farms  Paddy & fish 
with seasonal 
fallow 

Fish & 
mostly 
fallow 

Shrimp and 
paddy 

Saline Shrimp farms 
with limited 
paddy field (all 
seasons) 

Fish farms  Fish farms Fish 
farms 

Shrimp and 
paddy 

 
 

Survey results also indicated that the individual-level decisions regarding shrimp 

versus paddy cultivation are also based on surrounding environmental conditions:  
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specifically land suitability, water sources, and salinity. Based on land suitability in the 

freshwater and brackish water zone, High Yielding Variety (HYV) crops were  

introduced and fish were cultivated in three seasons, whereas only fish farms (mainly for 

shrimp), were commonly observed in the saline zone. Because freshwater from 

groundwater sources is available in the winter, farmers cultivated HYV and several 

varieties of vegetables in the medium-high and high land in the freshwater zone. In the 

Kharif I season, fish and crops other than rice – such as jute and mustard – were 

cultivated in the freshwater zone. However, fish farming was practiced all across the 

region. SDRI (2012) reported that soil salinity in the two southernmost zones has seen an 

overall increase in average value from 5 to 15 EC, dS/m since the time when salt-tolerant 

HYV crops, capable of tolerating EC of 12 dS/m, were introduced in the two regions due 

to the seed availability in the 1990s (SRDI, 2012). Farmers in the brackish and saline 

zones reported that paddy was cultivated in limited areas, where there is protection by 

enclosures and kept fallow during the Robi season. Paddy was cultivated in the highland 

of the floodplain, which is less than 10% of the total area. Farmers cultivated fish along 

with rain-fed Aman rice in the freshwater zone during the Kharif II. Because of the 

increase in waterlogged areas during this season, the paddy was cultivated only in the 

high land, where this land was surrounded by a protective earthen enclosure.  During this 

season, paddy was cultivated in very few areas in the brackish water and saline zones. A 

lack of freshwater rendered these regions unusable for crops, except during the Robi 

season. However, in areas close in proximity to the riverside, with its brackish water, rice 

could not be cultivated in any season, except during the monsoon. 
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As had been observed in satellite images, our questionnaire data confirmed that 

the cropping practices in the three regions have changed significantly during the years 

from 1980 to 2010 (Table 3.3). In the freshwater zone, the major crops changed from 

predominantly paddy, vegetables, and non-rice crops in 1980, to fish farms and paddy 

through all three seasons by 2010. From the discussion with government officers and 

local people, it became apparent that fish farming has been gaining popularity since the 

flood in 2000, which has caused extensive waterlogging.  During the group discussion, it 

was noted that major sedimentation has occurred and that this has caused many sections 

of rivers in the floodplain to be cut off (Appendix D: Photo D10). Where earthen 

enclosures were built surrounding the agricultural field, both fish and agricultural crops 

were cultivated together, mainly in the Kharif II season. Much of the freshwater zone, 

both agricultural and fallow lands, were converted to fish farms during the last decade. 

However, agricultural crop area has increased in the highland and medium-high land 

areas associated with the villages − Gobidakati, Mahmudpur and Narayanpur − due to 

the introduction of HYV and water-resistant crops.  

 

 

 

 

 

 

 

 

 

 



 

82 

 

Table 3.3 Seasonal land use changes and cropping practices, crop other than paddy (OC), paddy 

(P), fish farms (FF), fallow (FA) throughout the regions of the three-study area, 1980-2010. The 

first land use listed is the most dominant cropping practice in this particular season. Source: 

Questionnaire survey and field observation, 2014 

Zones 

Land use (Seasons) 

Robi (November-March)  Kharif I (March-July) Kharif II (July-
October) 

 1980 1990  2000 2010  1980 1990 2000 2010  1980 1990 2000 2000 

Freshwater OC, P OC P,FF FF,P  P,OC P, OC, FA FF FF  P P P,FF FF,P 

Brackish FA FA, FF P,FF P,F, FA  FA FA, FF FF,FA FF,FA  P P,FF P,FF P,FF 

Saline FA FA, FF FF FF  FA FA, FF FF FF  P P,FF FF,P FF,P 

 

In the brackish and saline zones, in 1980, most of the agricultural land was fallow, 

except in the Kharif II, when the rain-fed paddy was cultivated. In the 1990s, salt-marsh-

shrimp farming was introduced during Robi and Kharif I, into a few areas in the two 

zones where there was seasonal fallow and barren land, due to lower freshwater supply. 

Since then, fish farming was started in the monsoon season along with paddy cultivation 

in a few tidal and swampy areas. Large farm owners or renters constructed earthen 

enclosures in order to develop shrimp farms in the floodplain. According to the 

questionnaire data, more than 90% of farmers reported that this was done in response to 

global demand and associated profitability. The SRDI (2012) report noted that salinity 

levels inside embankments were often over 10 dS/m, which is too high for paddy and 

vegetable cultivation (Talukder et al., 2015).  Because of this, since 2000, only shrimp 

(and a few other fish species) have been cultivated during all three seasons in the saline 

zone, with shrimp farming taking the place of seasonal agricultural land use. However, in 
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this zone a few farms in the Padma Pukur Union have introduced and cultivated saline-

tolerant HYV paddy in the monsoon season. Those lands were kept fallow for the other 

seasons, due to lack of freshwater. In the brackish water zone, during the last decade 

agricultural or seasonally fallow/barren land was converted on a large scale to fish/shrimp 

farms in the villages − e.g. Baula, near the Bangladesh Water Development Board 

(BWDB, formerly known as WAPDA) embankment, Kamalkati etc.  

 

3.4.2 Historical phenomena  

Understanding the global food crisis continuing from the 1960s to the 1980s, and 

the local demands of the increasing population, the Bangladesh government directed 

attention toward the coastal lands as potential sites for increased food production 

(Swapan and Gavin, 2011). According to a statement from an agricultural officer, with 

successive coastal cyclone events and consequent storm surges (Appendix B: Figure B3), 

saline river water began to affect the cropland. Due to its location in the inner coastal 

plain, the freshwater zone was less affected by these coastal cyclonic and erosion events 

than other zones. The group discussion in the brackish water and saline zones revealed 

that after the establishment of coastal polders, saline water became trapped and remained 

trapped for extended periods of time. These areas were then turned over for aquaculture 

(Swapan and Gavin, 2011; WB, 2012). Hydrological interventions, mainly earthen 

embankments, protected agricultural land from coastal natural processes on a small scale; 

it also expanded to aquaculture development and, in time, changed the natural ecosystem 

on a much larger scale (Lambin & Geist, 2006; Nayak & Berkes, 2012). In our 

discussions with local people and community leaders, and with NGO officials, we were 
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told that after the major cyclone in 1988, the entire brackish and saline water zone was 

subject to seasonal waterlogging, making it unsuitable for the production of crops. This 

was due to lack of proper maintenance along the embankment, as well as to coastal tidal 

influences and increasing rates of sedimentation where there were sluice gates.  

The recurring coastal disasters, however, rendered the inland freshwater 

ecosystem saline, and damaged the agricultural crops and other homestead, such as 

woody plants (Khan et al., 2015). The coastal land became incapable of producing crops 

such as paddy, vegetables, and other non-rice crops. Local people indicated that only a 

few freshwater lakes and ponds were recharged with monsoon rainwater, and this limited 

water was used for household chores.  

Since the early 1980s, upstream freshwater flow has decreased significantly in the 

freshwater zone, due to the effects of the construction of a large set of flood control and 

hydroelectric dams upstream on the Ganges (Ali, 2006; Brammer, 2014). Government 

officers and old-aged farmers stated that the coastal floodplain within the two southern-

most zones then received less freshwater in the dry season while there continued to be 

huge sediment deposits during the monsoon. As noted previously, a combination of these 

factors, including widespread waterlogging, has affected most of the valuable agricultural 

land since the flood of 2000.  

