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EXECUTIVE SUMMARY

1.0 Backgroundand Obijectives

Department of Bangladesh Haor and WettabDévelopment (DBHWD)s mandated by the
government fooverall coordination and monitoring for integrated depetent in the haor and
wetland ares in the country tdnolistically address the problems related to water resources,
fisheriesresourcesagriculture, socieeconomic and environmental concemghe haor and
wetlands of the countryDBHWD has already delaped Haor Master Plan with a view to
protect, preserve and conserve the haor wetlandsystenfrom degradation as well as for
sustainale management of wetlandshédre still exists number of unidentified haors, beels,
jheels as well as wetlands in thieuntry 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 ecosystem$ormulation of wetland managemermeworkand LDAR 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 lgjectives, the major activitidhose havéeen carried out includes:

1 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 wettand

1 LIiDAR survey of Tanguar haor for an area of approximai&lysqg. km. for empirical
data collection.

1 Classification of wetlands of Bangladesh according to their hydrological functions,
important ecosysin, ecosystem services, physiographic characteristics and
demography.

1 Identification of connectivity of hasiand wetlands with adjacent river system.

1 Development of an inventory of wetlasmdlong with different categorical contour
mays.

1 Comprehensive skaholder consultatiato find out gags), and incorporating their
suggestions for successful completion of the wedameentory.

1 Monitoring and evaluation of piloting sites to find ogap(s) in selected best
management practices.

1 Finalization of wetlad management framework based on theeatlands)clusterwise
best management practices and piloting results.
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3.0 Methodology

V A total of 339nos. of highresolution satellite imagess have been procured from
DigitalGlobe covering the whole countiiyor ground truthing and accuracy assessment
215 nos. of GCPs, among pelected 250 nos., have been collected.

V A total 10 nos. of crosssection survey for Tanguar haor and 7 nos. of drasstion
survey for Hakaluki haor have been conducted. The maximum length ofsexissn
survey is 1Rm and the spacing between transect lines is 1200m for Tanguar haor
whereaghe maximum length of crosection survey is 14km and the spacing between
trangect lines is 2000rfor Hakaluki haor Discharge measurements were conducted at
4 locations on each of Tanguar & Hakalbl&or and a total of 16 nos. of measurements
were conducted during Auguad19to September 2019 @ of 2 spells on each location.

V LiDAR survey has been conducted on Ma2€h2019 for Tanguar haor for a total area
covered by photos 557 sg. km in mono coverage and 136 sq..kmstereo coverage.

V A total of 20 sets of surface water samples have been collected from Tanguar haor and
Hakaluki haor aredn-situ field parametersuch aspH, dissolved oxygen (DO) and
temperaturdnas been measuretihe water samples have been tested in the laboratory
for the @rameters of Total hardness as Ca(®ee carbon dioxide, Chemical Oxygen
Demanl (COD), Biochemical Oxygen Demand (BOD; Z0), Turbidity, Phosphate,
Ammonia as Nitrogen, Total Suspended Solids (TSS), NiM#tegen (NQ-N) and
Color.

V In-situ field measurement parametesuch as pH, dissolved oxygen (DO) and
temperature, Total Bsolve Solid (TDS), Turbidity, Salinity and Conductiviofwater
guality data for Baikka bedlLO nos.)from North East wetland cluster, Borobila beel
(10 nos.¥rom North Central wetland cluster, Beel H&ltR nos.from North Western
wetlandcluster and Baluhor Ba¢16 nos.)and Borni Baof16 nos.¥rom south western
wetland clustehas been collected

V Data collection on Biodiversity, Fisheries Resourcegegetation Agricultural
Development and Socieconomic data for Tanguar and Hakalukadf has been
collected under this study for dry and wet seaséor clustered wetlands such as
Baikka beel, Borobila beel, Beel Halti, Baluhor Baor, Borni Baor and Kaptatliaise
datahavebeen collectedor dry season only

V Collected high resolutionmages 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 onsideredHistorical 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 delifiéation.
extent of wetlands has been produced for the driest and wettest periods using the images
extracted from Sentinel Satellit€he Sentinell and Sentine image have been used
in wetland delineation for wet and dry seasons respectively. These imageduler
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preprocessed 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
connedlvity of identified wetlands with their adjacent rivers has been delineated to find
out the interaction between hoar and river ecosystem.

V The inventoryof wetland has been prepared based on hydrological region of
Bangladesh and the mdgased outputs im 1:10000 scaleA total 4433 nos. of maps
have been produced to cover the whole coufitmg inventory islevelopedn tabular
format including the location (districts, upazila, union and mouza), area and other
physical features such as agegologicalzone and bigcological zone.

V Data Collection on Biodiversity, Fisheries Resourc¥ggetation Agricultural
Development and Socieconomic condition has been conducted throudtublic
Consultation Meeting(PCM), Focus Group Discussisri{fFGD), Participatory Rural
Appraisas (PRA), Personal Interview (PIl), Key Informant Interviews (KII) and
Household Surves(HS) for differentpreselectesvetlandsHere it is worth mentioning
thatfish catchdatahas beercollected througHield visits and vegedtion survey has
beenconductedby 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
EcosystemAssessment (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, (iEconomical 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 gien to each threat and a simple matrix is used to give a single score.

c. Links between Values & ThreatEhe matrix table determines how the threats are
likely to impact on the values.

d. Vulnerability Assessmen©Once al | of the i nputds valu
table, then the vulnerability assessment has been completed.

Each value and threltave 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 ScoreX Link X Threat Score= Final Asgssment Value

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

U The total number of wetlands during wet season is aboé86jth an area of about
1,659,686.00ha whereadn dry season the number of wetlands is ab@83®with an
area of about 28272 8ha.Thehydrologicalregon wise summary of wetlands has been
presented in the following table:

Reduction in Dry Season

- Number of| Total Area Area Number
Hydrological p
Region | S¢ason| Water | of Water % W.r.t. % w.r.t.
Bodies | Bodies(ha) ha Wet NOS. Wet
Season Season

Wet 16,589 | 303,061.20
NW 273,38018 | 90.21 [9,980| 60.16
Dry 6,609 29,681.02

Wet 4,023 | 146,397.50
NC 136,09600 | 92.96 |1,960| 48.72
Dry 2,063 10,301.50

Wet 4,346 686,275.30
NE 659,18.70| 96.05 |[2,368] 54.49
Dry 1,978 27,081.60

Wet 6,733 39,294.50
SE 34,90624 88.83 |2,336| 34.69
Dry 4,397 4,388.26

Wet 12,750 | 112,454.30
EH 66,804.80 59.41 |1,473] 11.55
Dry 11,277 | 45,649.50

Wet 4,704 47,310.00
SC 44,5@8.70 94.08 |3,977| 84.55
Dry 727 2,801.30

Wet 12,635 | 324,893.20
SW 160,52400 | 49.41 | 7,087 56.09
Dry 5,548 164,369.20

Wet 61,780 |1,659,686.0
Total 1,375,4B.620 82.87 |29,18] 47.23
Dry 32,599 [ 284,272.38

The dry and wet season extents of the riverscandls in the different hydrological regibas
been presented as below:
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_ Reduction in Dry Season Merging with Water River/Canal
Hydrological | o .. | Length | Water Area Bodies in Wet Season  Connecting
Region (km) (ha) Length % Water Area % Length | Wet Area | Points with
(km) 0 (ha) 0 km (%) ha (%) | Water Bodies
Wet 12254 | 131664.99 1127 6570 725
NW 5721 | 4669 | oo .o | 6515 590 00
Dry 6533 45887.84 : (9.20) | (499 30
Wet 6068 50161.20 485
NC 3003 | 498 | oo e | 6625 | o o8
Dry 3065 16929.65 : (1458 | (12.97 47
Wet 10722 | 7477218 1314
NE 5016 | 5518 | 34956.17 | 46.75 (jfg% (321%%88)5
Dry 4806 39816.01 : : 58
Wet 4637 64412.60 490
SE 2880 6211 | 3420418 | 53.11 (3%;71) (126;7)
Dry 1757 30208.42 : : 88
Wet 7794 35023.12 778
EH 2822 3621 | 5188.% 14.81 g%% %osé)
Dry 4972 29834.57 (6.36) | (589 79
Wet 7339 | 182737.08 206
83 1084
sc 1356 18.47 11
Dry 5083 | 161684.57 21052.51 (1.13) | (0.59) 23
Wet 18011 | 264371.17 1954
swW 3720 2065 | 20158.% 7.63 172&1 251619
Dry 14291 | 244212.82 (7.00 (2.11) 316
Wet 66825 | 803142.34 5952
Total 25418 | 38.04 | 234568.6 | 29.21 fg 2681 577 513(’33
Dry 41407 | 568573.88 (12.61) | (7.16) 641
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U Attempt was made to digitize ponds having an area greate®th@na. This efforhas
beenmadefor capturing thecomplete picture of the closed water lasin the country
The statisticsof ponds in different hydrologicalegion 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 116780.2

U Most of the area of wetlands in Bangladesh falls under the category of Ganges tidal
floodplain (41.37%)which is followed by higlGanges Rivefloodplain (12.87%) and
then Northern and Eastern hills (10.86%). The minimum area of wetland covers
Akhaura terrace (01% of the total wetland area). It can also be concluded that about
65.45% area of wetlands is under three dominantegotogical zoes namely Ganges
tidal floodplain,Ganges Rivefloodplain and Northern and Eastern hills.

