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EXECUTIVE SUMMARY  

1.0 Background and Objectives 

Department of Bangladesh Haor and Wetlands Development (DBHWD) is mandated by the 

government for overall coordination and monitoring for integrated development in the haor and 

wetland areas in the country to holistically address the problems related to water resources, 

fisheries resources, agriculture, socio-economic and environmental concerns in the haor and 

wetlands of the country. DBHWD has already developed Haor Master Plan with a view to 

protect, preserve and conserve the haor wetlands ecosystem from degradation as well as for 

sustainable management of wetlands. There still exists number of unidentified haors, beels, 

jheels as well as wetlands in this country which also contribute greatly to environment, 

ecosystem and biodiversity.  

This project has been formulated with a view to prepare an inventory of the wetlands through 

classification of satellite images, delineations of wetlands, study of interaction between haor 

and river ecosystems, formulation of wetland management framework and LiDAR survey of 

Tanguar haor for empirical data collection. The study also aims to identify the different types 

of wetlands in the different hydrological regions of Bangladesh and preparation of detail map. 

2.0 Major Activities  

For fulfilment of the study objectives, the major activities those have been carried out includes:   

¶ Collection of currently available remotely sensed images of recent years, georeferenced 

the images and ground truthing by field survey and classification of the satellite images 

to identify the exact locations and boundaries of wetlands. 

¶ LiDAR survey of Tanguar haor for an area of approximately 157 sq. km. for empirical 

data collection. 

¶ Classification of wetlands of Bangladesh according to their hydrological functions, 

important ecosystem, ecosystem services, physiographic characteristics and 

demography. 

¶ Identification of connectivity of haors and wetlands with adjacent river system. 

¶ Development of an inventory of wetlands along with different categorical contour 

maps.  

¶ Comprehensive stakeholder consultations to find out gap(s), and incorporating their 

suggestions for successful completion of the wetlands inventory. 

¶ Monitoring and evaluation of piloting sites to find out gap(s) in selected best 

management practices.  

¶ Finalization of wetland management framework based on their (wetlands) cluster-wise 

best management practices and piloting results.  
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3.0 Methodology 

V A total of 339 nos. of high-resolution satellite imageries have been procured from 

DigitalGlobe covering the whole country. For ground truthing and accuracy assessment 

215 nos. of GCPs, among pre-selected 250 nos., have been collected. 

V A total 10 nos. of cross ï section survey for Tanguar haor and 7 nos. of cross ï section 

survey for Hakaluki haor have been conducted. The maximum length of cross-section 

survey is 12km and the spacing between transect lines is 1200m for Tanguar haor 

whereas the maximum length of cross-section survey is 14km and the spacing between 

transect lines is 2000m for Hakaluki haor. Discharge measurements were conducted at 

4 locations on each of Tanguar & Hakaluki haor and a total of 16 nos. of measurements 

were conducted during August 2019 to September 2019 @ of 2 spells on each location. 

V LiDAR survey has been conducted on March 20, 2019 for Tanguar haor for a total area 

covered by photos is 157 sq. km. in mono coverage and 136 sq. km. in stereo coverage. 

V A total of 20 sets of surface water samples have been collected from Tanguar haor and 

Hakaluki haor area. In-situ field parameters such as pH, dissolved oxygen (DO) and 

temperature has been measured. The water samples have been tested in the laboratory 

for the parameters of Total hardness as CaCO3, Free carbon dioxide, Chemical Oxygen 

Demand (COD), Biochemical Oxygen Demand (BOD; 20°C), Turbidity, Phosphate, 

Ammonia as Nitrogen, Total Suspended Solids (TSS), Nitrate-Nitrogen (NO3-N) and 

Color.  

V In-situ field measurement parameters (such as pH, dissolved oxygen (DO) and 

temperature, Total Dissolve Solid (TDS), Turbidity, Salinity and Conductivity) of water 

quality data for Baikka beel (10 nos.) from North East wetland cluster, Borobila beel 

(10 nos.) from North Central wetland cluster, Beel Halti (12 nos.) from North Western 

wetland cluster and Baluhor Baor (16 nos.) and Borni Baor (16 nos.) from south western 

wetland cluster has been collected. 

V Data collection on Biodiversity, Fisheries Resources, Vegetation, Agricultural 

Development and Socio-economic data for Tanguar and Hakaluki Haor has been 

collected under this study for dry and wet seasons. For clustered wetlands such as 

Baikka beel, Borobila beel, Beel Halti, Baluhor Baor, Borni Baor and Kaptai lake these 

data have been collected for dry season only. 

V Collected high resolution images have been used for delineation of rivers and satellite 

images from other sources (e.g., Sentinel, Landsat etc.) have been used to delineate the 

wetlands. 

V For wetland delineation, average year (1:2.33 year) water levels in the major rivers have 

been considered. Historical time series water level data of several BWDB gauges in 

each region have been processed to find the closest date of average year flood. The 

images of that date or closest to that date have been used for wetland delineation. The 

extent of wetlands has been produced for the driest and wettest periods using the images 

extracted from Sentinel Satellite. The Sentinel-1 and Sentinel-2 image have been used 

in wetland delineation for wet and dry seasons respectively. These images were duly 
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pre-processed and later were classified in Erdas Imagine environment by using 

unsupervised classification technique. Finally, the classes resembled water were 

recoded and vectorized to get the wetland boundary for the dry and wet period. The 

connectivity of identified wetlands with their adjacent rivers has been delineated to find 

out the interaction between hoar and river ecosystem.   

V The inventory of wetlands has been prepared based on hydrological region of 

Bangladesh and the map-based outputs is in 1:10000 scale. A total 4433 nos. of maps 

have been produced to cover the whole country. The inventory is developed in tabular 

format including the location (districts, upazila, union and mouza), area and other 

physical features such as agro- ecological zone and bio-ecological zone. 

V Data Collection on Biodiversity, Fisheries Resources, Vegetation, Agricultural 

Development and Socio-economic condition has been conducted through Public 

Consultation Meetings (PCM), Focus Group Discussions (FGD), Participatory Rural 

Appraisals (PRA), Personal Interviews (PI), Key Informant Interviews (KII) and 

Household Surveys (HS) for different preselected wetlands. Here it is worth mentioning 

that fish catch data has been collected through field visits and vegetation survey has 

been conducted by field sample survey using forest inventory method. 

V The vulnerability assessment has been done as per guidelines of Ramsar Convention 

(1971) & Convention on Biological Diversity (CBD, 2006) as well as Millennium 

Ecosystem Assessment (MEA, 2005). The vulnerability assessment has been done 

considering four major issues.   The four issues are: 

a. Value Assessment: A total of four types of values have been considered to assess 

the vulnerability; these are (i) Ecological value, (ii) Economical value, (iii) 

Hydrological value and (iv) Social value.   

b. Threats Assessment: Along with the wetland values, the assessment starts with a 

standard list of threats. Two scores, one for severity of threat and one for likelihood 

of threat, are given to each threat and a simple matrix is used to give a single score. 

c. Links between Values & Threats: The matrix table determines how the threats are 

likely to impact on the values.  

d. Vulnerability Assessment: Once all of the inputôs values are entered in the matrix 

table, then the vulnerability assessment has been completed.  

Each value and threat have been given scores such as High (H), Medium (M), Low (L), and 

None (N). The final stage combines all values in a matrix to give a single value for each value 

and threat intersect, which have shown in below: 

Value Score X Link X Threat Score = Final Assessment Value 

where the scores H, M, L and N have numerical values of 3, 2, 1 and 0, respectively. So, the 

final assessment score is a number between 0 and 27. 
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4.0 Findings 

The major findings from the study can be summarized as follows: 

Delineation and Inventory of Wetlands: 

ü The total number of wetlands during wet season is about 61,780 with an area of about 

1,659,686.00ha whereas, in dry season the number of wetlands is about 32,599 with an 

area of about 284,272.8ha. The hydrological region wise summary of wetlands has been 

presented in the following table: 

Hydrological 

Region 
Season 

Number of 

Water 

Bodies 

Total Area 

of Water 

Bodies (ha) 

Reduction in Dry Season 

Area Number 

ha 

% w.r.t.  

Wet 

Season 

Nos. 

% w.r.t.  

Wet 

Season 

NW 
Wet 16,589  303,061.20  

273,380.18  90.21 9,980  60.16 
Dry 6,609  29,681.02  

NC 
Wet 4,023  146,397.50  

136,096.00  92.96 1,960  48.72 
Dry 2,063  10,301.50  

NE 
Wet 4,346  686,275.30  

659,193.70  96.05 2,368  54.49 
Dry 1,978  27,081.60  

SE 
Wet 6,733  39,294.50  

34,906.24  88.83 2,336  34.69 
Dry 4,397  4,388.26  

EH 
Wet 12,750  112,454.30  

66,804.80  59.41 1,473  11.55 
Dry 11,277  45,649.50  

SC 
Wet 4,704  47,310.00  

44,508.70  94.08 3,977  84.55 
Dry 727  2,801.30  

SW 
Wet 12,635  324,893.20  

160,524.00  49.41 7,087  56.09 
Dry 5,548  164,369.20  

Total 
Wet 61,780  1,659,686.00  

1,375,413.62  82.87 29,181  47.23 
Dry  32,599  284,272.38  

 

The dry and wet season extents of the rivers and canals in the different hydrological region has 

been presented as below: 



Study on Interaction between Haor and River Ecosystem including Development of Wetland Inventory and Sustainable Wetland Management Framework 

 

Final  Report: Volume-I  vi JV of Megatech-IWM 

Hydrological 

Region 
Season 

Length 

(km) 

Water Area 

(ha) 

Reduction in Dry Season 
Merging with Water 

Bodies in Wet Season 
River/Canal 

Connecting 

Points with 

Water Bodies 
Length 

(km) 
% 

Water Area 

(ha) 
% 

Length 

km (%)  

Wet Area 

ha (%) 

NW 
Wet 12254 131664.99 

5721 46.69 
 

85777.15 
65.15 

1,127 

(9.20) 

6570 

(4.99) 

725 

Dry 6533 45887.84 30 

NC 
Wet 6068 50161.20 

3003 49.50 
 

33231.55 
66.25 

885 

(14.58) 

6508 

(12.97) 

485 

Dry 3065 16929.65 47 

NE 
Wet 10722 74772.18 

5916 55.18 

 

34956.17 

 

46.75 
4399 

(41.02) 

34,085 

(45.58) 

1314 

Dry 4806 39816.01 58 

SE 
Wet 4637 64412.60 

2880 62.11 

 

34204.18 

 

53.11 
177 

(3.81) 

1657 

(2.57) 

490 

Dry 1757 30208.42 88 

EH 
Wet 7794 35023.12 

2822 36.21 

 

5188.55 

 

14.81 
496 

(6.36) 

2060 

(5.88) 

778 

Dry 4972 29834.57 79 

SC 
Wet 7339 182737.08 

1356 18.47 
 

21052.51 
11.52 

83 

(1.13) 

1084 

(0.59) 

206 

Dry 5983 161684.57 23 

SW 
Wet 18011 264371.17 

3720 20.65 

 

20158.35 

 

7.63 
1261 

(7.00) 

5569 

(2.11) 

1954 

Dry 14291 244212.82 316 

Total 
Wet 66825 803142.34 

25418 38.04 234568.46 29.21 
8428 

(12.61) 

57533 

(7.16) 

5952 

Dry 41407 568573.88 641 
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ü Attempt was made to digitize ponds having an area greater than 0.10ha. This effort has 

been made for capturing the complete picture of the closed water bodies in the country. 

The statistics of ponds in different hydrological region has been presented in the 

following table: 

Hydrological Region  Number of Ponds Total Area of Ponds (ha) 

North Western 151985 44636.55 

North Central 82209 22206.75 

North Eastern 54026 13079.26 

South Eastern 6808 4416.86 

Eastern Hill 32309 7857.66 

South Central 41899 8697.13 

South Western 62220 15885.91 

Total 431456 116780.12 

 

ü Most of the area of wetlands in Bangladesh falls under the category of Ganges tidal 

floodplain (41.37%), which is followed by high Ganges River floodplain (12.87%) and 

then Northern and Eastern hills (10.86%). The minimum area of wetland covers 

Akhaura terrace (0.01% of the total wetland area). It can also be concluded that about 

65.45% area of wetlands is under three dominant agro-ecological zones namely Ganges 

tidal floodplain, Ganges River floodplain and Northern and Eastern hills.  

ü The study reveals that   Saline Tidal Floodplain covers about 38% of the total wetland 

area in Bangladesh. The Chittagong Hills and CHTs is the 2nd highest bio-ecological 

zone which covers about 37,322 ha (13%) of total wetland area which is followed by 

Ganges Floodplain (10%). The study also indicates that Chakaria Sundarban zone 

contains the minimum wetland area (only 17 ha). 

Interaction between Haor and River Ecosystem:  

Haor is a unique aspect of the low-lying geo-diversity of eastern part of Bangladesh, which 

appears as a bowl or saucer shaped shallow depression. During monsoon, haor area receive 

huge surface runoff water from river systems, become a vast unit of waterbody and   turn into 

a inland seas within which the villages/population centers appear as islands. During winter, 

most of the haor area dry up and turn into a vast stretch of green land with mainly paddy crop. 

Three major river systems govern in the haor area inside Bangladesh: The Surma-Baulai, the 

Kalni-Kushiyara and the Kangsa-Dhanu. The Surma is the main river of this system which fed 

by Barak River of India. The Baulai is another important river of this system which flows 

entirely within Bangladesh. Major tributaries of Surma-Baulai river system are Sarigowain, 

Piyan, Dhalagang, Chela, Jalukhali, Jadukata and Someswari rivres. This river system meets 

the Kalni-Kushiyara system at downward part of haor basin at Bajitpur upazila of Kishoreganj 

district. The main left tributaries of Kushiyara river are Sonai-Bardal River, Juri river and Manu 

River. The combined flow of the Dhanu River and Baulai River forms the Ghora-Utra River. 

https://en.wikipedia.org/wiki/Depression_(geology)
https://en.wikipedia.org/wiki/Monsoon
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These river systems have been carrying runoff water of nearby Himlayan hill to haor of Sylhet, 

Sunamganj, Habiganj, Moulvibazar, Kishoreganj, Netrokona and Brahmanbaria districts which 

make a core haor area. These river systems of haor basin flow through the Meghna River at the 

end of haor basin at Bhairab upazila of Kishorganj district. 

Haor ecosystem also consists of two major components, biotic or living components and non- 

biotic or nonliving components accordingly. In these ecosystem, biotic components include 

plants like phytoplankton, aquatic weeds and higher vegetation; animals like fishes, birds, 

amphibians, reptiles and decomposers (microorganisms). Nonliving components include 

air, clean water, land with clay soil etc. in the ecosystem.  

Backwater from the Surma-Jadukata-Baulai River system intrudes the haor in pre-monsoon. 

Simultaneously, rainwater from the Meghalayan hilly areas flows into the haor through a good 

number of small streams. This rainwater trapped for 6-7 months in the monsoon in haor basin 

and make the haor as an inland sea. In winter and dry season, trapped water in beels and rivers 

is the main source of water of haor basin, because groundwater is unavailable at the region. 

This surface water has been becoming insufficient for irrigation and fish and aquatic animal 

habitat. Boro rice in haor area is exposed to water stress in the reproductive and grain growth 

stages due to lack of adequate irrigable water and infrastructure facilities for water conveyance 

and distribution. On the other hand, increasing water depth and flow are extremely essential 

for the depleted rivers, canals and beel areas for proper migration and better survival of gravid 

and juvenile stocks. Proportional sharing of surface water for irrigation and fisheries resources 

is very much important for the haor ecosystem. So, increasing water holding capacity in beels, 

canals and rivers and protecting fish and aquatic animal habitat is also important for improving 

ecosystem services. Haorôs morphological shape, topography, inter-connectivity among the 

water bodies, shallow and deep levees/ridges, emergent vegetation, reed lands and swamp 

forest serve as the most prolific ground for breeding, nursing, grazing and sheltering place for 

fish species. Haor falls under freshwater wetland and have a unique freshwater ecosystem 

where biotic components and abiotic components interact with each other at various trophic 

level. Its low sediment, nutrient enriched and less turbid and transparent water facilitates 

photosynthesis process that promotes huge phytoplankton growth. The rich nutrient content 

with good water quality of haor wetland promotes the growth of zooplankton, bentho-

zooplankton and periphyton. The reeds, grass, and emergent vegetation, rivers and streams 

facilitate breeding and hatching process of the fish species. The interactions within 

communities of organisms at population and community level play a key role in determining 

the stability and resilience of the ecosystem. Communities are structured by multiple biotic 

processes, and external conditions may strongly influence the outcome.  

Tanguar Haor has lentic (still) water, and its associated rivers have lotic (flowing) water. Three 

rivers such as Jadukata River, Baulai River and Patnai River have been identified that have 

direct connection with Tanguar Haor. It has known from stakeholder consultations that 

upstream water, from more than 30 streams of Meghalaya Hills of India, also enters in the 

Tanguar Haor in the rainy season and enriches its ecosystem.  

https://en.wikipedia.org/wiki/Sunamganj_District
https://en.wikipedia.org/wiki/Habiganj_District
https://en.wikipedia.org/wiki/Maulvibazar_District
https://en.wikipedia.org/wiki/Kishoreganj_District
https://en.wikipedia.org/wiki/Netrakona_District
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Like Tanguar Haor, Hakaluki Haor has also lentic (still) water and its associated rivers have 

lotic (flowing) water. A total of five rivers namely (i) Juri / Kantinala River, (ii) Sonai / Bordol 

River, (iii) Damai River, (iv) Fanai River and (v) Kuiachara River, have direct connection with 

the Hakaluki Haor.  

The fish population dynamics of Tanguar Haor is intensively influenced with the hydrological 

regime of this wetland. Fish movement occurs beel to beel and migration occurs beel to river 

or vice-versa. In Tanguar Haor, migration takes place beel to beel through a river, Tanguar 

Haor to the Surma River, Tanguar Haor to the Jadukata River or vice-versa.  

In Tanguar haor, in the pre-monsoon, major carps like Rui, Catla and Mrigel go long distances 

to find suitable place and environment for breeding. The fertilized eggs roll down with river 

current and within 4 daysô time they enter the floodplain adjacent to the river (Ahmed, 2015). 

Minor carps, catfishes and barbed fish species move to the flowing rivers/streams/ canals and 

breed in the shrubs/grasses of the adjacent levees/ridges in the early monsoon. At least 4 nos. 

of fish breeding spots have been identified in Tanguar haor such as Nazarkhali Khalerbak/ 

Bhanga, Bagmara Kanda, near the right bank where bend and deeper part is there- Alamer 

Duar, Shoshan Kanda, Chhara beel- Koraibari stream. 

From the river Kushiyara, there are frequent upstream movement of fish towards the beels and 

tributaries of Hakaluki haor. The beels in Hakaluki haor provide winter shelter for the mother 

fisheries. In early monsoon these mother fisheries produce millions of fries for the entire 

downstream fishing communities.  

The major eco-components of faunal biodiversity of haor ecosystem are Amphibia, Reptile, 

Aves and Mammal, whose require both water and land. Based on macro-scale assessment via 

field observation and literature review, the travel distance varies among the species, and in 

general, maximum travel distances of some amphibian (terrestrial & aquatic), reptilian, avian 

and mammalian species could be in between 300m to 500m, 0.5km to 1.0km, 2.0km to 4.0km 

and 2.0km to 5.0km respectively from the wetlands. So, upto 5.0km peripheral distance of haor 

area could be consider under haor ecosystem for the probable home range/ecosystem boundary, 

needed for the biodiversity of the species.  Moreover, haor wetlands are a sanctuary of 260 fish 

species, 259 species of birds, 40 reptiles, 29 mammals and amphibians, and 300 flowering 

plants (Byomkesh et al., 2009; CEGIS, 2012a). Haor wetlands are the main breeding and 

feeding habitats for fish species. Haor is a great reservoir of aquatic biological resources and 

acts as the ecological safety net to the nature as well as to the dwellers of the haor. These 

resources are grass, reeds, submerged plants, mollusks, fishes, turtles, birds and the swamp 

forests. 

The rural livelihoods of haor area get more economic benefits from the haor ecosystem services 

during monsoon and post-monsoon months. But this ecosystem services have been becoming 

insecure to the communities of the haor area. So, the communities are increasingly diversifying 

their livelihood strategies to non-ecosystem services sectors for better economic security.   
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LiDAR Survey, Hydrological Survey and Water Quality: 

ü The data of LiDAR survey is significantly useful to delineate the boundaries of the 

wetlands accurately in comparison with the high-resolution satellite image analysis.  

ü The bathymetric survey results reveal that the lowest bed level of the Tanguar haor and 

Hakaluki haor is -3.164mMSL and -0.914mMSL respectively. 

ü The discharge varies from 3.02m3/s to 33.91m3/s for Tanguar haor and 4.12m3/s to 

261.22m3/s for Hakaluki haor whereas, the velocity ranges from 0.005m/s to 0.057m/s 

for Tanguar haor and 0.028m/s to 0.67m/s for Hakaluki haor. 

ü pH value of collected surface water samples varies from 6.4 to 8.62 in the Tanguar haor 

area whereas, for Hakaluki haor area it ranges from 6.63 to 7.4. In most of the cases the 

values are within the range of Bangladesh drinking water standard. 

ü The Dissolved Oxygen (DO) content value of the collected samples ranges from 

7.68mg/l to 8.8mg/l for Tanguar haor whereas it varies from 5.27mg/l to 8.28mg/l for 

Hakaluki haor areas. In context of Bangladesh drinking water standard, the DO value 

of Tanguar haor and Hakaluki haor exceed the limit except at one location of Hakaluki 

haor area.    

ü The laboratory analysis of collected water sample reveals that Total Hardness as CaCO3 

varies from 27mg/l to 48mg/l for Tanguar haor and 14.9mg/l to 19mg/l for Hakaluki 

haor and all the values are below Bangladesh drinking water standard. 

ü Biochemical Oxygen Demand (BOD) ranges between 2.8mg/l to 6mg/l for Tanguar 

haor and 3mg/l to 4.2mg/l for Hakaluki haor whereas, Chemical Oxygen Demand 

(COD) varies from 6mg/l to 20mg/l for Tanguar haor and 5mg/l to 8mg/l for Hakaluki 

Haor. The turbidity values range from 1.43NTU to 5.25NTU for Tanguar haor and 

1.54NTU to 59.4NTU for Hakaluki haor area. 

Biodiversity Study:  

Faunal diversity is decreasing due to non-visible management of wetlands. Few avian 

diversities are noticeable mainly in winter season including few migratory birds.  

Many other types of biodiversity always exist there and play a vital role in the existing natural 

environment. The identified faunal species at different wetland have been divided into four 

biological classes namely amphibia, reptilia, aves and mammalia. All identified faunal species 

play a vital role for balancing the existing ecosystem via intra-ecological and inter-ecological 

niches. Some species use the areas as their permanent habitat, while others use as temporary 

habitat. Findings of inventory on faunal biodiversity is presented below: 

Wetland Species Present Study 

Amphibia Reptilia Aves Mammalia 

Tanguar haor 8 16 76 12 

Hakaluki haor 8 23 131 16 

Kaptai Lake 12 32 104 39 
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Wetland Species Present Study 

Amphibia Reptilia Aves Mammalia 

Baluhor Baor 7 12 59 12 

Borni Baor 7 18 65 11 

Borobila Beel  9 15 52 12 

Baikka Beel 6 11 69 9 

Beel Halti 5 12 54 9 

Wetland faunal biodiversity degradation or loss is primarily related with human interactions 

with natural resources. However, biodiversity of haor and wetlands has been depleting due to 

the following factors/reasons: 

¶ Habitat loss and fragmentation 

¶ Over exploitation of natural resources 

¶ Hunting and poaching 

¶ Fishing and aquaculture 

¶ Agricultural practice 

¶ Siltation on Haor/wetlands/Rivers 

¶ Tourism 

¶ Natural calamities and climate change 

¶ Invasive exotic species 

¶ Diseases 

¶ Pollution 

Fisheries Study: 

ü In case of Tanguar haor, commonly numbers of available, moderately available, less 

available, rarely available and not available species are respectively 14, 16, 17, 16 and 

8. Similarly at Hakaluki haor, the numbers of species of commonly available, 

moderately available, less available, rarely available and not available respectively are 

17, 17, 21, 12 and 11. In both the haors, the less available and rarely available species 

can be considered as vulnerable species, which will be threatened and endangered 

within a couple years. IUCN Bangladesh (2003) found 32 nationally threatened 

freshwater fish species in the Hakaluki haor, which was a positive indicator of declining 

fish biodiversity in that aquatic ecosystem. 

ü About 8 nos. of fish species are not available during dry season in Tanguar Haor such 

as Nanid (Labeo nandina), Mohashaol (Tor tor), Gangmagur (Plotosus caniu), Chittal 

(Notopterus chitala), Shilon (Silonia silondia), Deshi Pangus (Pangasius pangasius), 

Baghair (Bagarius yarrellii) and Rita (Rita rita). During wet season, 8 nos. of fish 

species are not available in Tanguar Haor such as Nanid (Labeo nandina), Mohashaoal 

(Tor tor), Deahi Pangus (Pangasius pangasius), Gangmagur (Plotosus caniu), Shilon 
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(Silonia silondia), Along (Megarasbora elanga), Ilish (Tenualosa ilisha) and Baghair 

(Bagarius yarrellii). 

ü In Hakaluki haor, 14 nos. of fish species are not available in dry season such as Nanid 

(Labeo nandina), Mohashal (Tor tor), Gangmagur (Plotosus caniu), Chittal 

(Notopterus chitala), Shilon (Silonia silondia), Deahi Pangus (Pangasius pangasius), 

Baghair (Bagarius yarrellii), Rita (Rita rita), Ilish (Tenualosa ilisha), Borali (Barilius 

barila), Fasha, Along (Megarasbora elanga), Posuti Punti (Oreichthys cosuatis), 

Baspata (Paramugil parmatus). In wet season, 14 nos. of fish species are not available 

in Hakaluki haor such as Nanid (Labeo nandina), Mohashoal (Tor tor), Deshi Pangus 

(Pangasius pangasius), Gangmagur (Plotosus caniu), Shilon (Silonia silondia), Along 

(Megarasbora elanga), Borali (Barilius barila), Kosuti punti (Oreichthys cosuatis). 

ü In Kaptai Lake, numbers of commonly available, moderately available, less available, 

rarely available and not available species respectively are 10, 14, 21, 9 and 4. Both less 

available and rarely available species can be categorized as vulnerable species, which 

is sharing 56% of species (39% less available + 17% rarely available species) are in 

alarming stage; those are on the way to be endangered within few years of time. 

ü Category wise availability of fishes at both Baluhor Baor and Borni Baor shows that, 

in both cases there are major proportions of these fish species become vulnerable, which 

are in the line of critically threatened or endangered soon or later.  

ü The trend of availability of vulnerable species (both less available + rarely species) and 

declining species biological diversity are very close between Baikka Beel and Beel 

Halti. Although at Borobila Beel number of vulnerable species having lower trend but 

huge vegetative growth at shallow water depth of the beel ecosystem during dry/winter 

season occurred huge mortality of the existing fish stocks due to deterioration of water 

quality parameters viz. dissolved oxygen, pH, alkalinity and hardness etc. 

ü No visible haor management practice exists either from any side of GoB or NGOs 

except Baikka beel. Local people do not get easy access to collect haor resources. 

Powerful people take advantage and take its resources unprofessionally, and thus, 

destroy its resources. Peripheral villagers and outside peoples are collecting natural 

resources from haor indiscriminately that ultimately damage the haor entity and its 

fisheries resources.  

ü At least 4 nos. of breeding spots have been identified in Tanguar haor such as 

Nazarkhali Khalerbak/ Bhanga, Bagmara Kanda, near the right bank, where bend and 

deeper part is there- Alamer Duar, Shoshan Kanda, Chhara beel- Koraibari stream. 

ü A total of five fish sanctuaries have been identified in Tanguar haor, which are Rupaboi 

beel Fish Sanctuary, Rowa beel Fish Sanctuary, Tekunna beel Fish Sanctuary, 

Ballardubi beel Fish Sanctuary and Alamer Duar River Fish Sanctuary. 
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ü Hakaluki haor is also identified as important for fish sanctuaries. Takuni beel, Moishar 

Dhak beel, Ronchi beel, Bhuterkona beel, Lampang beel and the confluence of Juri 

River are the mentionable fish sanctuaries. 

Vegetation (Plant) Survey: 

ü A total of 52 species under 30 families were found in the Tanguar haor sites from 61 

plots and of total 24400m2 area during the first survey period (dry season) and 54 

species were found from 51 plots of wet season. Amid of them, Moraceae switched 4 

species, Fabaceae clicked 10 species and Meliaceae family carried out 3 species 

respectively, rest of the species had gone to several families. 

ü A total of 28 species were found in the Hakaluki haor sites from 50 plots and of total 

20000m2 area during dry season and 34 species were found in wet season from 53 plots. 

Amid of them, Moraceae switched 4 species, Fabaceae clicked 5 species and Meliaceae 

family carried out 2 species respectively, rest of the species had gone to several families. 

ü The study found the tree vegetation diversity in the mid-range as the Shannon index is 

around 0.54 in range of (0 to 1) for both the Tanguar haor and Hakaluki haor. 

ü The Mean above-ground, below-ground and Total Biomass Carbon (TBC) of the 

Tanguar haor areas were 21.37913 Ton per ha, 4.55077 Ton per ha and 25.92991 Ton 

per ha respectively and 28.01954 Ton per ha, 5.56763 Ton per ha and 33.58718 Ton 

per ha respectively for Hakaluki haor area. 

ü The study found 6 trees species and 4 shrub species in the sample plots of the Ratargul 

swamp forest. The forest is mostly dominated by Barringtonia acutangula (Hijol), 

Millettia pinnata (Koroch) and Crataeva magna (Barun). Among the shrub Murta is 

the most common plant found in the forest, which also have great importance for 

cottage industry in the region. 

ü The study found the tree vegetation diversity not rich as the Shannon index is around 

0.27 in range of (0 to 1) and mean above-ground, below-ground and Total Biomass 

Carbon (TBC) were 26.20 Ton per ha, 5.34 Ton per ha and 31.54 Ton per ha 

respectively for Ratargul swamp forest. 

ü The vegetation study of Baikka beel reveals that 16 trees species and 3 shrub species 

were present in the sample plots of the area. The forest is mostly dominated by 

Barringtonia acutangula (Hijol), Millettia pinnata (Koroch), Terminalia arjuna 

(Arjun), Ficus bengalensis (Bot), Trewia polycarpa (Pitali), Albizia lebbeck (Koroi) 

and Lagerstroemia speciosa (Jarul). Among the herbs and shrubs Typha elephantiana 

(Hogal) and Arundo donax (Nal Khagra) are the most common plant found in the 

wetland. However, it is recorded that Murta was present there but now no longer exist. 

ü The tree vegetation diversity is quite good as the Shannon index is around 0.68 in range 

of (0 to 1) and mean above-ground, below-ground and Total Biomass Carbon (TBC) 
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were 23.83 Ton per ha, 4.94 Ton per ha and 28.77 Ton per ha respectively for Baikka 

beel. 