On the other hand, in the 1980s, after a sharp increase in the price of rice, and the 

demand for rice in external markets, the government concentrated on increasing crop 

production by promoting HYV seeds in the brackish and saline zone (Swapan and Gavin, 

2011). According to agricultural officers and community leaders, in response to the 

government initiative, local people began to grow their own food with the HYV seeds, 
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fertilizer, and technologies, using mechanical tools such as cultivators or tractors, for 

tillage, sprayers for pest control, and motor pumps to source water from the shallow 

aquifer.  

 

3.4.3 Land cover dynamics and associated drivers 

There are several other forces driving land use change in the three zones that 

encourage change from crop production to non-vegetative aquaculture development. 

Natural drivers are more powerful for the time being, having short-term impacts, but 

anthropogenic drivers are known to have long-term impacts (Lambin & Geist, 2006).  

 

Anthropogenic drivers dominate in the freshwater zone 

As we observed in the field, drivers in the freshwater zone were mostly 

anthropogenic after the flood in 2000. These anthropogenic drivers include an increase of 

risk, an increase in production cost, an increase in the creation of enclosures for profitable 

fish cultivation, and an increase in coastal settlements. As these drivers evolved, there 

were related changes in land use and land cover. The remote sensing data of Chapter 2 

showed this floodplain to be very active, and showed that it retains potential for more 

intense cropping.  However, these data also showed that the floodplain is more prone to 

seasonal flooding and waterlogging, due to the drainage congestion of heavy rainwater 

during the monsoon, and due to development activities and various enclosures on the 

floodplain (Appendix A: Figure A5). When floodwaters stand on the floodplain for a long 

time and do not drain to the river due to human-constructed obstacles (Appendix D: 
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Photo D9), new aquatic and floodplain habitats are created and developed in the zone 

(Khan et al., 2015). 

 As field observations indicated, the rivers are mostly disconnected from 

downstream, and there is backwater pressure because of sedimentation along the active 

channels (Pethick & Orford, 2013). Thus, salinity does not affect the freshwater 

ecosystem, and therefore the farmers do not intend to convert their land into salt-marsh 

shrimp farming. On the other hand, fresh water aquaculture has increased. The field 

observations and the group discussions both indicated that human settlements and water 

areas have replaced valuable agricultural land. More than 80% of the surveyed population 

responded that the freshwater floodplain has now become suitable for fish culture and 

freshwater shrimp/fish farming.  

In the remaining available and fertile agricultural land in the freshwater zone, 

cropping practices are receiving high-energy inputs including fertilizer support, 

groundwater use, and the use of machinery.  Our group discussions with local people and 

government officers indicated that an increased demand for use of the limited agricultural 

land for food production, and the high-yield cropping practices, have led to people trying 

to make their seasonal agricultural land more profitable by using agricultural technology 

and introducing HYV seeds. Since the 1980s, the introduction of HYV and the 

availability of groundwater irrigation pumps have transformed this zone into one of high-

yield intensive farming. As a result, operational costs in this zone increased significantly 

due to high-energy input caused by the need for more irrigation water, fertilizer, chemical 

pesticides, and equipment with high fuel costs. The rice yield per year was an average of 

3500 kg/ha in the 1980s, but it was 6000 kg/ha in the 2010s. As a consequence of limited 
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profit in high-energy input agricultural practice, freshwater aquatic fish and some 

freshwater shrimp farms have gained popularity in this zone (Talukder et al., 2015).  

The land prices were lower in these areas than the prices of land in the nearby 

urban centers, Kalaroa and Satkhira. In addition, because of population pressure from 

these cities (Appendix B: Figure B1) on the high and flood-free land in this zone, land 

ownership has changed considerably in the last few decades, and settlements have been 

established on valuable agricultural land.  Settlement areas have reduced the amount of 

surrounded and planted vegetation, due to drainage congestion and the establishment of 

commercial and business centres. 

 

Increasing trends of land use transitions in the brackish water zone 

The remote sensing data showed that there was a significant conversion from the 

previous freshwater-based ecosystem to the present brackish water ecosystem (Appendix 

A: Figure A6). Anthropogenic factors (i.e. expansion of shrimp cultivation, establishment 

of dams, and embankments) were frequently highlighted as the most important drivers of 

change during the individual and group discussions. SRDI (2012) indicating that there are 

increasing trends in river water and floodplain soil salinity, due to the decrease of 

upstream flow throughout the years that has been caused by a  lack of seasonal rainwater, 

and by the land-use transition into extensive salt-marsh shrimp cultivation (Figure 3.1) 

(Pethick & Orford, 2013).  

Furthermore, in this zone, where coastal disasters are common, the land could not 

be salvaged for agricultural purposes in the same way as it could in the freshwater zone. 

As a result of obtaining less freshwater from the upstream Betna river, and achieving a 

brackish water ecosystem in this tidal river basin in the winter, local farmers decided to 
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convert paddy fields into shrimp farms in the brackish water swamp. This phenomenon 

continued and was still widespread in the 1990s.  Because of their knowledge of the 

potential profit associated with shrimp farming, as observed in the southernmost saline 

zone and in other Asian countries including Thailand and Indonesia, people made efforts 

to introduce shrimp farms to this valuable agricultural land (Swapan and Gavin, 2011). 

Because of the continuous effect of tidal water inundation, saline swamp aquaculture was 

widely established, and occupied much of the area. Despite the efforts of NGOs, who 

campaigned to promote the growth of staple food crops, such as rice and vegetables, most 

farmers took advantage of the generous government subsidy programs and instead 

established shrimp farms (Ali, 2006).   

 

Natural drivers predominate over anthropogenic drivers in saline zone  

In the saline zone, development of aquatic land cover types has affected other 

land cover systems as well as the local people’s livelihoods. Population increase, the 

constant demand for coastal resources, and the expansion of shrimp farming in the past 

30 years in the coastal marshes, have all contributed to rendering the land infertile and 

unsuitable for agricultural crop production for many years (Ali, 2006; SRDI, 2012). 

According to the group discussions, more than 80% of farmers are aware that salinity, 

due to higher water level than is expected in the low-lying salt marsh area from sea level 

rise, is making the coastal zone more vulnerable (Pethick & Orford, 2013).  

As a result of saline intrusion, people began to cultivate saline aquaculture, even 

though it was not a profitable business in the early years. During the group discussion it 

was stated that an insufficient understanding of proper farming technologies and 
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techniques, such as nursing and harvesting, as well as a poor availability of shrimp fries, 

all contributed to making the start-up challenging. Salt-marsh shrimp cultivation has also 

caused increases in adjacent soil salinity levels, and thus has put continuous pressures on 

other land use practices and ecosystem services (SRDI, 2012).  There are inadequate 

freshwater sources from upstream, due to tidal marshes limiting crop production, which 

also made shrimp farming (with its increase in seasonal jobs and growth in business 

opportunities), more attractive in the coastal zone.  

The devastating cyclones − SIDR in 2007 and AILA in 2009 (see Glossary) −  

further contributed to making freshwater bodies saline, and this in turn affected the whole 

land use system, causing significant damage to the vegetation biomass. After this increase 

in salinity, land use was prone to shift in another direction; from both traditional 

agricultural and shrimp farming to intensive shrimp farming in the saline zone. Besides 

these factors, the removal of vegetation cover also caused the erosion of top soil and 

decreased soil fertility (Hossain, 2001). Excessive use of fertilizer for intensive 

agriculture and shrimp farming in these coastal zones releases more organic waste along 

with N and P, and this introduces nutrients and eutrophication into the estuarine lakes and 

rivers (Ali, 2006). This pollution harms the marine ecosystem and causes a loss of 

biodiversity (Ali, 2006; Harden, 2013). These patterns of anthropogenic activities of land 

cover changes make the coastal zone popular for export-oriented shrimp businesses, but 

not suitable for stable food production, due to the resulting depletion of agricultural land 

and natural resources (Talukder et al., 2015).  