U The study reveals that Saline Tidal Floodplain covers about 38% of the total wetland
area in Bangladesh. The Chittagong Hills and CHTs is thaighest bieecobgical
zone which covers about 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 betweerHaor and River Ecogstem

Haor is a unique aspect of thew-lying geoadiversity of eastern part oBangladeshwhich
appears as a bowl or saucer shaped shaessionDuring monsoonhaor areareceive
hugesurface runoff water from rivesystemsbecomea vastunit of waterbody andturn into
ainland seas within which the villages/populaticentersappear as islands. During winter,
most of thehaorarea dry up and turn intovast stretch of green land withainly paddy crop.

Three major river systems govern in the haor area inside Banglades8urmaBaulai, the
Kalni-Kushiyara and the Kanggahanu. The Surma is the main river of this system which fed

by Barak Riverof India The Baulai is another important river of this system which flows
entirely within Bangladesh. Major tributaries of Bw&Baulai river system are Sarigowain,
Piyan, Dhalagang, Chela, Jalukhali, Jadukata and Someswari rivres. This river system meets
the KalniKushiyara systerat downward part of haor basahBajitpur upazila of Kishoregan;
district. The main left tributaes of Kushiyara river af@onaiBardal River Juri river andManu

River. The combined flow of the Dhanu River and Baulai River forms the GbtreaRiver.

Final Report Volume-| vii JV of MegatechlWM


https://en.wikipedia.org/wiki/Depression_(geology)
https://en.wikipedia.org/wiki/Monsoon

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

These river systentsave been carrying runoff water of nearby Himlayantbilhaorof Sylhet,

SunamganjHabiganj Moulvibazar KishoreganjNetrokonaand Brahmabaria districts which
make a core haor areghese river systems of haor basin fltwmough theMeghna Riveat the

end of haor basin &harab upazila of Kishorganj district.

Haor ecosysteralsoconsists of two major componenisotic or living components arnbn
biotic or nonliving componentaccordingly In theseecosystem, ibtic components include
plantslike phytoplankton, aquatiecveedsand highervegetation animalslike fishes, birds,
amphibians, reptiles andecomposergmicroorganisms,) Nonliving components include
air, cleanwater, landwith clay soil etc. in the ecosystem

Backwater from the SurmiadukateBaulai River system intrudes the haor in-prensoon.
Simultaneously, rainwater from the Meghalayan hilly arkags into the haor through a good
number of small stream$his rainwatetrappedfor 6-7 monthsn themonsoonn haor basin

and make the haor as an inland $eavinter and dry seasotrappedwater in beels and rivers

is the main source of watef haor basinbecause groundwater usavailableat the region

This surface watehas been becomingsufficient for irrigation and fish and aquatic animal
habitat.Boro rice in haor area is exposed to water stress in thedwgtive and grain growth
stages due to lack of adequate irrigable water and infrastructure facilities for water conveyance
and distributionOn the other handncreasing water depth and flow are extremely essential
for the depleted rivers, canals andlBeas for proper migration and better survival of gravid
and juvenile stock€2roportional sharing of surface water iiwigation and fisheries resources

is very much important for the haor ecosyst&m,increasing water holding capacity in beels
cands and rivers and protecting fish and aquatic animal habitat is also important for improving
ecosystem servicesl a & mMmaorphological shape, topography, intennectivity among the
water bodies, shallow and deep levees/ridges, emergent vegetation,neecrid swamp
forest serve as the most prolific ground for breeding, nursing, grazing and sheltering place for
fish speciesHaor falls undefreshwater wetland and have a unique freshwater ecosystem
where biotic components and abiotic components intevdlsteach other at various trophic
level. Its low sedimentnutrient enriched andkss turbid and transparent water facilitates
photosynthesis process that promotes huge phytoplagktavth. The rich nutrient content

with good water quality othaor wetlard 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 spedibs. interactions within
communities of organisms at poputet 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 (stilNater,and its associated rivers have lotic (flowing) water. Three
rivers such as Jadukata RiveauBai River and Patnai River have been identified that have
direct connection with Tanguar Haor. It has known from stakeholder consultations that
upstream wier, from more than 30 streams of Meghalaya Hills of India, efgersin the
Tanguar Haom the rainy season and enriches its ecosystem.

Final Report Volume-| viii JV of MegatechlWM


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

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

Like Tanguar Haor, Hakaluki Haor has also lentic (still) water and its associated rivers have
lotic (flowing) water A total of five rivers namely (Juri / Kantinala River, (ii) Sonai / Bordol
River, (iii) Damai River, (iv) Fanai River and (v) Kuiachara Rivexye direct connection with

the Hakaluki Haor.

The fish population dynamics of Tanguar Haor is intensiveélyenced with the hydrological
regime of this wetland. Fish movement occurs beel to beel and migration occurs beel to river
or viceversa. In Tanguar Haor, migration takes place beel to beel through a river, Tanguar
Haor to the Surma River, Tanguar Héothe Jadukata River or vieersa.

In Tanguar haoiin the premonsoon, 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 theyédnienhe flbodplaanyadjaenttta 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 mAhsemst.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 isldneee

Duar, Shoshan Kanda, Chhara bé&alraibari stream.

From the river Kushiyardhere 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
dowrstream fishing communities.

The major ec&components of faunal biodiversity of haor ecosystem are Amphibia, Reptile,
Aves and Mammal, whose require both water and land. Based on-stabecassessment via

field observation and literature review, the travel distance varies amongebtiess and in
general, maximum travel distances of some amphibian (terrestrial & aquatic), reptilaam,
andmammalian species could be in betweenn3@® 500, 0.5km to 1.0km, 2.@m to 4.0km

and 2.&mto 5.0km respectively from the wetlands. So, ipfikm peripheral distance of haor

area could be consider under haor ecosystem for the probable home range/ecosystem boundary,
needed for the biodiversity of the specibforeover, haor wetlandse a sanctuary of 260 fish
species, 259 species of birds, #ptiles, 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 ecajyical 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 thedusyseem services
during monsoon and pestonsoon monthdBut this ecosystem services have been becoming
insecurdo the communitiesf the haor areg&so, the communities are increasingly diversifying
their livelihood strategies to neecosystem servicegdors for better economic security.
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LiDAR Survey Hydrological Survey andWater Quality:

U Thedata ofLIDAR survey issignificantly usefulto delineate the boundaries of the
wetlands accurateiyn comparisorwith the highresolution satellite image analysis.

U Thebathymetricsurvey results reveal that tlmvest bed levedf the Tanguahaorand
Hakaluki haor is3.164mMSL and0.914mMSL respectively.

U The discharge varies from 3102's to 33.91n¥/s for Tanguar haoand 4.12%s to
261.22ni/s for Hakaluki haor whereathe velocity ranges from 0.068sto 0.057m/s
for Tanguar haor and 0.028sto 0.67m/s for Hakaluki haor.

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

U The Dissolved Oxygen (DO) content value of the collected samples ranges from
7.68ng/l to 8.8mg/l for Tanguar haor whereas it varies from m@Tto 8.28mg/l for
Hakaluki haor areas. In context of Bangladesh drinking water standard, the DO value
of Tanguar haoand Hakaluki haoexceed the limitxceptat onelocation of Hakaluki
haor area.

U The laboratory analysis of collected water sample reveals that Total Hardness @s CaCO
varies from 2ig/l to 48mg/l for Tanguar haor and 1@/l to 19mg/l for Hakaluki
haor and all the values are below Bangladesh drinking water standard.

U Biochemical Oxygen Demand (BOD) ranges betweem@g/Bto 6mg/l for Tanguar
haor and Bg/l to 4.2mg/l for Hakaluki haowhereas,Chemical Oxygen Demand
(COD) varies from g/l to 20mg/l br Tanguar haor andhig/l to 8mg/l for Hakaluki
Haor. The turbidity values rangeom 1.4NTU to 5.25NTU for Tanguar haor and
1.54NTU to 59.4NTU for Hakaluki haor area.

Biodiversity Study:

Faunal diversity is decreasing due to +wisible management of wlands. 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 mamrAdlidentified faunal species

play avital role for balancing the existing ecosystem via heitalogical and iter-ecological

niches. Some species use the areas as their permanent habitat, while others use as temporary
habitat.Findings of inventory on faunal bidiversity is presented below:

Wetland Species Present Study
Amphibia | Reptilia | Aves | Mammalia
Tanguarhaor 8 16 76 12
Hakalukihaor 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 haorwawetlandshas 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 HaometlandsRivers
Tourism

Naturalcalamities and climate change
Invasive exotic species

Diseases

Pollution

=4 =4 =4 4 4 4 -5 -5 -5 -5 -2

FisheriesStudy:

U In case of Tangudnaor, commonlynumbers ofavailable, moderately available, less
available, rarely available and not availabeciesare respectively 14, 16, 17, 16 and
8. Similarly at Hakalukihaor, the numbers of speciesf commonly available,
moderately available, less available, ramhileble and not available respectively are
17,17, 21, 12 and 11. In bathe haors, the less available and rarely available species
can be considered as vulnerable specatdsch will be threatened and endangered
within a couple years. IUCN Bangladesh (2008und 32 nationally threatened
freshwater fish species in the Hakalb&or, which was a positive indicator of declining
fish biodiversity in that aquatic ecosystem.