ü The study found 23 trees species and 2 shrub species in the sample plots of Borobila 

beel area. The forest is mostly dominated by Psidium guajava (Peyara), Samanea 

saman (Raintree), Swietenia mahagoni (Mahogany), Ficus bengalensis (Bot) Trewia 

polycarpa (Pitali), Artocarpus heterophyllus (Kanthal), Mangifera indica (Aam), 

Albizia lebbeck (Koroi) and Lagerstroemia speciosa (Jarul). Among the herbs and 

shrubs Typha elephantiana (Hogal) and Saccharum spontaneum (kash ful) are the most 

common plant found in the Borobila beel. 

ü The study found the tree vegetation diversity is quite good in Borobila beel as the 

Shannon index is around 0.72 in range of (0 to 1). The mean above-ground, below-

ground, and Total Biomass Carbon (TBC) in Borobila areas were 21.44 Ton per ha, 

4.45 Ton per ha and 25.89 Ton per ha respectively. 

ü The study found 23 trees species and 2 shrub species in the in the sample plots of the 

Beel Halti area. The vegetation is mostly dominated by Swietenia mahagoni 

(Mahogany), Ficus bengalensis (Bot), Trewia polycarpa (Pitali), Artocarpus 

heterophyllus (Kanthal), Mangifera indica (Aam), and Borassus flabellifer (Tal). 

Among the herbs and shrubs Motmote, Chitki and Ipomoea carnea (Dhol kolmi) are 

the most common plant found in the Beel Halti area. 

ü The tree vegetation diversity is quite good as the Shannon index is around 0.53 in range 

of (0 to 1) for Beel Halti area. The study also shows that the mean above-ground, below-

ground and Total Biomass Carbon (TBC) of the Beel Halti area were 42.67 Ton per ha, 

8.07 Ton per ha and 50.74 Ton per ha respectively 

ü The vegetation around the Baluhor Baor is classified under village homestead forest 

and are mostly privately owned.  The study found 32 trees species and 2 shrub species 

in the sample plots of the area. The vegetation is mostly dominated by Swietenia 

mahagoni (Mahogany), Ficus bengalensis (Bot) Trewia polycarpa (Pitali), Artocarpus 

heterophyllus (Kanthal), Mangifera indica (Aam), Acacia auriculiformis (Akashmoni) 

and Acacia catechu (Khoi Babla). Among the herbs and shrubs Typha elephantiana 

(hogla), and Ipomoea carnea (Dhol kolmi) are the most common plant found in the 

wetland. 

ü The study found the tree vegetation diversity very rich as the Shannon index is around 

0.90 in range of (0 to 1) for Baluhor baor. Mean above-ground, below-ground, and Total 

Biomass Carbon (TBC) of the Baluhor baor areas were 44.12 Ton per ha, 7.86 Ton per 

ha and 51.97 Ton per ha respectively. 

ü The study found 29 trees species and 2 shrub species in the selected plots of the Borni 

baor area. The vegetation is mostly dominated by Swietenia mahagoni (Mahogany), 

Trewia polycarpa (Pitali), Artocarpus heterophyllus (Kanthal), Mangifera indica 

(Aam), Acacia auriculiformis (Akashmoni) and Albizia procera. Among the herbs and 
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shrubs Saccharum spontaneum (kash ful), Typha elephantiana (hogla), and Ipomoea 

carnea (Dhol kolmi) are the most common plant found in the wetland. 

ü The study found the tree vegetation diversity rich as the Shannon index is around 0.69 

in range of (0 to 1) for Borni baor area. Mean above-ground, below-ground, and Total 

Biomass Carbon (TBC) of the Borni baor area were 27.43 Ton per ha, 5.13 Ton per ha 

and 32.56 Ton per ha respectively. 

ü The study has recorded 52 species and 487 woody individuals along with 4 species of 

bamboos in the sampling plot of Kaptai lake. The vegetation is mostly dominated by 

Gmelina arborea (Gamar), Dipterocarpus turbinatus (Garjan), Artocarpus chaplasha 

(Chapalish), Albizia lebbeck (Koroi), Hopea odorata (Telsur), and Syzygium   grande 

(dhaki Jam). Out of the 4 bamboo species, Melocanna baccifera (Muli Bansh) is the 

most common species. Byttneria aspera, Sterculia balanghas, Physalis angulate and 

Macaranga peltata are among the climbers, shrubs found in the sample plots. 

ü The study found the tree vegetation diversity rich as the Shannon index is around 0.78 

in range of (0 to 1) for Kaptai lake. Mean above-ground, below-ground, and Total 

Biomass Carbon (TBC) of the Kaptai lake areas were 50.72517 Ton per ha, 8.48571 

Ton per ha and 59.21089 Ton per ha respectively. 

ü The study findings indicate that the vegetation structure and diversity is changing over 

the time. Though the species diversity in different site is still healthy but the distribution 

or spread of different tree species is not healthy, i.e.  a number of species are found 

abundantly but many indigenous species are sporadically found.  

ü  Another important finding is that local people are replacing the indigenous 

multipurpose tree species (like Palash, Shimul) by high yielding timber producing tree 

species (like, Mahaguni and Akash moni). This replenish of vegetation around the 

wetlands like Baor and Beels is hampering the balance of the microclimate and habitat 

of wildlife especially indigenous and migratory birds. Additionally, removal of trees 

from large wetland like Tanguar and Hakaluki haor is also a major issue for health 

wetland management.  

Agriculture  Study: 

Hakaluki and Tanguar haor basin is entirely single cropped area and the only crop grows is 

Boro rice. However, in the ridges along rivers, there are very minor double cropped areas as 

well. About 80% cropped area of Borobila beel is planted to single Boro rice in Boro ï Fallow 

- Fallow cropping pattern and only 20% area is covered by Boro ï Fallow ï T. Aman rice 

cropping pattern. Boro rice is the main crop in Beel Halti area. However, some other Rabi crops 

such as mustard, onion, potato, wheat, groundnut and some winter vegetables are also grown 

but to a limited extent.  

Surface water is the primary source of irrigation of Boro rice in haor basins. However, in 

adjoining higher elevations (medium lowland to highland), ground water is used in crop 



Study on Interaction between Haor and River Ecosystem including Development of Wetland Inventory and 

Sustainable Wetland Management Framework 

Final  Report: Volume-I  xvi JV of Megatech-IWM 

irrigation mainly by using Shallow Tube Well (STW). About 95% of Boro area is irrigated by 

STWs within the Borobila beel area. The main source of irrigation water in Beel Halti area is 

STW that covers about 88% of the total area. Deep Tube Well (DTW) covers 10% and a 

minuscule of 2% by Low Lift Pump (LLP).  

The issues those have been observed at different haors and beels during the RRA/FGD 

exercises with the farmers are listed below: 

ü Vulnerability to Early Flash Flood in Haor Area: Boro rice, being the only crop grown 

in haor basin is vulnerable to early flash floods due to sudden heavy rainfall within and 

outside haor basin as well in upstream beyond the boarder. In case early onset of 

monsoon, early flash flood is almost inevitable causing total crop damage.  

ü Scarcity of Irrigation Water in Haor Area: Only 19-20 percent of Boro land is irrigated 

in Hakaluki haor and Tanguar haor areas. Though haors remain submerged for about a 

half the year, Boro rice is exposed to water stress in the reproductive and grain growth 

stages due to lack of adequate irrigation water and well-planned infrastructure facilities 

for water conveyance and distribution. This adds to the uncertainty of the crop and risk 

of crop failure causing discourages investment for crop. 

ü Poor Technical Knowhow: Due to inaccessibility of the area and lack of communication 

facilities, farmers have minimal access to modern technological opportunities and 

extension services, which makes the farmers dependent on traditional practices of crop 

production and management.  

ü Low Input Use in Boro Production: Boro rice is the only crop for livelihood for most 

of farming community of haor area. Farmers make efforts to cover all their lands with 

Boro rice even it is beyond their capacity of resource use to manage it well in terms of 

resource use to increase yield and productivity.  

ü Blast Disease in BRRI dhan 28: Being of short duration HYV, farmers widely use BRRI 

dhan 28 to avoid early flash flood. However, due to long exposure of the variety in the 

area, it has become susceptible to Rice Blast disease. For last few years Blast disease 

has emerged as havoc causing serious yield loss of Boro rice. 

ü Labor Crisis at Planting and Harvesting Time: In the present ecological context, 

farmers have to transplant and harvest Boro rice within a short period of time, which 

could be solved by mechanization of planting and harvesting. In absence of mechanized 

planting and harvesting scope farmers are dependent of hired labor coming from 

adjacent districts to carry out these vital operations. Labor shortage is also a cause of 

inefficiency in this regard.  

ü Over a long period, gradual siltation has significantly raised the bed of Borobila beel 

resulting reduced water depth at peak time of water demand. Re-excavation, at the 

bottom would increase the depth and duration of water, help maintain water quality, 

increase fish productivity as well as other aquatic agricultural production practices. 



Study on Interaction between Haor and River Ecosystem including Development of Wetland Inventory and 

Sustainable Wetland Management Framework 

Final  Report: Volume-I  xvii JV of Megatech-IWM 

ü Use of rice transplanter and reaper in muddy lands (with plastic wheels) would reduce 

labor cost, ease and shorten the time for both the operations the beel area. 

ü The aquatic weeds seem to be the main cause of degradation of water quality in the 

Borobila beel because of their decomposition under water which, may otherwise be 

used for composting and/or preparing beds for floating agriculture. 

ü Construction of sluice gates at Golaper Embankment and Boro Khal point of Borobila 

beel would help to regulate water in managing flood and drainage and thus minimize 

crop damage and facilitate timely planting of Boro rice. 

ü The management of Borobila beel, especially the Khash land at the bottom is 

traditionally leased out to businessmen who exploit the water body without considering 

its sustainability and biodiversity. Vesting the management of Khash water body to 

concerned farmers and fishermen would help improve productivity of aquatic 

resources, improve water quality and sustainability of biodiversity. 

ü The canal connecting the beel Halti with Banar River need to be re-excavated to 

maintain continued flow of water throughout the year from the beel. 

ü The Banar River need to be excavated to maintain the stream flow towards larger 

flowing rivers and thus allowing quicker recession of the monsoon water from the beel. 

ü Beel Halti may be excavated at Government (KHASH)  part of its basin and put the 

excavated earth on croplands and thus elevating the same providing facilities i) for 

multiple crops, ii) early Boro crop, iii) accommodate early monsoon flood and save the  

crops, iv) promote more fishery wealth, v) to maintain a deeper part as fish sanctuary 

to protect and regenerate fish species and breeding, vi)  protect the eutrophication and 

water quality, vii) attract tourists with maintained beauties with different suitable 

aquatic plants, local and guest birds, plants, fish species, fish catches, boat fairs and so 

on. 

ü The beel may be protected from inflow of soil and other ingredients by constructing 

embankments. Walkway with beautiful hedge and locally adopted extinct plants species 

in the embankment will attract tourists that, can be a source of income generation. 

ü A fish sanctuary may be maintained for enriching aquatic production and farmerôs 

income. 

ü Construction of sluice gates has become essential at Golaper Bandh (Embankment) and 

Boro Khal (canal) point to control water pressure of the beel. 

ü The management of the beel needs to be with the concerned farmers and fishermen 

instead of leasing to businessmen who exploit the water body without considering itsô 

sustainability and biodiversity. 

ü Use of rice transplanter and reaper in muddy lands (with plastic wheels) would reduce 

labor cost, ease and shorten the time for both the operations. 
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ü The aquatic weeds seem to be the main cause of degradation of water quality because 

of their decomposition under water which, may otherwise be used for composting 

and/or preparing beds for floating agriculture. 

Social Study: 

Socioeconomic status of the study area has been analyzed through primary and secondary 

information respectively. The male female ratio (Number of males per 100 female) of Tanguar 

Haor area is 100:91. In case of Hakaluki Haor, it is found that, male female ratio is 100:86. 

Male female ratio of Beel Halti is 100:85.  

According to the survey findings literacy rate (7 years and above) of Tanguar Haor area is 

68.1% (68.7% Male and Female 67.4%). Among literate people, 37.4% completed primary 

level, 3.6 % secondary level, 1.6 higher secondary level and only 0.5% completed graduation 

level. In case of Hakaluki Haor, it is found that about 94.6% (96.0% Male and Female 92.8%). 

Among literate people, 44.2% completed primary level, 10.4 % secondary level, 5.0 higher 

secondary level and only 1.2% completed graduation level. In case of Beel Halti area literate 

people, 23.2% completed primary level, 14.5% secondary level, 11.7% higher secondary level 

and only 4.2% completed graduation level. 

The major occupation of the household head and other adult members of the family of Tanguar 

Haor are farmers, day laborer, fisherman, business, and service etc. According to the survey 

findings about 66.4% households are living under poverty level in the Tanguar Haor area. In 

terms of water and sanitation about 99.7% drinking tube-well water and 66.3% use sanitary 

latrine. In case of Hakaluki Haor, farmers, day laborer, fisherman, business, and service etc. 

According to the survey findings about 19.0% households are living under poverty level in the 

Hakaluki Haor area. In terms of water and sanitation, 99.4% drinking tube-well water and 

95.8% use sanitary latrine. In Beel Halti area, major occupation is farmer, day labor, service 

and Van/Easy Bike driver. About 19.0% households are currently living below poverty level. 

All of the people drinking tube-well water and use sanitary latrine in Beel Halti area. 

According to the study findings the agricultural land is reducing day by day due to change of 

economic activity, livelihood pattern and scarcity of water.  The land class is changing from 

agricultural to homestead, pond, business center, etc. Gradually the rate of water pollution is 

increasing due to use of hanging latrine, oil released by boat, coal transportation, insecticides, 

waste comes from hills, rotten forests, duck rearing, etc. 

Respondents recommended the following for the haor development: 

¶ Construction of embankment to protect against flash flood in haor area; 

¶ Prohibited duck rearing in the open water; 

¶ Stop catching fish throughout the year specially during the breeding season of fishes; 

¶ Ensure financial support for the actual fishermen for certain (nonproductive) period; 

¶ Lease the haor to the actual fishermen in and around the area; 
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¶ Building awareness among the people of haor area; 

¶ Develop communication for haor area, for easy movement inside the haor and other 

urban areas; 

¶ Arrange and conduct training on haor resource management; 

¶ Initiative for eco-tourism development in the haor area and 

¶ Develop fish and bird sanctuary in the haor;  

Wetland Management Framework: 

The study proposes a participatory collaborative management regime for the wetlands of 

Bangladesh. A bottom up approach has been proposed in the decision-making process 

regarding wetland management. Six-tier committees from local level to national level for 

wetland management have been proposed such as i) Wetland Management Groups (WMG), ii) 

Union Wetland Management Forum (UWMF), iii) Upazila Wetland Management Committee 

(UWMC), iv) District Wetland Management Committee (DWMC) v) Executive Committee 

for Wetland Management (ECWM) and vi) National Council for Wetland Management 

(NCWM). The specific role for each tier also has been proposed. Relevant stakeholders i.e. 

governmental agencies (Department of Bangladesh Haor and Wetlands Development, 

Department of fisheries, Forest department, Department of agriculture, civil administration), 

technical expertise, elected representatives (local government), users of the wetlands, local 

elites (religious leader, teachers etc.), relevant entrepreneur, civil society representative, 

journalist and NGO representative  will  be the participating actors in different tiers of the Co-

management/ collaborative management organizations.  

The management of wetlands ecosystem consists of the following, inter alia, (i) Revenue 

Collection; (ii) Fisheries Management, (iii) Controlling illegal fishing, and (iv) Ecosystem 

Restoration. The wetlands should not be leased rather it is proposed to be on the basis of sharing 

the benefits from the fish production.  Under this study the ratio of share of fishery production 

is proposed for the three stakeholders, namely fishermen (harvester) 40%; community group 

45% (to bear cost related to wetland management interventions and group expenses) and the 

Government 15% as revenue. All development interventions should be conducted by the 

Government. The proposed ratio of share has to be finalized by UWMC.  

Proposed Interventions for Wetland Management Framework: 

¶ Establishment of effective sanctuaries for fish, wild animals and birds for the entire 

haor area 

¶ Implement dredging of rivers, canals and beel areas for higher water depth and better 

water storage and flow.  

¶ Construction of eco-friendly water control structures 

¶ Suitable tree plantation like hijol and koros trees along the haor dyke and embankments.  

¶ Habitat restoration 

¶ Control of pollution 
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¶ Stocking fish/aquatic animals with native and endangered species, 

¶ Control of illegal fishing gears / destructive fishing activities 

¶ Protection of spawning and nursery ground 

¶ Alternative income generation for the fishermen during fish breeding and fish banning 

period 

Clustering of wetlands has been introduced based on hydrological regions of Bangladesh. The 

hydrological regions are North West (NW), South West (SW), North East (NE), North Central 

(NC), South Central (SC), South East (SE), Eastern Hills (EH), River and Estuary Region (RE). 

The suitable interventions for wetland management for different clustered wetlands has been 

proposed based on existing problems, facilities and requirement. 

5.0 Recommendations  

The major recommendations those have been made under this study can be summarized as 

below:   

ü The vulnerability assessment has been done for Tanguar haor under this study as per 

guidelines of Ramsar Convention (1971) & Convention on Biological Diversity (CBD, 

2006) as well as Millennium Ecosystem Assessment (MEA, 2005), and which has to 

be replicated for the major and critical wetlands in Bangladesh through detailed data 

collection. 

ü Effective monitoring program on indiscriminate harvesting of fish, fish fry, fish egg 

and other natural resources from the wetlands throughout the year from GoB as well as 

to ensure punishment for violation of management rules to be ensured. 

ü To protect indiscriminate harvesting of fish, fish fry, fish egg and other natural 

resources from the wetlands throughout the year it is suggested to ensure effective 

monitoring programme for GoB and to introduce punishment for violation of 

management rules.  

ü Faunal diversity is decreasing due to non-visible management of wetlands. It is 

suggested to ensure the best adaptive management practice on wetlands & its resources 

by involving peripheral villagers, as the villagers could play a vital role to stop over 

harvesting of natural resources, illegal hunting of wild life species, over harvesting of 

fishes and other aquatic resources, etc. 

ü It is strongly recommended that the co-management systems should be continued, 

enhanced and re-adopted as the integrated Best Wetland Management Practices 

(BWMPs) by GoB and concerned departments and ministries in coordinated way to 

restore threatened natural ecosystem habitat and conserve fish biological diversity at 

Tanguar Haor and Hakaluki Haor. 

ü Dredging is highly recommended for depleted rivers, canals and beel areas for 

increasing water flow and water depth for proper migration and better survival of gravid 

and juvenile stocks throughout the year. 
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ü For the protection and restoration of Haor & River Ecosystem anthropogenic activities 

should be reduced and need necessary action in the future plan regarding this issue. 

ü For the protection and conservation of biodiversity of wetland intra-ministerial 

coordination, government and non-government organization coordination should be 

increased. Various initiatives need to take from Department of Bangladesh Haor & 

Wetlands Development regarding this issue.  

ü Banning of wild fish catch need to be restored during June ï July months, and during 

that time the fishermen should be provided alternative/supportive income opportunities 

like Governmentôs Hilsa Fisheries conservation and management program. 

ü For movement in the wetlands manually driven boat rather than engine boat is 

recommended to keep the ecosystem undisturbed.  

ü To replace long duration BRRI dhan 29 and other similar varieties by short duration 

Boro rice varieties (maturing in < 150 days) such as BRRI dhan 81, BRRI dhan 84 and 

BRRI dhan 86, BRRI Hybrid Dhan 5, maturing in 143, 141, and 140 days, respectively 

with 6.5 t/ha yield.  

ü Scarcity of Irrigation Water is recommended to be managed by (a) developing surface 

water reservoirs by digging at suitable locations; (b) Developing necessary water 

pumping, conveyance and distribution infrastructure; (c) Developing both surface and 

ground water resources to achieve full irrigation coverage; (d) Growing less water 

requiring upland crops in the upper position of catena by replacing Boro rice; and (e)  

Adopting more water efficient irrigation technologies such as Alternate Wetting and 

Drying (AWD) method of irrigation.  

ü Adequate support is recommended to develop suitable mechanical devices for 

transplanting (transplanter) and harvesting (harvester/reaper) suitable for use in wet 

(often submerged) haor ecosystem.  

ü To improve farmersô knowledge and skills; modern packages of crop production and 

management technologies should be demonstrated with farmer participation and 

providing technology training to as many farmers as possible within shortest possible 

time to mitigate knowledge and skill gaps. 

ü The wetlands are recommended for excavation at their Government parts (KHASH) 

and put the excavated earth on croplands and thus elevating the same providing 

facilities for i) for multiple crops, ii) early Boro crop, iii) accommodating early 

monsoon flood and save the  crops, iv) promoting more fish culture, v) to maintain a 

deeper part as fish sanctuary to protect and regenerate fish species and breeding, vi)  

protect the eutrophication and water quality, vii) attract tourists with maintained 

beauties with different suitable aquatic plants, local and guest birds, plants, fish species, 

fish catches, boat fairs and so on.  
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ü The management of the wetlands is recommended to be activated with the concerned 

farmers and fishermen instead of leasing to businessmen who exploit the water body 

without considering itsô sustainability and biodiversity;  

ü Radio-telemetry technique is a common method, which frequently is used to delineate 

the faunal biodiversity home range / ecosystem boundary. However, the cost resource 

as well as time was not sufficient to conduct such type of survey. So, for delineation of 

site-specific ecosystem boundary, a Radio-telemetry technique is highly recommended. 

ü From the perspective of Hakaluki Haor and Tanguar Haor, as per suggestion from the 

stakeholder it is recommended to plant Hijol, Koroch and Barun and also to reintroduce 

Kadam, Shimul, Raintree, Bot, Pitali because these plants were there in the recent past 

& they can be grown and survived in such environment. As per the stakeholders the 

reasons for selecting these species are: 

a) These are the native plants of haor area, and it is wise to plant native plants under 

any plantation program. Native plants are crucial in habitat restoration and help 

to restore plant diversity, stabilization and replenish soil.  

b) Fresh water swamp forest consists of flood-tolerant evergreen trees & they are 

adapted to monsoon flooding for three to four months to depths of 0.5 to 2.5 m  

c) The swamp plants provide habitat for fishes & birds & thus increase the number 

of fishes & birds.  

d) The suggested plants can also give protection against wave action, storm action 

and erosion  

e) Hijol is used to make Kathha for fishery purpose. 

f) Capable of withstanding the flood, these trees may be conserved and protected 

as seed trees for future propagation.  

ü Having completion of the field survey and stakeholderôs consultation, enrichment of 

plantation with Hijol, Koroch, Barun and Murta in the Ratargul swamp forest is 

recommended and the strip plantation beside the road from patul- Naldanga is 

suggested for Beel Halti area where, the preferred species are Kodom, Shimul and Hijol.  

ü Reintroduction of Hijol tree is suggested for Borni baor as it provides habitat for fish 

and birds.  Koroi, Kadam and Shimul are also recommended as the second options for 

tree plantation. 

ü Detail feasibility study is recommended to implement any projects in the wetland. 

ü The study proposes a co-management system of the wetlands. Effectiveness of the 

management would depend on the strength of the implementing agency. If the real 

stakeholders are well represented and the decision-making structure is a democratic 

one, only then the system will function and succeed. During initial years of such 
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management, active support of the project should be there, and financial rules and 

norms must be clearly worked out and implement in an integrated way. 

ü Collected data and map is recommended to be shared with other stakeholders by 

developing a pricing policy under the guidelines of DBHWD. 

ü A comprehensive Wetland Restoration, Development and Management acts and 

rules is recommended for sustainable wetland management considering Nature Based 

Solutions.  
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GLOSSARY OF TERMS 

Aman : Monsoon rice crop cultivated during July-August and harvested in 

mid-December. 

Baor : Baor are oxbow lakes, formed by dead arms of rivers. 

Bathymetric 

survey 

: Bathymetric survey is the measurement of the depth of water in 

oceans, rivers, wetlands or lakes. Bathymetric maps look a lot like 

topographic maps, which use lines to show the shape and elevation 

of land features. 

Beel : Beels are shallow lakes, which form in the lowest parts of the haor; 

sometimes these are perennial but more often seasonal. The water 

surfaces are contiguous with the ground water table and that beels 

are sustained from ground water to a large extent. Surface water 

does also collect in the beels during wet season, often spilling out 

of them into the main river system 

Biodiversity : Biodiversity is the variability among living organisms from all 

sources, including terrestrial, marine, and other aquatic ecosystems 

and the ecological complexes of which they are part; this 

includes diversity within species, between species, and of 

ecosystems. 

Boro : Rice grown during the dry winter season, transplanted during 

January-mid February and harvested during mid-May. 

Digital Elevation 

Model (DEM) 

: Topography configuration of a land surface including its relief and 

contours, the distribution of mountains and valleys, the patterns of 

rivers, and all other features, natural and artificial, that produce the 

landscape. 

Discharge : Discharge is the volumetric flow rate of water that is transported 

through a given cross-sectional area 

District : An administrative unit comprising several upazila 

Division : An administrative unit comprising several administrative districts 

Ecosystem : An ecosystem could simply be defined as a collection of 

communities of organisms (biotic) and the environment (abiotic) 

in which they live and interact with each other. 

Ecosystem 

services 

: The benefits that people receive from ecosystems, including 

provisioning, regulating, and cultural services 

Estuary : An estuary is a partly enclosed coastal body of brackish water with 

one or more rivers or streams flowing into it, and with a free 

connection to the open 

Focus Group 

Discussions 

(FGD) 

: A focus group discussion involves gathering people from similar 

backgrounds or experiences together to discuss a specific topic of 

interest. It is a form of qualitative research where questions are 

asked about their perceptions attitudes, beliefs, opinion or ideas. 

https://en.wikipedia.org/wiki/Volumetric_flow_rate
https://en.wikipedia.org/wiki/Water
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Geo-referencing : Geo-referencing is a technique used for aligning the images to 

highly accurate spatial locations on ground surface.  

Ground Truthing : The ground truthing is used to validate the horizontal accuracy of 

the final, ortho-rectified imagery in terms of the relative (internal) 

position between two points. 

Haor : Haors are bowl-shaped depressions of considerable aerial extent 

lying between natural levees of the rivers or high lands of the 

northeast region of Bangladesh. In most cases, haors have been 

formed as a result of peripheral faulting leading to the depression 

of the haor area. In the wet seasons, the haors are full of water, but 

during the dry seasons, these are dried up except for the beels. 

Jheel : Jheel a local term representing a reach of an old river channel bed. 

Usually, it appears as an oxbow lake. 

Khal : Local name for a drainage channel connecting beels/rivers 

Lake : A lake is an area filled with water, localized in a basin, surrounded 

by land, apart from any river or other outlet that serves to feed or 

drain the lake 

LiDAR  : LiDAR, which stands for Light Detection and Ranging, is a remote 

sensing method that uses light in the form of a pulsed laser to 

measure ranges (variable distances) to the earth. These light 

pulsesðcombined with other data recorded by the airborne 

systemð generate precise, three-dimensional information about 

the shape of the earth and its surface characteristics. 

Ornithological 

study 

 Ornithological study is the scientific field dedicated to the study of 

birds. Any bird - whether it is a tiny hummingbird or an extra-large 

emu - falls under the realm of ornithology. 

Ramsar  : City in Iran, on the shores of the Caspian Sea, where the 

Convention on Wetlands was agreed on 2 February 1971; thus the 

Conventionôs informal nickname, ñRamsar Convention on 

Wetlandsò 

Ramsar Sites : Wetlands designated by the Contracting Parties for inclusion in the 

List of Wetlands of International Importance because they meet 

one or more of the Ramsar Criteria 

Sentinel-1 

Satellite Image 

: The Sentinel-1 Satellite Image comes from a dual-polarization C-

band Synthetic Aperture Radar (SAR) instrument. 

Sentinel-2 

Satellite Image 

 

: Sentinel-2 is a wide-swath, high-resolution, multi-spectral imaging 

mission supporting Copernicus Land Monitoring studies, 

including the monitoring of vegetation, soil and water cover, as 

well as observation of inland waterways and coastal areas. 

Swamp  : A swamp is a wetland that is dominated by woody plants (shrubs 

and trees). Swamps are often near rivers or streams. 

Tide : Tides are the rise and fall of sea levels caused by the combined 

effects of the gravitational forces exerted by the Moon and the Sun 

and the rotation of the 

https://oceanservice.noaa.gov/facts/remotesensing.html
https://oceanservice.noaa.gov/facts/remotesensing.html
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Tree Biomass : Tree biomass may be that of a single individual or all individuals 

occupying a unit of area. 

Wetland : The Bangladesh Water Act, 2013 defines wetland as ñWetland 

means any land where water remains at the level of surface or close 

to it and which inundates with shallow water from time to time, 

and where grows such plants that may usually grow and survive in 

marsh land.ò The RAMSAR Convention (1971) has defined 

wetlands as óareas of marsh, fen, peat land, or water, whether 

natural or artificial, permanent or temporary, with water that is 

static or flowing, fresh, brackish or salt, including areas of marine 

water the depth of which at low tide does not exceed six meters. 

Wetland 

Inventory 

: The RAMSAR Convention (1971) has defined wetlands Inventory 

as óthe collection and/or collation of core information for wetland 

management, including the provision of an information base for 

specific assessment and monitoring activities.ô 

Wetland 

Vulnerability  

: Wetland vulnerability refers to the relationship between exposure 

to a particular risk event, the impact of that event on a wetland, and 

the ability of the wetland to cope with the impacts or the efforts 

needed to minimize the impacts. 
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 INTRODUCTION  

1.1 Background 

Bangladesh is the largest delta in the world predominantly comprising a large network of rivers 

and wetlands. They are very important both from environmental and economic considerations. 

The importance of preservation and safeguard of the wetlands have been mentioned in the 

Article 18.A of the Constitution of Bangladesh. 

ñThe state shall endeavor to protect and improve the environment and to preserve and 

safeguard the natural resources, biodiversity, wetlands, forests and wildlife for the present and 

future citizens.ò (Constitution of Bangladesh, Act 18.A) 

Considering the importance of the wetlands and its conservation, Government of Bangladesh 

enacted several acts including Bangladesh Water Act, 2013, Bangladesh Environmental 

Protection Act, 1995, Bangladesh Environmental Protection Act (Revised), 2010, Water 

Reservoir Conservation Act, 2000, National River Protection Commission Act, 2013 etc. 

Moreover, policies regarding wetlands have been declared such as National Policies on Water, 

Environment, and Fisheries etc. 

Bangladesh is a signatory to several international conventions and protocols such as the Ramsar 

Convention, MDG, and SDG and is committed to the development and conservation of the 

wetlands. The Bangladesh Water Act, 2013 defines wetland as ñWetland means any land 

where water remains at the level of surface or close to it and which inundates with shallow 

water from time to time, and where grows such plants that may usually grow and survive in 

marsh land.ò The RAMSAR Convention (1971) has defined wetlands as óareas of marsh, fen, 

peat land, or water, whether natural or artificial, permanent or temporary, with water that is 

static or flowing, fresh, brackish or salt, including areas of marine water the depth of which at 

low tide does not exceed six metersô 

Wetlands in Bangladesh are represented by inland freshwater, estuarine brackish water and 

tidal salt-water in coastal areas. Bangladesh has eight different hydrologic regions which 

comprise enormous areas of different types. of wetlands including rivers and streams, 

freshwater lakes and marshes, haors (deep depressions), baors (oxbow lakes), beels (low- lying 

depressions in the floodplain), water storage reservoirs, fish ponds, flooded cultivated fields 

and estuarine systems with extensive mangrove swamps. The characteristics of these wetlands 

are different depending on their functionality, connectivity with rivers, habitats characteristics 

etc. The past, present, and future of Bangladesh, and its people's livelihoods are intimately 

connected with water and wetlands. More than 90% of the country's total area consists of 

alluvial plains, crisscrossed by a complex network of rivers and their tributaries and 

distributaries. Floodplains, beels, haors and baors represent the inland freshwater wetlands. 