Field observations made inside and group discussion on the periphery of the forest 

during the course of our study reveal that the mangrove forests have deforested faster 
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than can be accounted for by the deforestation rate alone with remote sensing data. Forest 

officer stated that the forest ecosystem is changing due to the aforementioned human 

interventions, due to the active estuarine hydro-morphology of the northern boundary and 

government rehabilitation program in the saline zone. As well, the southern boundary of 

the forest cover has faced major deforestation, which included the loss of aquatic plants 

and animals due to frequent coastal cyclones and dynamic coastal processes (Khan et al., 

2015).  

 

3.4.4 Land ownership and land cover changes 

According to the focus group discussions in the three zones, and according to our 

research data from Ministry of Land (MoL), ownership changes began to occur in the 

1970s for socio-cultural reasons. These changes included land being inherited from 

parents, land sold for financial gain, and a limited number of people migrating to other 

places. In each of the three zones, there was a practice of a three-year-term lease, in 

periods, but there was no land lease-in and lease-out restrictions nor were there land use 

regulations for either the landowner or the renter.  

In 1980, the international market had a higher demand for shrimp, which 

corresponded to a sharp price increase (Swapan and Gavin, 2011). There were a few 

larger farms, and influential people from outside purchased and rented huge amounts of 

coastal land to maximize their profit. This happened in the 1990s and resulted in 

conversion of a massive amount of agricultural land into shrimp farms. According to our 

discussions with the local people, rich farmers in the brackish and saline zones had been 

renting approximately five to ten hectares of the coastal land for three years and, in the 
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absence of regulations, had converted the land into shrimp farms to meet the global 

demand. Government lands, known as Khas land, are included in the three study zones 

for the purpose of common property resources  (e.g., canals for local drainage, and 

forested land for the use of local poor people), but even these government-owned lands 

are controlled by the most influential people of the three zones and used for shrimp 

farming (MoL, 2011).  

 

3.4.5 Possible effects of land use and land cover changes 

During the facilitated discussions it was indicated by many individuals that the 

transition from agricultural to seasonal agriculture and fish farming has had several 

effects in all three zones. Habitat loss and a decrease in the number of indigenous fish 

and plant species occurred when agricultural ecosystems were converted to aquatic 

ecosystems. Health risks were caused by the worsened water quality in the drainage-

congested areas, partly due to excessive use of fertilizer and pesticides (Brammer, 2010).  

These farming practices were instrumental in decreasing the number of rice-

cultivable areas and seasonal jobs. Seasonal jobs related to traditional agricultural 

practices, which were low non-renewable energy input and more human-labor intensive, 

involved a higher percentage of the population in agriculture during the 1980s. In the 

brackish and saline zones, therefore, increasing aquaculture and decreasing crop 

production have caused a loss of occupation associated with less-human intensive 

agricultural practices. The present minimal agricultural practices encourage the 

importation of goods and foods.  



 

92 

 

Invasive and new plants in the river valley: Regional plant diversity is greatly 

influenced by, and sensitive to, the regional salinity gradient (Swapan and Gavin, 2011). 

As well, the changes in the estuarine micro-environment have also influenced populations 

of introduced invasive species other than crops that are growing along the rivers. 

Agricultural and forest officers stated that homestead and native floodplain woody 

vegetation have both also decreased significantly. Non-native species including 

Eucalyptus and Dalbergia sissoo (Siso) are found in the high land, while Swietenia 

macrophylla (mahogany) and Azadirachta indica (Neem) are found in in the floodplain 

of the three zones. The invasive Acacia nilotica (Babla) are thriving where they grow on 

the river slope of the brackish and saline zones. On the other hand, some locally available 

and valuable medicinal plants have now become extinct in the three zones - for example 

Datura metel (Dhutra), and Terminalia belerica (Bohera). Locally adapted, new natural 

plants of HYV seeds in changing environments, are growing in the main floodplain and 

highland areas (Appendix D: Photo D11), which are approximately 6 meters from mean 

sea levels. 

Endangered fish resources: From the facilitated discussions conducted in the 

three zones, an average 90% of the people stated that the most significant negative impact 

of the land use and land cover change has been on fish resources. Because of changes in 

freshwater bodies, there has been a loss of many coastal and freshwater fish species, and 

populations of these have decreased tremendously in the zones during the past twenty 

years. Indeed, the results of the group discussions conducted in the three zones suggest 

that many indigenous fish species are now endangered. This dire situation has come 

about as a result of an increase in waterlogged areas, deteriorating water quality, 
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extensive use of synthetic fertilizer and pesticides for agriculture, and finally, the ongoing 

reduction of upstream and surface freshwater flow. In these zones, since the 1990s, 

people have been creating fishponds with enclosures to try to culture various hybrid fish 

species. 

Coastal-estuarine, brackish water fisheries, and marine fish species are all 

threatened, and, due to the embankment along the rivers, inland water bodies are isolated 

from rivers. The excessive fish harvesting and commercial fish farming now taking place 

mean the territorial depletion of natural fish stocks (Wahid et al., 2007). The above-

mentioned causes of agricultural intensification and development, such as increasing soil 

and water salinity, and the sedimentation of the river bed (which decreases river depth), 

have destroyed the original fish habitat (Lambin and Geist, 2006). At present, 

commercial shrimp farming with marine shrimp species (and with other hybrid fish 

species) is now practiced extensively throughout the floodplain.  

Short- and long-term impacts of the coastal changes: Besides the aforementioned 

impacts on the floodplain resources, there are several short- and long-term implications 

related to land use and land cover changes in terms of the lives and the livelihoods of 

coastal people. Of the people surveyed in the three zones, 75% of the population listed 

the diminishing fuel wood supply, and food and fodder shortages as short-term 

implications of these changes. Evidence of a freshwater crisis, in terms of both household 

and agricultural use, is widespread, due to decreasing river water in freshwater zones and 

increasing floodplain salinity in the other two zones. In the long run, the coastal land 

could be rendered unsuitable for agriculture or even for extensive human habitation, if 

these types of excessive land use transition and resources extraction continue. There are 
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few known long-term impacts, but certainly, these would include the loss of local seeds, 

an extinction of local animal species, and a large portion of the population being required 

to live without important resources. These factors would all ultimately have an impact on 

biodiversity (Krause et al., 2011).  

With the given coastal processes, human activities, and excessive land use 

transitions, some effects may not yet be predictable in relation to local livelihood and 

ecosystem services. People of the coastal area have been coping with three major coastal 

disasters − cyclones, floods, and erosion - all of which deplete natural resources. 

Ultimately, the long-term influence of these changes negatively affects livelihoods, and 

could force people to move outside of the coastal region (Black et al., 2011). 
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Chapter 4  

Conclusion and Summary 

 

 

The coastal zones in Bangladesh are dynamic. These zones have changed 

dramatically over the last forty years, due to ongoing erosion-deposition activities, and in 

the context of sea level fluctuations and weather anomalies. Due in large part to the 

expansion of shrimp farming, both the spatial extent and quantity of low-lying floodplain 

grasslands and agricultural crop areas have decreased since the 1970s. This expansion of 

shrimp farming has also contributed to the ongoing loss of vegetation and habitat, which 

is currently taking place in southwestern Bangladesh. These changes have influenced the 

freshwater floodplain and forest ecosystems and, as a consequence, human and socio-

economic activities throughout the area. However, other studies show that the impacts of 

shrimp farming and pollution from other coastal sources are having an impact on soil 

characteristics and rice production (Hossain, 2001; Ali, 2006). In turn, anthropogenic 

activities are accelerating changes in the natural systems and processes of these areas. 