U About 8 nos. ofish speciesare notavailableduring dry season in Tanguar Hasuch
asNanid (abeo nanding Mohashaol Tor tor), GangmagurFlotosus caniy Chittal
(Notopterus chitaly Shilon Silonia silondig, Deshi PangusP@ngasius pangasiys
Baghair Bagarius yarrelli) and Rita (Rita rita). During wet season, 8 nos. of fish
species are not available in Tanguar Haor sudtieasd (abeo nanding Mohashaoal
(Tor tor), Deahi PangudP@ngasius pangasiyisGangmagurKlotosus caniyy Shilon

Final Report Volume-| Xi JV of MegatechlWM



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

(Silonia silondig, Along (Megarasbora elanga llish (Tenualosa ilishaandBaghair
(Bagarius yarrelli).

U In Hakaluki haor, 14 nos. of fish species are not available in dry season such as Nanid
(Labeo nanding Mohashal Tor tor), Gangmagur Rlotosus caniy Chittal
(Notopterus chitalp Shilon Silonia silonda), Deahi PangusP@ngasius pangasiys
Baghair Bagarius yarrelli), Rita Rita rita), Ilish (Tenualosa ilishg Borali Barilius
barila), Fasha, Along Nlegarasbora elanga Posuti Punti Qreichthys cosuat)s
BaspataParamugil parmatus In wetseasonl14 nos. of fish species are not available
in Hakaluki haor such ddanid (abeo nanding Mohashoal Tor tor), Deshi Pangus
(Pangasius pangasiisGangmagurRlotosus canily Shilon Silonia silondig, Along
(Megarasbora elanga Borali Barilius barila), Kosuti punti Qreichthys cosuat)s

U In Kaptai Lakenumbers otommonly available, moderately available, less available,
rarely available and not availatdpeciesespectively are 10, 14, 21, 9 and 4. Both less
available and rarely available spegican 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.

U Category wise availability of fishes hoth Balulor 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.

U The trend of availability of vulnerable speciest(bless available + rarely species) and
declining species biological diversity are very close between Baikka Bedbewld
Halti. Although at Borobila Beel number of vulnerable species having lower trend but
huge vegetative growth at shallow water deptthefbeel ecosystem during dry/winter
season occurred huge mortality of the existing fish stocks due to deterioration of water
guality parameters viz. dissolved oxygen, pH, alkalinity and hardness etc.

U0 No visible haor management practice exists either famy side of GoB or NGOs
except Baikka beel. Local people do not get easy access to collect haor resources.
Powerful people take advantaged take its resources unprofessionally, and thus,
destroy its resources. Peripheral villagers and outside peoplelcting natural
resources from haor indiscriminately that ultimately damage the haor entity and its
fisheries resources.

U At least 4 nosof breeding spots have been identified in Tanguar haor such as
Nazarkhali Khalerbak/ Bhanga, Bagmara Kanda, near the right Wwaeke bend and
deeper part is therdlamer Duar, Shoshan Kanda, Chhara bKekaibari stream.

U Atotal of five fish sanctuaegshave beemdentified in Tanguar hapwhich areRupaboi
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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U Hakaluki haoiis alsoidentified as important for $h sanctuarie§ akuni beel, Moishar
Dhak beel, Ronchi beel, Bhuterkona beel, Lampang beel and the confluence of Juri
Riverare the mentionable fish sanctuaries.

Vegetation (Plant) Survey:.

U A total of 52 species under 30 families were found in the Tanqa@rdites from 61
plots and of total 24400harea 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 peti&ss
respectively, rest of the species had gone to several families.

U A total of 28 species were found in the Hakaluki haor sites from 50 plots and of total
20000n% 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.

U The study found the tree vegetation diversity in the-raitge as the Shannon index is
arownd 0.54 in range of (0 to 1) for both the Tanguar haor and Hakaluki haor.

U The Mean abowground, belowground and Total Biomass Carbon (TBC) of the
Tanguar haor areas were 21.379D# per ha, 4.5507Fon per ha and 25.92991 Ton
per ha respectively and 28954 Ton per ha, 5.56763 Ton per ha and 33.58718 Ton
per ha respectively for Hakaluki haor area.

U The study found 6 trees species and 4 shrub species in the sample plots of the Ratargul
swamp forest. The forest is mostly dominatedBarringtonia acutangw (Hijol),
Millettia pinnata (Koroch) andCrataeva magngBarun). Among the shrub Murta is
the most common plant found in the forest, which also have great importance for
cottage industry in the region.

U The study found the tree vegetation diversity not rich as the Shannon index is around
0.27 in range of (0 td) andmeanaboveground, belowground andTotal 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.

U 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 bengalensi¢Bot), Trewia polycarpa(Pitali), Albizia lebbeckKoroi)
andLagerstoemia specios@larul). Among the herbs and shruygpha elephantiana
(Hogal) andArundo 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.

U The tree vegetationdgersity is quite good as the Shannon index is around 0.68 in range
of (0 to 1) andneanaboveground, belowground 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.

U The study found 23 ¢es species and 2 shrub species in the sample plots of Borobila
beel area. The forest is mostly dominatedAsidium guajava(Peyara),Samanea
saman(Raintree),Swietenia mahagor{iMahogany),Ficus bengalensi¢Bot) Trewia
polycarpa (Pitali), Artocarpus leterophyllus(Kanthal), Mangifera indica (Aam),
Albizia lebbeck(Koroi) and Lagerstroemia specios@arul). Among the herbs and
shrubsTypha elephantiangHogal) andSaccharum spontaneuiash ful) are the most
common plant found in the Borobila beel.

U 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). Teamaboveround, below
ground, and Total Biomass Carbon (TBC) in Borobila areas were 21.44 Ton per ha,
4.45 Ton per hand 25.89 Ton per ha respectively.

U 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 Swietenia mahagoni
(Mahogany), Ficus bengalensis(Bot), Trewia polycarpa (Pitali), Artocarpus
heterophyllus(Kanthal), Mangifera indica (Aam), andBorassus flabellifer(Tal).

Among the herbs and shrubs Motmote, Chitki ggmmoea carnedDhol kolmi) are
the most common plant found in the Beel Halti area.

U 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-gbmwed, below
ground and Total Bionss 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

U The vegetation around the Baluhor Baor is classified under village homestead forest
and are mostly privately owned. The study found 32 treesiespand 2 shrub species
in the sample plots of the area. The vegetation is mostly dominat&wigtenia
mahagoni{Mahogany)Ficus bengalensiéot) Trewia polycarpgPitali), Artocarpus
heterophyllugKanthal),Mangifera indica(Aam), Acacia auriculifamis (Akashmoni)
and Acacia catechyKhoi Babla). Among the herbs and shrubgha elephantiana
(hogla), andpomoea carnedDhol kolmi) are the most common plant found in the
wetland.

U The study found the tree vegetation diversity very rich as the Shamhenis around
0.90 in range of (0 to 1) for Baluhor baor. Mean abgraind, belowground, 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.

U The study found 29 trees specasl 2 shrub species in the selected plots of the Borni
baor area. The vegetation is mostly dominatedsiwetenia mahagor{(Mahogany),
Trewia polycarpa(Pitali), Artocarpus heterophyllugKanthal), Mangifera indica
(Aam), Acacia auriculiformigAkashmoni)andAlbizia procera Among the herbs and
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shrubsSaccharum spontaneugkash ful) Typha elephantianghogla) andIpomoea
carnea(Dhol kolmi) are the most common plant found in the wetland.

U The study found the tree vegetation diversity rich as the Shandex is around 0.69
in range of (0 to 1) for Borni baor area. Mean abgraund, belowground, 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.

U The study has recorded 52 spscd 487 woody individuals along with 4 species of
bamboos in the sampling plot of Kaptai lake. The vegetation is mostly dominated by
Gmelina arboregGamar),Dipterocarpus turbinatugGarjan),Artocarpus chaplasha
(Chapalish) Albizia lebbeckKoroi), Hopea odorataTelsur), andSyzygium grande
(dhaki Jam).Out of the 4 bamboo speciddelocanna bacciferaMuli Bansh) is the
most common specieByttneria aspera, Sterculia balangh@ysalis angulateand
Macaranga peltatare among thelimbers, shrubs found in the sample plots.

U 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 abayreund, belowground, and Total
Biomass Carbon (TBC) of the Kaptai lake ar@#ere 50.72517Ton per ha, 8.48571
Ton per ha and 59.2108%n per ha respectively.

U The study findings indicate that the vegetation structure and diversity is changing over
the time. Though the species diversity in different site is stiltimgaut thedistribution
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.

U Another important finding is that local people are replacing the indigenous
multipurpose tree species (likelBsh, Shimul) by high yielding timber producing tree
species (like, Mahaguni and Akash moni). This replenish of vegetation around the
wetlands lke 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 mangement.