Over two-third of Bangladesh could be termed as wetlands, considering rivers, estuaries, 

mangroves, floodplains, beels, baors and haors. The country's wetland ecosystems also offer 

as very important and critical habitats for globally significant biological diversity. The haor 
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and riverine wetland is a habitat of thousands of waterfowl and migratory birds during the 

winter season and also the shelter habitat of resident waterfowl. 175 species of waterfowl have 

been recorded from haor area (IUCN, Bangladesh); every winter the haor is the home to about 

200 species of migratory waterfowl including perhaps as many as 100,000 to 150,000 ducks 

and other species.  

The wetland resources are treated as very important assets of Bangladesh considering their 

enormous social and economic importance and ecosystem services. Agriculture, fishing, forest 

products and navigation are the major functions of wetlands. The livelihoods of around five 

million (fifty lac) peoples are dependent on fishing in the wetlands of Bangladesh. Most of the 

wetlands are used as water transport routes which is contributing a lot in communication system 

of the· country. During the dry season, large numbers of domestic livestock, mainly cattle and 

buffalo, are allowed to graze in the marshes, and the aquatic vegetation is harvested to provide 

fodder during monsoon. In recent years, the wetlands have also been used for rearing domestic 

ducks in commercial basis as value chain and aquatic plants have also been collected for use 

as fertilizer and fodder. Some of the wetlands have high potential for eco-tourism, and scope 

for scientific research and conservation education. Wetlands also play a key role in the carbon 

cycle management through sinking CO2 and hence in climate change mitigation, as well in 

helping people to adapt to climate change. Consequently, a large group of people are intricately 

linked to the productivity and sustainability of wetlands which provide immediate benefits to 

local people and the economy of the country.  

However, rapid degradation of wetlands resources in Bangladesh demands a new approach to 

wetland sustainable management. A major portion of the wetland area has been converted from 

its natural state to support alternative land uses for agriculture, fisheries, village road 

construction, urbanization, industry, and other development pursuits. Wetlands have also been 

degraded by unsustainable land use practices; vegetation destruction; nutrient and toxin 

loading, sedimentation, turbidity, and altered flow regimes. Intensive use of agrochemicals and 

water transport has also affected the natural balance of wetlands. Therefore, there is a dire need 

to manage the wetlands in an integrated approach so that the renewability of the natural 

resources could be maintained while sustaining social and economic benefits from the wetlands 

and biodiversity.  

Department of Bangladesh Haor and Wetlands Development (DBHWD) is mandated by the 

government to overall coordination and monitoring for the integrated development in the haor 

and wetland areas that will holistically address the problems related to water resources, 

agriculture, socio-economic and environmental concerns. DBHWD has already developed 

Haor Master Plan with a view to protect, preserve and conserve the haor wetlands from 

degradation as well as for sustainable management of wetlands. But there still exists number 

of unidentified haors, beels, jheels as well as wetlands in this country which also contribute 

greatly to environment, ecosystem and biodiversity. Therefore, the study project has been 

formulated with a view to establish a national wetland inventory and wetland management 

framework emphasizing interaction between haor and river ecosystem to identify wetlands all 



Study on Interaction between Haor and River Ecosystem including Development of Wetland Inventory and 

Sustainable Wetland Management Framework 

Final  Report: Volume-I  1-3 JV of Megatech-IWM 

over the country, for identifying wetland suitable for restoration, to reserve and conserve 

biodiversity of wetland areas, to assess its status and trends considering climate variability, 

impact as well as for sustainable wetland management. As a result, a study for the whole 

country as shown in Figure 1-1 is proposed to delineate and classify the wetlands for 

establishment of inventory and identifications of interaction between haor and river ecosystem. 

This is the Final Report as set forth in ToR as attached in Annex-A. 

1.2 Objectives of the Study 

The overall objective of the project is to prepare an inventory of the wetlands and assess the 

best wetland management practices for developing a cluster-wise national wetland 

management framework. The specific objectives of the project are:   

¶ Study on interaction between haor and river ecosystem  

¶ Prepare a structured framework for planning and designing a wetland inventory 

following the Ramsar guidelines. 

¶ Identify the different types of wetlands in the different hydrological regions of 

Bangladesh on detail map.  

¶ Cluster wetlands based on their hydrological functions, vegetation, ecosystem 

services, physiographic characteristics and demography on detail map. 

¶ Make a comprehensive inventory, baseline with ecological characteristics of 

wetlands including bio-diversity and historical background information on wetlands. 

¶ Assess of the existing management practices to find out the cluster-wise best 

practices of wetland management for a specific region/cluster. 

¶ Develop region/cluster-wise wetland management framework for Bangladesh 

emphasizing interaction between haor and river ecosystem. 
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Figure 1-1: Base Map of the Study Area 
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1.3 Scope of the Works 

The following activities are envisaged in achieving the study objectives: 

1. A review of the available published literature & documents to determine the extent 

of knowledge and information available for wetland inventory and wetland 

management. 

2. A comprehensive review of existing policies, strategies and plans related with 

wetland management. 

3. Finalization of the proposed inventory methods to fulfill the specific objectives and 

following the Ramsar Convention along with other international standards. 

4. Procurement of currently available remotely sensed images of recent years to identify 

the exact locations and boundaries of wetland, calculate their area and also determine 

their types, status and characteristics. 

5. Geo-referencing of the satellite images using GIS software and ground truthing by 

field survey to validate the different features of wetlands (absolute and relative 

locations, area etc.) from the satellite images compared with the real world. 

6. Classification of the satellite images using Remote Sensing software and 

characterizing connectivity status with other channels. 

7. Delineation of wetlands from classified images to categorize wetlands according to 

their habitat characteristics that suits the purpose of wetland management framework.  

8. Re-delineation of wetlands using historical maps, Digital Elevation Model (DEM) 

and available existing boundaries of wetlands and overlapping the outcomes with the 

findings of the satellite images to determine the accuracy and reliability of the data. 

9.  LiDAR survey of Tanguar haor for an area of approximately 120 sq. km. for 

empirical data collection. 

10. Classification of wetlands of Bangladesh according to their hydrological functions, 

important ecosystem, ecosystem services, physiographic characteristics and 

demography through reviewing existing literature, international guidelines (e.g. 

Ramsar guidelines) and other relevant documents. 

11. Prioritize of the most appropriate wetland classification criteria for Bangladesh and 

clustering them. 

12. Identification of connectivity of haor and wetlands with adjacent river system to find 

out the interaction between haor and river ecosystem.  

13. Development of an inventory of wetland along with different categorical contour map 

through collection of data on their functions, geo-morphological data, physiographic 

features, flora and fauna species and conducting hydrological assessment of different 

wetlands through physical surveys.  
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14. Evaluation of the region wise clustered wetlandôs value through field survey.  

15. Identification of the most possible causes of wetland degradation and sources of 

pollution. 

16. Assessment of the vulnerability of wetland considering their importance in ecosystem 

and resource conservation. 

17. Delineation of ecosystem boundary of clustered wetlands based on their classification 

using GIS and RS technology. 

18. Intensive consultation with local people and different officials of different 

government organizations to find out gaps and incorporating their suggestions for 

successful completion of the wetland inventory. 

19. Finalization of the inventory of wetland in Bangladesh. 

20. Selection of cluster-wise best practice of wetland management through assessing the 

existing management practices, reviewing the international wetland management 

guidelines and stakeholder consultation. 

21. Selection of pilot sites and implementation, monitoring and evaluation of piloting 

will help to find out gap in selected best management practices.  

22. Finalization of wetland management framework based on their cluster-wise best 

management practices and piloting results.  

23. Dissemination of the concept of wetland inventory and cluster-wise wetland 

management framework through workshops and documentation. 

24. Training and technology transfer. 

25. Reporting 

1.4 Output of the Study 

The main outputs of the study are as follows: 

¶ Delineated water bodies from satellite images. 

¶ Map showing different types of wetlands having an area greater than 5ha according 

to hydrological region in Bangladesh. 

¶ A comprehensive wetland inventory based on geo-morphological data, 

physiographic features, flora and fauna species and hydrological features for the 

selected wetland. 

¶ Connectivity and interactions between wetland and river ecosystems. 

¶ Valuation of region wise clustered wetlands. 

¶ Vulnerability of wetland considering their importance in ecosystem and resources 

conservation for the selected wetlands.  

¶ Causes of wetland degradation and sources of pollution for the selected wetland. 

¶ Wetland management framework for best practice of wetland management for pilot areas. 
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1.5 Study Team 

The study team has been provided with computing facilities and other necessary logistic 

support. A List of professionals of the study team is given in Table 1-1. 

Table 1-1: List of Professionals 

1.6 Structure of the Report 

This report is the Final Report of ñStudy on Interaction between Haor and River Ecosystem 

including Development of Wetland Inventory and Sustainable Wetland Management 

Frameworkò. Comments from different institutes on Draft Final Report have been scrutinized 

minutely and relevant comments regarding this study and its compliance have been addressed 

to finalize the report as attached in Annex-B. The report is organized in Four Volumes for 

sake of clarity and ease of comprehending the issues address during the study. The volumes 

are as follows: 

 

Sl. No. Name of The Professionals Position 

1. Md. Salim Bhuiyan Team Leader/Institution Specialist 

2. Goutam Chandra Mridha Water Resources Expert 

3. Dr. Faruq Ahmed Mohiuddin, PEng River Morphologist 

4. Md. Yousuf Mamun Hydrologist 

5. M. Mustaque Ahmed Agriculturist/Agronomist 

6. Dr. Md. Gulam Hussain Fisheries Expert 

7. Dr. Mohammad Mohsinuzzaman Chowdhury  Ecologist/Biodiversity Expert 

8. Mohammad Salah Uddin Soil/Landuse Expert 

9. Dr. Md. Nazmus Sadath Forest Expert 

10. Md. Akbar Hossain Sociologist 

11. Ghulam Jilanee Nazree Murshed Economist 

12. Dr. Mollah. Md. Awlad Hossain GIS Expert 

13. Md. Zahid Hasan Siddiquee RS Expert 

14. Md. Rafiqul Islam Community Mobilization Expert 

15. Mohammad Saiful Alam Khan Workshop Facilitator 

16. Fouzia Khanam GIS Analyst 

17. Md. Golam Mortoja RS Analyst 

18. Md. Atiqur Rahman Data analyst 

19. Md. Saidur Rahman Field Co-Ordinator / Supervisor 

20. S. M. Sahabuddin Data Entry Operator 

21. Md. Ashraful Islam Field Level Surveyor 
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This is the Volume-I  that comprise 12 chapters including a list of references mentioned in the 

report.  A list of acronyms and abbreviations used in the report has been presented following 

the table of contents.  

Chapter 1 focuses on the project background, study objectives, scope of works, outputs of the 

study.  

Chapter 2 provides the physical setting of the project that includes the project area description, 

its topography, physiographical setting, river system and surface water, physiography and soil 

condition, land use.  

Collection and review of reports of the previous studies and findings related to this study are 

briefly described in Chapter 3. 

Chapter 4 provides an overview of relevant laws, policies and guidelines. 

Chapter 5 describes approaches and methodologies has been carried out to address different 

scope of services. 

Chapter 6 focuses on the major data collection issues. It deals with the data collection program 

from both the primary and secondary sources.   

Chapter 7 presents the study findings of the project. 

Wetland Management Framework has been illustrated in Chapter 8. 

Chapter 9 presents workshops of the study. 

Volume Report Title 

Volume-I Main Report 

Annex-A:  Terms of References 

Annex-B: Comments and Compliance of Draft Final Report 

Volume-II  Appendix-A: Details of the Ground Truthing Survey Methodology and 

Survey Findings 

Appendix-B: Wetland Delineation 

Appendix-C: Details of LiDAR Survey 

Appendix-D: Plots of Cross-Section at Tanguar Haor and Hakaluki 

Haor 

Appendix-E: Biodiversity Study 

Volume-III  Appendix-F: Fisheries Resources Study 

Appendix-G: Vegetation Survey Study 

Appendix-H: Agricultural Study 

Appendix-J: Socio-Economic Study 

Volume-IV Inventory of Wetlands 
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Training and technology transfer has been described in Chapter 10. 

Conclusions and recommendations of the study presents in Chapter 11. 

Chapter 12 cited the References of the reports and manuals consulted for the preparation of 

report. 

Annex of the report include the following: 

Annex-A: Terms of Reference (ToR) of the Study.  

Annex-B: Comments and Compliance of Draft Final Report.
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 STUDY AREA PROFILE  

This chapter conceived with a view to snatch the general overview of the study area. The study 

mainly aims to classify the wetlands of whole Bangladesh covering an area of about 147,570 

km2 through image analysis along with the preparation of an inventory for wetlands. It extends 

from 20'34N to 26'38N latitude and from 88'01E to 92'41E longitude. Maximum extension is 

about 440 km in the E-W direction and 760 km in the NNW-SSE direction. The Indian States 

of West Bengal, Assam, Meghalaya and Tripura border Bangladesh in the west, north and east 

respectively. Myanmar forms the southern part of the eastern frontier. The total length of the 

land border is about 4,246 km, of which 93.9% is shared with India and about 6.1% with 

Myanmar. The country is bounded in the south by the Bay of Bengal. Although Bangladesh is 

a small country, the length of the coastline is more than 580 km. The territorial waters of 

Bangladesh extend 12 nautical miles (22.22 km) and the area of the high seas extending to 200 

nautical miles (370.40 km) measured from the base lines constitutes the economic zone of the 

country.  

2.1 Geographical Setting 

The physical geography of Bangladesh is varied and has an area characterized by two 

distinctive features, a broad deltaic plain subject to frequent flooding and a small hilly region 

crossed by swiftly flowing rivers. Roughly 80% of the landmass is made up of fertile alluvial 

lowland called the Bangladesh Plain. The plain is part of the larger Plain of Bengal, which is 

sometimes called the Lower Gangetic Plain. Although altitudes up to 105 meters above sea 

level occur in the northern part of the plain, most elevations are less than 10 meters above sea 

level; elevations decrease in the coastal south, where the terrain is generally at sea level. With 

such low elevations and numerous rivers, water and concomitant flooding is a predominant 

physical feature. About 10,000 square kilometers of the total area of Bangladesh is covered 

with water, and larger areas are routinely flooded during the monsoon season. The geographic 

profile along with allied features of Bangladesh is illustrated in Table 2-1. 
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Table 2-1: Bangladesh Country Profile  

Location Southern Asia, bordering the Bay of Bengal between Burma and India 

Geographic coordinates 24.00 N, 90.00 E 

Area 

Total 148,460 sq. km. 

Land 130,170 sq. km. 

Water 18,290 sq. km. 

Land boundaries 
Total 4,413 km 

Border countries (2) Burma 271 km, India 4,142 km 

Coastline 580 km 

Maritime claims 

Territorial sea 12 nm 

Contiguous zone 18 nm 

Exclusive economic zone 200 nm 

Continental shelf to the outer limits of the continental margin 

Climate 
Tropical; mild winter (October to March); hot, humid summer (March 

to June); humid, warm rainy monsoon (June to October) 

Terrain Mostly flat alluvial plain; hilly in southeast 

Elevation extremes 

Mean elevation 85 m 

Elevation extremes lowest point Indian Ocean 0 m 

Highest point Keokradong 1,230 m 

Natural resources Natural gas, arable land, timber, coal 

Land use 

Agricultural land 70.1% 

Arable land 59%; permanent crops 6.5%; permanent pasture 4.6% 

Forest 11.1% 

Other 18.8% (2011 est.) 

Irrigated land 53,000 sq km (2012) 

Total renewable water 

resources 
1,227 cu km (2011) 

Freshwater withdrawal 

(domestic/ industrial/ 

agricultural) 

Total 35.87 cu km/yr.  

Per capita 238.3 cu m/yr. (2008) 

Geography - note 

Most of the country is situated on deltas of large rivers flowing from 

the Himalayas the Ganges unites with the Jamuna (main channel of the 

Brahmaputra) and later joins the Meghna to eventually empty into the 

Bay of Bengal 

      (Source: CIA World Fact book) 
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2.2 Physiography of Bangladesh 

Bangladesh is situated in the Bay of Bengal in close proximity to India, Bhutan, Burma and 

Nepal. The majority of the country consists of large alluvial river plains formed by the 

Brahmaputra, Ganges and Meghna rivers. Bangladesh covers an area of 143,998 km2 and can 

be generally categorized as having a humid tropical climate with the south eastern corner 

having a tropical rainforest climate. The Brahmaputra River is the largest sand-bedded braided 

river in the world in terms of catchment area, discharge and sediment load. Its catchment area 

covers 666 000 km2, incorporating areas of Tibet, Bhutan, China, India and Bangladesh. The 

catchment area receives intense rainfall during the summer monsoon which together with 

snowmelt in the Himalayas contributes to a mean peak annual discharge of 65,500 m3/s. 

Two of the worldôs very large rivers, the Brahmaputra and the Ganges confluence in 

Bangladesh, these together with numerous other rivers interlace Bangladesh with over 24000 

km of river channels. During the annual monsoon the catchment areas for the Brahmaputra and 

Ganges, 90% of which lie outside of Bangladesh, receive very intense rainfall. Despite the 

extensive river system, consisting of approximately 230 significant rivers, the rainfall is not 

effectively drained through Bangladesh and severe overland flooding usually occurs. 

Rashid (1991) refined the previous definitions based on topographic features, drainage patterns, 

soil associations, morphologies and land use. Rashid (1991) identified 24 physiographic 

regions in Bangladesh as shown in Figure 2-1.      
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Figure 2-1: Physiographical Zones of Bangladesh (Source: Banglapedia) 

(1) Himalayan Piedmont Plains 

The Himalayan Piedmont Plains are the alluvial cones of the rivers originating in the Terai 

region of the Himalayan foothills. The region is bounded by the Mahananda River in the west 

and the Dinajpur-Karatoa River in the east. The rivers in this region are entrenched in recent 

alluvial deposits of fine sand and silts with gradients of approximately 0.00091. The alluvial 
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deposits in the south of the Himalayan Peidmont Plains overlay Pleistocene clays of the Barind 

Tract. 

(2) Teesta Floodplain 

The Teesta Floodplain covers a large area from the high sandy levees of the Dinajpur-Karatoa 

River to the right bank of the Brahmaputra River. To the South, the Teesta floodplain reaches 

down to Bogra along the course of the ancient Teesta River. The floodplain is cut across by the 

Teesta, Dharla and Dudkumar rivers. 

(3) Barind Tract  

The Barind Tract forms one of the many terraces within the Bengal Basin of Pleistocence age. 

Three rivers have cut valleys into the Barind Tract and separate it into four parts. The Barind 

Tract is characterized by its relatively high elevation, entrenched dedritic stream pattern and 

scarcity of vegetation. 

(4) Little Jamuna Floodplain 

The little Jamuna is a former path of the Tista River. Its valley is very narrow in the region of 

Dinajpur but widens south of Hili. The recent alluvial deposits of sandy-silt contrast with the 

clay deposits of the Barind Tract. The valley terminates in south Naogaon Upazila. 

(5) Middle Atrai Floodplain  

The Middle Atrai floodplain is 81 km long valley with the Barind tract rising on both sides. It 

stretches from Chirirbandar to Mahadebpur. The lower areas of the Middle Atrai floodplain are 

subject to flash flooding. The Atrai River is entrenched into the clay deposits of the Barind 

tract, whilst its floodplain consists of sandy material. 

(6) Lower Punarbhaba Valley 

The Lower Punarbhaba valley is 81 km in length, beginning south of Dinajpur town in India 

and finishing where the Punarbhaba and the Mahananda rivers confluence. The valley is on 

average 3 to 8 km in width with the higher Barind tract on either side giving the valley an 

entrenched appearance. The valley has very poor drainage and is known locally as duba 

(swampy). 

(7) Lower Atrai Basin 

The Lower Atrai Basin has an approximate area of 3120 km2. The entire basin is inundated 

during the rainy season with a depth of water of between 0.6 to 3.7 m. The western part of the 

basin is aggrading with silt from the Barind tract. 

(8) Lower Mahananda Floodplain 

The Lower Mahananda Floodplain has an area of 402 km2 and lies between the Barind and the 

Ganges floodplain. The Mahananda River, which is slightly entrenched, forms the western 

boundary of Bangladesh along the Piedmont plain in Dinajpur district. It crosses the border of 
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Bangladesh in Gomastapur Upazila before confluencing with the Ganges south of Chapai-

Nawabganj town. 

(9) Ganges Floodplain 

Parts of the Ganges floodplain to the south of the Ganges River are considered by Rashid (1991) 

to be part of the delta. The north Ganges floodplain is an elevated area that stretches from 

Premtali in Godagari Upazila to Shujanagar Upazila. The southernmost portion of the north 

Ganges floodplain forms a levee that in places follows the course of the Ganges River, the land 

is characterised by saucer-shaped basins, old river levees and point bars. As the levee has built 

up this area has become progressively more arid. 

(10) Brahmaputra-Jamuna Floodplain  

The right bank floodplain of the Jamuna River was once a part of the Tista floodplain (region 

2). On average the right bank floodplain is flooded for 3-4 months of each year, during the peak 

of the annual monsoon. The most notable distributary of the Jamuna on the right bank is the 

Bengali River. The Jamuna-Dhaleswari floodplain forms the left bank of the Jamuna. Several 

distributaries of the Jamuna flow through this region, of which the Dhaleswari is the most 

significant. The southern part of this region was once part of the Ganges floodplain. 

(11) Old Brahmaputra Floodplain  

The Brahmaputra River underwent an avulsion around 1790 and adopted a southern course 

along the Jamuna River. The old course between Bahadurabad and Bhairab is now known as 

the Old Brahmaputra and is significantly smaller. The Brahmaputra had built up large levees 

along the floodplain, which the new river rarely tops. In the north of the Old Brahmaputra 

floodplain there is a long depression running parallel to the Meghalaya Plateau, to the south 

the floodplain is level. 

(12) Susang Hills and Piedmont 

The Susang hills extend for 161 km from Jamalpur district to Sunamganj district, they include 

the foothills of the Meghalaya Plateau. Entrenched mountain streams cut through this region 

depositing sand. The rocks in this region are mostly sandstones and shales of Eocene age, with 

nummulitic limestone and white clay also prominent. The Piedmont plains further south cover 

the majority of Nalitabari, Haluaghat and Kalmakanda Upazila. The plains have a low gradient 

and are generally only mildly flooded during the monsoon season, but are prone to flash 

flooding. 

(13) Madhupur Tract  

The Madhupur Tract is a large Pleistocene inlier, with an area of approximately 2558 km2. This 

elevated region is tilted towards the south east. The northern area of this region is dominated 

by its plateau like hills between which run narrow meandering valleys. The central tract area is 

again characterized by plateau like hills, but with slender tops and deep circular valleys. The 

southern part of the Madhupur Tract is very flat, with noticeable gradients due to entrenched 
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streams. The flatness of the southern area has been reinforced by artificial levelling in rice 

fields and around Dhaka. 

(14) Haor Basin 

The Haor basin region is characterized by its large number of lakes. It stretches from the 

Mahadeo and Mogra rivers to the plain of central Sylhet. The Haor basin covers an area of 

approximately 4505 km2. The region appears to be sinking at a rate of approximately 2cm per 

year (Rashid, 1991), and has sunk 9 - 12 m over the last several hundred years (Morgan and 

McIntire, 1959). 

(15) Sylhet High Plains 

The Sylhet high plains are an elevated region that separates parts of the Haor Basin. This region 

is characterized by entrenched streams, lakes and water filled depressions that drain out in the 

early winter. The average elevation of the region is 9m above mean sea level. 

(16) Sylhet Hills 

The foothills of the Megahalaya Plateau fall within Bangladesh in the northern part of the 

Sylhet district. The Megahalaya foothills are composed of sandstones and limestones, sandy 

shales and pebble beds of the Pliocene. In addition to the Megahalaya foothills there are four 

groups small hills in northern Sylhet known as the Tila ranges. These Tilas are composed of 

Pleistocene clays and sands over coarse ferruginous sandstones and Miocene shales. 

(17) Meghna Floodplain 

Most of the Meghna Floodplain was built up by the Brahmaputra River when it followed its 

old course. The Meghna River is still filling in most of the depressions left by the Brahmaputra 

River. 

(18) Tippera Surface  

The Tippera Surface is a distinctive physiographic area to the southeast of Dhaka. It is 

comprised of three sub-regions, the eastern Piedmont strip, the low floodplain and the high 

floodplain. The eastern Piedmont strip consists of Pleistocene sediments overlain by sandy 

clays from the Tripura Hills in India. The long low floodplain of the Tippera Surface stretches 

from Nabinagar to Maijdi in the south and like the high floodplain is almost level. Both the low 

and high floodplains contain extensive man-made raised areas to protect against flooding. 

(19) Moribund Delta  

The Moribund delta is characterized by heavily sediment laden entrenched rivers with low 

discharge capacities, an abundance of cut-off meanders and large areas of plains high above 

normal flood levels. The main distributary of the Ganges in this area is the Gorai. 

 

 



Study on Interaction between Haor and River Ecosystem including Development of Wetland Inventory and 

Sustainable Wetland Management Framework 

 

Final Report: Volume-I                                                  2-8                                                 JV of Megatech-IWM 

(20) Central Delta Basins 

The Central Delta Basins are an area of approximately 1930 km2 at the junction of the 

Moribund, Immature and Mature deltas. This area is low-lying, probably due to the absence of 

active distributaries and hence rapid deposition in this region of the delta coupled with steady 

subsidence (Rashid, 1991).  

(21) Immature Delta 

The Immature Delta lies to the south of the Moribund Delta and covers an area of land of 

approximately 4800 km2. The maximum elevation of the Immature delta is 0.91 m above sea 

level, which compares with an elevation of 3m for the southern edge of the Moribund delta. 

There are two possible explanations for the presence of such a large area of low elevation; 

insufficient deposition by the Ganges' distributaries which over the last 200 years have tended 

to follow course more to the east, or subsidence. Archaeological evidence exists to support the 

theory of large-scale subsidence in this region, many artifacts have been found buried in the 

alluvium well below sea level. 

(22) Mature Delta 

According to Rashid (1991), the Mature Delta is composed of four floodplains, the Old Ganges 

floodplain, the Padma-Madhumati floodplain, the non-saline tidal floodplain and the saline 

tidal floodplain. The old Ganges floodplain lies to the north of the current course of the Padma 

River, and receives flood water from both the Padma and Jamuna rivers. The Padma -

Madhumati floodplain has a wide range of land levels from higher land in the north-west, which 

is generally only slightly flooded, to lower land in the south west which experiences more 

severe flooding. This part of the delta was built up by the Madhumati floodplain when it was 

the main channel of the Ganges River. When the Ganges River shifted its course, this process 

stopped. The non-saline tidal floodplain is very similar in many respects to the Padma -

Madhumati floodplain but with the added effects of tidal currents. The non-saline floodplain is 

shallowly flooded every monsoon season, with the degree of flooding varying with the tidal 

conditions. In the saline tidal floodplain region of the Mature delta, the tidal effects are much 

stronger, and deposition is continuing at the mouth of the major rivers. 

(23) Active Delta  

The Active Delta lies at the mouth of the Meghna River and consists of four large islands; 

Bhola, Ramgati, Hatiya and Shondip. All of these islands are undergoing relatively fast rates 

of growth, with new chars continually being attached. The huge amount of sediment carried by 

the Meghna River shallows the estuary for a considerable distance into the Bay of Bengal. 

(24) Chittagong Sub-Region  

The Chittagong region of Bangladesh forms a very distinct area that is different in many 

respects to the rest of the country. It lies south of the Feni River containing many lakes, islands, 

mountain ranges and forests. It can be further sub-divided into 10 physiographic areas 
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characterizing the coastal plains, islands and deltas, the central valley, the western hills and the 

mountain ranges to the east. 

2.3 Topography of Bangladesh  

Topography configuration of a land surface including its relief and contours, the distribution 

of mountains and valleys, the patterns of rivers, and all other features, natural and artificial, 

that produce the landscape. Although Bangladesh is a small country, it has considerable 

topographic diversity. It has three distinctive features (i) a broad alluvial plain subject to 

frequent flooding, (ii) a slightly elevated relatively older plain, and (iii) a small hill region 

drained by flashy rivers. On the south, a highly irregular deltaic coastline of about 600km 

fissured by many estuarine rivers and channels flowing into the Bay of Bengal. The alluvial 

plain is part of the larger plain of Bengal, which is sometimes called the Lower Gangetic Plain. 

Elevations of the plains are less than 10m above the sea level; elevation furthers decline to a 

near sea level in the coastal south.  

The hilly areas of the southeastern region of Chittagong, the northeastern hills of Sylhet and 

highlands in the north and northwest are of low elevations. The Chittagong Hills constitute the 

only significant hill system in the country. It rises steeply to narrow ridgelines (average 36m 

wide), with elevation ranges between 600m and 900m above mean sea level. In between the 

hilly ridges lie the valleys that generally run north to south. West of the Chittagong hills is a 

narrow and wet coastal plain lying parallel to the shoreline.  

Topographic map as presented in Figure 2-2 showing the surface features including relief, 

vegetation cover, water bodies or topography by means of contour lines, plastic shading, 

hatching, or other graphic devices. A large-scale topographic map even includes the locations 

of hats (market-places), petrol-pumps, education institutes, rural narrow roads, etc. 

http://en.banglapedia.org/index.php?title=Channel
http://en.banglapedia.org/index.php?title=Bay_of_Bengal
http://en.banglapedia.org/index.php?title=Sea_Level
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Figure 2-2: Topographic Map of the Study Area 
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2.4 Agro-Ecological Zones of Bangladesh 

Agro-Ecological Zone land areas recognized on the basis of hydrology, physiography, soil 

types, tidal activity, cropping patterns, and seasons. In fact, an Agro-Ecological zone indicates 

an area characterized by homogeneous agricultural and ecological characteristics. This 

homogeneity is more prominent in the sub region and unit levels. The Agro-Ecological zones 

of Bangladesh have been identified on the basis of four elements such as physiography, soils, 

land levels in relation to flooding and agroclimatology. Bangladesh has been tentatively 

divided into 30 Agro-Ecological zones as shown in Figure 2-3. The characteristics of different 

agro-ecological zones has been presented in Table 2-2. These 30 zones have been subdivided 

into 88 Agro-Ecological sub-regions, which have been further subdivided into 535 Agro 

Ecological units. The 30 AEZ of Bangladesh are given below:  

1. Old Himalayan Piedmont Plain 

2. Active Tista Floodplain 

3. Tista Meander Floodplain 

4. Karatoya-Bangali Floodplain 

5. Lower Atrai Basin 

6. Lower Purnabhaba Floodplain 

7. Active Brahmaputra ï Jamuna Floodplain 

8. Young Brahmaputra and Jamuna Floodplain 

9. Old Brahmaputra Floodplain 

10. Active Ganges Floodplain 

11. High Ganges River Floodplain 

12. Low High Ganges River Floodplain 

13. Low Ganges River Floodplain 

14. Gopalganj Khulna Beels 

15. Arial Beel 

16. Middle Meghna River Floodplain 

17. Lower Meghna River Floodplain 

18. Young Meghna Estuarine Floodplain  

19. Old Meghna Estuarine Floodplain  

20. Eastern Surma Kushyara Floodplain 

21. Sylhet Basin 

22. Northern and Eastern Piedmont Plains 

23. Chittagong Coastal Plain 

24. Martinôs Coral Island 

25. Level Barind Tract 

26. High Barind Tract 

27. North Eastern Barind Tract 

28. Madhupur Tract 

29. Northern and Eastern Hills 

30. Akhaura Terrace 

http://en.banglapedia.org/index.php?title=Physiography
http://en.banglapedia.org/index.php?title=Season
http://en.banglapedia.org/index.php?title=Soil
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Figure 2-3: Agro-Ecological Zones of Bangladesh
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Table 2-2: Characteristics of Different Agro -ecological Zones 

Name of the AEZs Location 
Extent 

(Km 2) 
Land Type 

Organic 

matter 

Content 

Fertility 

Level 
Suitable crops 

1. Old Himalayan 

Piedmont Plain 

Most of Panchagarh and Thakurgaon districts 
and north-western parts of Dinajpur districts  

4008 High: 58% 

Medium high: 34% 

Others: 8% 

Low Low to 

medium 

Kharif:  B. Aus, T. 