Vulnerability is increasing at present, due to the excessive extraction of timber, fish, and 

other resources, − and because of modifications to the hydrological characteristics of the 

Ganges Delta. Field surveys and geospatial technology provide explicit information 

regarding the land cover trends, and are essential resources for understanding the 

implications of these changes. Two major findings, and some important conclusions 

drawn from our study of coastal zones, are described below. 
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The findings of the remote sensing data, acquired mainly through new Landsat 

multi-spectral channels, which we used to apply coastal feature identification, and to 

change detection techniques, provide information just as reliable as that provided by 

other studies conducted in other parts of the world. Our study took a new approach to 

understanding land cover and land use trends, as we combined the most advanced and up 

to date remote sensing data with an examination of the historical changes that have 

occurred in the coastal zones of Bangladesh within the past forty years, and with 

information we gathered on people’s perceptions about these changes. Our study provides 

a new picture of the dynamic trends of coastal land use and land cover, which have been 

shifting from coastal agricultural ecosystems to aquatic or salt-marsh shrimp farming 

over the forty years spanning the period that we studied. These changes in land use and 

land cover have been established in response to the changing environment along the river 

basin.  

The geospatial technologies that we employed have also explored the spatial 

extent and driving forces of the land use transition and dynamic coastal activities. The 

present land cover trends vary from place to place, according to freshwater availability 

and soil-water salinity levels in the coastal zone. This information, along with field 

survey data, allows us to speculate about which forces may be driving these changes. Our 

field data revealed that the construction of coastal embankments and the intrusion of 

saline water, combined with decreases in upstream water flow in the floodplains, are the 

main factors affecting agricultural practice and livelihood in the coastal regions of 

Bangladesh. The data gathered during our studies indicates monitoring needs where the 

ecosystem are vulnerable, and indicates where its services are limiting.  
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The interactions of natural and anthropogenic drivers in the three zones are 

complex. Cyclones and flooding, and potential sea-level rise have both posed great 

threats to low-lying coastal regions in recent decades. However, human activities and 

human responses to these natural events and changes have had an even more detrimental 

effect on the coastal regions. Key threats include monoculture agriculture, social 

transformation, and landscape engineering as a result of coastal embankments. Hydro-

morphological interventions and vegetation clearance, however, have had by far the most 

devastating effects on coastal food production systems and freshwater supply. These 

issues have been widely discussed by local communities, as well as by government 

agencies. 

Our study indicates that part of the world’s largest mangrove forest, located in the 

Ganges Delta, did not significantly decrease during last four decades. Other study 

concluded different management conditions to mangroves during last two decades helps 

to improve forest regeneration (Giri et al., 2015). However, this study does indicate that 

dynamic coastal processes such as erosion, accession, and cyclones, and excessive 

anthropogenic activities on land cover, do present a great threat to the peripheral 

mangrove forest deforestation. Similar threats of deforestation and vulnerability is 

increasing to this region, because of excessive extraction of timber and, as other studies 

found in other parts of the country. 

This study reveals a dynamic coastal landscape, and identifies the processes characteristic 

of the three different zones over the course of the study periods. Affected by freshwater 

availability and exposure to the coast, other drivers are playing different roles in the three zones 

than they had previously played. Poor freshwater supply and waterlogging are having an impact 

on agricultural practices and freshwater floodplain habitats. On the other hand, increases in 



 

98 

 

salinity, and associated aquaculture expansion in the salt marsh, have both had a negative impact 

on agricultural and floodplain resources in the two southern zones. The dynamic coastal regions 

of Bangladesh are facing short-term negative effects on agricultural production, freshwater 

supplies, and wood supplies, all of which will have long-term impacts. Our study indicates that 

there is a need to control land use with zonal restrictions, and a need to monitor land cover over a 

long-term period in the coastal zones. A continuous flow of upstream water, and proper drainage 

of surface water to the estuaries, are also important for a fragile coastal ecosystem like this. 

Proper methods of farming, and improved maintenance of coastal embankments and sluice gates, 

are needed in order to maintain a sustainable and stable food supply within this region. Scientific 

methods of both shrimp and agricultural farming in the brackish and saline zone would increase 

continuous safe food exportation to other parts of the world.  

In addition to the implementation of sustainable farming practices, our study 

indicates that rainwater harvesting should be promoted, and equipment should be 

subsidized for increasing the freshwater supply available for the improvement of the lives 

and livelihoods of the coastal people. In the context of the lower freshwater supply of 

both the saline surface and brackish underground water, and rising sea-level issues, these 

measures would be especially beneficial. Social forestry advocated by concerned groups 

and NGOs, mangrove regeneration, and proper management by the Forest Department 

(FD), are also important for improving long-term wood supplies and offering better 

hazard protection − and for promoting sustainable living in this coastal zone. 

The maps and data generated from this research can be used for environmental 

monitoring and conservation purposes. They could provide reliable information for 

government and environmental agencies, and NGOs − at both local and international 

levels. The Ministry of Water Resources, the Ministry of Land, and the Ministry of 
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Agriculture in Bangladesh, as the Ministries responsible for improving the management 

of coastal land and resources, and for long-term coastal planning, may benefit the most 

from our data. These agencies can use the data presented in our research to better 

understand land use trends − especially in brackish and saline regions where massive 

changes have occurred. These Ministries may consider updating their policies in response 

to the information on present land use situations and dominant factors that our research 

provides. Such initiatives could ultimately help to promote better crop production 

systems in the low-lying coastal regions, and could make more sustainable living a 

possibility for a diverse group of stakeholders and communities. 

The control and monitoring of anthropogenic activities on land use and resource 

extractions, and improved coping practices, are also needed to ensure sustainable living 

for the population of Bangladesh’s coastal regions. The coastal zone has different 

sectorial and management policies. However, there is a need to integrate the policies of 

different government organizations, in order to allow for the better management of both 

the land and its associated resources. Strengthening government organizations, training 

officers according to the coastal culture and resources, providing public access to 

governmental organizations and resources regarding documents and laws, as well as 

creating better awareness among the coastal people, can improve natural resource 

management, which in turn can bring harmony to the coastal areas. However other 

studies emphasized environmental education of civil societies are important for managing 

coastal resources (Hossain, 2001; Brammer, 2014). Improvements to the guidelines and 

structure of the existing policies, and the proper implementation of land use (as well as  

the major reform of  government agencies), would all be valuable changes that could 
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allow for  better management of  coastal resources, and that would lead to more 

sustainable living for the coastal population.   