Agriculture Study:

Hakaluki and Tanguar haor basin is entirely single cropped area and the only crepsgrow
Boro rice. However, in the ridges along rivers, there are very minor double cropped areas as
well. About 80% cropped area of Borobila beseplanted to single Boro rice in Bordrallow

- Fallow cropping pattern and only 20% area is covered by Bdfallowi T. Aman rice
cropping pattern. Boro rice is the main crop in Beel Halti area. However, some other Rabi crops
such as mustard, oniopotato, wheat, groundnut and some winter vegetables are also grown
but to a limited extent

Surface water is the primary source of irrigationBuro rice in haor basins. However, in
adjoining higher elevations (medium lowland to highland), ground water is used in crop
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irrigation mainly by using Shallow Tube Well (STWAbout 95% of Boro area is irrigated by
STWs within theBorobila beelrea.The nmain source of irrigation watén Beel Halti areas

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 issueghose have been observed different haors and beelduring the RRA/IFGD
exercises with the farmeaselisted below

U Vulnerability to Early Flash Flooth 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 upstream beyond the boarder. In case early onset of
monsoon, early flash flood is almost inevitable causing total crop damage.

U Scarcity of Irrigation Watem Haor Area: Only 1920 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 irrigativater andavell-plannednfrastructure facilities
for water conveyance and distribution. This adds to the uncertainty of the crop and risk
of crop failure causing discourages investment for crop.

U Poor Technical KnowhovbDue to inaccessibility of the araadlack of communication
facilities, farmers have minimal access to modern technologigpbrtunitiesand
extension servicesvhich makes thé&armers dependent on traditional practices of crop
production and management.

U Low Input Use in Boro ProductioBoro rice is the only crop for livelihood for most
of farming community ohaorarea.Farmers make efforts to cover all their landth
Boro rice everit is beyond their capacitgf resource usto manage it well in termsf
resource use to increase yield and productivity.

U Blast Disease in BRRIhan 28:Beingof short duration HYV, farmers widely use BRRI
dhan 28 tavoidearly flash flood. However, due to long exposure of the variety in the
area, it has become susceptibldrioe Blast disease. For last few years Blast disease
has emerged as havoc causing serious Yyield loss of Boro rice.

U0 Labor Crisis at Planting and Harvesting Tim& the present ecological context,
farmers have to transplant and hargsto rice within a Bort 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. Lalmtage is also a cause of
inefficiency in this regard.

U Over a long period, gradual siltation has significantly raised theobBdrobila beel
resulting reduced water depth at peak tiofievater demandReexcavation, at the
bottom would increase thgepth and duration of water, help maintain water quality,
increase fish productivity as well as other aquatic agricultural production practices

Final Report Volume-| XVi JV of MegatechlWM



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

U Use of rice transplanter and reaper in muddy lands (with plastic wheels) would reduce
labor cost, ease and sten the time for both the operatiohe beel area

U The aquatic weeds seem to be the main cause of degradation of wateriquhkty
Borobila beelbecause of their decomposition under water which, may otherwise be
used for composting and/or preparing $é&af floating agriculture.

U Construction ofluice gates at Golaper Embankment and Boro Khal pbiBorobila
beelwould helpto regulate wateim managing flood and drainage and timigimize
crop damage and facilitate timely planting of Boro rice.

U The management ofBorobila 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 farmre and fishermen would help improve productivity of aquatic
resources, improve water quality and sustainability of biodiversity

U The canal connecting thiseel Halti with Banar Riverneed to be rexcavated to
maintaincontinued flow of water throughout tlyearfrom thebeel

U The Banar Riveneed to be excavated to maintain the strélam towards larger
flowing riversand thus allowing quicker recession of the monsoon waterthrebeel

U BeelHalti may be excavated at Government (KHASH) part of its basin and put the
excavatedearthon 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) pomote 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
aguatc plants, local and guest birds, plants, fish species, fish catches, boat fairs and so
on.

U The beel may be protected from inflow of soil and other ingredients by constructing
embankments. Walkway with beautiful hedge and locally adopted extinct plantsspec
in the embankment will attract tourists that, can be a source of income generation.

U A fish sanctuary may be maintained for enriching aquatic productiorf amd mer 6 s
income

U Construction of sluice gatésis become essentalGolaper Bandh (Embankment) and
Boro Khal (canal) point to control water pressure oftibel

U The management of tHeeel needs to be with the concerned farmers and fishermen
instead of lesing to businessmen who expltie water body without considegn i t s 6
sustainability andbiodiversity.

U Use of rice transplanter and reaper in muddy lands (with plastic wheels) would reduce
labor cost, ease and shorten the time for botlopleeations.
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U The aquatic weeds seem to be the main caudegrhidation 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 primaecanthiy
information respectively. The male female ratio (Number of males per 100 female) of Tanguar
Haor area id00:91 In case of Hakaluki Haor, it is found thatale female ratio i400:86

Male female ratio of Beel Halti i500:85

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.@her 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 levelrad only 1.2% completed graduation level case of Beel Halti ardderate
people, 23.2% completed primary level, 14.5% secondary levebotiigher secondary level

and only 4.2% completed graduation level.

The major occupation of the household headahdr 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 saniitan about99.7% drinking tubevell 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 abdlfl.(® households are living under poverty level in the
Hakaluki Haor area. In terms of water and sanitation, 99.4% drinkingwellewvater and

95.8% use sanitary latrine. In Beel Halti area, major occupation is farmer, day labor, service
andVan/EasyBike driver. About 19.0% households are currently living epoverty level.

All of the people drinking tubgvell 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 @vat 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 hillsptten forests, duck rearing, etc.

Respondenteecommended the following for the hat@velopment:

1 Construction of embankment pootectagainstlash floodin haor area

Prohibited duck rearing in the open water;

Stop catching fish throughout the ysaecially during the breeding season of fishes;
Ensure financiasupportfor the actual fishermen for certgimonproductiveperiod;
Leasethe haor to the actual fishermim and around the arpa
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1 Building awareness among the people of haor area;

1 Developcommunication for haor arefgr easy movemerninside the haor and other
urban ares

1 Arrange and condud¢taining on haor resource management;

1 [Initiative for ecetourism development in the haor area and

1 Develop fish and birdanctuaryn the haor;

Wetland ManagemenEramework:

The study proposes a participatory collaborative management regime for the wetlands of
Bangladesh. A bottom up approach has been proposed in the dec#édom process
regarding wetland managemegix-tier conmitteesfrom local level to national level for
wetland management kiabeen proposesuch as i) Wetland Management Groups (WMG), ii)
Union Wetland Management Forum (UWMF), iii) Upazila Wetland Management Committee
(UWMC), iv) District Wetland Management @uonittee (DWMC) v) Executive Committee

for Wetland Management (ECWM) and vi) National Council for Wetland Management
(NCWM). The specific role for each ti@lsohas been proposeRelevant stakeholders i.e.
governmental agenciesD¢partment ofBangladesh 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 leaderteachers 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) FisheriedManagement(iii) Controlling illegal fishing, and (iv) Ecosystem
Restoration. The wetlands should not be leased rather it is proposeaihtthbdéasis of sharing

the benefis 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 manag@ninterventions and growgxpensesand 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:

1 Establishment of effective sanctuaries for fish, wild animals and birds for the entire
haor area

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

water storage and flow.

Construction of ecdriendly water control strctures

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 fisgiactivities
Protection of spawning and nursery ground

= =4 -4 A

period
Clustering of wetlandias been introduced based on hydrological regions of Bangladesh.

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

hydrological rgions 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 managenfentlifferentclusteredwetlands haveen
proposed baseah existing problems, facilities and requirement.

5.0Recommendations

The major recommendatisthose havébeen made under this study can be summarized as

below:

The vulnerability assessment has been dondanguar haor under this studg per
guidelines of Ramsar Convention (1971) & Convention on Biological Diversity (CBD,
2006) as well as Millennium Ecosystem Assessment (MEA, 2@d&)which has to

be replicagd for the major and critical wetlands in Bangladesh through detailed data
collection.

Effective monitoring program on indiscriminate harvesting of fish, fish fry, fish egg
and other natural resources from tetlands throughouhe year from GoB as wedls
to ensure punishment for violation of management tolée ensured.

To protect indiscriminate harvesting of fish, fish fry, fish egg and other natural
resources from the wetlands throughout the year it is suggested to efisative
monitoring progmamme for GoB and to introducepunishment for violation of
management rules.

Faunal diversity is decreasing due to +wisible management of wetlandh. is
suggested to ensure the badaptivemanagement practice on wetlands & its resources
by involving peripheral villagersas thevillagers could play a vital role to stop over
harvesting of natural resources, illegal hunting of Wikl species, over harvesting of
fishes and other aquatic resoes, etc.

It is strongly recommended that the-m@anagement systems should be continued,
enhanced and +adopted as the integrated Best Wetland Management Practices
(BWMPs) by GoB and concerned departments and ministriesordinated way to
restore theatened natural ecosystem habitat and conserve fish biological diversity at
Tanguar Haor and Hakaluki Haor

Dredging is highly recommended for depleted rivers, canals and beel areas for
increasing water flow angaterdepth for proper migration and betservival of gravid
and juvenile stocks throughout the year.
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U For the protection and restoration of Haor & River Ecosystem anthropogenic activities
shouldbereduce and need necessary action in the future plan regarding this issue.

U For the protection and conservation of biodiversity of wetland -mirasterial
coordination, government and ngovernment organization coordination shoblel
increasd. Various initiatives need to take from Department of Bangladesh Haor &
Wetlands Devepment regarding this issue.

U Banning of wild fish catch need to be restored during Juhgly monthsandduring
thattime the fishermen should be provided alterndsiwpportiveincome opportunities
like Governmend klilsa Fisheries conservation and management program.