Aman, Jute, Summer 

vegetables, Summer 

pulse, Sesane 

Rabi: Pulses, Potato, 

Vegetables, Wheat, 

Mustard 
 2. Active Tista 
Floodplain 

Narrow belts within and adjoining the 

chasnnels rivers in Nilphamari, Rangpur, 

Lalmonirhat, Kurigram and Gaibandha district 

830 Medium high: 72% 

Others: 28% 

Low Medium Kharif:  B. Aus, B. 

Aman, T. Aman, Jute, 

Kaon, GM 

Rabi: Tobacco, 

Mustard, Boro rice, 

Wheat, Grasspea, Chilli 

3. Tista Meander 

Floodplain 

Greater Rangpur, eastern part of Panchagarh 

and dinajpur; northern Bogra and part of 

Jaipurhat, Naogaon and Rajshahi districts. 

9468 High: 35% 

Medium high: 51% 

Others: 14% 

Medium Medium Kharif:  B. Aus, T. Aus, 

Jute, T. Aman, GM, 

Kaon 

Rabi: Wheat, 

Sugarcane, Potato, 

Mustard, Blackgram, 

Tobacco 

4. karatoya- 

Bangali Floodplain 

Eastern half of Bogra district and most of 

Sirajganj district 

2572 High: 23% 

Medium high: 44% 

Medium low: 14% 

Others:19% 

Medium 

to high 

Medium Kharif:  Jute, B. Aus, T. 

Aman, Kaon, GM 

Rabi: Wheat, 

Vegetables, Pulses, 

Mustard, Potato, Boro 

5. Lower Atrai 

Basin 

Most of this region lies in Naogaon and Natore 

districts. Small areas extend into Rajshashi, 

Bogra and sirajganj districts 

851 Medium high: 21% 

Low:65% 

Others: 14% 

Medium Low to 

Medium 

Kharif:  B. Aman, B. 

Aus 

Rabi: Grasspea, Boro 
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Name of the AEZs Location 
Extent 

(Km 2) 
Land Type 

Organic 

matter 

Content 

Fertility 

Level 
Suitable crops 

6. Lower 

Punarbhaba 

Floodplain 

Extreme western part of Naogaon districta and 

the extreme northern part of Nawabganj district 

129 Low: 60% 

Others: 40% 

Medium 

to high 

Medium Kharif:  B. Aman 

Rabi: Boro rice 

7. Active 

Brhamaputra 

Jamuna Floodplain 

Eastern part of Kurigram, Gaibandha, Bogra, 

Sirajganj and Pabna districts. Minor area also 

occurs in Dhaka, Munshiganj, Narayanganj and 

Chandpur districts 

3190 Medium high: 37% 

Medium Low: 20% 

Others: 43% 

Low Low to 

medium 

Kharif:  Jute, B. Aus, B. 

Aman, T. Aman, Kaon 

Rabi: Wheat, Mustard, 

Sweet Potato, 

Groundnut, Cheena 

8. Young 

Brahmaputra and 

Jamuna Floodplain 

Western parts of Sherpur, Jamalpur and 

Tangail districts, parts of Manikganj, Dhaka, 

Munshiganj and Gazipur districts and a belt of 

adjoin and old Brahmanputra channel through 

Mymensingh, Kishoreganj and Narsingdi 

districts  

5924 High: 18% 

Medium high: 42% 

Medium low: 19% 

Others: 9% 

Low to 

medium 

Low Kharif : B. Aus, T. 

Aman, T. Aus, Jute, 

Green manures, Fox tail 

millet 

Rabi: Wheat, Potato, 

Tobacco, Mustard, Boro 

9. old Brahmaputra 

Floodplain 

Large areas in Sherpur, Jamalpur, Tangail, 

Mymensingh, Netrokona, Kishoreganj, 

Narsingdi and Narayanganj districts. Small 

areas in the east of Dhaka and Gazipur districts  

7230 High: 28% 

Medium high: 35% 

Medium low: 18% 

Others: 17% 

Low to 

medium 

Low Kharif : B. Aus, T. 

Aman, T. Aus, Jute, 

Green manures 

Rabi: Mustard, Wheat, 

Pulses, Onion, Potato, 

Grasspea 

10. Active Ganges 

Floodplain 

The region extends along the Ganges and lower 

Meghna river Channels from the Indian border 

Nawabgang and Rajshahi District to the mouth 

of Meghna estuary in Lakhsmipur and Barisal 

District  

3334 High: 12% 

Medium high: 33% 

Medium low: 18% 

Others: 37% 

Low Medium Kharif : B. Aus, B. 

Aman, T. Aus, Jute 

Rabi: Boro, Wheat, 

Onion, Blackgram, 

Mustard 

11. High Ganges 

River Floodplain 

Nowabganj, Rajshahi, southern Pabna, 

Kushtia, Meeherpur, Chuadanga, Jhenaida, 

Magura, Jessor, Shatkhira, and Khulna district 

together with minor areas in Noagaon and 

Narail district.  

13205 High: 43% 

Medium high: 32% 

Medium low: 12% 

Others: 13% 

Low Low Kharif : B. Aus, T. 

Aman, T. Aus, 

Mungbean, Jute, Cotton 

Rabi: Wheat, Mustard, 

Chickpea, Lentil, Boro 

rice 
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Name of the AEZs Location 
Extent 

(Km 2) 
Land Type 

Organic 

matter 

Content 

Fertility 

Level 
Suitable crops 

12. Lower Ganges 

River Floodplain 

Nature, Pabna, Goalanda, Faridpur, madaripur, 

Gopalganj and Sariatour, estern parts of 

Kushtia, Magura, and Narial, north-eastern 

parts of Khulna and Bagherhat, northern 

Barisal, and southo-western parts of 

Manikganj, Dhaka and Munshiganj districts. 

7968 High: 13% 

Medium high: 29% 

Medium low: 31% 

Others: 27% 

Medium 

to high 

Medium Kharif : B. Aus, B. 

Aman, T. Aman, Jute, 

Kaon, GM 

Rabi: Pulses, Wheat, 

Mustard, Linseed, Boro 

rice 

13. Ganges Tidal 

Floodplain 

All or most of Barisal, Jhalokati, Pirojpur, 

Patuakhali, Bagerthat, Barguna, Khuna and 

Shatkhira districts. It includes the Khulna and 

Bagerhat Sundarbans Reserve Forests.  

17066 Medium high: 78% 

Others: 22% 

Medium 

to high 

High Kharif : B. Aus, T. 

Aman, Green manures 

Rabi: Boro rice, Wheat, 

Mungbean, Grasspea, 

Cowpea, Chilli 

14. Gopalganj-

Khulna Beels 

A number of seperete basin areas in Madaripur, 

Gopalganj, Narial, Jossore, Bagerhat and 

Khulna districts. 

2247 Medium high: 13% 

Medium low: 41% 

Low: 28% 

Others: 18% 

Medium 

To high 

Medium Kharif : T. Aman, Jute, 

T. Aus, Sesame, B. 

Aman 

Rabi: Boro rice, Bean, 

Wheat, Grasspea, 

15. Arial Beel Munshiganj and Dhaka district. 144 Medium high: 13% 

Low: 73% 

Others: 14% 

Medium Medium to 

high 

Kharif : Aus rice, Jute, 

Rabi: Pulse, Mustard, 

Potato, Boro rice. 

16. Middle Meghna 

River Floodplain  

Parts of Kishoreganj, Brahmanbaria, Comilla, 

Chandpur, Narsindi and Narayanganj 

1555 Medium high: 8% 

Medium low: 29% 

Low: 25% 

Very low: 11% 

Others: 27% 

Low Medium Kharif : B. Aus+B. 

Aman, Jute 

Rabi: Boro rice, potato, 

wheat, mustard 

17. Lower Meghna 

River Floodplain  

Chandpur, Lakshimpur and Noakhali  909 High: 14 

Medium high: 28 

Medium low: 31 

Others: 27 

Medium Medium to 

high 

Kharif : T. aman, jute 

Rabi: Boro rice, Potato, 

Wheat, Mustard, 

Groundnut, Lentil, 

Chickpea, Soybean, 

Chilli  
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Name of the AEZs Location 
Extent 

(Km 2) 
Land Type 

Organic 

matter 

Content 

Fertility 

Level 
Suitable crops 

18. Young Meghna 

Estuarine 

Floodplain 

Chittagong, Feni, Noakhali, Lakshmipur, 

Bhola, Barisal, Patuakhali and Barguna. 

9269 Medium high: 45% 

Others: 55% 

Low Medium Kharif : B. Aus, T. Aus, 

T. Aman 

Rabi: Boro rice, Wheat, 

Mustard, Soybean, 

Mungbean, Grasspea, 

Cowpea, Lentil, 

Groundnut, Chilli  

19. Old Meghna 

Estuarine 

Floodplain 

Kishoreganj, Habiganj, Brahmanbaria, 

Comilla, Chandpur, Feni, Noakhali, 

Lakhsmipur, Narshingdi, Narayanganj, Dhaka, 

Shariatpur, Madaripur, Gopalganj and Barisal. 

7740 Medium high: 24% 

Medium low: 33% 

Low: 21% 

Others: 27%  

Medium Medium Kharif : B. Aus+B. 

Aman, T. Aman, Jute 

Rabi: Boro rice, Wheat, 

Potato, Mustard, 

Grasspea, Chickpea, 

Winter vegetable. 

20. Eastern Surma-

Kushiyara 

Floodplain  

Sylhet, Moulvibazar, Sunamganj and Habiganj. 4622 Medium high: 25% 

Medium low: 20% 

Low: 36% 

Others: 19% 

Medium Medium Kharif : B. Aus + B. 

Aman, T. Aus, T. Aman  

Rabi: Mustard, Country 

bean. 

21. Sylhet Basin Sunamganj, Habiganj, Netrokona, 

Kishoreganj, and Brahmanbaria 

4573 Medium low: 19% 

Low: 43% 

Very low: 23% 

Others: 15% 

High Medium to 

High 

Kharif : B. Aus, T. Aus, 

T. Aman 

Rabi: Boro rice, 

Mustard, Grasspea. 

22. Northers and 

Eastern Piedmont 

Plains 

Sherpur, Netrokona, sunamganj, Sylhet, 

Moulavibazar, Habiganj, Brahmanbaria and 

Comilla 

4038 High: 33% 

Medium high: 31% 

Medium low: 16% 

Others: 80% 

Medium Low to 

medium 

Kharif:  T. Aus, T. 

Aman, Jute 

Rabi: Boro rice, Wheat, 

Mustard, Potato, 

Grasspea, Black gram 

23. Chittagong 

coastal Plain 

Feni, chittaging and coxôs Bazar 3720 High: 17% 

Medium high: 43% 

Medium Low: 13% 

Others: 27% 

Low Medium Kharif:  T. Aus, T. 

Aman, Taro 

Rabi: Boro rice, Potato, 

Mustard. Tomato, 

Cowpea, Brinjal, 
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Name of the AEZs Location 
Extent 

(Km 2) 
Land Type 

Organic 

matter 

Content 

Fertility 

Level 
Suitable crops 

Radish, Country bean, 

Yard long bean 

24. St. Martinôs 

Coral Island 

St. Martinôs Island 8 High: 33% 

Medium high: 63% 

Others: 4% 

Medium 

to low 

Low Kharif:  B. Aman, T. 

Aman 

Rabi: Grasspea, Onion, 

Garlic, Cucurbits 

25. Level Barind 

Tract 

Dinajpur, Gaibandha, Joypurhat, Bogra, 

Naogaon, Sirajganj and Natore 

5049 High: 30% 

Medium high: 55% 

Others: 15% 

Low Low Kharif:  T. Aman, 

Sugarcane, Maize 

Rabi: Sugarcane, 

Potato, Maize, Mustard, 

Wheat, Tomato, Onion, 

Cabbage 

26. High Barind 

Tract 

Rajshashi. Nawabganj and Naogaon 1600 High: 93% 

Others: 7% 

Low Low Kharif:  T. Aus, T. 

Aman, Sugarcane, 

Maize 

Rabi: Boro rice, Wheat, 

Sugarcane, 

Cabbage/Cauliflower, 

Maize, Mustard, Potato, 

Chickpea, Black gram, 

Lentil, Ladies finger 

27. North Eastern 

Barind Tract 

Dinajpur, Rangpur, Gaibandha, Joypurhat and 

Bogra 

1079 High: 36% 

Medium high: 56% 

Others: 8% 

Low Low  Kharif:  T. Aus, T. 

Aman, Sugarcane, Jute, 

Sesame 

Rabi: Boro rice, Wheat, 

Sugarcane, Potato, 

Maize, Mustard, Black 

gram, Cabbage, 

Cauliflower 

28. Madhupur Tract  Dhaka, Gazipur, Narsingdi, Narayanganj, 

Tangail, Mymensing and Kishoreganj 

4244 High: 56% 

Medium high: 18% 

Others: 26% 

Low Low Kharif:  B. Aus, T. 

Aman, Jute, Sugarcane, 

Green maures 
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Name of the AEZs Location 
Extent 

(Km 2) 
Land Type 

Organic 

matter 

Content 

Fertility 

Level 
Suitable crops 

Rabi: Boro rice, 

Sugarcane, Lentil/ 

Mungbean, Mustard. 

Chickpea 

29. Northern and 

Eastern Hills 

Khagrachhari, Chittagong Hill Tracts. 

Bandarban, Chittagong, Coxôs Bazar, Habiganj 

and Moulavibazar 

18172 High: 92% 

Others: 8% 

Low Low Kharif:  B. Aus, T. 

Aman. Jhum cultivation 

Rabi: Boro rice, Potato, 

Sweet Potato, 

Cucumber, Sweet 

ground, Snake gourd, 

Bitter gourd, Ridge 

gourd, Brinjal, Country 

bean, Coriander 

30. Akhaura 

Terrace 

 Brahmanbaria district and minor areas in 

Habiganj district 

113 High: 11% 

Medium high: 10% 

Medium low: 15% 

Others: 64% 

Low Low Kharif: T. Aus, T. 

Aman, Jute, Sugarcane+ 

Turmeric 

Rabi: Boro rice, Wheat, 

Mustard, Potato 

T. Transplanting; B: Broadcasting 
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2.5 Flora and Fauna of Bangladesh 

2.5.1 Flora of Bangladesh 

The floral diversity of Bangladesh is extraordinary. Khan (1991) reported that the country 

possessed more than 5,000 species of angiosperms and many of which have several sub-

species. Of these, only some 160 species are used as crops (Mondal 1990). The major crops are 

rice, wheat, jute, pulses, oilseed plants, minor cereals, sugar crops, fruits, vegetables root 

tubers, spices, beverage crops, flowers, medicinal and aromatic plants, forest tree species and 

other wild plants. The natural forests of Bangladesh consist of three major vegetation types 

occurring on the three distinctly different land types (Hassan 1994). The natural forests are 

richest in floristic composition and some 2,260 plant species are reported from the Chittagong 

region which falls between two major floristic regions of Asia (DoE 2015). The geographical 

location and the climate of the country support a rich biodiversity but, unfortunately the total 

flora of the country is not yet fully investigated. A checklist developed by Basak and Alam 

(2015) enlisted 1,048 tree species (gymnosperm, dicot and monocot) under 432 genera in 99 

families that will give information of the tree species in Bangladesh. Recent publication of 

óEncyclopedia of Flora and Fauna of Bangladeshô by Asiatic Society provides an enumeration 

of the plant and animal resources of the country (Ahmed et al. 2008, 2009). It recorded 3,611 

taxa of angiosperms from the country. Exploration, identification and description of new 

species are being published by the Bangladesh National Herbarium (BNH). Another 64 

angiosperms were added to the flora during June 2009 to June 2013 of which 8 species were 

described as new to science (Irfanullah 2013) and BNH has reported 40 angiosperm species 

very recently (Ara and Khan 2015). 

Based on the countryôs geographic and bio-geographic features, Bangladesh has notable 

diversity in its ecosystems. Considering the main biophysical characteristics, the ecosystems 

of Bangladesh are broadly categorized as terrestrial, inland water, and marine and coastal 

ecosystems. The status and trends of biodiversity of the ecosystems are as follows:  

Major Forest Ecosystems: Forests are one of the major biodiversity rich areas in Bangladesh.  

Sundarbans Mangrove Forest: The Bangladesh portion of the Sundarbans (approximately 

60% of the entire forest) is the largest productive and contiguous mangrove forest in the world 

(Siddiqi 2001, Hussain 2014). This was declared as óReserved Forestô during 1875-76 and The 

Sundarban Reserved Forest is internationally recognized as an important mangrove ecosystem 

of high biodiversity value. About 1,400 square kilometres of the forest was declared as a World 

Heritage Site by the UNESCO in 1997 of which 490 square kilometers is water. A part of 

Sundarbans has also been recognized as wetlands of international importance (Ramsar Site) 

under Ramsar Convention in 1992. Prain (1903a) recorded 334 species of plants for the 

Sundarbans and adjoining areas. Heinig (1892) reported 70 species from the entire Sundarbans. 

Chaffey and Sandom (1985) recorded 66 plant species from Bangladesh Sundarbans. However, 

Hussain and Acharya (1994) reported about 123 species of flora from the Bangladeshôs portion 

of Sundarbans. Different assessments since 1903 reported as high as 122 angiosperms from the 
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Sundarban along with 21 fern species, and many species of lower plant groups like mosses, 

lichens, cyano-bacteria, algae and fungi (Hussain, 2014). 

Chittagong Hill Tracts (CHT): The CHT is situated in the south-eastern corner of Bangladesh 

bordering Myanmar in the south-east, the state of Tripura on the north and Mizoram on the 

east, and the district of Chittagong on the west. Area of CHT is 13,294 sq. km, which is about 

one-tenth of the country. Among the total area of the CHT, more than 75% is considered as 

forest area and the forests of CHT are ecologically classified as Tropical wet-evergreen, 

Tropical semi-evergreen, Tropical moist-deciduous, Tropical open deciduous and Savannah 

forests (Das 1990). The important reserve forests of CHT are Kassalong reserve forests 

(159,449.7 ha), Raingkheong reserve forests (76,331.0 ha), Sitapahar reserve forests (5,876.5 

ha), 235.79 ha of Barkal reserve forests and Sangu and Matamuhury reserve comprises about 

74,500 ha (Chowdhury 2006). There are three protected areas, e.g. Pablakhali Wildlife 

Sanctuary, Kaptai National Park, and Sangu Valley Wildlife Sanctuary. The CHT in 

Bangladesh supports almost 80% of the countryôs total biodiversity (Nishat & Biswas 2005, in 

Jashimuddin and Inoue 2012). The evergreen and mixed evergreen forests of CHT are the 

habitat of 1560 species of flowering plants (Heinig 1925). Rampahar along with Sitapahar were 

declared as the first reserve forest in the Chittagong Hill Tracts region in 1875 (Anonymous, 

1960). Presence of 85 different tree species having dbh Ó10 cm was reported from the Sitapahar 

reserve forest is comparable to other rich tropical forests (Nath et al. 2000). Since much of the 

biodiversity in tropical forests resides in herbs, shrubs and small trees, Uddin et al. (1998) 

recorded 332 species (248 dicots and 84 monocots) from this area. Harun-Ur-Rashid and 

Chowdhury (2013) later on added 43 taxa (38 dicots and 5 monocots) from this forest. A survey 

from 2001 to 2008 revealed 89 monocots (Uddin and Hassan, 2012a) and 500 dicot species 

from Rampahar area (648 ha) under Kaptai Forest Range. Uddin and Hassan (2012a) also 

reported 41 pteridophyte species belonging to 26 genera from Rampahar and Sitapahar area, 

which constitutes 21% of total fern flora of the country. Similarly, the status and distribution 

pattern of natural regeneration of Sitapahar reserve forest reported 62 identified tree species 

and another 20 unidentified tree species with an average density of 15,618 seedlings/saplings 

per ha indicating the rich soil seed bank of the native tree species (Hossain et al. 1999).  

Sal Forests: The moist deciduous Sal (also known as Gazari) forests are located in the greater 

Dhaka, Tangail and Mymensingh districts in the central region and in the greater Dinajpur, 

Rangpur, and Rajshahi districts in the northern region. The Sal forests originally comprise an 

area of 120,255 ha of which 104,616 ha (87%) are located in the central region and 15,639 ha 

(13%) in the northern region. Most of the sal forests are now severely degraded and poorly 

stocked and the area is now becoming to only 34,000 ha (Altrell et al. 2007). Madhupur 

National Park is one of the last remaining patches of old-growth Sal forest left in the country. 

Sal (Shorea robusta) is the dominant species with associates of Mallotus phillippenis, 

Schleichera oleosa, Protium serratum, Dillenia pentagyna etc. Alam (1995) recorded 260 

woody plant species from sal forests of Bangladesh, whereas, Malaker et al. (2010) reported 

174 plant species from Madhupur sal forests. Hossain et al. (2015) recorded 385 plant species 

from Madhupur National Park. At present, most of the forest areas in Madhupur has been 
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denuded, degraded or encroached upon or taken over for the commercial production of 

pineapples, bananas, the industrial plantation of rubber and exotic fuel-wood species (Hossain 

et al. 2013, 2015). 

Ratargul Swamp Forest: Ratargul is a small freshwater swamp in the haor basin of north-east 

region of Bangladesh. The ecosystem is some typical freshwater wetland forest rich with 73 

species of flora and 230 species of fauna from Ratargul (Choudhury et al. 2004). Species 

diversity is very rich in this swamp. Mention worthy flora of the swamp are Barringtonia, 

Pongamia, Crataeva, Salix, Clinogyne, Phragmites, Rosa, Saccharam, Phyllantus, Calamus, 

Ficus, Asclepias, Oryza, Cyperus, Nymphaea, Trapa, Vallesnaria, Echinochloa and 

Polygonum species. This forest also harbors a number of medicinal plants such as Asparagus 

racemosus, Centella asiatica, Craeteva magna, Hemidesmus indicus, Ipomoea fistulosa and 

Mimosa pudica. Calamus guruba (Rattan) plantations have been raised at suitable locations of 

this forest. 

Agro Ecosystems: Bangladesh has been divided into thirty agro-ecological zones and 88 

subzones on the basis of physiographic, soil properties, soil salinity, depth, duration of flooding 

etc. The general agro-ecological variations of Bangladesh range from below sea level-basins 

to small hills. Farming practices in Bangladesh are complex and diverse and are largely 

controlled by physical, biological, climatologically and socioeconomic factors. In Bangladesh 

more than 300 different crops are presently cultivated of which many of them are endemic. 

However, the diversity of landraces for almost all the crops is decreasing with the increased 

priority of high yielding varieties.  

Homestead Ecosystems: Homestead ecosystems, which in together is the largest manmade 

ecosystem in Bangladesh, act as the last refuge of wild flora and fauna of open woodland 

ecosystem. Most of the homestead ecosystems in the floodplains consist of a small pond, 

backyard jungles, bushes and kitchen gardens. Homesteads in the hilly terrain are usually tiny 

hillocks with its valley and hilly streams. Homesteads in the coastal zones have backyard 

mangroves with inter-tidal canals and ditches. Despite the conversion of natural bushes in the 

homestead ecosystems, a wide range of wild flora and fauna are still occurring in the 

homesteads with remarkable abundance (Islam et al. 2015, Nath et al. 2015).  

Homesteads of Bangladesh have a long heritage of growing timber and fruit trees, along with 

other perennial shrubs and herbs. Species composition and number of species in the homesteads 

of Bangladesh are variable and sporadic. Abedin and Quddus (1990) reported that the number 

of plant species (excluding vegetable species) in the coastal areas was higher (70 species) than 

those found in the homesteads of Tangail (52 species), Ishurdi (34 species), Jessore (28 

species), Patuakhali (20 species), Rajshahi (28 species) and Rangpur (21 species) districts. 

Homestead gardens are significant sources of fruits, timber, fuelwood, lumber, veneer logs and 

bamboo of Bangladesh. In this way, the homesteads of the country are vital sources of 

livelihood for many farmers and serve as the safety net during the time of hardship and natural 

disasters. 
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 Inland Water Ecosystems: Bangladesh is a land of water and wetlands. Wetlands constitute 

more than 50% territory of the country and play significant role in social and economic 

livelihood of the population. The wetlands in Bangladesh encompass a wide variety of 

ecosystems including the main rivers (the Ganges, the Brahmaputra and the Meghna) and their 

700-plus tributaries and distributaries; about 6,300 beels (permanent and seasonal shallow 

lakes in floodplain depressions); at least 47 major haors (deeply flooded depressions in the 

north-east), baors (oxbow lakes); vast areas of seasonally flooded land; and fish ponds and 

tanks (Nishat 1993, Khan 2001).  

Floodplain in Bangladesh occupies a greater part of the landscape and offers important habitats 

of wide variety of wild flora and fauna. A total of 200-300 plant species in Bangladesh are 

considered to be wetland species for all or part of their life spans (Nishat 1993). The country 

has a praiseworthy achievement in conservation and sustainable uses of floodplain biodiversity 

and most of these have been through the activities of various projects of Government and the 

development partners. The ócommunity-based wetlands conservation modelô was replicated 

creatively and it succeeded in cases of conservation and wise-use of wetlands biodiversity. The 

threatened species of flora and fauna were conserved successfully and the common species 

having economic value were used sustainably with a significant improvement of livelihoods of 

the local communities (DoE 2015). 

2.5.2 Fauna of Bangladesh 

Although it is not frequently recognized, Bangladesh supports a wealth of faunal diversity, 

including some 113 species of mammals, 628 birds, 126 reptiles, 22 amphibians, 708 species 

of freshwater and marine fish, about 400 species of mollusks, 70 bees and as many species of 

wasps. Unfortunately, altogether there are 10 species of mammals, two birds and one species 

of reptile are nationally extinct. In addition, according to the list given below 58 fish, 8 

amphibians, 63 reptiles, 47 bird, and 43 mammal species are either critically endangered, or 

vulnerable in Bangladesh. Many of these species are globally threatened, such as the Asian 

elephant (Elephas maximus), Bengal tiger (panther tigris), Gangetic gharial (Gavialis 

gangeticus), Ganges River dolphin (platanista gangetica) and Hoolock gibbon (Hylobates 

hoolock). Moreover, five species of threatened marine turtles nest along Bangladesh coastline 

and two globally important migratory bird flyways (i.e. the East Asia-Australasian flyway and 

the central Asia-Indian flyway) converge here. Each year, some one million waterfowl winter 

in Bangladesh, including such globally endangered species as the Spoon-billed sandpiper 

(calidris pygmeus). A status of faunal diversity in Bangladesh is given in Table 2-3. 
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Table 2-3: Faunal Diversity in Bangladesh 

Group 

Total 

no. of 

Living 

species 

Extinct 

(EX) 

Threatened 
Data 

Deficient 

(DD) 

Not 

Threatened 

(NO) 

Critically 

Endangered 

(CR) 

Endangered 

(EN) 

Vulnerable 

(VU) 
Total 

Fishes 7080 00 120 290 170 580 660 584 

Amphibians 220 00 00 30 50 80 70 7 

Reptiles 1260 10 130 280 270 630 390 24 

Birds 6280 20 190 200 80 470 1620 413 

Mammals 1130 100 210 150 70 430 530 17 

Total 15970 130 650 940 590 2190 3270 1045 

Source: IUCN Bangladesh, 2000 

2.6 Hydrological Setting of Bangladesh 

National Water Management Plan, 2004 has delineated the eight Hydrological Regions in 

Bangladesh, based on appropriate natural features, for planning the development of their water 

resources. The Hydrological Regions are Southwest (SW), Northeast (NE), North Central 

(NC), Northwest (NW), South Central (SC), Southeast (SE), Eastern Hills (EH), River and 

Estuary Region (RE) as shown in Figure 2-4. 
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Figure 2-4: Hydrological Regions of Bangladesh (Source NWMP, 2004) 

The major and specific characteristics of each Hydrological region have been given below:  

i. South-West Hydrological Region 

Major water related problems in this zone are: 

¶ Tidal Flood, Flash Flood, and Riverine Flood 

¶ Drought in Dry season 

¶ Water Pollution 

¶ Water Logging 

¶ Land Subsidence 

¶ Salinity Intrusion in Ground water 

¶ Arsenic Contamination in Ground water 

¶ Sedimentation and drainage congestion 

¶ River bank erosion 

¶ Natural disaster such as cyclone, tidal surge etc. 
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¶ Climate Change and sea level rise etc. 

ii.  North-east Hydrological Region  

Major water related specific issues in this zone are: 

¶ Environmental Management of the Haor Basin 

¶ Flash Flooding and Remedial actions for existing FCD schemes 

¶ Flood proofing of villages in the Haor Basin 

¶ Erosion of Old Brahmaputra left Bank 

¶ Drainage Congestion of Kalny-Kushiyara and other rivers 

¶ Local development of hill irrigation 

iii.  North Central Region  

Major Specific issues in this region are: 

¶ Bulk Water Supply and Pollution clean-up for Dhaka city 

¶ Encroachment on Buriganga and other rivers and Channels in Dhaka 

¶ Flooding and Drainage Problems in parts of the region 

¶ Flood proofing needs in the Charlands and low lying areas 

¶ Improvement of Flood Control, Drainage and Sewerage system of Dhaka City 

iv. North West Hydrological region  

Major specific Water resources issues in this zone are: 

¶ Erosion along the right Bank of Brahmaputra 

¶ Flooding and Drainage Problems 

¶ Remedial measures for existing FCD(I) schemes 

¶ Drought in the western fringes, especially the High Barind 

¶ Flood proofing needs in the Charlands and low-lying areas 

¶ Improvement of Flood Control, Storm Drainage, Water Supply and Sanitation 

system of Rajsahi City 

v. South Central Hydrological region  

South Central Hydrological region suffers few similar problems to the South West Region. 