In terms of future work, our study shows that optical sensor data could be used to 

provide explicit information that would aid in our understanding of tropical and 

subtropical land cover patterns in winter. Research on the seasonal diversity of land cover 

requires additional data from optical and microwave sensors. As recommended by 

Corbane et al., 2015, integration methods between habitat and various land cover classes 

from other seasons are great challenges for habitat mapping and conservation. An in-

depth understanding of land use during the other two seasons would provide more 

information on seasonal land cover diversity, which would help us to understand various 

factors affecting these regions. Intensive field data, including more socio-ecological 

indicators, would only provide details of the present cover and drivers. To conclude, 

future research would be helpful in finding the actual extent of the vegetation and marsh 

areas in different seasons, the measuring of forest canopy coverage with finer resolution 

multi-spectral data, the recording of forest loss due to natural calamities, and in providing 

better information on coastal resources and analyzing the stresses of the ecosystem. 
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Appendix A: Remote sensing for land use & land cover change analysis 

 

 
Figure A1 Agricultural crop (main crops) and shrimp farming calendar, and homestead in the 

three study sites. Rivers, waterlogged areas, and mangroves are not included in this list. Source: 

Field data, 2014 

 
 

 
Figure A2 Landsat 8 OLI have three new spectral bands, 1, 8, and 9 with different wave-lengths 

from Landsat TM. Source: Modified from http://landsat.usgs.gov 
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Figure A3 Features and patterns identified from various image sensors that were useful for 

thematic classification and validation. 
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Figure A4 Thematic feature classes and training sites in saline zone were generated from 

QuickBird FCC image of 2002. White linear features along with the rivers are coastal 

embankment. 
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Figure A5 Changes of waterbodies and waterlogging situations in freshwater zone from 1973 to 

2014. The extent of water and marsh areas were collected from Landsat time series thematic maps 

of 1973, 1992, and 2014. The white area in map represents other land covers (i.e., Settlements, 

agricultural land, and barren land).   
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Figure A6 Changes of waterbodies and shrimp farming in brackish water zone from 1973 to 

2014. The extent of water and shrimp farming areas were collected from Landsat time series 

thematic maps of 1973, 1992, and 2014. The white area in map represents other land covers (i.e., 

Settlements, agricultural land, and barren land).  
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Figure A7 Changes of waterbodies and shrimp farming in saline zone from 1973 to 2014. The 

extent of water and shrimp farming areas were collected from Landsat time series thematic maps 

of 1973, 1992, and 2014. The white area in map represents other land covers (i.e., Settlements, 

agricultural land, and barren land). 
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Figure A8 Zonal land cover trends in the coastal areas of Bangladesh, 1974 - 2014. Table 2.6 - 

2.8 presents relevant data of this figure. 
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Figure A9 The soil salinity boundary, defined by threshold EC value of 2 dS/m, is progressively 

moving inland from the coast, as indicated by the 1973, 2000, and 2009 isopleths. Source: SRDI, 

2012 
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Figure A10 Historical coastal cyclones formed in the Bay of Bengal and hit Bangladesh coast. 

Source: CEGIS, 2014. 
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Table A1 Secondary data will be collected from different agencies in Bangladesh and used in this 

study. 

Data Source and format Year 

Soil & water salinity SRDI, xls format 1973, 2000 and 2009 

Population data and density map  BBS and CEGIS (xls format 
and Shape) 

1974, 1991 and 2011 

District Gazetteers Government of Bangladesh, 
Printed books 

1960 

Rainfall data BMD, xls format 1972-73, 1991-92 and 
2013-14 

Flood map 
CEGIS,  

Classified Radarsat 1, Digital 

1997 and 2000 

Topographical maps (based on 
air photo) 

Survey of Bangladesh, 
Printed  

1965(1st edition) 

1972(2nd edition) 

Land uses and forest map SRDI and CEGIS 2009 and 2014 

GPS data (Infrastructures) Digital (shape), LGED, 
CEGIS 

2007 - 2013 

GIS data and maps 
(Administrative boundaries, 
headquarters, growth centers, 
land uses 

FD, SRDI, LGED,CEGIS, 
National archives 

2013 

Policy report (Forest policy, 
Water resources policy, 
Agricultural policy and Land use 
policy) 

FD, MoA & BWDB 

Various dates from 2000 
to2010 

Note: The name of the source organisations are elaborated in the list of abbreviation section  
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Table A2 Landsat OLI better than TM multi-spectral bands for land cover identification and 

classification. 

Landsat 5 TM bands 
Wavelength 

(mm) 

Res. 

(m) 
Landsat 8 OLI bands 

Wavelength 

(mm) 

Res. 

(m) 

   

Band 1 - Visible “ultra” 
blue (Coastal aerosol) 0.43 - 0.45 30 

Band 1 - Visible blue 0.45-0.52 30 Band 2 - Visible Blue 0.45 - 0.51 30 

Band 2 - Visible green 0.52-0.60 30 Band 3 - Visible Green 0.53 - 0.59 30 

Band 3 - Visible red 0.63-0.69 30 Band 4 - Visible Red 0.64 - 0.67 30 

Band 4 - Near-infrared 0.76-0.90 30 Band 5 - Near Infrared 
(NIR) 0.85 - 0.88 30 

Band 5 - Mid-infrared 1.55-1.75 30 Band 6 - Mid-infrared 
(SWIR 1) 1.57 - 1.65 30 

Band 7 - Mid-infrared 2.08-2.35 30 Band 7 - Mid-infrared 
(SWIR 2) 2.11 - 2.29 30 

   

Band 8 – Panchromatic 0.50 - 0.68 15 

   

Band 9 - Mid-infrared 
“cirrus” 1.36 - 1.38 30 

Band 6 - Thermal 10.40-12.50 120 Band 10 - Thermal 
Infrared (TIRS) 1 

10.60 - 
11.19 100 

      
Band 11 - Thermal 
Infrared (TIRS) 2 

11.50 - 
12.51 100 

* Thermal bands (shaded), 120m or 100m resampled, were not used in this study (Modified 
from http://landsat.usgs.gov). 
 

 

 

 

 

http://landsat.usgs.gov/
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Table A3 Land cover classification accuracies (%) in the freshwater zone, 1973 - 2014  

Land cover class 1973   1992 
  

2014 
 

  Produce's User's  Produce's User's 
 

Produce's User's 

Waterbodies 71.4 83.3  66.6 66.6 
 

66.6 80.0 

Waterlogging areas - -  - -  76.9 83.3 

Agricultural land 91.3 90.0  90.7 93.2 
 

95.3 93.8 

Homestead 79.3 79.3  84.6 78.5 
 

94.7 93.1 

Overall accuracy 86.6   88.5 
  

92.1 
 

Kappa statistics 72.3   72.9 
  

87.1 
  

Table A4 Land cover classification accuracies (%) in the brackish water zone, 1973 - 2014  

Land cover class 1973   1992 
  

2014 
 

  Produce's User's  Produce's User's 
 

Produce's User's 

Waterbodies 75.0 66.6  78.5 91.6 
 

54.5 66.6 

Shrimp farms - -  80.0 85.7 
 

93.4 91.9 

Agricultural land 91.5 89.0  95.7 91.7 
 

88.4 82.1 

Homestead 45.4 62.5  85.7 85.7 
 

81.8 85.7 

Overall accuracy 84.4   90.0 
  

86.6 
 

Kappa statistics 54.3   83.0 
  

79.4 
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Table A5 Land cover classification accuracies (%) in the saline zone, 1973 - 2014  

 

 

 
Table A6 Major ratio and pattern of changes (%) from 1973 to 2014 in the three coastal zones 

Study sites Waterbodies Agricultural 
land 

Shrimp 
farms Homestead Mangrove 

vegetation 

Freshwater zone -4.3 -16.9 +6.6* +14.6 Nil 

Brackish water zone -4.7 -52.0 +43.5 +13.2 Nil 

Saline zone -1.8 -47.5 +34.4 +14.5 +0.1 
 
*Waterlogging areas with small scale freshwater shrimp farming and open water fishing 

 + Value indicates increasing trend and - value indicates decreasing trend 

 

 

 

 

 

 

Land cover class 1973   1992 
  

2014 
 

  Produce's User's  Produce's User's 
 

Produce's User's 

Waterbodies 85.7 88.8  90.9 83.3 
 

84.6 73.3 

Mangrove forest 75.8 78.5  94.7 90.0 
 

94.4 99.0 

Shrimp farms - -  100.0 80.0 
 

87.5 91.3 

Agricultural land 93.2 88.7  90.3 96.6 
 

75.0 99.4 

Homestead 50.0 66.6  25.0 25.0 
 

99.0 91.7 

Overall accuracy 85.8   87.1 
  

90.0 
 

Kappa statistics 77.7   85.8 
  

86.8 
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Appendix B: Data collected from field and local government offices 

 

 
Figure B1 Population increased significantly from 1974 to 2011 in the coastal cities (including 

three study regions) of Bangladesh. Source: Bangladesh Bureau of Statistics (BBS) 
 

 
Figure B2 Rainfall characteristics for selected years in the coastal region of Bangladesh. The 

rainfall events of 1972 was not measured properly, immediate after the liberation war in 1971. 