U For movement inthe wetlands mnually driven boat rather than engine boat is
recommended to keep the ecosystem undisturbed.

U To replace long duration BRRIhan 29 and other similar varieties by shontation
Boro rice varieties (maturing in < 150 days) such as BiRRRh 81, BRRthan 84 and
BRRIdhan 86, BRRI Hybrid Dhan 5, maturing in 143, 141, and 140 days, respectively
with 6.5 t/ha yield.

U Scarcity of Irrigation Wateis recommended tbe 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 cager (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.

U Adequate support isecommendedio develop suitable mechanical devices for
transplanting (transplanter) and harvesting (harvester/reaper) suitable for use in wet
(often submerged) haor ecosystem.

0 To i mprove f ar me ilss doddempackages dofgrep peodudtiorgak
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

U The wetlandsare recommended for excavation la¢it Government past(KHASH)
and put theexcavated eartlton croplands and thus elevating the same providing
facilities for i) for multiple crops, ii) early Boro crop, iii) accommodahaf early
monsoon flood and save the crops, iv) prangpmmore 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 witmtaiaed
beauties with different suitable aquatic plants, local and guest birds, plants, fish species,
fish catches, boat fairs and so on.
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U The management of the wetlandsecommendetb beactivatedwith the concerned
farmers and fishermen instead ofdes to businessmen who exploit the water body
without considering its6é sustainability

U Radiotelemetry technique is a common methetich frequentlyis usel to delineate
the faunal biodiversity home range / ecosystem boundaryekigithe costresource
as well as time wanot sufficient to conduct such type of survey. So, for delineation of
site-specific ecosystem boundary, a Rattemetry technique is highly recommended.

U From the perspective ¢fakalukiHaorand TanguarHaor,as persuggestiorfrom the
stakeholdeit is recommendetb plant Hijol, Koroch and Baruand alsdo reintroduce
Kadam, Shimul, Raintree, Bot, Pitali because these plants were there in the recent past
& they can be grown and survived in such environmastperthe stakeholderthe
reasons for selectintese speciegre

a) These are the native plants of hamaand it is wise to plant native plants under
any plantation program. Native plants are crucial in habitat restoration and help
to restore plant diversifystabilization and replenish soil.

b) Fresh water swamp forest consists of fkiokkrant evergreen trees & they are
adapted to monsoon flooding for three to four months to depths of 0.5t0 2.5 m

c) The swamp plants provide habitat for fishes & birds & timesgase the number
of fishes & birds.

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

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

f) Capable of withstanding the flood, thésgesmay be conserved and praied
as seed trees for future propagation.

U Having completion ofthe field survey and stakehol@rconsultationenrichment of
plantation with Hijol, Koroch, Barun and Murta in thieatargul swamp forest is
recommendedand the strip plantation beside thea from patul Naldanga is
suggested for Beel Halti aredonere, the peferred species akeodom,Shimul andHijol.

U Reintroduction of Hijol tree is suggested for Borni baor as it provides habitat for fish
and birds.Koroi, Kadam andhimul are also recommended the second options for
tree plantation.

U Detail feasibility study is recommended to implement any projadtsa wetland.

U The study proposes a-tomanagement 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 deemaking structure is a demodrat
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 carid implement in an integrated way

U Collected data andnap is recommended to be shared with other stakeholders by
developing a pricing policy under tigaidelinesof DBHWD.

U A comprehensivéVetland Restoration, Development and Managemenacts and
rules isrecommendedor sustainable wetland management considering Nature Based
Solutions.
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Aman

Baor

Bathymetric
survey

Beel

Biodiversity

Boro

Digital Elevation :

Model (DEM)

Discharge

District
Division
Ecosystem

Ecosystem
services

Estuary

Focus
Discussions
(FGD)

Group :

GLOSSARY OF TERMS

Monsoon rice crop cultivad during JulyAugust and harvested i
mid-December.

Baorare oxbow lakes, formed by dead arms of rivers.

Bathymetric survey is the measurement of the depth of wat
oceans, rivers, wetlands or lakBsithymetric maps look a lot lik
topographic maps, which use lines to show the shape and ele
of land features.

Beels are shallow lakes, which form in the lowest parts of the |
sometimes these are perennial but more often seasonal. Tdre
surfaces are contiguous with the ground water table and that
are sustained from ground water to a large extent. Surface
does also collect in the beels during wet season, often spillin
of them into the main river system

Biodiversityis the variability among living organisms from
sources, including terrestrial, marine, and other aquatic ecosy
and the ecological complexes of which they are part;
includesdiversitywithin species, between species, and
ecosysems.

Rice grown during the dry winter season, transplanted dt
Januarymid February and harvested during AMidy.

Topography configuration of a land surface including its relief
contours, thaistribution of mountains and valleys, the pattern:
rivers, and all other features, natural and artificial, that produc
landscape.

Dischargas thevolumetric flow rateof waterthat is transportec
through a given crossectional area

An administrative unit comprising several upazila
An administrative unit comprising several administrative distri

An ecosystem could simply be defined as a collection
communities of organisms (biotic) and the environment (abir
in which they live and interact with each other.

The benefits that people receive from ecosystems, inclu
provisioning, regulating, and cultural services

An estuary is a partly enclosed coastal body of brackish water
one or more rivers or streams flowing into it, and witlfiree
connection to the open

A focus group discussion involves gathering people from sin
backgrounds or experiences together to discuss a specific to
interest. It is a form of qualitative research whguestions are
asked about their perceptions attitudes, beliefs, opinion or ide

Final Report Volume-|

XXXVi JV of MegatechlWM


https://en.wikipedia.org/wiki/Volumetric_flow_rate
https://en.wikipedia.org/wiki/Water

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

Georeferencing

Ground Truthing :

Haor

Jheel
Khal

Lake

LiDAR

Ornithological
study

Ramsar

Ramsar Sites

Sentinell
Satellite Image

Sentinel2
Satellite Image

Swamp

Tide

Georeferencing is a technique used for aligning the image
highly accurate spatial locations on ground surface.

The ground truthings used to validate the horizontal accuracy
the final, ortherectified imagery in terms of the relative (intern
position between two points.

Haors are bowshaped depressions of considerable aerial e:
lying between natural levees of thieers or high lands of th
northeast region of Bangladesh. In most cases, haors have
formed as a result of peripheral faulting leading to the depre:
of the haor area. In the wet seasons, the haors are full of watt
during the dry seasonsgibe are dried up except for the beels.

Jheel a local term representing a reach of an old river channe
Usually,it appears as an oxbow lake.

Local name for a drainage channel connecting beels/rivers

A lakeis an aredilled with water, localized in a basin, surround
by land, apart from any river or other outlet that serves to fee
drain thelake

LiDAR, which stands fotight Detection and Rangings aremote
sensingmethod that uses light in the form of a pulsed lase
measure ranges (variable distances) to the earth. These
pulse® combined with other data recorded by the airbc
systend generate precise, threémensional inbrmation about
the shape of the earth and its surface characteristics.

Ornithological studys the scientific field dedicated to the study
birds. Any bird- whether it is a tiny hummingbird or an exteage
emu- falls under theealm of ornithology.

City in Iran, on the shores of the Caspian Sea, where
Convention on Wetlands was agreed on 2 February 1971; thi
Conventionods i nfor mal ni ck
Wetl ands o

Wetlandsdesignated by the Contracting Parties for inclusion ir
List of Wetlands of International Importance because they 1
one or more of the Ramsar Criteria

The Sentinell Satellite Image comes fromdaalpolarization G
band Synthetic Aperture Radar (SAR) instrument.

Sentinel2 is a wideswath, highresolution, multispectral imaginc
mission supporting Copernicus Land Monitoring stud
including the monitoring offegetation, soil and water cover,
well as observation of inland waterways and coastal areas.

A swampis awetlandthat is dominated by woody plants (shrt
and trees)Swampsare often near rivers or streams.

Tides are the rise and Ffaif sea levels caused by the combir
effects of the gravitational forces exerted by the Moon and the
and the rotation of the
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Tree Biomass : Tree biomassay be that of a single individual or all individue
occupying a unit of area.
Wetland . The Bangladesh Water Act, 201d®=fines wetland aé We t |

means any land where water remains at the level of surface or
to it and which inundates with shallow water from time to tit
and where grows such plants that may usually growsandve in
mar s h Tha RAMSAR Convention (1971has defined
wetlands axb ar eas of mar s h, fen,

natural or artificial, permanent or temporary, with water the
static or flowing, fresh, brackish or salt, including areasafine
water the depth of which at low tide does not exceed six mete

Wetland . TheRAMSAR Convention (1971has defined wetlands Invento
Inventory as Othe collection and/ or ¢
management, including th@ovision of an information base f
specific assessment and mon

Wetland . Wetland vulnerability refers to the relationship between expo

Vulnerability to a particular risk event, the impact of that event on a wetland
the abiity of the wetland to cope with the impacts or the effc
needed to minimize the impacts.
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ADCP
AEZ
AIGA
A0S
AWD
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BFD
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BM
BMD
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BMP
BNH
BOB
BOBLME
BOD
BRMO
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BUTM
BWDB
BWMPs
CBD
CBFM
CBHFRM
CBO
CCEA
CHT
CIA
CNRS
CoC
COD
CORS
CSO
CzP
DAE
DBHWD