Major specific Water resources issues in this zone are: 

¶ Maintenance of the existing coastal embankment system 

¶ Flood proofing needs in the Charlands and low-lying areas 
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¶ Siltation and Drainage congestion 

¶ Improved Cyclone protection 

vi. South East Hydrological region  

This region is particularly affected by Arsenic contamination. Specific water resources issues 

in this zone are: 

¶ Gaseous aquifer 

¶ Improved cyclone protection 

¶ Maintenance of the existing coastal embankment system and drainage congestion 

¶ Protection of newly accreted lands against tidal flooding 

¶ Remedial action for existing inland FCD schemes 

¶ Coastal afforestation 

vii.  Eastern Hill Region 

The major water related issues in this region are: 

¶ Small-scale irrigation development in the CHT 

¶ Mini -hydropower development in the CHT 

¶ Improved cyclone protection 

¶ Maintenance of the existing coastal embankment system 

¶ Optimum use of Kaptai reservoir 

¶ Improvement of Flood Control, Storm Drainage, Water Supply and Sanitation 

system of Chittagong City 

viii.  Coastal protection and afforestation River and Estuary Region  

The major water related issues are: 

¶ An affordable long-term strategy for erosion protection 

¶ An affordable long-term strategy for regional Augmentation 

¶ Flood proofing needs in the charlands and low-lying areas 

¶ Improved cyclone protection in the Meghna Estuary 

¶ Erosion of Meghna River 

¶ Land accretion and Land reclamation 

¶ Timely protected newly accreted Lands 
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2.7 Rivers of Bangladesh 

The rivers of Bangladesh are very extensive and distinguish both the physiography of the 

country and the life of the people. Bangladesh is called a land of rivers as it has about 700 rivers 

including tributaries. The rivers are not, however, evenly distributed. For instance, they 

increase in numbers and size from the northwest of the northern region to the southeast of the 

southern region. The total length of all rivers, streams, creeks and channels is about 24,140 km. 

In terms of catchment's size, river length and volume of discharge, some of these rivers are 

amongst the very large on the earth. Usually, the rivers flow south and serve as the main source 

of water for irrigation and as the principal arteries of commercial transportation. The rivers also 

provide sweet water fish, an important source of protein. A large segment of population is thus 

engaged in the fishing sector. On the other hand, widespread riverbank erosion and regular 

flooding of the major rivers cause enormous hardship and destruction of resources hindering 

development. But it is also true to say that the river system brings a huge volume of new silt to 

replenish the natural fertility of the agricultural land. Moreover, the enormous volume of 

sediments that the rivers carry to the Bay of Bengal each year (approximately 2.4 billion tons) 

builds new land along the sea front, keeping hope alive for future extension of settlement. 

Finally, during the monsoon, rivers also drain excess discharge to the Bay. Thus, this great 

river system is the country's principal resource as well as its greatest hazard. The system can 

be divided into four major networks (1) Brahmaputra-Jamuna river system, (2) Ganges-Padma 

river system, (3) Surma-Meghna river system, and (4) Chittagong region river system as shown 

in Figure 2-5. 

The first three river systems together cover a drainage basin of about 1.72 million sq km, 

although only 7% of this vast basin lies within Bangladesh. The combined annual discharge 

passing through the system into the Bay of Bengal reaches up to 1,174 billion cu m. Most of 

the rivers are characterized by fine sandy bottoms, flat slopes, substantial meandering, banks 

susceptible to erosion, and channel shifting. 
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Figure 2-5: Major River System in Bangladesh (Source: BWDB) 

Brahmaputra-Jamuna System: The Brahmaputra-Jamuna River is about 280 km long and 

extends from northern Bangladesh to its confluence with the Ganges. Before entering 

Bangladesh, the Brahmaputra has a length of 2,850 km and a catchment area of about 583,000 

sq km. The river originates in Tibet as the Yarlung Zangbo Jiang and passes through Arunachal 
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Pradesh of India as Brahmaputra (son of Brahma). Along this route, the river receives water 

from five major tributaries, of which Dihang and Luhit are prominent. At the point where 

Brahmaputra meets the T eesta in Bangladesh, it is called the Jamuna. The Brahmaputra-

Jamuna throughout its broad valley section in Assam and in Bangladesh is famous for its 

braided nature, shifting sub channels, and for the formation of chars (island/sandbars) within 

the channel.  

The recorded highest peak flow of Brahmaputra-Jamuna is 98,000 cusecs in 1988; the 

maximum velocity ranges from 3-4 m/sec with a depth of 21-22m. The average discharge of 

the river is about 20,000 cusecs with average annual silt load of 1,370-tons/sq km. The average 

slope of the Jamuna is about 111,400; however, the local gradient differs quite considerably 

from the average picture.  

Within Bangladesh, the Brahmaputra-Jamuna receives four major right-bank tributaries - the 

Dudhkumar, Dharla, Teesta and Hurasagar. The first three are flashy, rising in steep catchment on 

the southern side of the Himalayan system between Darjeeling and Bhutan. The Teesta is one of 

the most important rivers of the northern region. Before 1787 it was the principal water source for 

the Karatoya, Atrai and Jamuneshwari. A devastating flood of 1787 brought in a vast amount of 

sand wave through the Teesta and choked the mouth of the Atrai; as a result the Teesta burst into 

the course of the Ghaghat river. The Teesta has kept this course ever since. The present channel 

within Bangladesh is about 280 km long and varies between 280 to 550 m in width. It joins the 

Brahmaputra just south of Chilmari upazila. The Dharla and Dudhkumar flow parallel to Teesta. 

The Dharla is a fast-flowing river in the monsoon but with the fall of water level it becomes braided. 

The Dudhkumar is a small river and flows southeast to join the Brahmaputra. The combined 

discharge of the Atrai and Karatoya passes through the Hurasagar to the Jamuna.  

The old Brahmaputra and the Dhaleshwari are the important left bank distributaries of the 

Jamuna. Prior to the 1787 Assam flood, the Brahmaputra was the main channel; since then the 

river has shifted its course southward along the Jhenai and Konai rivers to form the broad, 

braided Jamuna channel. The old course, named the Old Brahmaputra is now essentially a high-

flow spill channel, active only during the monsoon. Taking off at Bahadurabad, the Old 

Brahmaputra flows southeast, passes by Jamalpur and Mymensingh towns and joins the 

Meghna at Bhairab Bazar. Its average gradient is 4.76 cm/km. Along its southeasterly journey, 

Dhaleshwari bifurcates at least twice. Two of its important branches are the Kaliganga and 

Buriganga. The Dhaleshwari eventually meets the Shitalakshya at Narayanganj.  

The Ganges-Padma System: The Ganges ï Padma system is part of the greater Ganges system. 

The Ganges has a total length of about 2,600 km and a catchment area of approximately 907,000 

sq km. Within Bangladesh, Ganges is divided into two sections - first, the Ganges, 258 km long, 

starting from the western border with India to its confluence with Jamuna at Goalandaghat, some 

72 km west of Dhaka. The second is the Padma, 126 km long, running from Goalandaghat 

confluence to Chandpur where it joins the Meghna. The Padma-Ganges is the central part of the 

deltaic river system with hundreds of rivers. The total drainage area of Ganges is about 990,400 sq 

km of which only 38,880 sq km lie in Bangladesh.  
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The recorded highest flow of Ganges was 76,000 cumec in 1981, and the maximum velocity 

ranging from 4-5 m/sec with depth varying from 20m to 21m. The average discharge of the 

river is about 35,000 cumec with an approximate annual silt load of 492 tons/sq km. The 

average gradient for the reach between Allahabad to Benaras is 110,500, from Farakka (India) 

to Rampur-Boalia in Rajshahi (Bangladesh) is 1 18,700, from Rampur-Boalia through 

Hardinge Bridge to Goalandaghat is 1 28,000. The slope flattens to 137,700 for a distance of 

125 km from Goalandaghat to Chandpur. Within Bangladesh, the Mahananda tributary meets 

the Ganges at Godagari in Rajshahi and the distributary Baral takes off at Charghat on the left-

bank. The important distributaries taking off on the right-bank are the Mathabhanga, Gorai-

madhumati, Kumar, and Arial khan.  

The Surma-Meghna System: The Meghna is the longest (669 km) river in Bangladesh. It 

drains one of the heaviest rainfall areas (eg, about 1,000 cm at Cherapunji in Meghalaya) of 

the world. The river originates in the hills of Shillong and Meghalaya of India. The main source 

is the Barak River, which has a considerable catchment area in the ridge and valley terrain of 

the Naga-Manipur hills bordering Myanmar. The Barak-Meghna has a length of 950 km of 

which 340 km lie within Bangladesh. On reaching the border with Bangladesh at Amalshid in 

Sylhet district, the Barak bifurcates to form the steep and highly flashy rivers Surma and 

Kushiyara. The Surma, flowing on the north of the Sylhet basin, receives tributaries from the 

Khasia and Jaintia hills of Shillong. Some of the important tributaries of these two rivers are 

Luba, Kulia, Shari-goyain, Chalti-nadi, Chengar-khal, Piyain, Bogapani, Jadhukata, 

Someshwari and Kangsa. The Surma meets the Meghna at Kuliarchar upazila of Kishoreganj 

district. The Kushiyara receives left bank tributaries from the tripura hills, the principal one 

being the Manu. Unlike the Surma, the tributaries of the Kushiyara are less violent, although 

prone to producing flash floods, due in part to the lesser elevations and rainfall of Tripura hills.  

Between the Surma and Kushiyara, there lies a complex basin area comprised of depressions 

or haors, meandering flood channels, and abandoned river courses. This area remains deeply 

flooded in the wet season. The two rivers rejoin at Markuli and flow via Bhairab as the Meghna 

to join Padma at Chandpur. The major tributaries of any size outside the Sylhet basin are the 

Gumti and Khowai rivers, which rise in Tripura. Other hilly streams from Meghalaya and 

Assam join the Meghna. The total drainage area of the Meghna up to Bhairab Bazar is about 

802,000 sq km, of which 36,200 sq km lie in Bangladesh. The peak flow of the Meghna is 

19,800 cu m/sec, and the maximum velocity range from 1-2 m/sec with depth varying from 

33m to 44m. The average discharge of the river is about 6,500 cu m/sec. It has a steep slope 

while flowing in the Indian hilly part. At flood stages, the slope of the Meghna downstream at 

Bhairab Bazar is only 1 88,000. In terms of drainage pattern, the Meghna exhibits a meandering 

channel, and at some places it reflects an anastomosing pattern.  

The Chittagong Region System: The rivers of Chittagong and Chittagong Hill Tracts are not 

connected to the other river systems of the country. The main river of this region is Karnafuli. 

It flows through the region of Chittagong and the Chittagong Hills. It cuts across the hills and 

runs rapidly downhill to the west and southwest and finally to the Bay of Bengal. Chittagong 
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port is located on the bank of Karnafuli. The river has been dammed upstream at Kaptai to 

create a water reservoir for hydroelectric power generation. Other important rivers of the region 

are the Feni, Muhuri, Sangu, Matamuhuri, Bakkhali, and Naaf.  

The four mighty river systems flowing through Bangladesh drain an area of some 1.5 million 

sq km. During the wet season the rivers of Bangladesh flow to their maximum level, at about 

140,000 cusecs, and during the dry period, the flow diminishes to 7,000 cusecs. All the estuaries 

on the Bay of Bengal are known for their many estuarine islands. 

2.8 Climate of Bangladesh 

The climate of Bangladesh is characterized by high temperature, high humidity, heavy rainfall 

and marked seasonal variations. It generally enjoys a sub-tropical climatic condition, greatly 

influenced by the presence of the Himalayan Mountain range and the Tibet plateau in the north 

and the Bay of Bengal in the south. The maximum temperature recorded in summer months 

(March-June) is approximately 370C, although in some places, it occasionally rises up to 400C 

or more. Monsoon (July - October) accounts for 80% of the total annual rainfall in the country. 

The average annual rainfall varies from 1429 to 4338 mm. The maximum rainfall is recorded 

in the coastal areas of Chittagong and the northern part of Sylhet districts, while the minimum 

is observed in the western and northern parts of the country. In winter (November - February), 

there is minimum fluctuation in temperature, which ranges from minimum of approximately 7-

120C to maximum of 23-310C (BBS, 2001). 

Bangladesh is a small country in terms of land area, but the climatic variation is quite well 

marked. According to Rashid (1977), Bangladesh may be broadly divided into seven climatic 

zones: (i) Northern part of northern zone, (ii) Northwestern zone, (iii) Western dry zone (iv) 

Southwestern zone, (v) South-central zone, (vi) Northern zone and (vii) Southeastern zone. 

2.9 Soils of Bangladesh 

The major part of Bangladesh is on the delta formed by the three major rivers Brahmaputra, 

Ganges and Meghna. These rivers and many of the country's other minor rivers originate 

outside the national boundary of the country and make up the Ganges-Brahmaputra-Meghna 

river system. 

The soil resources development institute (SRDI) has identified about 500 soil series in 

Bangladesh. Soil series is a group of soils formed from the same kind of parent material under 

similar conditions of drainage, vegetation, climate and time, and having the same sequence of 

soil horizons with similar differentiating properties. Each soil series is known after a name of 

locality (e.g. Tejgaon series, Sara series, Ishwardi series, etc). This is the starting point of soil 

classification in Bangladesh for creating a platform for its correlation with international soil 

classification systems (FAO or USDA - United States Department of Agriculture). All of these 

soil series have been mapped as soil association by the SRDI through reconnaissance soil 

survey carried out during 1965 and 1975. These soil series have been correlated with the FAO-

UNESCO soil units of Fluvisols, Gleysols, Histosols, Planosols, Luvisols, Cambisols and 
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Arenosols. According to the USDA soil taxonomy, these soil series are Entisols, Inceptisols, 

Histosols, Mollisols, Ultisols and Alfisols. 

Floodplain soils are divided into different sub-types, such as - calcareous alluvium, non-

calcareous alluvium, calcareous brown floodplain soils, calcareous grey floodplain soils, 

calcareous dark grey floodplain soils, non-calcareous grey floodplain soils, non-calcareous 

brown floodplain soils, non-calcareous dark grey floodplain soils, black terai soils, acid basin 

clays, acid sulphate soils, peat, grey piedmont soils, made-land. The general soil type and its 

details are given in Table 2-4 whereas the soil region and soil series are given in Figure 2-6 

and Figure 2-7 respectively. 

Table 2-4: General Soil Types of Bangladesh 

General Soil Type Area (ha) (%) 

Floodplain soils 9,718,722 78.96 

Calcareous Alluvium 591,796 4.81 

Non-calcareous Alluvium 562,242 4.57 

Calcareous Brown Floodplain soils 478,518 3.89 

Calcareous Grey Floodplain soils 170,767 1.39 

Calcareous Dark Grey Floodplain soils 1,434,678 11.66 

Non-Calcareous Grey Floodplain soils 3,387,153 27.52 

Non-Calcareous Brown Floodplain soils 383,312 3.11 

Non-Calcareous Dark Grey Floodplain soils 1,599,645 13 

Black Terai soils 83,408 0.68 

Acid Basin clays 348,994 2.84 

Acid Sulphate soils 226,647 1.84 

Peat 130,005 1.06 

Grey Piedmont Soils 215,279 1.75 

Made land 106,278 0.86 

Hill soils (Brown Hill Soils) 1,561,472 12.69 

Terrace soils 1,028,030 8.35 

Shallow Red-Brown Terrace soils 72,549 0.59 

Deep Red-Brown Terrace soils 189,380 1.54 

Brown Mottled Terrace soils 34,235 0.28 

Shallow Grey Terrace soils 265,427 2.16 

Deep Grey Terrace soils 352,152 2.86 

Grey Valley soils 114,287 0.93 

Total soil area 12,308,224 100 

                      Source: FAO/UNDP, 1988. 

  

http://en.banglapedia.org/index.php?title=Acid_Basin_Clay
http://en.banglapedia.org/index.php?title=Acid_Basin_Clay
http://en.banglapedia.org/index.php?title=Acid_Sulphate_Soil
http://en.banglapedia.org/index.php?title=Peat
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Figure 2-6: Soil Regions of Bangladesh (Source: Banglapedia) 
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Figure 2-7: Soil Texture of Bangladesh (Source: Banglapedia) 

2.10 Land Use Scenarios in Bangladesh 

Land use in Bangladesh as shown in Figure 2-8 has evolved through natural forces as well as 

human needs. Cultivated land, forestland and settlements and homesteads are the major land 

use types in Bangladesh. With the growing population, and their increasing needs in various 
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sectors, land use patterns are undergoing a qualitative change in which the areas under the net 

cropped land, and forest land is gradually shrinking. A large part of the forestland is now under 

different types of non-forest land use, for example, as shifting agriculture, illegal occupation 

for homestead, shrimp culture etc. Another important feature in land use in Bangladesh at 

present is the small area (only 3%) of fallow land, which indicates that land in this country is 

not allowed sufficiently long rest period for regaining their natural biophysical properties 

which is vitally needed for good maintenance of soil health. It is perhaps needless to say that 

for sustained agricultural production maintenance of good biophysical condition of soil is 

essential.  

The land area under the head, not available for cultivation includes mainly urban, rural 

settlements, and industrial lands cover around one-fourth of the total national land area. Area 

covered by homestead is around 9.3% of the total land area and is characterized by intensively 

planted but is not efficiently managed (Bashar, 2001). The homesteads represent the 

agroforestry model in rural Bangladesh. In the face of diminishing trend in forest reserve the 

homestead agroforestry is playing an important role in mitigating the needs of rural masses. 

These rural homesteads are often uncared and underutilized and can be made more productive 

through application of better technology. Well planned marginal land management combining 

woody perennials with vegetables, fruits, livestock, poultry, fish and farming in tune with the 

farmers need will lead to sustainable livelihood. 

In Bangladesh almost one-third of the land (29%) is classed as Highland and therefore is above 

normal annual inundation. Slightly lower land, known as the Higher Medium Highland or MH-1, 

occupies over one-tenth (11.5%) of the land surface. These lands are inundated to a depth of 30 

cm, mainly due to the paddy field bunds (ails) and therefore it is largely a human-induced 

inundation. The next lower level is known as Lower Medium Highland or MH-2, where normal 

inundation is between 30 and 90 cm and is largely due to improper drainage of local rainfall. Of 

the total area 23.2% is classed as MH-2. Medium Lowland forms 12% of the total area and is 

inundated between 90 cm and 120 cm, mainly by rivers which flow through these lowlands and 

normally rise above bank-level every wet season. Lands inundated between 180 cm and 300 cm is 

known as Lowland and such land occupies 7.6% of the total area. Even lower land with inundation 

depths in excess of 300 cm forms 1.4% of the total area of the country. The remaining 15.3% of 

the land area is either water bodies or urban and rural settlements. This area is increasing because 

of continuous urban growth. 

The single biggest landuse is agriculture but the basic physical features determining all types 

of land use are the watercourses and standing water bodies. Bangladesh is one of the world's 

largest wetland areas, and during the rainy season about two-thirds of the country can be 

classified as wetlands as defined in the Ramsar Convention. Rivers cover an area of 

approximately 7,700 sq km in the wet season; this includes rivers of all sizes, except very small 

seasonal khals. One of the problems in estimating landuse in Bangladesh is that the area 

covered by water bodies increases greatly in the monsoon but dwindles to half as much in the 

dry season. 

http://en.banglapedia.org/index.php?title=Wetland
http://en.banglapedia.org/index.php?title=Monsoon


Study on Interaction between Haor and River Ecosystem including Development of Wetland Inventory and 

Sustainable Wetland Management Framework 

 

Final Report: Volume-I                                                    2-36                                              JV of Megatech-IWM 

 

Figure 2-8: Land Use Scenarios in Bangladesh (Source: Uddin et al 2019) 
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Another complicating factor is the effect of tides on very low estuarine chars. The level of the 

Bay of Bengal impinging on the mainland of Bangladesh is approximately two meters higher 

in the monsoon season (May-October) than in the dry season (November-April). Therefore, 

many chars and diaras, which are dry land, often, cultivated in the dry season, and go under 

water during the rainy season. In the coastal areas notable proportion of the agricultural land 

has come under shrimp culture. The details of sector wise land use are given in Table 2-5. 

Table 2-5: Land Use Pattern Details in Bangladesh (area in sq. km) 

No. Classification Dry Season (March) Wet Season (September) 

1 

Rivers 

Main rivers 2860 3940 

Rivers in Sundarbans 1660 1660 

Other rivers 1880 2100 

2 

Standing water bodies 

Haors 450 3700 

Beels 177 1500 

Baors 55 560 

Ponds, tanks, ditches 3000 3500 

Kaptai Lake 563 740 

3 

Forest 

Sundarbans (land area) 4110 4110 

Coastline forest 1400 1400 

Hill forest 6000 6000 

Hill scrub and grass 6900 6900 

Plainland forest and scrub 1200 1200 

4 

Cultivated 

Field crops 51000 17140 

Tree crops 4900 4900 

Seasonal fallow 17000 16760 

Current fallow 4100 4100 

Seedbed only 600 600 

5 Brackish water aquaculture 1900 1900 

6 Salt beds 50 50 

7 

Rural built -up 

Homesteads 5500 5500 

Institutional 1500 1500 

8 

Non-cropped village land 

Culturable waste 5800 5800 

Bamboo groves 1250 1250 

Forest and woodland 1350 1350 

9 Urban 7000 7000 

10 Infrastructure  2100 2100 

11 Estuarine area 8600 8600 

Total 147570 147570 

http://en.banglapedia.org/index.php?title=Char
http://en.banglapedia.org/index.php?title=Bay_of_Bengal
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 REWIEW OF PREVIOUS STUDY  

Since the inception of the study, the consultants have been collected various reports, data, maps 

and related documents from relevant organizations. To obtain a preliminary idea on wetlands 

in Bangladesh and to assess the best wetland management practices for developing a cluster-

wise national wetland management framework, the review of previous studies has been 

conducted. Some of the important study findings are briefly presented in the following sections. 

3.1 Classification of Wetlands of Bangladesh by Prosoil Foundation Consultant 

Bangladesh, 2016  

The primary objective of this study was to establish a wetland classification system for 

Bangladesh within the broad framework of Ramsar Classification System. Other objectives 

include preparation of maps at macro level for identifying wetlands and preparing lists of major 

wetlands in Bangladesh. 

The wetland classification of Bangladesh has been made based on the Ramsar classification 

framework. However, some modifications have been made considering the conditions of 

Bangladesh. The classification system is particularly based on the central issue Hydrological 

Considerations. The Strategies of Classification of Wetlands of Bangladesh that has been used 

in this study are given below: 

¶ Ramsar definition of wetland is followed. 

¶ The classification is based on the central issue of wetland concept i.e. hydrology. 

¶ The classification is based on overall system of Ramsar classification of wetlands. 

¶ Country specific classification system, considering geographical and environmental 

situation will be developed within the broad framework of Ramsar. 

¶ While Ramsar classification system has 3 broad types, classification system of 

Bangladesh will have 4 types. One new type óReversible Wetlandô has been 

considered in classification of wetlands of Bangladesh. 

¶ The plant and soil data which has collected during the study is recorded and presented 

in the annexures. 

¶ Each system except the óReversible Wetlandsô system is divided into two classes; 

Permanent and Non-permanent. 

Classification of Wetlands of Bangladesh has been categorized 4 systems, 2 classes and 30 

types as shown in Table 3-1. 

 

 

 



Study on Interaction between Haor and River Ecosystem including Development of Wetland Inventory and 

Sustainable Wetland Management Framework 

 

Final Report: Volume-I                                                    3-2                                              JV of Megatech-IWM 

Table 3-1: Wetland Types in Bangladesh 

Systems Classes 
Types 

Symbols 
Name of wetland types Examples 

Marine/Coastal 

Wetlands 

Permanent BA Permanent shallow marine 

waters in most cases less than six 

meters deep at low tide; includes 

sea bays and straits 

Entire 

coastal belt 

upto a depth 

of 6m 

BB Marine subtidal aquatic beds; 

includes kelp beds, sea-grass 

beds, tropical marine meadows 

Entire 

coastal belt 

and islands 

which 

remain 

inundated 

and where 

aquatic 

plants are 

grown 

BC Coral Reefs St. Martinôs 

Island, some 

parts of 

Coxôs Bazar 

BF Estuarine waters; permanent 

water of estuaries and estuarine 

systems of deltas 

Estuaries of 

Meghna and 

Karnaphuli, 

Shahbazpur 

Channel etc. 

Non- 

Permanent 

BE Sand, shingle or pebble shores; 

includes sand bars, spits and 

sandy islets; includes dune 

Sea beaches 

of Bay of 

Bengal 

BG Intertidal mud, sand or salt flats Sea beaches 

of Teknaf, 

Coxôs Bazar 

and other 

sea shores 

BI Intertidal forested wetlands; 

includes mangrove swamps, 

nipah swamps and tidal 

freshwater swamp forests 

Sundarbans 

Inland 

Wetlands 

Permanent BL Permanent inland deltas Char lands 

of rivers 

BM Permanent 

rivers/streams/creeks; includes 

waterfalls 

Permanent 

rivers of 

Bangladesh, 
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Systems Classes 
Types 

Symbols 
Name of wetland types Examples 

waterfalls 

etc. 

BO Permanent freshwater lakes 

(over 8 ha); includes large 

oxbow lakes 

Beels, Baors 

BTp Permanent freshwater 

marshes/pools; ponds (below 8 

ha), marshes and swamps on 

inorganic soils; with emergent 

vegetation water-logged for at 

least most of the growing season 

Beels within 

haor areas 

Inland 

Wetlands 

Non- 

Permanent 

BN Seasonal/intermittent/irregular 

rivers/streams/creeks 

Seasonal 

rivers of 

Bangladesh, 

hilly  

streams, 

springs etc. 

BP Seasonal/intermittent freshwater 

lakes (over 8 ha); includes 

floodplain lakes 

Haors, Beels 

BTs Seasonal/intermittent freshwater 

marshes/pools on inorganic 

soils; includes sloughs, potholes, 

seasonally flooded meadows, 

sedge marshes 

Lowland, 

potholes etc. 

within haor 

area 

BU Non-forested peatlands; includes 

shrub or open bogs, swamps, 

fens 

Peatlands 

within haor 

areas, beels 

of Satkhira, 

Khulna & 

Gopalganj 

BW Shrub-dominated wetlands; 

shrub swamps, 

shrub-dominated freshwater 

marshes, 

shrub carr, alder thicket on 

inorganic soils 

Seen within 

haor area 

BXf  Freshwater, tree-dominated 

wetlands; 

includes freshwater swamp 

forests, 

seasonally flooded forests, 

wooded 

Seen within 

haor area 
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Systems Classes 
Types 

Symbols 
Name of wetland types Examples 

swamps on inorganic soils 

BXp Forested peat lands; peat swamp 

forests 

Forested 

peatlands of 

lowlands of 

Satkhira, 

Khulna & 

Gopalganj 

Human-made 

Wetlands 

Permanent B1 Aquaculture (e.g., fish/shrimp) 

ponds 

Dighi, 

ponds, 

shrimp 

ponds 

B2 Ponds; includes farm ponds, 

stock ponds, 

small tanks; (generally below 8 

ha) 

Small 

ponds, 

including 

ponds for 

fish culture 

B6 Water storage areas; 

reservoirs/barrages/dams/impou

ndments (generally over 8 ha) 

Reservoir of 

Teesta & 

Kaptai, 

Dams of 

Muhuri & 

reservoirs of 

Magura etc. 

B8 Wastewater treatment areas; 

sewage 

farms, settling ponds, oxidation 

basins etc. 

WWTP of 

Pagla 

(Dhaka 

WASA) 

B9 Canals and drainage channels, 

ditches 

Madaripur 

Beel Route, 

Mongla-

Ghashikhali 

Channel, 

Gab Khan 

Channel, 

Irrigation 

channels of 

BWDB, 

Teesta 

Irrigation 

Project 

Non- 

Permanent 

B3 Irrigated land; includes irrigation 

channels and rice fields 

  

Irrigation 

project areas 

of the 

BWDB 
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Systems Classes 
Types 

Symbols 
Name of wetland types Examples 

B4 Seasonally flooded agricultural 

land (including intensively 

managed or grazed wet meadow 

or pasture) 

Floodplains 

of the rivers 

B5 Salt exploitation sites; salt pans, 

saline etc. 

Salt areas 

and salt 

cultivation 

areas of 

Teknaf and 

Barisal 

B7 Excavations; gravel/brick/clay 

pits; borrow pits, mining pools 

Roadsides 

borrow pits, 

Barapukuria 

Coal Mine 

etc. 

Reversible 

Wetlands 

 Brvc Coastal polders and 

embankments 

139 coastal 

polders of 

the country 

Brvi FCD and FCDI projects; flood 

protected inlands with 

embankments 

All inland 

BWDB 

FCD & 

FCDI 

projects 

Brve Environmentally degraded, but 

restorable wetlands 

Polluted 

rivers, 

encroached 

rivers, khals, 

lowlands 

etc. 

[Note 1: 

BX ï óBô stands for Bangladesh, óXô stands for corresponding X type of Ramsar wetland type  

Example: 

BA ï óBô stands for Bangladesh, óAô stands for Ramsar type (A: Permanent shallow marine waters in 

most cases less than six meters deep at low tide; includes sea bays and straits) 

B1 ï óBô stands for Bangladesh, ó1ô stands for Ramsar type (1: Aquaculture (e.g., fish/shrimp) ponds)] 

 

[Note 2: 

Brvc ï óBô stands for Bangladesh, órvô stands for Reversible Wetlands, ócô stands for Coastal Polders 

andembankments Brvi ï óBô stands for Bangladesh, órvô stands for Reversible Wetlands, óiô stands for 

FCD and FCDI projects; flood protected inlands with embankments. 

Brve ï óBô stands for Bangladesh, órvô stands for Reversible Wetlands, óeô stands for Environmentally 

degraded, but restorable wetlands.] 
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3.2 Studies carried out by IUCN (2015), National Framework for Establishing and 

Managing Marine Protected Areas (MPAs) in Bangladesh 

This MPA framework is prepared by IUCN Bangladesh with support from Bay of Bengal Large 

Marine Ecosystem (BOBLME) project based on findings, discussions and suggestions from 

six regional workshops and six Focus Group Discussions (FGDs), various interviews of key 

informants at both regional and central level, two national level stakeholders consultation 

workshops (inception, where policy analysis was presented; and a final national workshop, 

where this document was validated together with other issues) and analysis of existing policies 

and documents on various Marine Protected Areas (MPAs). This project was implemented 

from April 2012 to April 2015. Relevant ministries i.e. Ministry of Fisheries and Livestock 

(MoFL) and Ministry of Environment and Forests (MoEF), their agencies namely Department 

of Fisheries (DoF), Bangladesh Fisheries Research Institute (BFRI), and Forest Department 

(FD), Department of Environment (DoE), other concerned government organization was 

Bangladesh NAVY, 

Coast Guard, National Oceanographic Research Institute and Universities), local 

administration and civil societies were involved in the formation of this document. In addition 

to this framework, IUCN has prepared three documents viz. Policy gap analysis, Stakeholderôs 

analysis and Review of secondary literatures, which are also summarized in different sections 

of this framework. 

The study was based on an analysis of the Bay of Bengal (BoB) basin, coastal configurations, 

ecosystems, habitats, current status and management of marine fisheries and foreseen socio-

economic and ecological benefits which may originate from the protection of Ecologically 

Critical Areas (ECAs) and probable MPA declarations and implementation. 