Source: Bangladesh Metrological Department (BMD) 
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Figure B3 Cyclones hit in Bangladesh coast in the year of 1970, 1991, and 2007. Sources: 

CEGIS, 2014 
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Table B1 Total survey population of the three study sites. 

Levels Categories No. of population 

Farm or local level Agricultural farmer, Fish catcher, fish farm owner, 
business man, land owner 42 

Community/ 
village leaders 

Elected Chairman/Member 16 

Group discussion 
for three locations 

Each group having agricultural farmer, Fish catcher, 
fish farm owner, business man, land owner 3 groups 

NGOs  ASA/BRAC officials from field level 3 

Districts level Officer: agricultural/fisheries, forest officer and 
water resources officer 3 

Federal level 
officers 

Officer: agricultural/fisheries, forest officer and 
water resources officer 3 
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Table B2 Questionnaire surveyed population in the fresh water zone (Kalaroa Upazila). 

Code  Age Education Family 
member Village Union Own land 

(Acre) 
Rented land 
(acre) 

26 81 College 2 Narayanpur Jallabad 19.80 0.00 

25 45 University 4 Bantra Jallabad 13.20 29.70 

41 72 Illiterate 12 Biharinagar Jhaudanga 5.94 0.00 

42 53 Primary 4 Gobindakanthi Jhaudanga 9.90 0.66 

43 48 Secondary 7 Gobindakanthi Jhaudanga 16.50 13.20 

44 65 university 5 Patharghata Jhaudanga 13.20 0.00 

45 52 Illiterate 3 Hajipur Jhaudanga 0.00 1.65 

46 62 Illiterate 5 Mukundapur Jhaudanga 4.95 33.00 

33 38 College 6 Koila Koila 3.30 39.60 

24 45 Primary 4 Kumarnal Koila 1.65 14.85 

28 47 Primary 4 Alaipur Koila 0.00 0.99 

29 60 Primary 4 Alaipur Koila 7.92 0.00 

30 53 Secondary 12 Murarikanthi Koila 10.89 2.64 

31 70 Illiterate 5 Langaljhara Langaljhara 6.60 0.00 

35 62 College 6 Langaljhara Langaljhara 11.55 0.00 

36 70 Primary 6 Mahmudpur Langaljhara 11.55 0.00 

37 53 Primary 5 Mahmudpur Langaljhara 0.00 10.89 

32 50 Primary 3 Bantra Jallabad 0.00 39.60 

27 66 Secondary 8 Narayanpur Jallabad 15.84 0.00 
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Table B3 Questionnaire surveyed population in the brackish water zone (Assasuni Upazila). 

Code  Age Education Family 
member Village Union Own land 

(Acre) 
Rented 
land (acre) 

40 71 College 8 Baula Budhhata 8.25 0.00 

16 50 College 5 Bahadurpur Kulla 14.85 0.00 

17 55 Secondary 8 Bahadurpur Kulla 5.61 0.00 

18 55 Secondary 7 Satpur Budhhata 2.97 0.00 

19 65 Secondary 9 Kamalkati Sobnali 11.22 0.00 

20 55 College 4 Budhhata Budhhata 13.20 0.00 

39 47 Primary 6 Kamalkati Sobnali 6.60 57.75 

 

Table B4 Questionnaire surveyed population in saline water zone (Shyamnagar Upazila). 

Code  Age Education Family 
member Village Union Own land 

(Acre) 
Rented land 
(acre) 

1 55 Secondary 4 Pura katla Buri-goalini 0.66 0.00 

2 77 Secondary 12 Pura katla Buri-goalini 9.90 0.00 

3 45 Primary 3 Kalbari Buri-goalini 0.00 3.96 

4 54 Secondary 6 Kalbari Buri-goalini 3.96 0.00 

5 48 Secondary 4 Buri-goalini Buri-goalini 9.90 5.61 

7 65 Illiterate 4 Kalbari Buri-goalini Landless 0.00 

8 60 Secondary 7 Durgabati Buri-goalini 13.20 3.96 

9 60 Secondary 7 Abad chandipur Buri-goalini 10.89 3.30 

10 38 Primary 6 Abad chandipur Buri-goalini 1.98 17.82 

11 70 Primary 4 Chunur Buri-goalini 4.29 0.00 

13 70 Illiterate 5 9 no sora Gabura 2.64 0.00 

14 72 Primary 6 Chakbara Gabura 0.00 16.50 
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15 51 University 4 Chakbara Gabura 4.95 0.00 

21 40 Secondary 5 Jhapa Padma Pukur 1.65 0.00 

22 43 Secondary 4 Jhapa Padma Pukur 1.32 49.50 

23 66 College 6 Jhapa Padma Pukur 16.50 13.20 

 

Table B5 Questionnaire survey data and summary information of freshwater zone. 

Phenomenon Descriptions 

Upazila Kalaroa 

Union (local administrative units) Jalalabad, Jogikhali, Langaljhara and Koila 

Nos of Surveyed population 19 

Age group 38 to 81 

Education Illiterate to University 

Household size 2-12 

Land holding Owned land (Acre): 1.65-19.80 (and few 
landless), Rented land (Acre):0.66-39.60 

Land uses in owned and rented land Owned land: Paddy farms with freshwater fish 
culture, Rented lands: Fish and paddy farms 

Cropping types in the villages: Seasons: 
Robi (Nov-Mar), Kharif I (Mar-Jul) and 
Kharif II (Jul-Oct) 

Mostly paddy (Nov-Mar), but culture fish 
occasionally, Mostly fish (Mar-Jul)cultivated with 
non-paddy crops, Fish and paddy(Jul-Oct)practice 
in the same land 

Major changes from1980 to 2010 
(Season: Robi-K I-K II) 

1980: Mostly winter crops, vegetables-Mostly 
paddy, Jute-Mostly paddy 
1990: Mostly winter crops, vegetables- Mostly 
paddy/Jute, fallow- Mostly paddy 
2000:Mostly paddy with some fish culture-Mostly 
fish with jute-Mostly fish with some paddy 
2010: Mostly paddy/fish-Mostly fish with crop- 
Mostly paddy/fish 

What are the causes(environmental 
preconditions) 

1.Waterlogging, 2.Decrease of upstream 
freshwater, 3.Population pressure, 4.Ownership 
change 

New seeds/copping practice HYV 

Agricultural practice 1980-Present In 1980 mainly one agricultural crop with less 
technology and profit, in 2010, high yield in 
agriculture/fish with high energy input 
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Pressure on this intensive farming than 
the previous low input farming and 
drivers 

1. Social needs for food production, 2. 
Profitability 3.Natural disaster 

Land covers Mainly agricultural farms, fish farms, 
waterbodies, infrastructure 

Major changes after 1980s with location From agriculture converted to fish farms, fallow 
to agriculture (Gobidakati, Mahmudpur & 
Narayanpur 

Fringe mangrove cover changing (i.e. 
thinning and fragmented) 

NA 

Major water sources and its uses (1980-
2010) 

Fresh river water, surface, underground used for 
all purposes but brackish sometimes in 1980; 
Fresh river water, surface, underground used for 
all purposes for household in 2010 

New plant growing extensively than other 
land/vegetation cover in last twenty years 

New trees: Eucalyptus and Dalbergia sissoo (siso) 
in the high land, Swietenia macrophylla 
(Mehogoni) and Azadirachta indica (Neem) in the 
floodplain, GMO Mangifera indica (Mango) 

Main reasons of coastal fisheries 
resources endangered 

Fisheries resources is diminished in the last 
twenty years and endangered because of 
waterlogging, increasing coastal population, 
increasing synthetic fertilizer and excessive use of 
pesticide, decreasing river flow, embankment, 
freshwater bodies 

Drivers of land cover changes (both man-
made and natural) 

1.Waterlogging, 2.Profit, 3.Increasing production 
cost 4. Coastal population.  