ACCRONYMS AND ABBREVIATION

Acoustic Doppler Current Profile
Agro-Ecological Zone

American Institute of Graphic Arts

Areas ofSignificance

Alternate Wetting and Drying

Bangladesh Agricultural Development Corporation
Bangladesh Agricultural Research council
Bangladesh Forest Department

Bangladesh Fisheries Research Institute
Bathymetric

Bangladesh Meteorological Department

Barind Multipurpose Development Authority

Best Management Practices

Bangladesh National Herbarium

Bay of Bengal

Bay of Bengal Large Marine Ecosystem
Biochemical Oxygen Demand

Borogangina Resource Management Organization
Bangladesh Rice Research Institute
BangladeshUniversal Transverse Mercator
Bangladesh Water Development Board

Best Wetland Management Practices

Convention on BiologicdDiversity

Community Based Forest Management
Community Based Haor & Floodplain Resource Management
Congressional Budget Office

Cabinet Committee and Economic Affairs
Chittagong Hill Tracts

Central Intelligence Agency

The National Center for Scientific Research

Code of Conduct

Chemical Oxygen Demand

Continuously Operating Reference Stations

Civil Society Organization

Coastal Zone Policy

Department of Agricultural Extension

Department of Bangladesh Haor and Wetlands Development
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DC District Commissioner

DEM Digital Elevation Model

DFR Draft Final Report

DO Dissolved Oxygen

DoE Department of Environment

DoF Department of Fisheries

DSM Digital Surface Model

DTM Digital Terrain Model

DWMC District Wetland Management Committee
EC Electrical conductivity

ECA Ecologically Critical Area

ECR Environmental Conservation Rules
ECWM Executive Committee for Wetland Management
EEZ Exclusive Economic Zone

EH Eastern Hills

EIA Environmental Impact Assessment
FAO Food and Agriculture Organization
FCD Flood Control and Drainage

FCDI Flood Control Drainage and Irrigation
FD Forest Department

FGD Focus Group Discussion

FGDC Federal Geographic Da@ommittee

FR Final Report

GCP Ground Control Point

GEF Global Environment Facility

GIS Geographical Information System
GNSS Global Navigational Satellite System
GoB Government of Bangladesh

GPS Global Position System

GRD Ground Rang®etected

GSB Geological Survey of Bangladesh
HEP Hydro Electric Power

HORAS Hybrid Off-river Augmentation System
HS Household Survey

HYV High Yield Variety

ICDDRB International Centre for DiarrhoeBisease Research Bangladesl
IDW Inverse Distance Weighted

IEE Initial Environmental Examination
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IUCN International Union for Conservation of Nature
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IWRM Integrated Water Resource Management
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LGED Local Government Engineering Departrhen
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MDG Millennium Development Goals
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MoEF Ministry of Environment and Forests
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MoL Ministry of Land
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NCS National Conservation Strategy
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NGO Non-governmental organizain

NOC No Objection Certificate

NTU Nephelometric Turbidity Unit

NW Northwest

NWCA National Wetland Cerdination Authority

NWDI Normalized Difference Water Body

NWMP National Water Management Plan
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1 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 opreservatiorand safeguardf the wetlands have been mentioned in the
Article 18.A of the Constitution of Bangladesh.

AThe state shal/l endeavor to protect and i
safeguard the natural resources, biodiversity, wetlands, forests and wildlifefpresent and
future citizens. o (Constitution of Bangl ades

Considering the importance of the wetlands and its conservation, Government of Bangladesh
enacted several acts including Bangladesh Water Act, 2013, Bangladesh Environmental
Protecion 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, 2018efines wetland as Wet | and means an
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
mar s h TheRAMSAR Conventn (1971)has defined wetlands@sar eas of mar st
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

Wetlands in Bangladesh are represented by inland freshwater, estuarine brackish water and
tidal saltwaterin coastal areas. Bangladesh has eight different hydrologic regions which
comprise enormous areas of differdgpes. of wetlands including rivers and streams,
freshwater lakes and marshes, haors (deep depressions), baors (oxbow lakes), baatgy(low
depressions in the floodplain), water storage reservoirs, fish ponds, flooded cultivated fields
and estuarine syems 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 livelin@odsnaately
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 tributanés
distributaries Floodplains, beels, haors and baors represenntaed freshwater wetlands.

Over twothird of Bangladesh could be termed as wetlands, considering rivers, estuaries,
mangroves, floodplains, blsebaors and haors. The country's wetland ecosystems also offer
as very important and critical habitats for il significant biological diversity. The haor

Final Report Volume-| 1-1 JV of MegatechlWM



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

andriverine 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 frotneaor 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 Bangladedériogntheir
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 fishindhe 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 torgze 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 collested for u
as fertilizer and fodder. Some of the wetlands have high potential fdoedsm, and scope

for scientific research and conservation education. Wetlands also play a key role in the carbon
cycle management through sinking £&hd hence in climate chamgnitigation, 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 doyn

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 agricultisieeries, 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 alteredvfliiegimes. 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 nmaained while sustaining social and economic benefits from the wetlands
and biodiversity.

Department of Bangladesh Haor and WettabDdvelopment (DBHWD) is mandated by the
government to overall coordination and monitoring for the integrated developnikathaor

and wetland aresathat will holistically address the problems related to water resources,
agriculture, socigeconomic and environmental concerns. DBHWD has already developed
Haor Master Plan with a view to protect, preserve and conserve thewvkdands from
degradation as well as for sustainable management of wetBuidhere still exists number

of unidentified haors, beels, jheels as well as wetlands in this country which also contribute
greatly to environment, ecosystem and biodiversityeré&fore, 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
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over the country, for identifying wetldnsuitable 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 result, a study for the whole
country as shown irFFigure 1-1 is proposed to delineate and classify the wetlands for
establishment of inventory and identifications of interaction between haor andaossistem.

This is the Final Report as set forth in TOR as attached in AAnex

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 cl&er national wetland
management framework. The specific objectives of the project are:

1 Study on interaction betwedraorandriver ecosystem

Prepare a structured framework for planning and designing a wetland inventory
following the Ramsar guidelines.

1 Identify the different types of wetlands in the different hydrological regions of
Bangladsh on detail map.

1 Cluster wetlands based on their hydrological functions, vegetation, ecosystem
services, physiographic characteristics and demography on detail map.

1 Make a comprehensive inventory, baseline with ecological characteristics of
wetlands inalding biadiversity and historical background information on wetlands.

1 Assess of the existing management practices to find out the elisterbest
practices of wetland management for a specific region/cluster.

91 Develop region/clustewise wetland manageme framework for Bangladesh
emphasizing interaction between haor and river ecosystem.
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1.3 Scope of the Works

The following activities are envisagedashieving 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 policiestrategies 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 remgteénsed 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. Georeferencing 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 connecity 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. Redelineation of wetlands using historical maps, RigElevation 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. LIiDAR survey of Tanguar haor for an area of approximate®) 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 efnaitional guidelines (e.qg.
Ramsar guidelines) and other relevant documents.

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

12.1dentification of connectivity of haor and wetlands with adjacent riveesy$b 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, gaorphological data, physiographic
features, flora andaina species and conducting hydrological assessment of different
wetlands through physical surveys.
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14Evaluation of the region wise clustered

15.Identification of the most possible causes of wetland degradation and safirce
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 coanultation with local people and different officials of different
government organizations to find ogdéips andncorporating their suggestions for
successful completion of the wetlamdentory.

19. Finalization of the inventory of wetland Bangladesh.

20. Selection of clustewise best practice of wetland management through assessing the
existing management practices, reviewing the international wetland management
guidelines and stakeholder consultatio

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 cluierbest
management practices anitbpng results.

23.Dissemination of the concept of wetland inventory and clusiee wetland
management framework through workshops and documentation.

24.Training and technology transfer.

25.Reporting

1.4 Output of the Study

The main outputsf the study aras follows:

91 Delineated water bodies from satellite images.

1 Map showing different types of wetlands having an area greater tiaaac6ording
to hydrological region in Bangladesh.

1 A comprehensive wetland inventory based on -g@ophological data,
physiogrghic features, flora and fauna species and hydrological features for the
selected wetland.

1 Connectivity and interactions between wetland and river ecosystems.

9 Valuation of region wise clustered wetlands.

1 Vulnerability of wetland considering their importano ecosystem and resources
conservation for the selected wetlands.

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

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

The stuly team has been provided with computing facilities and other necessary logistic
support. A List of professionals of the study team is giverainle1-1.