It is worth mentioning that the general framework is a broad outline, but each individual MPA 

should have its specific guideline or pathway. To establish a typical MPA, following steps are 

suggested in this framework: 

Step 1: Identification of Areas of Significance (AoSs)  

Step 2: Initial sieving of preliminary selected AoSs  

Step 3: AoSs validation, assessment and suggestions 

Step 4: Formulation of Management Plan for Candidate MPA Sites  

Step 5: Designation or titling of MPA  

Step 6: Management guideline for individual MPA within the framework  

Step 7: Declaration of MPA  

Step 8: Code of Conduct (CoC) for specialized MPAs 

Implementation of the MPA framework can be done in 3 different phases to achieve the 

primary goal of AICHI targets to declare 10 percent of the marine area of Bangladesh worth 
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12,000 km2 as MPA by 2020. It is difficult to forecast based on little information and facts to 

suggest 12,000 km2 as future MPAs because of limited background information. If pilot 

initiatives appear successful, the area of MPA could be expanded. Even current PAs are not 

big enough to cover 12,000 km2 and a mere declaration without proper studies will not be 

useful. However, this framework suggests a roadmap towards sustainable MPA management 

to implement it in three phases through a long-term programme, beyond the primary goal of 

declaring 10% of EEZ by 2020 and targets to declare 15,000 km2 by 2026. 

Successful partnership and sharing responsibility by concerned public and private partners is 

required to implement the MPA framework. A coordinated approach is needed at national level 

on how the concerned agencies will work together. Cooperative agreements and joint planning 

exercises between Bangladesh and her BoB neighbors are also very important. Monitoring is 

vital for any programme implementation; therefore, it is essential to establish a Monitoring & 

Evaluation system to conclude whether the objective/s of a given MPA have been achieved 

successfully. The indifferent attitude to conserve marine ecosystem and biodiversity, irrational 

and unsustainable resource utilization, abusive harvest of threatened species, inadequate 

attention to critical habitats have made implementation of the MPA framework urgent in 

Bangladesh, with a commitment to protect marine ecosystems. 

3.3 Studies carried out by IUCN (2005), Major Interventions for Sustainable Wetland 

Resource Management 

The overall objective of the CBHFRM projects is to contribute to the improvement of the 

quality of life in general, coupled with attaining sustainable development, poverty alleviation 

and capacity building of the local communities for effective environmental management by 

involving the communities to a maximum extent. By doing so, the environmental restoration 

and community based sustainable resource management would be demonstrated in a 

participatory way in some selected degraded haors/floodplains ecosystems (IUCN Bangladesh, 

2005). The specific project objectives were: 

¶ Preventing and reversing the trends of wetland degradation 

¶ Sustainable use of wetland resources 

¶ Promoting sustainable development 

¶ Ensuring peopleôs participation in formulation and implementation of sustainable 

management plans 

¶ Improving the quality of life with special focus on women 

¶ Developing a replicable model for wetland resource management 

¶ Keeping the objectives of the project in view, four specific outputs have been identified 

which should be in place at the end of the project tenure 

¶ Participatory resource management tools developed and practiced 
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¶ Ecosystem improved/restored/rehabilitated 

¶ Local institutions for sustainable development established and made functional 

¶ Capacity, skill and awareness levels enhanced 

The CBHFRM components adopted a community based, participatory approach that integrates 

ecological protection and human needs to strengthen the fundamental connection between 

economic prosperity and environmental well-being in the haor and floodplain environments. 

This approach provides a framework bringing together the grassroots, the government, private 

sectors, public groups and other stakeholders. It is goal-driven and is based upon a 

collaboratively developed vision of idyllic future conditions that integrates ecological, 

economic, social as well as legal factors. It also includes community involvement, gender and 

special focus on livelihood. 

In accordance with the benchmarks, Pagnar and Sanuar-Dakuar Haors of Jamalganj Upazila of 

Sumanganj District were selected for the Community Based Haor Resource Management 

Project. Subsequently, based on the commendable performance in project implementation and 

the constructive colloquia among IUCN, UNDP and GEF, FHakaluki Haor on the border of 

Sylhet and Maulvibazar Districts was included as an additional site under the project in October 

2000. Physical interventions in the Hakaluki Haor area were officially initiated in July 2001, 

though preparatory awareness building and sensitisation campaigns with the local communities 

and the government officials had been carried out in the area, beginning at the end of 2000. 

In the case of floodplains, two separate sites were primarily selected with locations in the 

Padma-Jamuna (Manikganj District) and Madhumati Floodplains (Gopalganj and Madaripur 

Districts) for the SEMP component 2.2.1/B (Community Based Floodplain Resource 

Management). Both these floodplains more or less feature all the essential characteristics of a 

floodplain. Furthermore, the project site had been extended in two selected beel areas of the 

Brahmaputra-Shitalakshya Floodplain from October 2000; however, the physical interventions 

began in July 2001. 

Wetlands of Bangladesh have, of late, been suffering rapid degradation. Given people's 

dependence on wetlands and their resources, comprehensive initiatives are crucial and urgently 

needed to reverse the negative trends. Projects like CBHFRM, first of its genre in Bangladesh, 

are examples of such attempts. These projects were participatory in all senses. Resource 

inventorying, problem identification, solution prioritisation, planning needed interventions, 

and finally implementation of those in the field - all were done through the participation of all 

concerned stakeholders. These projects, however, only offered the opportunity to pilot a range 

of interventions deemed appropriate for improving the existing conditions prevailing in some 

selected haors and floodplains. Major interventions included baseline data establishment, 

PAPD, community organisation, enhancing livelihood options, financial incentives, awareness 

raising, demonstration, alternative energy options, plantation, wetland restoration, and 

biodiversity conservation. 



Study on Interaction between Haor and River Ecosystem including Development of Wetland Inventory and 

Sustainable Wetland Management Framework 

 

Final Report: Volume-I                                                    3-9                                              JV of Megatech-IWM 

But this is not the end of this novel initiative. Like any other development projects, a major 

challenge in the CBHFRM projects too lies in sustaining the project achievements after the 

'phasing out' stage. During the implementation of the projects, the resource users at the five 

project sites were motivated, organised and urged to involve themselves in the whole 

development process with a view to strengthening their capacity to ensure the well-being of 

the ecosystem and as well as their livelihood even after the project tenure. In addition, the 

project also attempted assessing needs and developing programmes for enhancing the capacity 

of the NGOs and local government bodies/agencies. 

To ensure the sustainability of the CBHFRM project outputs, a series of workshops was 

organized from the field to the national level. Workshops were held at haor and floodplain sites 

to develop linkages between CBOs and other stakeholders including government officials. A 

national level workshop was organized in 2002 for developing the exit strategy for the 

CBHFRM projects. In March 2005 another workshop was organized to finalize the exit plan 

and delineate the activities to be taken, up to sustain the SEMP initiatives. The exit strategy is 

detailed out in a separate document. 

It is expected that a replicable, comprehensive model on participatory wetland resource 

management practices will be developed after the completion of this medium-term project. It 

is envisaged that lessons learnt from these projects will present the government with an 

opportunity to replicate such initiative in other areas of the country. Such replication will 

certainly ensure the access of the poor to the natural resources, thereby affording the local 

communities the much-needed uplift in their quality of life and livelihoods, and at the same 

time wetlands shall be sustainable in a wiser manner. 

3.4 The Study of Approaches to Sustainable Wetland Resource Management by IUCN 

(2005) 

The Community Based Haor and Floodplain Resource Management components of the SEMP 

have adopted a participatory approach that integrates ecological protection and human needs 

to strengthen the fundamental connection between economic prosperity and environmental 

well-being in the haor and floodplain environments. This approach provides a network, 

drawing together the government, the private sectors, public groups and other stakeholders. It 

is goal-driven and is based on a collaboratively developed vision of desired future conditions 

that integrates ecological, economic, social and legal factors. 

Participatory methods have been used in planning and managing the field level activities as 

well as to assess wetland sustainability. The communities have been involved in all stages of 

environmental action, from setting objectives and designing activities to doing the work and 

evaluating the results. 

Pagnar and Sanuar- Dakuar Haors under Jamalganj Upazila of Sunamganj District were 

selected as Community Based Haor Resource Management sites. For floodplain areas, two 

separate sites in the Padma- Jamuna Rivers Floodplain of Shivalaya and Harirampur upazilas, 
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Manikganj District; and the Madhumati River Floodplain of Muksudpur, Gopalganj and Rajoir 

Upazilas under Gopalganj and Madaripur Districts were selected. 

Practicing participatory approaches in the Community Based Haor and Floodplain Resource 

Management projects issued positive signals for the environmental practitioners engaged in the 

project and the donors and the relevant departments of the government were afforded potential 

knowledge of the grassroot stakeholders' capacity for planning, implementation, and 

management of ecosystem in a sustainable manner. It was understood from the very beginning 

of the project that people living in an ecosystem must have the capacities necessary to generate 

and maintain livelihoods, while enhancing their own well-being and that of the generations to 

come. These capacities should be based on equity, ownership of resources and participatory 

decision-making. A successful community-based wetland resource management, thus, 

develops local resources, viz. forestry, fisheries, agriculture, and tourism, leading to overall 

improvement of the community and environmental conservation. 

Community based wetland resource management approaches deployed in the project 

implementation seriously considered and tested the following components for sustainability of 

activities and interventions at the local level, viz. 

¶ Institution building at the local level provenly enhances organizing capacity of the 

community people, 

¶ Educational and awareness raising messages on environmental and ecological integrity, 

when disseminated meaningfully, ensures the long-term sustainability of the natural 

resources, 

¶ Legal and institutional frameworks ensure establishing and supporting the community's 

rights to the usage and protection of the resources, 

¶ People would be motivated to support resource conservation when they are provided 

with livelihood alternatives, and 

¶ Participation ensured in practice eventually and certainly enhances the sense of 

ownership of the community. 

Besides, some area specific factors such as socio-political conditions, accessibility to the 

common properties, marketability of local products, religions and customs were considered 

carefully for effective implementation of the project. It was experienced from the project that 

hurdles could be overcome through effective participation of those people who traditionally 

had stake in the management and conservation of resources. 

3.5 A Plan for Ensuring Sustainability of Community Based Haor and Floodplain 

Resource Management Projects by IUCN, 2005 

The local communities are the key stakeholders for undertaking any effective management of 

the wetland resources, their participation has been considered essential for sustainable 

management of the wetland resources. Hence community participation has been made 
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mandatory in all stages of the subject project planning as well as implementation. The specific 

project objectives are: 

¶ Preventing and reversing wetland degradation trends 

¶ Sustainable use of wetland resources 

¶ Promoting sustainable development 

¶ Ensuring people's participation in formulation and implementation of sustainable 

management plans 

Considering the trend of degradation of the wetland ecosystems, parts of Pagnar and Sanuar-

Dakuar Haors in Sunamganj District and Hakaluki Haor of Moulvibazar District were selected 

for management of the wetland resources under the project SEMP. The project area in this 

floodplain includes Arua Union of Shibalya Upazila and Gopinathpur and Kanchanpur Unions 

of Harirampur Upazila in the district of Manikganj, Bangladesh. 

The basic four outputs were: 

¶ Participatory resource management tools developed and practiced 

¶ Ecosystem improved / restored/rehabilitated 

¶ Local institutions for sustainable development established and made functional 

¶ Capacity, skills and awareness levels enhanced 

The plan for ensuring sustainability of Community Based Haor and Floodplain Resource 

Management Projects or the exit plan is unique in its approach of being participatory, involving 

the effort of community people. These plans of action reflect specific need-based actions for 

five specific locations that should be taken care of by the end of this project and are entirely 

based on the recommendations of the community members. 

As the community members are the actual implementers of the project activities, acceptability 

of these recommended plans of actions are likely to be higher. Their acceptance would 

eventually lead a sense of ownership amongst them and motivate them to continue the 

sustainable trend in the future. 

Although IUCN and its associating organizations have implemented the project, credits should 

be given to the motivated and devoted community people, without whom this monumental task 

would not be possible. 

It is a plan of the community people who have put their heart and soul, time, effort as well as 

their experiences to develop it. Given their level of awareness and their positive drive, it is 

expected that the project activities will continue in future even without the technical or financial 

assistance provided by IUCN and its associating organizations. 
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3.6 Re-excavation: A Major Step in Wetland Restoration in the Haors by IUCN, 2005 

The study was formulated with a view to: 

¶ Establish micro fish sanctuaries for conservation of breeding stocks of fishes and 

enhanced production 

¶ Conserve fish diversity, increase fish population and restore threatened species 

¶ Promote sustainable management and use of aquatic haor resources through the direct 

participation of the local people 

¶ Maintain and ensure the optimum environmental flow in the project area 

¶ Ensure increased stock of water to support irrigation during the dry season 

¶ Rehabilitate and restore wetland habitats for brood fishes 

¶ Rebuild and reestablish connectivity among rivers, canals, heels and floodplains 

¶ Ensure dry season habitat for fish and aquatic flora and fauna 

Pagnar and Sanuar-Dakuar Haors, Hakaluki Haor were the project sites. 

The re-excavated water bodies and sanctuaries have been potential resources of the 

communities. Concerned Village Committee (VC)s has been very careful about managing 

these resources so far. After phasing out of the project, they will assume fuller responsibilities 

of operating all these resource bases. The VCs have been in physical possession of the resources 

but they have no legal title showing that they own these lands, as the land containing the water 

bodies is considered as khas land. Measures have been taken to have these water bodies on 

long-term lease from the Ministry of Land in favour of the VCs. The issue of settling the 

pending lease has to be resolved before the phasing out of the project. 

The capacity of the VCs in regard to the promotion of organizational activities, resource 

management, AIGA etc. has to be enhanced for proper functioning after the phase out. 

The VCs might extend the resource base in the future. They should generate fund from fishing 

as well as AIGA activities. They should also explore and utilize the services available with the 

local government bodies, especially at the upazila level. 

The project has been a government intervention and there had been high government support 

in favour of the poor community, which really paved the way for smooth implementation of 

the interventions. The said government patronization should continue even after phasing out or 

otherwise, in the struggle for existence, these poor communities would be just driven away 

again from these ready resource bases and the real benefit would again be harvested by the 

privileged, which should not be allowed to happen. 
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3.7 Re-excavation: A Major Step in Wetland Restoration in the Floodplains by IUCN, 

2005 

The project area was in the Padma-Jamuna floodplain includes Arua Union of Shibalya Upazila 

and Gopinathpur and Kanchanpur Unions of Flarirampur Upazila in the district of Manikganj, 

Bangladesh. Boka and Nali beels are two wetlands which had been selected in the 

Brahmaputra- Shitalakshya floodplain for carrying out SEMP activities. The project was 

conceived with a view to: 

¶ Open/construct and ensure maintenance of the migratory routes for fish and other 

aquatic organisms. 

¶ Create a micro-sanctuary with a view to providing shelter for the brood fish stock and 

other aquatic fauna. 

¶ Ensure optimum water flow between the different canals and beels system for the 

improvement of wetland ecosystem processes. 

¶ Drain excessive water in order to increase the land availability for seasonal agriculture. 

¶ Ensure water supply for irrigation in the crop field during the dry season. 

¶ Maintain inflow and recession of water when needed seasonally, so that fishery 

resources should be enhanced. 

¶ Enhance livelihoods support by ensuring increased agricultural yields and fish products. 

Restoration and conservation of wetlands biodiversity through re-excavation of degraded sites 

and migration routes have generated a great deal of interest amongst the local communities, as 

it involved them closely in its planning, design, implementation and management, playing 

pioneering role in utilizing the local natural wetland resources in a sustainable manner. 

Communities, particularly, the fishers and farmers have heartily accepted these kinds of 

activities as helpful for enhancing their livelihood systems. 

In the project areas, diverse habitats and the flora and fauna that inhabit them are the most 

precious resources. Their values are now increasingly being recognized by the people of the 

project areas who have embarked on implementing strenuous conservation efforts in their 

respective areas. 

In the wetlands where there was no previous connecting canal, no non-migratory aquatic 

organisms, and no dependence on seasonal agriculture, re-excavation just for connecting canals 

might not be successful in ecosystem rejuvenation. 

In order to successfully implement the project, the following recommendations are provided: 

¶ Re-excavation Management Committee (RMC) membership should be such as would 

have the capacity to ensure the sustainability of the re-excavation intervention through 

providing technical as well as financial support. 
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¶ Research work, particularly the impact study should be continued and the findings to 

be disseminated widely for the benefit of other wetlands. 

¶ Continue technical support, monitoring and supervision needed. 

¶ Development and renovation work by the conservation committee to be continued 

essentially for the sustainability and optimum water flow through the rejuvenated water 

bodies and migration routes. 

¶ Conservation practices should be so integrated way such as they address pollution, 

habitat protection, exploitation including hunting, land use management, recreation and 

other relevant and diverse factors. 

¶ Role of the local Government bodies to be clearly delineated and systematized for 

sustainability of the executed activities. 

3.8 Hydro-Meteorological Characteristics of Hakaluki Haor by IUCN, 2005 

The Community Based Haor Resource Management project, which fell under the broad theme 

of participatory ecosystem management, has been implemented by IUCN - The World 

Conservation Union, Bangladesh Country Office since October 1998. Hakaluki haor has been 

included in 2001 as an additional site for implementing the project activities. 

The overall objective of the project is to contribute to the improvement of quality of life in 

general, coupled with sustainable development, poverty alleviation and capacity building of 

local communities for better wetland resource management. However, the specific objectives 

are: 

¶ Prevent and revise the trend of wetland degradation 

¶ Sustainable use of wetland resources 

¶ Promote sustainable development 

¶ Ensure people's participation in formulating and implementing the management plan 

¶ Improve quality of life with special focus on women 

It is suggested to include the following activities in the Hakaluki haor Management Plan: 

¶ Agriculture development through the development of irrigation systems. 

¶ Increasing the conveyance capacity of the internal rivers by excavation/dredging. 

¶ Checking sedimentation in the beels by undertaking suitable interventions. 

¶ Declaring Chatla, Sakia, Nagura, Haorkhal and Jingla BeeI as fish sanctuary. 

¶ Stocking fish and stopping overfishing by the lessees. 

¶ Stabilizing the existing lowland forest remnants and ensuring their regeneration 
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¶ Developing new forest sites. 

¶ Developing an area for brush and reeds as sanctuary. 

¶ Developing pasture and improving livestock. 

¶ Eco-tourism and preparing booklets etc. to raise awareness about the wetland 

3.9 Wetland inventory, Ramsar Handbooks for the Wise Use of Wetlands 4th Edition, 

Handbook 15, 2010 

The Ramsar Convention on Wetlands has always recognized the importance of national 

wetland inventories as a key tool for informing policies and other actions to achieve the 

conservation and wise use of wetlands. This framework provides guidance for planning and 

designing an appropriate wetland inventory, recognizing that the actual inventory approach 

adopted will depend on its purpose and objectives, as well as the capacity and resourcing for 

undertaking the inventory. A structured framework for planning and designing a wetland 

inventory is illustrated under this guideline which comprises 13 steps that provide the basis for 

making decisions in relation to the purpose (and objectives), and the available resources, for 

an inventory. The steps are: 

Step 1: State the purpose and objective 

Step 2: Review existing knowledge and information  

Step 3: Review existing inventory methods 

Step 4: Determine the scale and resolution 

Step 5: Establish a core or minimum data set 

Step 6: Establish a habitat classification 

Step 7: Choose an appropriate method 

Step 8: Establish a data management system 

Step 9: Establish a time schedule and the level of resources that are required 

Step 10: Assess the feasibility and cost effectiveness of the project 

Step 11: Establish a reporting procedure 

Step 12: Review and evaluate the inventory 

Step 13: Plan a pilot study
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 REVIEW OF LAWS, POLICIES & GUIDELINES  

4.1 Key Policies and Acts 

4.1.1 Environment Policy 92  

The national Environment Policy 1992 embraces several related different sectors including 

agriculture, industry, health, energy, water, land, forest, fisheries, marine, transport, housing, 

population, education and science. The central theme of the policy is to ensure the protection 

and improvement of the environment. It delivered required actions in the development sectors 

of the country to facilitate long term sustainable use of all natural resources.  

It also gave the direction of amending the existing laws, formulating the new laws and 

implementing the same. It also assigned the Ministry of Environment and Forests to coordinate 

the implementation of the policy and to constitute a high level National Environmental 

Committee (NEC) with the head of the government as the chairperson exercising the direction, 

supervision, and overseeing the implementation of the policy.  

Environmental policy of Bangladesh addressed 15 broad sectors to deal with overall 

environmental issues. For each of the sectors some goals and target were set and action plan to 

achieve targets.  

It is learnt from DoE that it has revised the Environment Policyô92 to make it updated and 

compatible with the current national and international situation.  

4.1.2 Environmental Conservation Act 1995 (Revision up to 2012)  

Environment Conservation Act 1995 (ECA 1995) is currently the main act governing 

environmental protection in Bangladesh, which replaced the earlier environment pollution 

control ordinance of 1992 and provides the legal basis for Environmental Conservation Rules, 

1997 (ECR'97). The main objectives of ECAô95 are conservation of the natural environment 

and improvement of environmental standards, and control and mitigation of environmental 

pollution. The main strategies of the act can be summarized as:  

¶ Declaration of ecologically critical areas, and restriction on the operation and process, 

which can be continued or cannot be initiated in the ecologically critical areas.  

¶ Regulation in respect of vehicles emitting smoke harmful for the environment.  

¶ Environmental clearance.  

¶ Remedial measures for injury to ecosystem  

¶ Regulation of the projects and other development activities - discharge permit.  

¶ Promulgation of standards for quality of air, water, noise and soil for different areas for 

different purposes.  

¶ Promulgation of standard limit for discharging and emitting waste.  
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¶ Formulation and declaration of environmental guidelines.  

Bangladesh Environmental Conservation Act (Amendment 2000) focuses on: (1) ascertaining 

responsibility for Compensation in cases of damage to ecosystems, (2) increased provision of 

punitive measures both for fines and imprisonment and (3) fixing authority on cognizance of 

offences.  

Bangladesh Environmental Conservation Act (Amendment 2002) elaborates on: (1) restriction 

on polluting automobiles, (2) restriction on the sale and production of environmentally harmful 

items like polythene bags, (3) assistance from law enforcement agencies for environmental 

actions, (4) break up of punitive measures and (5) authority to try environmental cases.  

Bangladesh Environmental Conservation Act (Amendment 2010) elaborates on (1) 

demarcation of wetlands and water bodies, (2) Hazardous waste import, transportation, storage 

etc., (3) Cutting of hills, mountains (4) Ecologically Critical Areas. 

4.1.3 Environmental Conservation Rules 1997  

Environmental Conservation Rules 1997 consists of a set of the relevant rules to implement the 

ECAô 95, which specify:  

¶ Categorized list (green, orange and red) of the projects,  

¶ Procedure to take environmental clearance,  

¶ Ambient standards in relation to water pollution, air pollution and noise, as well as 

permitted discharge/emission levels of water and air pollutants and noise by projects 

Environmental Categories.  

ECR 97 classifies projects by potential environmental impact and assigns different assessment 

and management requirements as follows:  

Green List projects are those with positive environmental impacts or negligible negative 

impacts such as plantation and nursery. Clearance for these is obtained on the basis of project 

description, initial screening and No Objection Certificate (NOC) by the local authority.  

Orange List projects fall into two categories. Orange A projects are those with minor and 

mostly temporary environmental impacts for which there are standard mitigation measures, 

such as the installation of tube wells, pond sand filter (PSF), tank/reservoir, sanitary latrines 

etc. Application for DOEôs environmental clearance requires general information, a feasibility 

report, a process flow diagram and schematic diagrams of facilities, environmental screening 

form, NOC from local authority.  

Orange B projects are those with moderately significant environmental impacts for which 

mitigation measures are easily identified, such as construction/re-construction of earthen roads, 

culverts, community center, office building for general services, re-excavation of canal, 

repairing embankment, and school field, etc. These require Environmental Clearance 
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Certificate from DOE, for which an Initial Environmental Examination (IEE) report, 

Environmental Management Plan, along with the information and papers specified for 

Category A projects.   

Red List projects are those which may cause ósignificant adverseô environmental impacts such 

as the construction of bridge, industrial factories, flood shelter, embankment, water control 

structure, etc. They require IEE report to obtain the Site Clearance Certificate, and subsequently 

a full EIA report for ECC, along with the information required for other Categories. A good 

number of sectoral EIA guidelines have been prepared to assist the EIA process.  

Environmental standards also promulgated under the Environment Conservation Rules 1997 

are prescribed for varying water sources, ambient air, noise, odor, industrial effluent and 

emission discharges, vehicular emission, etc. with the main aim of limiting the volume and 

concentrations of pollution discharged into the environment. A number of surrogate pollution 

parameters like Biochemical Oxygen Demand, or Chemical Oxygen Demand; Total Suspended 

Solids, etc. are specified in terms of concentration and/or total allowable quality discharged in 

case of waste water and solid waste. Additionally, specific parameters are specified such as 

phenol, cyanide, copper, zinc, chromium, and various types of particulate, sulfur dioxide, 

nitrogen oxides, volatile organic compounds and other substances. 

4.1.4 Jalmohal Policy ï 2009 

The preamble of the latest Jalmohal policy-2009 enacted in June 2009, clearly states that the 

policy aims at earning revenue alongside facilitating preferential access to Jalmohals by the 

real fishers following the principles of conservation and enhancement of fisheries production 

and wetland biodiversity. However, some issues that are identified by different relevant 

stakeholders both at field and central levels demand revisiting the policy to make it pro-poor 

and pro-environment. 

ñJal Jar, Jola Tarò principle - The preamble of section 5 of the policy used a popular slogan 

ñjaal jar, jola tar (owners of fishing nets will be the owners of Jalmohals).  

Section 5, Clause 4- Ka of the policy says that if more than one local fisher society comes up 

with proposals for a particular Jalmohal having more or less similar credentials then the District 

Jalmohal Management Committee will lease out the Jalmohal for 3 years period through 

ñdiscussions and consensusò. 
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4.2 Key Strategies & Plans 

4.2.1 National Conservation Strategy (NCS)  

National Conservation Strategy was drafted in late 1991 and submitted to the Government in 

early 1992. This was approved in principle; however, the final approval of the document is yet 

to make by the cabinet.  

For sustainable development in the energy sector, the strategy document offered various 

recommendations but none was there concerning the present specific project execution 

program or related matter.  

Major relevant recommendations are:  

¶ To use minimum possible area of land in exploration sites;  

¶ Rehabilitate site when abandoned;  

¶ To take precautionary measures against Environmental Pollution from liquid effluent, 

condensate recovery and dehydration plants; and  

¶ Technology assessment for selection of appropriate technology.  

4.2.2 National Environment Management Action Plan (NEMAP)  

The National Environmental Management Action Plan (NEMAP) is a wide ranging and 

multifaceted plan, which builds on and extends the statements set out in the National 

Environmental Policy, NEMAP was developed to address issues and management 

requirements for a period between 1995 to 2005 and set out the framework within which the 

recommendations of the National Conservation Strategy are to be implemented.  

NEMAP has the broad objectives of:  

¶ Identification of key environmental issues affecting Bangladesh.  

¶ Identification of actions necessary to halt or reduce the rate of environmental 

degradation.  

¶ Improvement of the natural and built environment.  

¶ Conservation of habitats and bio-diversity.  

¶ Promotion of sustainable development; and  

¶ Improvement in the quality of life of the people.  

4.2.3 Sustainable Environment Management Plan (SEMP)  

A segment of NEMAP, centered on green initiatives, was launched in 1998 by MoEF through 

the implementation of a US $ 26 million óumbrellaô programme called the ñSustainable 

Environment Management Programme (SEMP)ò which lasted until 2006. The SEMP was 
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unique in the sense that it was the largest single initiative under the environment sector, the 

first initiative launched under ñprogramme approachò, aimed at a larger national objective in 

the area of environment with the participation of a host of government departments, agencies 

and ministries, NGOs, CSOs and international bodies like IUCN. They implemented 26 

individual projects addressing various aspects of NEMAP under 5 thematic areas as follow:  

V Environmental Policy & Legislation  

V Participatory Eco-system Management  

V Community Based Environmental Sanitation  

V Advocacy & Awareness Campaigns  

V Training & Education  

The plan proposed to adhere to six areas of concentration:  

¶ Enhancement of environmental compliance  

¶ Mitigation of potential environmental impacts through the environmental assessment 

and clearance process  

¶ Spreading of efforts to address critical urban air quality and water quality problems  

¶ Facilitation of meaningful stakeholder participation in environmental management  

¶ Natural resources conservation through identification of ecologically critical areas and  

¶ Ensuring effective, efficient and accountable DoEôs service.  

The main elements of the Strategic Plan are  

¶ Development of a comprehensive enforcement and compliance policy and related 

strategies  

¶ Development of improved EIA procedure and guidelines  

¶ Standards and guidelines related to EC, inspection and legal enforcement  

¶ Development of associated enforcement and compliance information system  

¶ Bolstering the environmental monitoring capacity of DOE  

¶ Innovative approaches to promote compliance  

¶ Ensuring Bangladesh commitments to international instruments 

¶ Enhancing DOEôs role in designation and management of ECA  

¶ Improving coordination and reporting function of DOE  

¶ Improving DOEôs outreach activities.  
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4.2.4 National Biodiversity Strategy and Action Plan for Bangladesh (NBSAP)  

The NBSAP provides a framework for conservation, sustainable use and sharing the benefits 

of biodiversity of the country. A major focus of the plan is to ensure cross-sectoral linkages, 

reflecting the fact that in Bangladesh, more so than most other countries, biodiversity 

conservation is closely inter-woven with social and economic development. Thus, the NBSAP 

also provides a framework for securing the necessary environmental settings to reduce poverty, 

ensure sustainable development and implementation of Poverty Reduction Strategy Paper 

(PRSP). Sixteen strategies have been developed to shape and direct the actions towards 

achieving the goals and objectives of the NBSAP.  

The Ministry of Environment and Forests is to coordinate the implementation of the NBSAP. 

All relevant Ministries/ Divisions, government agencies, institutions, academic institutions, 

non-governmental organizations and communities would be responsible for activities that fall 

within their mandate. An óApex Bodyô was proposed to coordinate the implementation of the 

NBSAP. A financing strategy was proposed for re-sourcing the implementation of the NBSAP. 

This focused on increasing of public budget allocations, use of domestic instruments like taxes 

on water, timber, levies from road, rail and air passenger tariffs, debt swap trust funds and 

development partnersô contribution. A communication strategy was also incorporated in the 

plan for effective awareness raising and information dissemination. 

4.3 Sectoral Policies 

4.3.1 National Forest Policy (1994)  

The National Forest Policy of 1994 is the amended and revised version of the National Forest 

Policy of 1977 in the light of the National Forestry Master Plan. The major target of the policy 

is to conserve the existing forest areas and bring about 20% of the country's land area under 

the Forestation Program and increase the reserve forest land by 10% by the year 2015, through 

coordinated efforts of GO-NGOs and active participation of the people.  

The priority protection areas are the habitats which encompass representative flora and fauna 

in the core area of national parks, wildlife sanctuaries, and game reserves. Multiple-use of 

forest, water and fish of the Sundarbans through sustained management will be ensured, 

keeping the bio-environment of the area intact.  

4.3.2 Wetland Policy, 1998  

The Policy is relevant to the Project because it seeks to conserve wetlands to sustain their 

ecological and socio-economic functions and further sustainable development; establish key 

principles for wetland sustainability and unsustainable practices; maintain existing levels of 

biodiversity; maintain wetland functions and values; and actively promote integration of 

wetland functions in resources management and economic development decision taking.  
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4.3.3  National Fisheries Policy  

The National Fisheries Policy provides the framework for the conservation and management 

of fisheries resources to ensure supply and enhance production. All the water bodies suitable 

for fisheries production and their fisheries resources conservation, development and 

management are addressed under this policy. These include rivers and canals, haor and baor, 

floodplains, open and coastal water systems.  