Possible effects of these changes in land 
cover 

1.Increasing waterlogging areas, 2. Food 
shortage, 3. Loss of seasonal jobs, 4.Health risk, 
5.Migarte to other places with some in migration 

Which resources are vulnerability to 
coastal disaster 

1.Agricultural crop, 2.Fish farms,3. 
shelter/houses, 4.fresh waterbodies 

Implications of the land cover changes in 
terms of human life in coastal 
Bangladesh. (Short term, Long term) 

Short term:1. Fuel crisis 2. Food shortage 
Long term: 1. Loss of local seed 2.biodiversity,3. 
Food shortage 3.extinction of local animals 

What change do you think would be good 
for the area 

1.Agricultural crop, 2.fish farms, 3. New tree 
plantation 

Food production and imported goods Agricultural and fish but imported vegetables from 
other places 

Best livelihood option in terms of long-
term coastal sustainability 

1.intensive agriculture, 2.mixed fish farming, 

Land tenure, land ownership, and land use 
practices in this zone 

Land holding for lifetime with pay taxes and no 
land use restriction,  
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How often did the land ownership change 
in this area since 1970? 

Land ownership changes(rare) for profit 

Land lease (out) practices in the coastal 
zone Land lease (in) practices in the 
coastal zone 

Anybody can lease in or out without uses 
restrictions for 3 years term  

Khas land/Government owned land and 
its uses 

Khas land and canals already acquired by 
influential people, but should be in use of poor 
people and common property resources 

Government policy regarding the lease of 
the khas land 

Should be used by low income people 

Coastal land uses rules and coastal zone 
policy 

No coastal zone policy 

What policy do you think would be good 
for the region for sustainable future? 

Agricultural farm related policy, canal or natural 
resources lease policy and awareness of use of 
pesticide and fertilizer 

Expectation and future suggestions for 
coastal or environmental sustainability 

Government control of slice gate or embankment, 
proper drainage with dredging 

 

Table B6 Questionnaire survey data and summary information of brackish water zone. 

Phenomenon Descriptions 

Upazila Assasuni 

Union (local administrative units) Shobnali, Kulla and Budhata 

Nos of Surveyed population 7 

Age group 47 to 71 

Education High school to College 

Household size 4-9 

Land holding Owned land (Acre): 2.97-14.85, Rented land 
(Acre):57.75 

Land uses in owned and rented land Owned land: Mostly fish farms except 2 paddy 
farms, Rented lands: fish farms 

Cropping types in the villages: Seasons: Robi 
(Nov-Mar), Kharif I (Mar-Jul) and Kharif II 
(Jul-Oct) 

Paddy/Fallow(Nov-Mar) cultivated, 
Fish/fallow (Mar-Jul)cultivated, Fish and 
paddy(Jul-Oct)practice but in the separate 
land 

Major changes from1980 to 2010 (Season: 
Robi-K I-K II) 

1980: Fallow-Fallow-Paddy, 
1990:Fallow(with few fish farms)-Fallow/fish-
Shrimp 50%/Paddy 50%, 2000:Mostly 
Paddy/Fish-Paddy-Fish/paddy, 2010: 
Paddy/fish-Fish-Paddy/fish 
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What are the causes (environmental 
preconditions) 

1.Profit, 2.Waterlogging, 3.Natural disaster, 
4.Population increase 

New seeds/copping practice HYV and saline tolerant variety 

Agricultural practice 1980-Present In 1980 agricultural with single crop is less 
profit, in 2010, high yield in 
agriculture/shrimp is high energy input and 
also costly 

Pressure on this intensive farming than the 
previous low input farming and drivers 

1. Social needs for food production, 2. High 
input with expensive material cost 

Land covers Mainly fish farms, few agricultural farms, 
infrastructure 

Major changes after 1980s with location From agriculture or seasonal fallow 
converted to fish/shrimp farms, Baula, 
WAPDA embankment, Kamalkati etc. 

Fringe mangrove cover changing (i.e. 
thinning and fragmented) 

NA 

Major water sources and its uses (1980-2010) Saline river water, fresh/brackish 
underground but only fresh lake water used 
for household in 1980; Saline river and 
ground brackish water used in shrimp farms,  
fresh lake used for household in 2010 

New plant growing extensively than other 
land/vegetation cover in last twenty years 

Few of them mentioned new trees: Swietenia 
macrophylla (mehogoni), Eucalyptus 
Camaldulensis (Eucaliptus), HYV Mango in 
the high land 

Main reasons of coastal fisheries resources 
endangered 

Coastal fisheries resources is diminished in 
the last twenty years and endangered because 
of increasing salinity, and increasing synthetic 
fertilizer and excessive use of pesticide, 
decreasing river depth and coastal disasters 

Drivers of land cover changes (both man-
made and natural) 

1.Profit, 2.Incresing salinity, 3.Natural 
disaster, 4.Embankment 5. Land ownership 
change & fragmentation 

Possible effects of these changes in land cover 1.Increasing salinity more in lands, 2. Food 
shortage, 3. Loss of seasonal jobs, 4.increase 
of importing goods 

Which resources are vulnerability to coastal 
disaster 

1.Agriculture, 2.Shrimp/fish firms, freshwater 
resources, 3.Animals,4. shelter/houses,  

Implications of the land cover changes in 
terms of human life in coastal Bangladesh. 
(Short term, Long term) 

Short term:1. Fuel crisis 2. Food shortage, 
3.loss of biodiversity 
Long term: 1. 1. Fuel crisis 2. Loss of 
biodiversity & local seed variety, 3. Food 
shortage 4.extinction of local animals 
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What change do you think would be good for 
the area 

1.Agricultural crop, 2.shrimp farms 

Food production and imported goods Enough food production but sometimes 
shortage of food, imported rice and vegetable 

Best livelihood option in terms of long-term 
coastal sustainability 

1.intensive agriculture, 2.mixed fish farming 

Land tenure, land ownership, and land use 
practices in this zone 

Land holding for lifetime with pay taxes and 
no land use restriction,  

How often did the land ownership change in 
this area since 1970? 

Land ownership changes(rare) but for profit 
and migrate to other places 

Land lease (out) practices in the coastal 
zone Land lease (in) practices in the coastal 
zone 

Anybody can lease in or out without uses 
restrictions for 3 years term  

Khas land/Government owned land and its 
uses 

Khas land already acquired by influential 
people, but should be in use of poor people 
and common property resources 

Government policy regarding the lease of the 
khas land 

Should be used by low income people 

Coastal land uses rules and coastal zone 
policy 

No coastal zone policy 

What policy do you think would be good for 
the region for sustainable future? 