Table 1-1: List of Professionals

Sl. No. Name of The Professionals Position
1. Md. Salim Bhuiyan Team Leader/Institution Specialist
2. Goutam Chandra Mridha Water Resources Expert
3. Dr. Farug Ahmedvohiuddin, 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 Chowdhuy Ecologist/Biodiversity Expert
8. Mohammad Salablddin 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. Rafiqullslam 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 CeOrdinator/ Supervisor
20. S. M. Sahabuddin Data Entry Operator
21. Md. Ashraful Islam Field Level Surveyor

1.6 Structure of the Report

This report i sStudyoe IntEractioa betweea Idaorrand River Ecisystem
including Development of Wetland Inventory and Sustainable Wetland Management

F r a me w €amkneénts from different institutes Draft Final Repoithave been scrutinized
minutely and relevant commentsgarding this study and itbmpliance hee been addressed

to finalize the reporas attached in AnneR. The report is organized iRour Volumes for

sake of clarity and ease of comprehending the issues address during the study. The volumes
are as follows:
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Volume Report Title

Volumel Main Report
AnnexA: Terms of References
Annex-B: Comments an@ompliance of Draft Final Report

Volumell AppendixA: Details of the Ground Truthing Survey Methodology 4
Survey Findings

AppendixB: Wetland Delineation

AppendixC: Details of LIDAR Survey

AppendixD: Plots of CrossSection at Tanguar Haor artbkaluki
Haor

AppendixE: Biodiversity Study

Volumelll AppendixF: Fisheries Resources Study
AppendixG: Vegetation Survey Study
AppendixH: Agricultural Study
AppendixJ: SocieEconomic Study

VolumelV Inventory of Wetlands

This is theVolume-I that comprisé.2 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 dbjes, scope of works, outpuitthe
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, landuse.

Collection and review of reports of the previous studies and findings related to this study are
briefly described irChapter 3.

Chapter 4 provides an overviewf relevantaws, policies and guidelines.

Chapter 5 describes approaches and methodokbes been carried otat addresslifferent
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 thetudy findings of the pregt
Wetland Management Framework has been illustrat€&hapter 8.

Chapter 9 presents workshops of the study.
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Training and technology transfer has been describ€hapter 10.
Conclusions and recommendations of the study prese@isapter 11.

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

Annexof 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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2 STUDY AREA PROFILE

This chapter conceived with a view to snatch the general overview of the study arstaidihe
mainly aims to classify the wetlands of whole Bangladesh covering an area of about 147,570
km? 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 lodgitdMlaximum extension is

about 440 km in the &V direction and 760 km in the NNASSE 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 eféastern 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 tlemastline 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 tlemtimass 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 paot 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, wated concomitant floodings a predominant
physcal 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 illustratetable2-1.

Final Report Volume-| 2-1 JV of MegatechlWM



Study on Interaction between Haor and River Ecosy#tetnding Development of Wetland Inventory and
Sustainable Wetland Management Framework

Table 2-1: Bangladesh Country Profile

Location

Southern Asia, bordering the Bay of Benbatween Burma and Ind

Geographic coordinate

24.00 N, 90.00 E

Total 148,460 sckm.

Area

Land 130,170 sckm.

Water 18,290 sckm.

Total 4,413 km

Land boundaries

Border countries (2) Burma 271 km, India 4,142 km

Coastline

580 km

Territorial sea 12 nm

Contiguous zone 18 nm

Maritime claims

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 (M
to June)humid, warm rainy monsoon (June to October)

Terrain

Mostly flat alluvial plain; hilly in southeast

Mean elevation 85 m

Elevation extremes

Elevation extremes lowest point Indian Ocean 0 m

Highest point Keokradong 1,230 m

Natural resources

Natural gas, arable land, timber, coal

Agricultural land 70.1%

Arable land 59%; permanent crops 6.5%; permanent pasture 4.6

Land use

Forest 11.1%

Other 18.8% (2011 est.)

Irrigated land

53,000 sq km (2012)

agricultural)

Total renewable watd 1,227 cu km (2011)
resources

Freshwater withdraw¢ Total 35.87 cu km/yr
(domestic/ industria

Per capita 238.3 cu m/y(2008)

Geography note

Most of the country is situated on deltas of large rivers flowing
the Himalayas the Gangesites with the Jamuna (main channel of
Brahmaputra) and later joins the Meghna to eventually empty in
Bay of Bengal

(Source: CIA World Fact book)

Final Report Volume-|

JV of MegatechlWM



Study on Interaction between Haor and River Ecosy#tetnding Development of Wetland Inventory and
Sustainable Wetland Management Framework

2.2 Physiography of Bangladesh

Bangladesh is situated in the Bay of Bengal in clmeximity 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 143,808 &am

be generally categorized as having a hitnopical climate with the south eastern corner
having a tropical rainforest climate. The Brahmaputra River is the largesbedddd braided

river in the world in terms of catchment area, discharge and sediment load. Its catchment area
covers 666 000 kmincorporating 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 65500 m

Two of the worlds 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 floodiradly 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 showrFigure2-1.
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Figure 2-1: Physiographical Zones of Bangladesh (Source: Banglapedia)

(1) Himalayan Piedmont Plains

The Himalayan Piedmont Plains are thienahl 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 DinajpuKaratoa River in the east. The rivers in this region are entrenched in recent
alluvial depositf 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 fronhitjle sandy levees of the Dinajpkiaratoa

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 Dudkar 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 relativeligh 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 alluwi@posits of sandgilt contrast with the
clay deposits of the Barind Tract. The valley terminates in south Naogaon Upazila.

(5) Middle Atrai Floodplain

The Middle Atrai floodplains 81km long valley with the Barind tract rising on both sides. It
stretches fsm 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 sideggttim 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 Kime entire basin is inundated
during the rainy season with a depfhwater 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 4G2akihlies between the Barind and the
Ganges floodplain. The Maharda 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 UpaZilae 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 sauegnaped basins, old river levees and point bars. As the levee has built
up this area has becenprogressively 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 tdrrAonths of each year, during the peak

of theannual monsoon. The most notable distributary of the Jamuna on the right bank is the
Bengali River. The Jamurahaleswari floodplain forms the left bank of the Jamuna. Several
distributaries of the Jamuna flow through this region, of which the Dhalessvdre imost
significant. The southern part of this region was once part of the Ganges floodplain.

(11) Old Brahmaputra Floodplain

The Brahmaputra River underwent an avulsion ardlif@D andadopted a southern course
along the Jamuna River. The old course betvgsmadurabad 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 demson 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. Entrentheuntain 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 NalitabariHaluaghat 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.

(23)  Madhupur Tract

The Madhupur Tract is a large Pleistocene inlier, with an ar@ppobximately 2558 ki 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
againcharacterizedby plateau lile 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 isharacterizedy 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 kf The region appears be sinking at a rate of approximately 2cm per
year (Rashid, 1991), and has sunkX® m over the last several hundred years (Morgan and
Mclintire, 1959).

(15) Sylhet High Plains

The Sylhet high plaingrean elevated region that separates parts of the Haaom.Béis region
is characterizetby 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 witlBangladesh 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 northerBylhet 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 sutegions, the eastern Piedmastrip, 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 ithe south and like the high floodplain is almost level. Both the low
and high floodplains contain extensive nraade raised areas to protect against flooding.

(19) Moribund Delta

The Moribund delta i€haracterizedy heavily sediment laden entrenched riverthvow
discharge capacities, an abundance ofofumeanders and large areas of plains high above
normal flood levels. The main distributary of the Ganges in this area is the Gorai.
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(20)  Central Delta Basins

The Central Delta Basins are an area of appraeilyal930 km at the junction of the
Moribund, Immature and Mature deltas. This area isliomg, 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 southége ef 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 sidlence. Archaeological evidence exists to support the
theory oflarge-scalesubsidence 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 oflimadplains, the Old Ganges
floodplain, the Padm&adhumati floodplain, the nesaline 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 fronoth the Padma and Jamuna rivers. The Padma
Madhumati floodplain has a wide range of land levels from higher land in thevaesthwhich

is generally only slightly flooded, to lower land in the south west which experiences more
severe flooding. This padf the delta was built up by the Madhumati floodplain when it was
the main channel of the Ganges River. When the Ganges River shiftedrg this process
stopped. The nosaline tidal floodplain is very similar in many respects to the Padma
Madhumaitfloodplain but with the added effects of tidal currents. Thesalime 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, da¢ ¢iffects are much
strongerand 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 islaa@sundergoing 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 Chittagog 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 furtherdivbled into 10 physiograpbiareas
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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 smaltrgoiinhas 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 highly irregular deltaic coastline of about 600km
fissured by many estuarine rivers artfthnneldlowing into theBay 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 abovaedhdevel 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 aréoaf 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 presentedHFigure 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 laggmale topographic map even includes thetlona

of hats (markeplaces), petrepumps, education institutes, rural narrow roads, etc.
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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 hydrgdbggiography soil

types, tidal activity, cropping patterns, as®hsonsln fact, an AgreEcological zone indicates

an area characterized by homogeneous agricultural and ecological characteristics. This
homogeneity is more prominent in the sub region and unit levels. TleeEogiogical zones

of Bangladesh have been identified on the basis of four elements such as physicgitgphy,

land levels in relation to flooding and agroclimatology. Bangladeshbesn tentatively
divided into 30 AgreEcological zones as shownhigure2-3. The daracteristics oflifferent
agro-ecologicalzoneshas been presertt inTable2-2. These 30 zones have been subdivided
into 88 AgreEcological sukregions, which have been further subdivided into 535 Agro
Ecological units. The 30 AEZ of Bangladesh are givelow.