4.3.4 Land Use Policy  

The National Land Use Policy 2001 of the Ministry of Land highlights the need, the importance 

and modalities of land zoning for integrated planning and management of land resources of the 

country. Many other policies, strategies, plans of the government have also recommended for 

land zoning since long. The National Land use Policy 2001 also mentioned the need of 

formulating a Zoning Law and Village Improvement Act for materializing the identified land 

zoning area.  

4.3.5 National Water Policy (2012)  

The National Water Policy of 1999 was passed to ensure efficient and equitable management 

of water resources, proper harnessing and development of surface and ground water, 

availability of water to all concerned, and institutional capacity building for water resource 

management. It has also addressed issues like river basin management, water rights and 

allocation, public and private investment, water supply and sanitation and water need for 

agriculture, industry, fisheries, wildlife, navigation, recreation, environment, preservation of 

wetlands, etc. The water policy, however, fails to address issues like consequences of trans-

boundary water disputes and watershed management.  

It provides the framework for the management of water resources of the country in a 

comprehensive, integrated and equitable manner. The NWP recognizes that water is essential 

for human survival, socio-economic development of the country, and preservation of its natural 

environment. It is vital that the continued development and management of the nation's water 

resources should include the protection, restoration, and preservation of the environment and 

its bio-diversity.  

4.3.6 Coastal Zone Policy  

The Coastal Zone Policy (CZP) 2005 aims to ensure that a participatory and integrated 

approach is taken in the management and development of the coastal zone, to reduce conflicts 

in the utilization of coastal resources and to optimize exploitation of opportunities. This is in 

view of the complexity of the coastal zone, which encompasses both the terrestrial and aquatic 

environment and transcends a wide variety of human activities.  
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4.3.7 National Agricultural Policy, 1999  

The overall objective of the National Agriculture Policy is to make the nation self-sufficient in 

food through increasing production of all crops including cereals and ensure a dependable food 

security system for all. One of the specific objectives of National Agricultural Policy is to take 

necessary steps to ensure environmental protection as well as Ăenvironment-friendly 

sustainable agriculture. Through increased use of organic manure and strengthening of the 

integrated pest management program. The policy also suggests creating awareness so that the 

chemical fertilizers and pesticides used for increased crop production do not turn out to be 

responsible for environmental pollution. Water logging and salinity are identified as one of the 

serious problems in some parts of the country including the coastal areas for agricultural 

activities and environmental damage. The policy recommends for crop rotation and salt tolerant 

crop varieties.
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 METHODOLOGY  

The main objectives of the study are to prepare an inventory of the wetlands through 

classification of satellite images, delineations of wetlands and LiDAR survey of Tanguar haor 

for an area of approximately 120 sq. km. for empirical data collection. This chapter deals with 

the approach and methodology that has been adopted to address the objectives of the study. To 

achieve the study objectives, the following major scope of works have been conducted: 

¶ Establishment of structured framework.  

¶ Clustering of wetlands. 

¶ Collection of detail information on wetlands. 

¶ Identification of connectivity of wetlands. 

¶ Finalization of wetland inventory. 

¶ Evaluation of the value of wetlands. 

¶ Identification of best wetland management practice. 

¶ Selection of sites for piloting. 

¶ Implementation, evaluation and monitoring of piloting. 

¶ Development of cluster-wise wetland management framework. 

¶ Dissemination of knowledge to stakeholder. 

¶ LiDAR survey for Comprehensive assessment of Tanguar haor area. 

The major scope of works will establish a comprehensive national wetland inventory which is 

the vital basis for many activities necessary for achieving the wise use of resources of wetlands, 

including policy development, new identification and designation of Ramsar sites, 

documentation of wetland mapping & losses and identification & categorization of wetlands 

with potential for restoration. Therefore, a comprehensive wetland management framework is 

needed based on established wetland inventory and to ensure its implementation in future 

through a co-management approach to protect and conserve the wetlands from degradation. 

Interaction between haor and river ecosystem will also be assessed and designed in such a way 

so that it can play an important role for future protections of wetlands. 

To develop a wetland inventory and region/cluster-wise wetlands management framework 

following the Ramsar guidelines, the following general approach as shown in Figure 5-1 has 

been proposed which are elaborately described below: 
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Figure 5-1: General Approach for Wetland Classification, Inventory and Management 

Task-1: A Review of the Available Published Literature & Documents to Determine the 

Extent of Knowledge and Information Available for Wetland Inventory and Wetland 

Management  

Review of literature acts as a stepping-stone towards achievement of the study objectives. The 

review plays a critical role in analyzing the existing literature and giving justification as to how 

the study fits into the existing body of knowledge.  The literature review provides the general 

understanding which gives meaning to the discussion of findings, conclusions, and 

recommendations.  In general terms, the literature review helps to provide a context for the 

study, justify the study, illustrate how the subject has previously been studied, highlight flaws 

and outline gaps in previous studies, help refine, refocus the study objectives. 

To recognize the best practice of managing wetlands, available scientific and technical 

information, literatures, guidelines relevant to the wetlandôs management has been collected. 

After categorizing them the existing international management practices has been 

systematically assessed and international wetlands management guidelines such as the Ramsar 

guideline is thoroughly reviewed. Some regional community-based wetland management 

practices have been developed by the IUCN, MACH, CNRS, CARITAS, CBFM, Department 

of Fisheries and others, which have also been reviewed and compared with the international 

practices to primarily select a management practice for the wetlands of Bangladesh. Then, 

consultation meetings with local stakeholders have been arranged to identify the best practices 
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ever established at local level or to find out indigenous knowledge developed by the community 

to protect the resources of wetlands and manage the sustainable use and equitable share of 

wetland resources. The selected management practice has been discussed with them to justify 

its suitability, identify the gaps and update the information to develop and finalize the selected 

management framework based on the overall assessment of their advantages & disadvantages.  

Task-2: A Comprehensive Review of Existing Policies, Strategies and Plans Related with 

Wetland Management 

The following Policies, strategies and Regulations have been reviewed under this study: 

¶ Environment Policy 92  

¶ Environmental Conservation Act 1995 (Revision up to 2012) 

¶ Environmental Conservation Rules 1997  

¶ The Environment Court Act, 2000  

¶ National Conservation Strategy (NCS)  

¶ National Environment Management Action Plan (NEMAP)  

¶ Sustainable Environment Management Plan (SEMP)  

¶ National Biodiversity Strategy and Action Plan for Bangladesh (NBSAP)  

¶ Draft Roadmap for National Adaptation Plan (NAP)  

¶ Perspective Plan 2010-2021  

¶ National Forest Policy (1994)  

¶ Wetland Policy, 1998  

¶ National Fisheries Policy  

¶ Land Use Policy  

¶ National Water Policy (2012)  

¶ Coastal Zone Policy  

¶ National Agricultural Policy, 1999  

Task-3: Finalization of the Proposed Inventory Methods to Fulfill  the Specific Objectives 

and Following the Ramsar Convention along With Other International Standards  

The main purpose of this study is to establish a comprehensive wetland inventory, which 

necessitates the formation of a structured framework. The inventory of wetlands includes the 

production of hierarchical and map-based outputs. The level of detail is related to the scale of 

the maps that are contained within a standardized GIS format with a minimum core data set. 

The hierarchical approach comprises a progression in scale from river basins to individual sites. 

The initial analysis (level 1) involves delineation of geographical regions (major river basins) 

and encompasses a description of the geology, climate and ecology of each based on existing 

information sources. Level 2 analysis concerns delineation of wetland regions within each 

geographic region. This is done on the basis of similar climatic, hydrologic and vegetation 

features. Several meetings and discussion were held among the different stakeholders to 
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finalize the inventory method. The outcomes from the meetings and discussion are to develop 

the inventory based on hydrological region of Bangladesh and prepare the map-based outputs 

in 1:10000 scale. As per the comments and suggestions from the expert, the inventory has been 

presented in tabular format including the location (districts, upazila, union and mouza), area 

and other physical features such as agro- ecological zone and bio-ecological zone and others. 

Task-4: Procurement of Currently Available Remotely Sensed Images of Recent Years to 

Identify  the Exact Locations and Boundaries of Wetlands, Calculate Their Areas and also 

Determine their Types, Status and Characteristics 

Satellite image is an important component of the project. High resolution images of recently 

captured have been purchased to identify the locations and boundaries of wetlands, calculate 

their areas and to determine their types, status incorporating their underlying characteristics.  

In order to meet with the study objectives, a total of 339 Nos. of high-resolution satellite 

imagery have been procured from DigitalGlobe covering the whole country. The specifications 

of satellite image have been presented in Table 5-1. 

Table 5-1: Specifications of Satellite Image 

Item Specification 

Total Image Scene 339 Nos. 

Number of Blocks 18 Nos. 

Type Optical 

Bands Red, Green, Blue, Infra-red 

Cell Size 0.5 m 

Processing level Orthorectified 

Cloud cover <= 15%, calculated over the whole country 

Imagery date January 1, 2010 to 18 May 20 2017 

Coordinate System BUTM 

File Format GeoTIFF 

Data Sources: Data for this project is from the following satellites; 

¶ GeoEye-1 

¶ WorldView-2 

¶ WorldView-3 

These satellites are owned and operated by DigitalGlobe, with headquarters in Colorado in the 

United States. 

Image Dates: Satellite imagery are from 2010 or newer. More than 80% of the imagery are < 

2 years old, as shown in Figure 5-2. 
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Figure 5-2: The Year Wise Information of Collected Image  

Coordinate System  

Name:    Bangladesh UTM ñBUTMò 

Datum:   WGS84 

Projection:   Transverse Mercator 

False Easting:   500000.0 

False Northing: 0.0 

Central Meridian: 90.0 

Scale Factor:  0.9996 

Latitude of Origin: 0.0 

Unit:    Meter 

Task-5: Geo-referencing of the Satellite Images Using GIS Software and Ground 

Truthing  by Field Survey to Validate the Different Features of Wetlands (Absolute and 

Relative Locations, Area etc.) From the Satellite Images Compared with the Real World  

The onshore and offshore of whole Bangladesh is divided into 18 grids as shown in Figure 5-3, 

while delivering the satellite imageries. According to the grid division, 250 GCPs (10-12 GCPs 

per grid) were proposed to fulfill the ground truthing objective and validation purpose. Finally, 

215 GCPs among pre-selected 250 have been captured for ground truthing and accuracy 

assessment. 35 GCPs were cancelled due to several reasons like inaccessibility, security issue, 

prior permission; changes over time in the land cover and land use, etc. 
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Figure 5-3: Map Showing 18 Satellite Image Delivery Blocks 

Field Survey for Ground Truthing: For field survey, the survey team mainly followed the 

traditional RTK GPS survey which is a standard single-baseline solution between a base station 

and a rover unit. Besides for ground truthing survey, in few locations GNSS CORS network in 
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4 out of 6 stations of Survey of Bangladesh (SoB) as shown in Figure 5-4 and static observation 

method have been used as shown in Figure 5-4. The details of the survey methodology for 

ground truthing and survey findings have been given in Volume-II : Appendix-A. 

 

Figure 5-4: Index Map for Ground Truthing Survey  
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Figure 5-5: RTK Base Station, SOB Geodetic Pillar (Left) and RTK Survey at Corner of a Plot 

(Right) 

Geo-referencing Method: To create accurate image maps using satellite imagery, the imagery 

must be corrected to a map projection. This correction process is called orthorectiýcation or 

geometric correction. The process requires the use of a rigorous geometric model, and a digital 

elevation model (DEM). Since the introduction of Rational Polynomial Coefýcients (RPC) 

method to correct satellite imagery data, this method has become the most popular method to 

correct satellite data as it gives very good results without Ground Control Points (GCPs). 

Imageries were received from DigitalGlobe as an ortho-ready standard product. The satellite 

images have been ortho-rectified using the ñRational Function Model (RFM)ò, which uses 

ñRational Polynomial Coefficientsò (RPC) supplied by DigitalGlobe. The flow diagram of 

Orthorectification Process is shown in Figure 5-6. A 30m resolution DEM from the Shuttle 

Radar Topographic Mission (SRTM) has been used to compensate for terrain errors. Ground 

Control Points (GCPs) are not used as part of the Rational Function Model (RFM) as a high 

level of accuracy can be achieved with the RFM alone.   

For checking, adequate number of ground truthing points have been measured in the field to 

ensure that the accuracy as stated has been achieved. All image processing has been performed 

using specialized image processing software called ñPCI Geomaticaò.  
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Figure 5-6: Orthorectification Process of Remote Sensed Image Data  

Task-6: Classification of the Satellite Images Using Remote Sensing Software and 

Characterizing Connectivity Status with Other Channels 

Four types of classification can be done on satellite image. These are (a) unsupervised 

classification, (b) supervised classification, (c) index-based classification and (d) object- based 

classification. Under this study exercise being done with first three type of classifications. 

Unsupervised Classification: Unsupervised classification is computer automated pixel-based 

classification. Unsupervised Classification is for tentative estimation of waterbody and to get 

an overall idea for the study area. It helps to define signature that is required for supervised 

classification. Figure 5-7 exhibits image interpretation using Unsupervised Image 

Classification technique. For the purpose of classification technique, it was taken a small 

sample block sized about 9.49 Sq. Km. In the sample block image, observed wetland area (i.e., 

on-screen digitized area) is calculated about 3.41 Sq. Km. Whereas by using unsupervised 

image classification method, total wetland area was observed about 3.18 Sq. Km, which is near 

about 93.25 % of observed wetland area. 

Supervised Classification: In supervised classification, it is required to select representative 

samples for each land cover class. The image processing software then uses these ñtraining 

sitesò and applies them to the entire image. Supervised classification uses the spectral signature 

defined in the training set. 

Satellite images are being processed in Erdas Imagine Software. First, it needs that classify the 

image using unsupervised classification technique and then identify rough waterbodies for 

creation of signature file. After signature selection and evaluation, supervised classification is 

done for entire image. 

Image Input 

Input RPC Compute RFM 

Model 
Input DEM 

Generate Output 

Image 
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Figure 5-8 illustrates image interpretation using Supervised Image Classification. In the sample 

block image, observed wetland area is about 3.41 Sq. Km. whereas by using Supervised Image 

Classification method total wetland area was found about 2.53 Sq. Km, which is near about 

74.19 % of observed wetland area. 

 

Figure 5-7: (a) The Result for Unsupervised Classification Technique (enlarged) for the Sample 

Block; (b) The Area of Sample Block (Shown in Rectangle Marked by Yellow Line) for Which 

Unsupervised Classification was Conducted 

 

Figure 5-8: (a) The Result for Supervised Classification Technique (enlarged) for the Sample 

Block; (b) The Area of Sample Block (shown in Rectangle Marked by Yellow Line) for Which 

Supervised Classification was Conducted 
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Index Based Classification: The Normalized Difference Water Index (NDWI) is index-based 

wetland identification system. The wetland has strong absorbability and low radiation in the 

range from visible to infrared wave lengths. The index uses the green and Near Infra-red bands 

of remote sensing images based on this phenomenon. The NDWI can enhance the water 

information effectively in most cases.  

NDWI =   

The lowest value of NDWI means more possibility of waterbody. Water bodies are delineated 

using an acceptable threshold value of NDWI. Figure 5-9 and Figure 5-10 illustrates image 

interpretation using index based classification. 

 

 Figure 5-9: Provides Image Interpretation Using NDWI in the Sample Block Image Observed 

Wetland Area is About 3.41 Sq. Km. Whereas by Using NDWI Method Total Wetland Area is 

Found About 3.04 Sq. Km, which is near about 89.15% of Observed Wetland Area 

 

Figure 5-10: (a) The Result for NDWI for the Sample Block; (b) The Area of Sample Block 

(Shown in Rectangle Marked by Yellow Line) for Which NDWI was Calculated 
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Task-7: Delineation of Wetlands from Classified Images to Categorize Wetlands 

According to their Habitat Characteristics that Suits the Purpose of Wetland 

Management Framework  

As one of the major tasks of this project is to delineate wetlands and to show their interactions 

with surrounding river networks, the extent of wetlands for two seasons: dry season and wet 

season has been delineated. The image data showing the driest period is required to map the 

perennial waterbodies and the image data representing wet season is required to show wetlandôs 

connectivity with surrounding river network. 

For monsoon wetland delineation, average year (1:2.33 year) water levels in the major rivers 

have been considered. Historical time series water level data of several BWDB gauges in each 

region have been processed to find the closest date of average year flood. The images of that 

date or closest to that date have been used for wetland delineation. 

Collected high resolution images have been used for delineation of rivers and satellite images 

from other sources (e.g., Sentinel, Landsat etc.) have been used to delineate the wetlands. 

Considering the above-mentioned approach, the extent of wetlands has been produced for the 

dry and wet periods using the images extracted from Sentinel Satellite. The Sentinel-1 and 

Sentinel-2 image have been used in wetland delineation for wet and dry seasons respectively. 

These images were duly pre-processed and later were classified in Erdas Imagine environment 

by using unsupervised classification technique. Finally, the classes resembled water were 

recoded and vectorized to get the wetland boundary for the dry and wet period. Details of the 

delineation of wetlands has been presented in Volume-II: Appendix-B. 

Task-8: Re-delineation of Wetlands Using Historical Maps, Digital Elevation Model 

(DEM) and Available Existing Boundaries of Wetlands and Overlapping the Outcomes 

with the Findings of the Satellite Images to Determine the Accuracy and Reliability  of the 

Data  

Re-delineation of wetland boundary involves collection of historical maps, Digital Elevation 

Model (DEM) and administrative boundaries. At this stage, the classified images have been 

overlaid with historical maps, DEM and administrative boundaries to demarcate the boundaries 

of the wetlands. The wetland boundaries have been further refined through application of the 

Participatory Resource Mapping (PRM) approach in consultation with local officials and 

stakeholders. Several number of field visits have been made in this regard to verify the 

delineated wetland boundary. 

Re- delineation of wetlands using historical maps- The outline of the wetlands has been 

digitized from high resolution georeferenced up-to-dated satellite imagery complying with the 

guidelines from ñModule 1 of the National Guidelines for Ramsar Wetlands ï Implementing 

the Ramsar Convention in Australiaò. The following steps have been followed to re-delineate 

the wetland boundaries:  
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¶ Prepare geo-database 

¶ Collection of Ground Control Points (GCP) 

¶ Draw outline of wetlands using Remote Sensing technology 

¶ Quality Assessment & Field validation  

The available historical data/maps have been used as reference of the wetland boundary. 

A. Digital Elevation Model (DEM) - The digital elevation model has been generated using 

national DEM that was collected from Survey of Bangladesh (SoB). SoB is now 

implementing a project to produce 1:25,000 scale digital topographic maps and data 

covering whole Bangladesh territory using digital aerial photos and satellite images. In 

this connection, 980 sheets in total for open series map of 1: 25,000 scale in digital 

Form of Geo-database format (*.gdb) has been purchased from SOB. Appropriate 

interpolation method (IDW/ Kriging) has been adopted for generating DEM. A series 

of data quality assessments have been performed to ensure on preparing quality surface 

raster which includes- 

i. Checking the spatial distribution pattern by plotting the data. A random, regular 

and discrete distribution patterns are fine, but in case of cluster distribution data 

has been rechecked as there is possibility of occurring void spaces between the 

cluster points. 

ii.  Checking the high-low values of in RL (Reduced Level) field if there is any 

abrupt or abnormal value in this field. 

iii.  Frequency distribution of RL value to check if there is any skewness in the curve.  

An ideal frequency destruction curve looks like as shown in Figure 5-11. But if 

any skewness is observed, then data has been further examined. 

 

                      Figure 5-11: An Ideal Frequency Distribution Curve 

iv. Checking correlation between horizontal and vertical data. A positive correlation 

represents a higher validity and reliability on the data source. 
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Task-9:  LiDAR Survey of Tanguar Haor for an Area of Approximately  120 sq. km. for 

Empirical Data Collection 

After completion of the full country coverage first by satellite imagery, a pilot study of 

approximately 157 square kilometers area located in Tanguar haor has been implemented by 

using LiDAR and simultaneous aerial photography survey.  

The LiDAR & photo survey was conducted with a Riegl Q680i lidar equipment and Hasselblad 

H60 medium format aerial camera as shown in Figure 5-12. The intended area was surveyed 

with a Cessna 208 - Grand Caravan aircraft as shown in Figure 5-12. 

 

Figure 5-12: LiDAR  (Left ), Camera (middle) and AVION  (Right) 

LiDAR Survey and Aerial Images Data Processing 

Airborne laser scanner surveys are realized in three main phases as the mission planning, the 

survey flight, and the data processing (assuming the airborne laser scanning system is already 

calibrated) which is shown in Figure 5-13. 
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Figure 5-13: Flow Chart for LiDAR Survey and Image Processing 

Task-10: Classification of Wetlands of Bangladesh According to their Hydrological 

Functions, Important Ecosystem, Ecosystem Services, Physiographic Characteristics and 

Demography Through Reviewing Existing Literature, International Guidelines (e.g. 

Ramsar Guidelines) and other Relevant Documents 

In Bangladesh, traditionally the wetlands have been identified and given well defined names, 

such as rivers, haors, beels, lakes, ponds, dighis etc. The Ramsar Classification System of 

wetlands includes 42 types of wetlands, grouped into three categories: Marine and Coastal 

Wetlands, Inland Wetlands, and Human-made Wetlands. There are generally recognized 5 

major types of wetlands (Ramsar, 1971). They are: 

ü Marine (coastal wetlands including coastal lagoons, rocky shores, and coral reefs); 

ü Estuarine (including deltas, tidal marshes, and mangrove swamps); 



Study on Interaction between Haor and River Ecosystem including Development of Wetland Inventory and 

Sustainable Wetland Management Framework 

 

Final Report: Volume-I                                                    5-16                                              JV of Megatech-IWM 

ü Lacustrine (wetlands associated with lakes); 

ü Riverine (wetlands along rivers and streams); and 

ü Palustrine (meaning ñmarshyò; marshes, swamps and bogs). 

The classification system of wetlands of Bangladesh has been developed earlier by DBHWD 

on the broad framework of Ramsar classification system of wetlands. As, Ramsar classification 

is a global system, it incorporates all types of characteristics of wetlands existing all over the 

earth. Whereas the classification system of Bangladesh is developed by specifically taking the 

characteristics of wetlands of Bangladesh into consideration. It can be mentioned that there are 

some other types of wetlands included on the Ramsar system that do not exist in Bangladesh, 

such as Tundra wetlands, Alpine wetlands or Karst Topography. 

The notation of each type in the classification system of Bangladesh corresponds to the same 

type of wetland in Ramsar classification system. For example, for the type BA- óBô stands for 

Bangladesh, óAô stands for Ramsar type (Permanent shallow marine waters in most cases less 

than six meters deep at low tide; include sea bays and straits). The Ramsar system considered 

3 systems of wetlands i.e., Marine and Coastal Wetlands, Inland Wetlands and Human-made 

Wetlands. But in Bangladesh wetlands classification system, a fourth system i.e. óReversible 

Wetlandsô has been introduced. So, there are 4 systems in the Classification system of wetlands 

of Bangladesh. The classification system of wetlands that has been followed under this study 

can be summarized as shown in Table 5-2. 
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Table 5-2: Classification System of Wetlands of Bangladesh 

Systems Classes 
Types of 

Symbols 
Name of wetland types 

M
a

ri
n
e

/C
o

a
s
ta

l 
W

e
tl
a

n
d
s 

Permanent 

BA Permanent shallow marine waters in most cases less than 

six meters deep at low tide; includes sea bays and straits 

BB Marine subtidal aquatic beds; includes kelp beds, sea-

grass beds, tropical marine meadows 

BC Coral Reefs 

BF Estuarine waters; permanent water of estuaries and 

estuarine systems of deltas 

Non- 

Permanent 

BE Sand, shingle or pebble shores; includes sand bars, spits 

and sandy islets; includes dune 

BG Intertidal mud, sand or salt flats 

BI Intertidal forested wetlands; includes mangrove swamps, 

nipah swamps and tidal freshwater swamp forests 

In
la

n
d
 W

e
tl
a

n
d
s
 

Permanent 

BL Permanent inland deltas 

BM Permanent rivers/streams/creeks; includes waterfalls 

BO Permanent freshwater lakes (over 8 ha); includes large 

oxbow lakes 

BTp Permanent freshwater marshes/pools; ponds (below 8 

ha), 

marshes and swamps on inorganic soils; with emergent 

vegetation water-logged for at least most of the growing 

season 

Non- 

Permanent 

BN Seasonal/intermittent/irregular rivers/streams/creeks 

BP Seasonal/intermittent freshwater lakes (over 8 ha); 

includes 

floodplain lakes 

BTs Seasonal/intermittent freshwater marshes/pools on 

inorganic soils; includes sloughs, potholes, seasonally 

flooded meadows, sedge marshes 

BU Non-forested peatlands; includes shrub or open bogs, 

swamps, fens 

BW Shrub-dominated wetlands; shrub swamps, shrub-

dominated freshwater marshes, shrub carr, alder thicket 

on inorganic soils 

BXf  Freshwater, tree-dominated wetlands; includes 

freshwater swamp forests, seasonally flooded forests, 

wooded swamps on inorganic soils 
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Systems Classes 
Types of 

Symbols 
Name of wetland types 

BXp Forested peatlands; peatswamp forests 

H
u

m
a

n
-m

a
d

e
 W

e
tl
a

n
d
s Permanent 

B1 Aquaculture (e.g., fish/shrimp) ponds 

B2 Ponds; includes farm ponds, stock ponds, small tanks; 

(generally below 8 ha) 

B6 Water storage areas; reservoirs/barrages/dams/ 

impoundments (generally over 8 ha) 

B8 Wastewater treatment areas; sewage farms, settling 

ponds, oxidation basins, etc. 

B9 Canals and drainage channels, ditches 

Non- 

Permanent 

B3 Irrigated land; includes irrigation channels and rice fields 

B4 Seasonally flooded agricultural land (including 

intensively managed or grazed wet meadow or pasture) 

B5 Salt exploitation sites; salt pans, salines, etc 

B7 Excavations; gravel/brick/clay pits; borrow pits, mining 

pools 

R
e

v
e

rs
ib

le
 

W
e

tl
a

n
d
s 

 Brvc Coastal polders and embankments 

Brvi FCD and FCDI projects; flood protected inlands with 

embankments 

Brve Environmentally degraded, but restorable wetlands 

[Note 1: 

BX ï óBô stands for Bangladesh, óXô stands for corresponding X type of Ramsar wetland type 

Example: 

BA ï óBô stands for Bangladesh, óAô stands for Ramsar type (A: Permanent shallow marine waters in 

most cases less than six meters deep at low tide; includes sea bays and straits) 

B1 ï óBô stands for Bangladesh, ó1ô stands for Ramsar type (1: Aquaculture (e.g., fish/shrimp) ponds) 

Note 2: 

Brvc ï óBô stands for Bangladesh, órvô stands for Reversible Wetlands; ócô stands for Coastal Polders 

and embankments. 

Brvi ï óBô stands for Bangladesh, órvô stands for Reversible Wetlands, óiô stands for FCD and FCDI 

projects; flood protected inlands with embankments. 

Brve ï óBô stands for Bangladesh, órvô stands for Reversible Wetlands, óeô stands for environmentally 

degraded, but restorable wetlands.] 

 

Task-11: Prioritize of the Most Appropriate Wetland Classification Criteria for  

Bangladesh and Clustering them 

After reviewing the classification systems of wetlands i.e Ramsar, FGDC of the USA, 

Vietnamese, Indian etc. and also considering perceived concept of wetlands, the Strategy for 

Classification Systems has been developed. Thereafter, the Classification System of Wetlands 

of Bangladesh has been prepared.  
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The wetlands in Bangladesh encompass a wide verity of dynamic ecosystems including ranging 

from mangrove forest, natural lakes, man-made reservoir, freshwater marshes (haor), oxbow 

lakes (baors), freshwater depressions (beels), fish ponds and tank, estuaries, and seasonal 

inundated extensive floodplains. The clustering of the classified wetlands according to their 

characteristics and functions is crucial. In the active floodplains of Bangladesh, the Surma-

Meghna, the Brahmaputra-Jamuna, and the Ganges-Padma River systems, there are several 

large and small wetlands. The National Water Management Plan, 2004 has delineated the eight 

Hydrological Regions in Bangladesh, based on the major river system, for planning and 

development of water resources. The Hydrological Regions are Southwest (SW), Northeast 

(NE), North Central (NC), Northwest (NW), South Central (SC), Southeast (SE), Eastern Hills 

(EH), River and Estuary Region (RE). On the other hand the Agro-Ecological zones of 

Bangladesh have been identified on the basis of four elements such as physiography, soils, land 

levels in relation to flooding and agro-climatology, whereas Bio-ecological zones are more or 

less similar to the Agro-ecological zones. Initially these three maps have been taken into 

consideration for clustering of wetlands by superimposing with each other. Finally, for the ease 

of simplicity, the clustering has been introduced based on hydrological regions as mentioned 

above.   

Task-12: Identification of Connectivity of Haors and Wetlands with Adjacent River 

System to find  out the interaction Between Haor and River Ecosystem 

For wetland delineation, average year (1:2.33 yr.) water levels in the major rivers have been 

considered. Historical time series water level data of several BWDB gauges in each region 

have been processed to find the closest date of average year flood. The images of that date or 

closest to that date have been used to show wetlandôs connectivity with surrounding river 

network. Collected high resolution images have been used for delineation of rivers and satellite 

images from other sources (e.g., Sentinel, Landsat etc.) have been used to delineate the 

wetlands. 

Considering the above-mentioned approach, the extent of wetlands has been produced for the 

driest and wettest periods using the images extracted from Sentinel Satellite.  The Sentinel-1 

and Sentinel-2 image have been used in wetland delineation for wet and dry seasons 

respectively. These images were duly pre-processed and later were classified in Erdas Imagine 

environment by using unsupervised classification technique. Finally, connectivity of identified 

wetlands with their adjacent rivers has been delineated to find out the interaction between haor 

and river ecosystem. 

Task-13: Development of an Inventory  of Wetlands Along with Different Categorical 

Contour Map Through Collection of Data on their Functions, Geo-morphological Data, 

Physiographic Features, Flora and Fauna Species and Conducting Hydrological 

Assessment of Different Wetlands Through Physical Surveys 

One of the components of this study is to cluster the identified wetlands according to their 

characteristics and functions. In the active floodplains of Bangladesh, the Surma-Meghna, the 

http://en.banglapedia.org/index.php?title=Soil
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Brahmaputra-Jamuna, and the Ganges-Padma River systems, there are several large and small 

wetlands. The National Water Management Plan, 2004 has delineated the eight Hydrological 

Regions in Bangladesh, based on the major river system, for planning and development of 

water resources. The Hydrological Regions are Southwest (SW), Northeast (NE), North 

Central (NC), Northwest (NW), South Central (SC), Southeast (SE), Eastern Hills (EH), River 

and Estuary Region (RE). On the other hand the Agro-Ecological zones of Bangladesh have 

been identified on the basis of four elements such as physiography, soils, land levels in relation 

to flooding and agro-climatology whereas Bio-ecological zones are more or less similar to the 

Agro-ecological zones. Initially these three maps have been taken into consideration for 

clustering of wetlands. Finally, for the ease of simplicity, the clustering has been introduced 

based on hydrological regions as mentioned above.   