Shrimp farm related policy, canal or natural 
resources lease policy, administrative control 
and promote agriculture 

Expectation and future suggestions for coastal 
or environmental sustainability 

Increasing freshwater supply for drinking and 
scientific methods in shrimp famring, 
rainwater harvesting, Government control of 
slice gate or embankment, proper drainage, 
social forestry 

 
 

Table B7 Questionnaire survey data and summary information of saline zone. 

Phenomenon Descriptions 

Upazila Shyamnagar 

Union (local administrative units) Padma Pukur,Gabura and Buri-goalini 

Nos of Surveyed population 16 

Age group 32 to 77 
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Education Illiterate to University 

Household size 3-12 

Land holding Owned land (Acre): 1.32-16.5(few land less), 
Rented land (Acre):3.30-49.5 

Land uses in owned and rented land Owned land: Shrimp farms except 2 paddy farms, 
Rented lands: Shrimp farms except 2 paddy farms 

Cropping types in the villages: Seasons: 
Robi (Nov-Mar), Kharif I (Mar-Jul) and 
Kharif II (Jul-Oct) 

Fish(Nov-Mar) cultivated occasionally, Fish 
(Mar-Jul)cultivated mostly, Fish and paddy(Jul-
Oct)practice but in the separate land 

Major changes from1980 to 2010 
(Season: Robi-K I-K II) 

1980: Fallow-Fallow-Paddy, 1990:Fallow(with 
few fish farms)-Shrimp-Shrimp 50%/Paddy 50%, 
2000:Mostly fallow-Shrimp-Mostly shrimp, 2010: 
Mostly shrimp-Shrimp-Shrimp 

What are the causes(environmental 
preconditions) 

1.Profit, 2.Incresing salinity, 3.Natural disaster, 
4.Increasing production cost 

New seeds/copping practice HYV and saline tolerant variety 

Agricultural practice 1980-Present In 1980 mainly one agricultural crop with less 
profit, in 2010, high yield in agriculture/shrimp 
with high energy input 

Pressure on this intensive farming than 
the previous low input farming and 
drivers 

1.Social needs for food production, 2. Profitability 
3.Natural disaster, 4.Salinity 

Land covers Mainly shrimp farms, few agricultural farms, 
waterbodies, forest, infrastructure 

Major changes after 1980s with location From agriculture or seasonal fallow converted to 
shrimp farms 

Fringe mangrove cover changing (i.e. 
thinning and fragmented) 

Changing in the boundary and fringe area and 
thinning in the forest area 

Major water sources and its uses (1980-
2010) 

Saline river water, fresh underground but only 
fresh lake water used for household in 1980; 
Saline river water used in shrimp farms, brackish 
lake and ground water used for household in 2010 

New plant growing extensively than other 
land/vegetation cover in last twenty years 

Few of them mentioned new trees: Eucalyptus and 
Dalbergia sissoo (siso) in the high land and 
Acacia nilotica (Babla) in the river slope 
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Main reasons of coastal fisheries 
resources endangered 

Coastal fisheries resources is diminished in the 
last twenty years and endangered because of 
shrimp farming and increasing salinity, increasing 
coastal population excessive resources extractions 
using technology, increasing synthetic fertilizer 
and excessive use of pesticide, decreasing river 
depth and coastal disasters 

Drivers of land cover changes (both man-
made and natural) 

1.Profit, 2.Incresing salinity, 3.Natural disaster, 
4.Increasing production cost 5. Land ownership 
change & fragmentation 6.  

Possible effects of these changes in land 
cover 

1.Increasing salinity more in lands, 2. Flood 
shortage, 3. Loss of seasonal jobs, 4.increase of 
importing goods, 5.Migarte to other places with 
some in migration 

Which resources are vulnerability to 
coastal disaster 

1.Shrimp/fish firms, freshwater resources, 
2.Animals,3. shelter/houses, 4.agriculture 

Implications of the land cover changes in 
terms of human life in coastal 
Bangladesh. (Short term, Long term) 

Short term:1. Fuel crisis 2. Food shortage,3.loss 
of biodiversity 

Long term: 1. Loss of biodiversity & local seed 
variety, 2. Food shortage 3.extinction of local 
animals, 4. Fuel crisis 

What change do you think would be good 
for the area 

1.Agricultural crop, 2.shrimp farms, 3. New tree, 
crab farming and forest regeneration 

Food production and imported goods Shortage of food, imported rice and vegetation 

Best livelihood option in terms of long-
term coastal sustainability 

1.intensive agriculture, 2.mixed fish farming, 3. 
Crab farming 

Land tenure, land ownership, and land use 
practices in this zone 

Land holding for lifetime with pay taxes and no 
land use restriction,  

How often did the land ownership change 
in this area since 1970? 

Land ownership changes(rare) for profit 

Land lease (out) practices in the coastal 
zone Land lease (in) practices in the 
coastal zone 

Anybody can lease in or out without uses 
restrictions for 3 years term  

Khas land/Government owned land and 
its uses 

Khas land already acquired by influential people, 
but should be in use of poor people and common 
property resources 

Government policy regarding the lease of Should be used by low income people 
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the khas land 

Coastal land uses rules and coastal zone 
policy 

No coastal zone policy 

What policy do you think would be good 
for the region for sustainable future? 

Shrimp farm related policy, canal or natural 
resources lease policy and promote agriculture 

Expectation and future suggestions for 
coastal or environmental sustainability 

Increasing freshwater supply for drinking and 
agricultural development, rainwater harvesting, 
Government control of slice gate or embankment, 
proper drainage, social forestry 
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Appendix C: A surveyed questionnaire from saline zone 
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Appendix D: Field photographs 

 

 

Photo D1 An enclosure between fish ponds in the freshwater zone. The photo (location ID 24) is 

corresponding location in Figure 3.2 (Chapter 3). 

 

 
Photo D2 Shrimp farms beside the agricultural land are located in the brackish water zone. The 

photo (location ID 20) is corresponding location in Figure 3.3 (Chapter 3). 
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Photo D3 Proud farmers are inside of their saline-tolerant HYV paddy field. The photo (location 

ID 15) is corresponding location in Figure 3.4 (Chapter 3). 

 

 

Photo D4 An individual-level (farmer) questionnaire survey conducted in the freshwater zone. 

The photo (location ID 46) is corresponding location in Figure 3.2 (Chapter 3). 

 



 

147 

 

 
Photo D5 An individual-level (in community leader’s office) questionnaire survey conducted in 

the brackish water zone. The photo (location ID 17) is corresponding location in Figure 3.3 

(Chapter 3). 

 

 
Photo D6 An individual-level questionnaire survey conducted in the saline zone. The photo 

(location ID 4) is corresponding location in Figure 3.4 (Chapter 3). 
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Photo D7 A group discussion conducted in the saline zone. The photo (location ID 23) is 

corresponding location in Figure 3.4 (Chapter 3). 

 

 

 

Photo D8 Cattle farming is decreasing due to get less fodder and freshwater for them in the saline 

zone. A small cattle farm is found in the village. The photo (location ID 10) is corresponding 

location in Figure 3.4 (Chapter 3). 
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Photo D9 Water-logged area in the freshwater zone. Water hyacinth (or hydrophyte) creates an 

obstacle for rainwater movement in the floodplain. The photo (location ID 44) is corresponding 

location in Figure 3.2 (Chapter 3). 

 

Photo D10 Sedimentation occurred in the section of the river in the freshwater zone. Water 

hyacinth (or hydrophyte) creates an obstacle for rainwater movement in the floodplain. The photo 

(location ID 29) is corresponding location in Figure 3.2 (Chapter 3). 
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Appendix E:  General Research Ethics Board (GREB) 
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