The wetlands in Bangladesh encompass a wide verity of dynamic ecosystems including ranging 

from mangrove forest, natural lakes, man-made reservoir, freshwater marshes (haor), oxbow 

lakes (baors), freshwater depressions (beels), fish ponds and tank, estuaries, and seasonal 

inundated extensive floodplains. Four major types of wetlands like Haor, Beel, Lake and Baor 

(Oxbow lake) were investigated under this study. The wetlands were selected for data 

collection and investigation purposively basing on their characteristics and function, 

particularly the focus was given to the provisioning (resources for livelihood), regulating 

(environmental controlling factors), supporting (biodiversity and habitat context) ecosystem 

services provided by the wetlands. Baikka Beel was selected from North East wetland cluster. 

Borobila beel was selected from North Central wetland cluster. Beel Halti was selected from 

North Western wetland cluster. Baluhor Baor and Borni Baor were selected from South 

Western wetland cluster and Kaptai Lake was selected from Eastern Hill cluster.  These 6 

wetlands were selected for detail vegetation, fisheries, biodiversity inventory study in 

consultation with the client.  

Task-14: Evaluation of the Region Wise Clustered Wetland's Value Through Field Survey  

A total of four types of values have been considered to assess the evaluation of wetlands; these 

are (i) Ecological value, (ii) Economical value, (iii) Hydrological value and (iv) Social value. 

The most significant benefits provided by the wetlands are fishing, agricultural product, 

medicinal herbs, water for livestock, water for general use, transport and tourism, etc.  

Ecological Value: Ecological values include the presence of rare or endangered species or 

habitat (flora, fauna & fish), and biodiversity of wetlands. For each of these, the value present 

at wetland is considered alongside the spatial distribution of the same value in a wider area and 

these two scores are entered in axes 1 and 2 in the combination matrix.  

Economical Value: Economical values of wetlands include tourism, fisheries, agriculture, 

additional goods & services, and other economic values. Each of these aspects is considered in 

terms of the proportion of wetland income that the value provides and the percentage of the 

adult community that are involved in the value. By considering both aspects, the monetary and 
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community importance of the value are represented and the dependency of the community on 

a wetland value is reflected. 

Hydrological Value: Hydrological values include provision of water for irrigation scheme, 

flood storage, future hydro-electric power (HEP) scheme, maintenance of flows during 

droughts and provision of drinking water. Each value is considered in terms of the size of the 

population that benefit from the value and the feasibility of providing the value through another 

means. As the hydrological value can affect a large area downstream of wetlands, the 

population affected by the value could be much larger than the community living directly 

around the wetlands. The number of people that benefit from a hydrological value may vary 

greatly. For example, the provision of water for flood storage may affect millions of people, 

whereas the provision of a potable water supply may only affect several hundred people. 

However, both are of great importance to the communities that benefit. 

Social Value: The social values include the religious importance and cultural importance. By 

their nature, the assessments are likely to be prone to the greatest subjectivity. Each value is 

considered in terms of the importance of the site and the uniqueness of the site for the value. 

Task-15: Identification of the Most Possible Causes of Wetland Degradation and Sources 

of Pollution 

Wetlands are dynamic areas, open to influence from natural and human factors. Wetlands all 

around the country are facing degradation due to human intervention such as illegal landfills 

(reclamation) along riverbanks, construction of embankments, flood control structures and 

roads, improper sluice gate management, increased irrigation for agriculture and over 

exploitation of aquatic resources. Wetlands have also been degraded by unsustainable land use 

practices; vegetation destruction; nutrient and toxin loading, sedimentation, turbidity, and 

altered flow regimes. Intensive use of agrochemicals and water transport has also affected the 

natural balance of wetlands. The people of these localities whose livelihood depended on 

wetland-based earnings suffer due to these interventions which enhanced the loss of fish 

production and biodiversity in floodplain ecosystems. At the same time, water absorption 

capacity of floodplain areas during monsoon has reduced, which escalates the risk of floods in 

the region. Therefore, there is a dire need to manage the wetlands in an integrated approach so 

that the renewability of the natural resources could be maintained while sustaining social and 

economic benefits from the wetlands and biodiversity. A comprehensive data collection 

programs, field campaign and stakeholderôs consultation has been conducted under this study 

to identify the causes of wetland degradation as well as to find out the possible sources of 

pollution for the Ramsar sites in Bangladesh.  

Pollution in and around the wetlands is a growing concern. Water quality samples has been 

taken from the selected wetlands among the cluster. The in-situ measurement of physical 

parameter as well as laboratory testing has been conducted under this study. 
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Task-16: Assessment of the Vulnerability  of Wetlands Considering their Importance in 

Ecosystem and Resource Conservation 

The vulnerability of wetlands has been assessed as per guidelines of Ramsar Convention (1971) 

& Convention on Biological Diversity (CBD, 2006) as well as Millennium Ecosystem 

Assessment (MEA, 2005). A total of four major issues have been considered to assess the 

vulnerability. Details of the procedure has been presented in Figure 5-14, and descriptions of 

those issues are given below: 

       

 

 

 

 

 

 

Figure 5-14: Outline of the Vulnerability Assessment Methodology 

I. Values Assessment: The values are split into four categories viz. ecological, economic, 

hydrological & social, and within each category, there are pre-defined values. Each 

value is given two óscoresô, the first score relates to the magnitude of the value and the 

second relates to the reliance on the value. These scores are combined in a simple matrix 

to give a single score that reflects both the magnitude and reliance of each value. 

II.  Threats Assessment: As with the values, a list of pre-defined threats is given. Two 

scores, one for severity of threat and one for likelihood of threat, are given to each threat 

and a simple matrix is used to give a single score. 

III.  Links between Values & Threats: The matrix table determines how the threats are 

likely to impact on the values.  

IV.  Vulnerability Assessment: Once all of the input values are entered in the matrix table, 

then the vulnerability assessment has been completed.  

Each value and threat have been given scores such as High (H), Medium (M), Low (L), and 

None (N). The two areas then brought together via ólinks between threats and values. H, M, L 

and N scores have entered in the matrix table to determine which threats impact on which 

values and the magnitude of those impacts. The final stage combines all values in a matrix to 

give a single value for each value and threat intersect, which have shown in below: 

        Value Score X Link X Threat Score = Final Assessment Value 

Assessed Values of Wetlands Assessed Threats to Wetlands 

Linked between Threats & Values 

Vulnerability Assessment 
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where the scores H, M, L and N have numerical values of 3, 2, 1 and 0, respectively. So, the 

final assessment score will be a number between 0 and 27 where values between 0 and 9 are 

color coded green, values between 10 and 18 are color coded amber and values between 19 and 

27 are color coded red as shown in Table 5-3. 

Table 5-3: Matrix for Combining Value or Threat Scores 

 Axis 1 

 Low Medium High 

Axis 2 Low    L  L  M 

Medium L  M H 

High M  H H 

  

Task-17: Delineation of Ecosystem Boundary of Clustered Wetlands Based on their 

Classification Using GIS and RS Technology 

An ecosystem could simply be defined as a collection of communities of organisms (biotic) 

and the environment (abiotic) in which they live and interact with each other. It is normally an 

open system with a continuous but variable influx and loss of material and energy. It is a basic, 

functional unit with no limits of boundaries. It represents the highest level of ecological 

integration, which is energy based, and this functional unit is capable of energy transformation, 

accumulation and circulation. In ecological sense, its main function is to emphasize obligatory 

relationships, inter-dependence & casual relations. On the other hand, ecosystem boundaries 

are the locations exhibiting gradients of change in environmental conditions and a related shift 

in the composition of plant and/or animal communities. 

Wetland ecosystem in Bangladesh provides supportive habitat for different types of faunal 

species under four biological classes namely amphibia, reptilia, aves and mammalia. All 

species under this classification remain in a single ecosystem, commonly known as wetland 

ecosystem. No specific methods have been identified on this issue through literatures review. 

Delineation of wetland ecosystem boundary from faunal biodiversity perspective is depends 

on faunal species home range identification that generally perform through specific study on 

target faunal species home range analysis via radio-telemetry technique.  

The major eco-components of faunal biodiversity are (i) Amphibia, (ii) Reptile, (iii) Aves and 

(iv) Mammal. Ecosystem boundary of these faunal biodiversity has been described below in 

brief:  

Amphibia:  The amphibian species require both water and land for their survival. The travel 

distance varies among the amphibian species, and in general, maximum travel distances of 
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some amphibian species (terrestrial & aquatic) are in between 300m to 500m from the wetland 

boundary. So, this distance could be the probable home range / ecosystem boundary for the 

amphibian species.  

Reptile: Reptilian species vary among themselves, and most species require both water and 

land for their survival. The travel distance varies among the reptilian species, and in general, 

maximum travel distance of few reptilian species could be in between 0.5km to 1.0km from 

the wetland boundary. So, this distance could be the probable ecosystem boundary for the 

reptilian species.  

Aves:  Avian species are diversified, and some species require both water and land for their 

survival. The travel distance varies among the avian species, and in general, maximum travel 

distance of few avian species could be in between 2.0km to 4.0km from the wetland boundary. 

So, this distance could be the probable home range / ecosystem boundary for the avian species.  

Mammal:  Mammalian species vary among themselves, and few species require both water 

and land for their survival. The travel distance varies among the mammalian species, and in 

general, maximum travel distance of few mammalian species could be in between 2.0km to 

5.0km from the wetland boundary. So, this distance could be the probable home range / 

ecosystem boundary for the mammalian species. 

Task-18: Intensive Consultation with Local People and Different Officials of Different 

Government Organizations to Find out Gaps, and Incorporating Their Suggestions for 

Successful Completion of the Wetland Inventory  

Stakeholder consultation has been conducted at different stages of the study with different users 

of wetland for gathering qualitative information to develop the Cluster-wise management 

framework. Stakeholder analysis has been carried out to address pertinent study objectives and 

to capture the diverse interests of different groups that are involved in these respective wetland 

management systems. Stakeholder selection criteria included: 1) dependency on wetland and 

floodplain resources, 2) diversity of the resource users, i.e. fishermen, farmers, small traders, 

women 3) resource users practicing traditional management approaches, 4) resource users 

involved in associations and networks, 5) most impacted resource users, 6) policy makers 7) 

local elites, NGOs and civil society. The study was conducted through applying participatory 

research methods, specifically Participatory Rural Appraisal (PRA) and also involved Key 

Informant Interviews (KII), semi structured interviews, Focus Group Discussions (FGD). Key 

Informant Interview, semi ïstructure interview, Focus Group Discussion were the chosen 

methods for stakeholder analysis. Previously mentioned stakeholders from different locations 

of Hakaluki haor, Tanguar haor, Ratargul Swamp Forest, Baikka beel, Kaptai Lake, Baluhor 

baor, Borni baor, Borobila beel and Beel Halti has been taken into consideration for stakeholder 

consultation. 
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Task-19: Finalization of the Inventory  of Wetlands in Bangladesh 

The inventory of wetlands includes the production of hierarchical and map-based outputs. The 

level of detail is related to the scale of the maps that are contained within a standardized GIS 

format with a minimum core data set. The hierarchical approach comprises a progression in 

scale from river basins to individual sites. The initial analysis (level 1) involves delineation of 

geographical regions (major river basins) and encompasses a description of the geology, 

climate and ecology of each based on existing information sources. Level 2 analysis concerns 

delineation of wetland regions within each geographic region. This is done on the basis of 

similar climatic, geologic, hydrologic and vegetation features. Several meetings and discussion 

were held among the different stakeholders to finalize the inventory method. The outcomes 

from the meetings and discussion is to develop the inventory based on hydrological region of 

Bangladesh and prepare the map-based outputs in 1:10000 scale. As per the comments and 

suggestions from the expert, the inventory has been finalized in tabular format including the 

location (districts, upazila, union and mouza), area and other physical features such as geology, 

agro- ecological zone and bio-ecological zone and others. 

Task-20: Selection of Cluster-wise Best Practice of Wetland Management Through 

Assessing the Existing Management Practices, Reviewing the International Wetland 

Management Guidelines and Stakeholder Consultation 

To recognize the best practice of managing wetlands, available scientific and technical 

information, literatures, guidelines relevant to the wetland management has been collected. 

After categorizing them the international wetlands management guidelines such as the Ramsar 

guideline has been thoroughly reviewed. Some regional community-based wetland 

management practices have been developed by the IUCN, MACH, CNRS, CARITAS, CBFM, 

Department of Fisheries and others, which has also been reviewed and compared with the 

international practices to primarily select a management practice for the wetlands of 

Bangladesh. Several consultation meetings with local stakeholders have been arranged to 

identify the best practices ever established at local level or to find out indigenous knowledge 

developed by any community to protect the resources of wetlands and manage the sustainable 

use and equitable share of wetland resources.  

Both quantitative and qualitative data and information has been collected and analyzed using 

the latest analytical tools in respect of the previously developed indicators for the wetlands of 

Ramsar sites in Bangladesh. 

Task-21: Selection of Pilot Sites and Implementation, Monitoring and Evaluation of 

Piloting Will Help to Find out Gap in Selected Best Management Practices 

As a part of the study, a pilot site has been selected based on four criterions such as, Physical 

and Hydrological Criteria, Social Criteria, Biological Criteria, Management/ General Criteria. 

To select a new site for piloting, it needs a longer period of monitoring as well as investments 

in the field for maintaining the bio-ecological ecosystem. Considering the limitation of time 
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and financial support, Baikka beel has been selected as a pilot site as because it has been 

operated by Management of Aquatic Resources through Community Husbandry (MACH) 

program since 2003. Under this study, the impact of MACH project has been conducted in 

comparison between the baseline data and data collected under this study. Also, the gaps and 

limitations of the management approach have been evaluated in this study. For field data a 

collection a team comprising of fisheries expert, ecologist, forest expert, and sociologist has 

visited the Baikka beel area for the duration of 10 to 14 December 2019.   

Task-22: Finalization of Wetland Management Framework Based on their Cluster-Wise 

Best Management Practices and Piloting Results 

Cluster-wise management framework has been finalized through extensive stakeholder 

consultation. Findings and knowledge gap from stakeholder consultation and piloting results 

has been compiled using the ecosystem knowledge base to reduce and update lack of the 

wetland management practices and hence, to develop a cluster-wise wetland management 

framework. Several consultation meetings with local stakeholders have been arranged to 

identify the best practices ever established at local level or to find out indigenous knowledge 

developed by any community to protect the resources of wetlands and manage the sustainable 

use and equitable share of wetland resources.  

Task-23: Dissemination of the Concept of Wetland Inventory and Cluster-wise Wetland 

Management Framework through Workshops and Documentation 

Awareness program has been conducted among communities, local wetland users, vulnerable 

groups, local leaders and stakeholders of different sectors for sustainable use of wetlands. 

Several stakeholdersô consultation and workshops has been organized to disseminate the 

concept of the wetland inventory and cluster-wise wetland management framework.   

Workshops has been arranged at field level to disseminate and share the study results with the 

beneficiaries of the project. Feedbacks from the stakeholders has been addressed in the Draft 

Final Report.  

Task-24: Transfer of Technology through Training Program 

Technology transfer is an essential element for successful completion of a project. Training 

and capacity building ensure the boosting up of the capabilities of the staffs and officials from 

the concerned agencies/ departments. In this regard since the inception of the project, 

technology transfer through on-the-job trainings of various activities in the project, interaction 

meetings and study tour to the concerned officials has been conducted. 

According to the ToR the consultants has addressed this very important task through in-formal 

trainings that has been held on the following issues: 

¶ Application and use of wetland inventory for DBHWD/GoB officials and community 

peoples. 
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¶ Community based livelihoods & value chain training for community peoples. 

¶ Study tour to Asia for DBHWD/GoB officials (DBHWD-5 persons, MoWR-5 persons, 

PC-2 person, WARPO-1 person) 

¶ In-country learning visits for DBHWD/GoB officials and community peoples 

Task-25: Reporting 

According to the requirement of the project, several project reporting activities have been done 

within the study duration. Inception report has been submitted on June 04, 2017 which 

describes approaches and methodologies to carry out different scope of services. A total 10 

nos. of Quarterly Progress Reports (QPR) have been submitted at the end of 3rd month for 

keeping track of the development achieved by the consultants. This report is the Final Report 

(FR). Final report has been prepared after addressing the comments and suggestions obtained 

from different organizations on DFR. 
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 DATA COLLECTION AND PROCESSING  

6.1 General 

The project has been formulated with a view to prepare an inventory of the wetlands of the 

country through classification of satellite images, delineations of wetlands, study of interaction 

between haor and river ecosystems and LiDAR survey of Tanguar haor for an area of 

approximately 120 sq. km. for empirical data collection. To fulfill the study objectives, a 

comprehensive data collection program has been taken both from the secondary as well as from 

field survey which is outlined in this chapter. The activities that have been undertaken can be 

broadly categorized under the following major groups: 

¶ Collection of reports and review of past studies  

¶ Data collection and analysis from the secondary sources 

¶ Data collection and analysis from the field survey 

6.2 Review of Past Studies 

To acquire preliminary understanding on the previous research and development activities in 

the project area, available reports and information have been collected and a review has been 

made. The list of the reports/papers is presented in the Table 6-1 and the findings from the 

major projects relevant with the study has been reviewed and presented in Chapter 3.  However, 

for the clear understanding on the project, performance of past interventions, its problems and 

prospects, integrated effort would be continued throughout the study period.  

Table 6-1: List of the Reports and Papers 

No. Name of Report/Book Published By Year 

1. State and management of wetlands in 

Bangladesh 

 

International Consortium of 

Landscape and Ecological 

Engineering and Springer 

2008 

2. Classification of Wetlands of Bangladesh 

 

Prosoil Foundation Consultant, 

Department of Bangladesh Haor 

& Wetlands Development, 

Ministry of Water Resources. 

2016 

3. Bio-Ecological Zones of Bangladesh  IUCN, Bangladesh Country 

Office. 

2002 

4. Major Interventions for Sustainable Wetland 

Resource Management 

IUCN: The World Conservation 

Union, Bangladesh Country 

Office. 

2005 

5. Approaches to Sustainable Wetland 

Resource Management 

IUCN: The World Conservation 

Union, Bangladesh Country 

Office. 

2005 
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No. Name of Report/Book Published By Year 

6. 

 

A Plan for Ensuring Sustainability of 

Community Based Haor and Floodplain 

Resource Management Projects 

IUCN: The World Conservation 

Union, Bangladesh Country 

Office. 

2005 

 

7. Re-excavation: A Major Step in Wetland 

Restoration in the Haors 

IUCN: The World Conservation 

Union, Bangladesh Country 

Office. 

2005 

8. Re-excavation: A Major Step in Wetland 

Restoration in the Floodplains 

IUCN: The World Conservation 

Union, Bangladesh Country 

Office. 

2005 

9. Hydro-Meteorological Characteristics of 

Hakaluki Haor 

IUCN: The World Conservation 

Union, Bangladesh Country 

Office. 

2005 

10. BIODIVERSITY OF TANGUAR HAOR: A 

RAMSAR SITE OF BANGLADESH 

Volume I: Wildlife (Amphibians, Reptiles, 

Birds and Mammals 

IUCN: The World Conservation 

Union, Bangladesh Country 

Office. 

2012 

11. BIODIVERSITY OF TANGUAR HAOR: A 

RAMSAR SITE OF BANGLADESH 

Volume II: Flora 

IUCN: The World Conservation 

Union, Bangladesh Country 

Office. 

2012 

12. IUCN in Bangladesh 2013 

 

IUCN: The World Conservation 

Union, Bangladesh Country 

Office 

2013 

13. Tanguar Haor Management Plan Framework 

and Guidelines 

IUCN: The World Conservation 

Union, Bangladesh Country 

Office 

2015 

14. National Framework for Establishing and 

Managing Marine Protected Areas (MPAs) 

in Bangladesh 

IUCN: The World Conservation 

Union, Bangladesh Country 

Office 

2015 

15. Transboundary River Basins Status and 

Trends 

United Nations Environment 

Programme (UNEP) 

2016 

16. Marine Protected Area Needs in the South 

Asian Seas Region Volume 1: Bangladesh 

IUCN: The World Conservation 

Union, Bangladesh Country 

Office 

1993 

17. Wetland conservation and sustainable use in 

Romania 

11th Meeting of the Conference 

of the Parties to the Convention 

on Wetlands, Bucharest, 

Romania 

2012 

18. Strategic Framework and guidelines for the 

future development of the List of Wetlands of 

International Importance of the Convention 

on Wetlands (Ramsar, Iran, 1971) ï 2012 

revision 

11th Meeting of the Conference 

of the Parties to the Convention 

on Wetlands, Bucharest, 

Romania 

2012 



Study on Interaction between Haor and River Ecosystem including Development of Wetland Inventory and 

Sustainable Wetland Management Framework 

 

Final Report: Volume-I  6-3 JV of Megatech-IWM 

No. Name of Report/Book Published By Year 

19. Guidelines for Developing and Implementing  

National Wetland Policies 

Resolution VII.6 (1999) of the 

Ramsar Convention on Wetlands 

1999 

20. A Conceptual Framework for the wise use of 

wetlands and the maintenance of their 

ecological character 

9th Meeting of the Conference of 

the Parties to the Convention on 

Wetlands (Ramsar, Iran, 1971) 

2005 

21. Handbook 2 

National Wetland Policies, 4th edition 

Ramsar Convention Secretariat 2010 

22. Handbook 8 

Water -related guidance, 4th edition 

Ramsar Convention Secretariat 2010 

23. Handbook 11 

Managing groundwater, 4th edition 

Ramsar Convention Secretariat 2010 

24. Handbook 13 

Inventory, assessment, and  

Monitoring, 4th edition 

Ramsar Convention Secretariat 2010 

25. Handbook 15 

Wetland inventory, 4th edition 

Ramsar Convention Secretariat 2010 

26. Handbook 16 

Impact assessment, 4th edition 

Ramsar Convention Secretariat 2010 

27. 

 

Handbook 18 

Managing wetlands, 4th edition 

Ramsar Convention Secretariat 2010 

28. Principles and guidelines for wetland 

restoration 

 

8th Meeting of the Conference of 

the Contracting Parties to the 

Convention on Wetlands 

(Ramsar, Iran, 1971) 

2002 

29. A Framework for a Wetland Inventory Meta 

database 

Ramsar Convention Secretariat 2010 

30. A Framework for assessing the vulnerability 

of wetlands to climate change 

Ramsar Convention Secretariat 2011 

31. The Ramsar Convention Manual, 6th edition Ramsar Convention Secretariat 2013 

6.3 Secondary Data Collection, Review and Analysis   

A comprehensive data collection program from the secondary sources has been taken which 

include the following: 

¶ Topographic Data/ Digital Elevation Model 

¶ Landuse type  

¶ Soil profile 

¶ River alignment, cross section data etc. 

¶ Surface water level and discharge data  

Secondary Data have been collected from the following organizations: 

¶ Survey of Bangladesh (SoB) 
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¶ Soil Resource Development Institute (SRDI) 

¶ Bangladesh Water Development Board (BWDB) 

¶ Water Resources Planning Organization (WARPO) 

¶ Department of Bangladesh Haor and Wetlands Development (DBHWD) 

¶ Bangladesh Meteorological Department (BMD) 

¶ Bangladesh Agricultural Development Corporation (BADC) 

¶ Others 

It has been observed that, some of the data are not sufficient while some are not available from 

secondary sources. All secondary and primary data has been checked for quality and 

consistency using standard procedure. The details of data collection are described in the 

following sections. 

6.3.1 Digital Elevation Model (DEM) Data 

The topographic data available in IWM and Survey of Bangladesh (SoB) has been used to 

produce the DEM of Bangladesh as shown in Figure 6-1. SoB is now implementing a project 

to produce 1:25,000 scale digital topographic maps and data covering whole Bangladesh 

territory using digital aerial photos and satellite images. In this connection, 980 sheets in total 

for open series map of 1: 25,000 scale in digital Form of Geo-database format (*.gdb) has been 

purchased from SoB. Digital terrain model (DTM), which is a digital representation of the 

terrain surface, given by  

a. Gridded data points, where a uniform grid is established in the horizontal (XY) plane, 

and the elevation at each grid intersection is given, or 

b. Random data points, at locations where significant elevation changes occur. 

The specifications of data available in SoB are as follows whereas the details are given in Table 

6-2. 

 DTM points interval                 = 20 meter 

Accuracy of DTM points         = +/- 50cm 

Figure 6-1: Sample Data of DEM in 20m interval and Digital Elevation Model 

http://www.srdi.gov.bd/
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Table 6-2: Specifications of Data Available in SoB 

6.3.2 Landuse Data 

The landuse data has been collected from secondary sources and has been used to validate the 

imagery collected under this study. 

6.3.3 Soil Data 

During the period from 1963 to 1975 Reconnaissance Soil Survey (RSS) of almost the entire 

country was completed except mangrove forest of the south-west (the Sundarbans) and reserve 

forest of the Chittagong Hill Tracts by Soil Research Development Institute (SRDI). The 

Primary purpose of the survey was to provide a basic guide on the soil resources of the study 

area to those responsible agricultural planning and economic development. For this purpose, 

the major kinds of the survey area have been identified and described, maps have been prepared 

showing their geographical occurrence, and estimates have been made of their potential for 

improvement.  

6.3.4 Hydrological Data 

BWDB has maintained a good hydrological data collection network for the whole country. A 

total of 364 Nos. of surface water level and 154 Nos. of discharge measuring stations are 

available all around the country.  All the data have been collected and processed. A sample plot 

of surface water level for Sunamganj stations are given in Figure 6-2.  

Sl. No. Features/Items Remarks 

1 Administrative Boundary Ward, Union, Mouza, Thana, District and Division Boundaries 

2 Building and Structure Important Building and KPIs 

3 Facilities Utility Service Lines 

4 Forest Different Types of Forests 

5 Geodetic Control Point Bench Marks with XYZ values 

6 Hydrographic Feature River, Khal and other water bodies 

7 Industrial Different Types of Industries 

8 Relief Land levels for DEM generation and Contour lines   

9 Transportation Road and Railways including bus and rail Stations 

10 Vegetation Agricultural and other landuse 

11 Layer Files  Layer Files for the Symbology to be used in Map generation 

12 
Any other Relevant GIS 

data 
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 Figure 6-2: Sample Plot of Surface Water Level at Sunamganj 

6.3.5 Collection of Satellite Images from Secondary Sources 

Based on hydrological analysis for the optimum water levels for dry and wet seasons, the 

required satellite images have been downloaded from respective sites. 

The Sentinel-1 and Sentinel-2 image have been used in wetland delineation for wet season and 

dry season respectively. The image specification is presented in the following Table 6-3. 

Table 6-3: Image Specification for Wetland Delineation 

Period Date Time 
Satellite 

Image 

Sensor 

Type 

Spatial Resolution 

(meter) 
Bit  

Dry Season 
18/03/2016 

04:34:01 
Sentinel-2 MSI 10 16 

Wet Season 
18/08/2015 

23:47:15 
Sentinel-1 SAR 10 16 

The band specifications of the above two selected images are described below: 

a) Sentinel-1 Satellite Image 

The Sentinel-1 Satellite Image comes from a dual-polarization C-band Synthetic Aperture 

Radar (SAR) instrument. The specification of Sentinel-1 image has been presented in Table 

6-4. This collection includes the S1 Ground Range Detected (GRD) scenes which contains all 

the GRD scenes. Each scene has one of 3 resolutions (10, 25 or 40 meters), 4 band combinations 

(corresponding to scene polarization) and 3 instrument modes. The possible combinations are 
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single band VV or HH, and dual band VV+VH and HH+HV. The final terrain corrected values 

are converted to decibels via log scaling (10*log10(x)) and quantized to 16-bits. 

Table 6-4: Band Specification of Sentine-1 C-Band Synthetic Aperture Radar (SAR) 

Band X Resolution Y Resolution Wavelength Description 

HH 10 metes 10 metes 5.405GHz Single co-polarization, 

horizontal 

HV 10 metes 10 metes 5.405GHz Dual-band cross-

polarization, horizontal 

transmit/vertical receive 

VV 10 metes 10 metes 5.405GHz Single co-polarization, 

vertical transmit/vertical 

receive 

VH 10 metes 10 metes 5.405GHz Dual-band cross-

polarization, vertical 

transmit/horizontal 

receive 

Angle -1 meter 0 

PIXEL_UNIT_UNSPECIFI

ED 

 
Approximate viewing 

incidence angle 

 

For water extent classification, VH band was selected as it provides the better results for 

identifying water features from the image. 

b) Sentinel-2 Satellite Image 

Sentinel-2 is a wide-swath, high-resolution, multi-spectral imaging mission supporting 

Copernicus Land Monitoring studies, including the monitoring of vegetation, soil and water 

cover, as well as observation of inland waterways and coastal areas. The specification of 

Sentinel-2 image has been presented in Table 6-5. The Sentinel-2 data contain 13 units of 16 

spectral bands. 

Table 6-5:  Band Specification of Sentinel-2 Multi Spectral Instrument, Level-1C 

Band Resolution (Meters) Wavelength (Micrometers) Description 

B1 60 0.443 Aerosols 

B2 10 0.490 Blue 

B3 10 0.560 Green 

B4 10 0.665 Red 

B5 20 0.705 Red Edge-1 

B6 20 0.740 Red Edge-2 

B7 20 0.783 Red Edge-3 

B8 10 0.842 NIR 

B8a 20 0.865 Red Edge-4 
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Band Resolution (Meters) Wavelength (Micrometers) Description 

B9 60 0.940 Water vapor 

B10 60 1.375 Cirrus 

B11 20 1.610 SWIR 1 

B12 20 2.190 SWIR 2 

QA10 10 - Always empty 

QA20 20 - Always Empty 

QA60 60 - Cloud mask 

6.4 Primary Data Collection, Quality Checking and Processing 

The primary data that has been collected under this study is mentioned below: 

¶ Image collection  

¶ LiDAR survey  

¶ Bathymetric survey & Discharge measurement 

¶ Collection of Water Quality Data 

¶ Data collection on Biodiversity 

¶ Data collection for Fisheries Resources 

¶ Data collection on Forest 

¶ Data collection for Agricultural Development 

¶ Socio ï economic Data collection 

6.4.1 Image Collection and Analysis 

Satellite image is an important component of the project, high resolution image of recently 

captured has been purchased to identify the locations and boundaries of wetlands, calculate 

their area and to determine their types, status incorporating their underlying characteristics.  

In order to meet with the study objectives, a total of 339 Nos. of high-resolution satellite 

imagery have been procured from DigitalGlobe covering the whole country. The specifications 

of satellite image have been presented in Table 6-6. 

Table 6-6:  Specifications of Satellite Image 

Item Specification 

Total Image scene 339 Nos. 

Number of Blocks 18 Nos. 

Type Optical 

Bands Red, Green, Blue, Infra-red 

Cell Size 0.5 m 
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Item Specification 

Processing level Orthorectified 

Cloud cover <= 15%, calculated over the whole country 

Imagery date January 1, 2009 to 18 May 20 2017 

Coordinate System BUTM 

File Format GeoTIFF 

Analysis of Satellite Images: The satellite images purchased from DigitalGlobe are ñPan 

Sharpened (4-band)ò. The multi-spectral band designations are Blue-Green-Red-Near Infra-

red. To cover the whole country, it has been divided into 18 numbers of blocks as shown in 

Figure 6-3 which included a total of 339 Nos. of images as shown in index map as Figure 6-4. 

A sample image scene is shown in Figure 6-5.  
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Figure 6-3: Map Showing Block Locations 
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Figure 6-4: Location of Image Scene 

  
















































































































































































































































































































































