=

Old Himalayan PiedmorRlain

Active TistaFloodplain
TistaMeander~loodgdain
KaratoyaBangaliFloodplain

Lower AtraiBasin

Lower Purnabhab&loodplain

Active Brahmaputra Jamuna-loodplain
YoungBrahmaputra ad JamunaFloodplain
Old Brahmaputrdloodplain

10 Active Ganged-loodplain

11.High Ganges RiveFloodplain
12.Low High GangegRiver Floodplain
13.Low Ganges River Floodplain
14.Gopalganj Khulna Bds

15. Arial Bed

16.Middle Meghna River Floodplain
17.Lower Meghna River Floodplain
18.Young Meghna Estuarine Floodplain
19.0Ild Meghna Estuarine Floodplain
20. Eastern Surma Kushyafdoodplain
21.SylhetBasin

22.Northern and Eastern Piedmdains
23. Chittagong Coastd&?lain

24.Mar t i ndskndCor al
25.Level BarindTract

26.High BarindTract

27.North Eastern Barindract
28.MadhupurTract

29.Northern ad Eastern Hills

30. Akhaura Terrace

© 0N OA WD
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Figure 2-3: Agro-Ecological Zonesof Bangladesh
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Table 2-2: Characteristics of Dfferent Agro-ecological Zones

Organic

Name of the AEZs Location Extent Land Type matter Fertility Suitable crops
(Km?) Content Level
1. Old Himalayan [Most of Panchagarh and Thakurgaon dist| 4008 |High: 58% Low Lowto |Kharif: B. Aus, T
PiedmontPlain and northwestern parts of Dinajpur districts Medium high: 34% medium |Aman, Jute, Summ
Others: 8% vegetables, Summ
pulse, Sesar
Rabi: Pulses, Potat
Vegetables, = Wheat
Mustard
2. Active Tista Narrow belts within and adjoining tl 830 |Medium high: 72% Low Medium |Kharif: B. Aus, B.
Floodplain chasnnels rivers in Nilphamari, Rangy Others: 28% Aman, T. Aman,Jute
Lalmonirhat, Kurigram and Gaibandha dist Kaon, GM
Rabi: Tobacco
Mustard, Boro rice
Wheat, Grasspea, Chil
3. Tista Meander |GreaterRangpur, eastern part of Pancha¢ 9468 |High: 35% Medium | Medium |Kharif: B. Aus, T. Aus
Floodplain and dinajpur; northern Bogra and part Medium high: 51% Jute, T. Aman, GM
Jaipurhat, Naogaon and Rajshahi districts. Others: 14% Kaon
Rabi: Wheat
Sugarcane, Poiat
Mustard, Blackgran
Tobacco
4. karatoya Eastern half of Bogra district and most| 2572 |High: 23% Medium | Medium |Kharif: Jute, B.Aus, T.
Bangali Floodplain|Sirajganj district Medium high: 44% | to high Aman, Kaon, GN
Medium low: 14% Rabi: Wheat
Others:19% Vegetables, Pulsg
Mustard, Potato, Boro
5. Lower Atrai Most of this region lies in Naogaon and Nal 851 |Medium high: 21% | Medium | Lowto |Kharif: B. Aman, B
Basin districts. Small areas extend into Rajshg Low:65% Medium |Aus
Bogra and sirajganj districts Others: 14% Rabi: Grasspea, Boro
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Magura, Jessor, Shatkhira, and Khulna dis
together with minor areas in Noagaon
Narail district.

Medium low: 12%
Others: 13%

. Extent Organic Fertility .
Name of the AEZs Location Land Type matter Suitable crops
(Km?) Level
Content
6. Lower Extreme western part of Naogaon districta| 129 |Low: 60% Medium | Medium |Kharif: B. Aman
Punarbhaba the extreme northern part of Nawabganj dis Others: 40% to high Rabi: Boro rice
Floodplain
7. Active Eastern part of Kurigram, Gaibandha, Bo{ 3190 |Medium high: 37% Low Low to |Kharif: Jute, B.Aus, B.
Brhamaputra Sirajganj and Pabna districts. Minor area Medium Low: 20% medium [Aman, T. Aman, Kaor
Jamuna Floodplairjoccurdan Dhaka, Munshiganj, Narayangan; 4 Others: 43% Rabi: Wheat, Mustard
Chandpur districts Sweet Potat
Groundnut, Cheena
8. YoundWestern parts of Sherpur, Jamalpur | 5924 |High: 18% Low to Low |Kharif: B. Aus, T
Brahmaputra an{Tangail districts, parts of Manikganj, Dhal Mediumhigh: 42% | medium Aman, T. Aus, Jutd
Jamuna Floodplair Munshiganj and Gazipur districts and a be Medium low: 19% Green manures, Fox t
adjoin and old Brahmanputra channel thro Others: 9% millet
Mymensingh, Kishoreganj and Narsin Rabi: Wheat, Potatq
districts Tobacco, Mustard, Bor
9. old Brahmaputr{Large areas in Sherpur, Jamalpur, Tan| 7230 |[High: 28% Low to Low |Kharif: B. Aus, T
Floodplain Mymensingh, Ntrokona, Kishoregan Medium high: 35% | medium Aman, T. Aus, Jutg
Narsingdi and Narayanganj districts. Sn Medium low: 18% Green manures
areas in the east of Dhaka and Gazipur dis Others: 17% Rabi: Mustard, Whea
Pulses, Onion, Potat
Grasspea
10. Active GangeThe region extends along the Ganges and || 3334 |High: 12% Low Medium |Kharif: B. Aus, B
Floodplain Meghna river Channels from the Indian bof Medium high: 33% Aman, T. Aus, Jute
Nawabgang and Rajshahi District to the mq Medium low: 18% Rabi: Boro, Wheat
of Meghna estuary in Lakhsmipur and Balr Others: 37% Onion, Blackgram
District Mustard
11. High Gange|Nowabganj, Rajshahi, southern Pali 13205 [High: 43% Low Low |Kharif: B. Aus, T
River Floodplain |Kushtia, Meeherpur, Chuadanga, Jheng Medium high: 32% Aman, T. Aus

Mungbean, Jute, Cottg
Rabi: Wheat, Mustarg
Chickpea, Lentil, Bor
rice
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. Extent Organic Fertility .
Name of the AEZs Location Land Type matter Suitable crops
(Km?) Level
Content
12. Lower GangeNature, Pabna, Goalanda, Faridpur, madan 7968 |High: 13% Medium | Medium |Kharif: B. Aus, B
River Floodplain |Gopalganj and Sariatour, estern parts Medium high: 29% | to high Aman, T. Aman,Jute
Kushtia, Magura, and Narial, rib-easterr Medium low: 31% Kaon, GM
parts of Khulna and Bagherhat, north Others: 27% Rabi: Pulses, Whea
Barisal, and southwestern parts ¢ Mustard, Linseed, Bor
Manikganj, Dhaka and Munshiganj districts rice
13. Ganges TiddAll or most of Barisal, Jhalokati, Pirojpy 17066 |Medium high: 78% | Medium High |Kharif: B. Aus, T
Floodplain Patuakhali, Bagerthat, Barguna, Khuna Others: 22% to high Aman, Green manuresg
Shatkhira districts. It includes the Khulna ; Rabi: Boro rice, Whea
Bagerhat Surabans ReservEorests. Mungbean, Grasspe€
Cowpea, Chilli
14. Gopalganj|A number of seperete basin areas in Madar, 2247 [Medium high: 13% | Medium | Medium |Kharif : T. Aman, Jute
Khulna Beels Gopalganj, Narial, Jossore, Bagerhat Medium low: 41% | To high T. Aus, Sesame,
Khulna districts. Low: 28% Aman
Others: 18% Rabi: Boro rice, Bear
Wheat, Grasspea,
15. Arial Beel Munshiganj and Dhaka district. 144 |Medium high: 13% | Medium |Medium to/ Kharif : Aus rice, Jute,
Low: 73% high |Rabi: Pulse, Mustarg
Others: 14% Potato, Boro rice.
16. Middle Meghn|Parts of Kishoreganj, Brahmanbaria, Com| 1555 |Medium high: 8% Low Medium |Kharif: B. Aus+B.
River Floodplain |Chandpur, Naiadi and Narayanganj Medium low: 29% Aman, Jute
Low: 25% Rabi: Boro rice, potatd
Very low: 11% wheat, mustard
Others: 27%
17. Lower Meghn/Chandpur, Lakshimpur and Noakhali 909 |High: 14 Medium |Medium to Kharif : T. aman, jute
River Floodplain Medium high: 28 high  |Rabi: Boro rice, Potatg
Medium low: 31 Wheat, Mustard
Others: 27 Groundnut, Lentil
Chickpea, Soybea|
Chilli
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. Extent Organic Fertility .
Name of the AEZs Location Land Type matter Suitable crops
(Km?) Content Level
18. Young Meghr|Chittagong, Feni, Noakhali, Lakshmip, 9269 [Medium high: 45% Low Medium |Kharif : B. Aus, T. Aus
Estuarine Bhola, Barisal, Patuakhali and Barguna. Others: 55% T. Aman
Floodplain Rabi: Boro rice, Whea
Mustard, Soybeal
Mungbean, Grasspe
Cowpea, Lentil
GroundnutChilli
19. Old MeghnjKishoreganj, Habigan;, Brahmanba| 7740 |Medium high: 24% | Medium | Medium [Kharif: B. Aus+B,
Estuarine Comilla, Chandpur, Feni, Noakha Medium low: 33% Aman, T. Aman, Jute
Floodplain Lakhsmipur, Narshingdi, Narayanganj, Dha Low: 21% Rabi: Boro rice, Whea
Shariatpur, Madaripur, Gopalganj and Bari Others: 27% Potato, Mustarg
Grasspea, Chickpe
Winter vegetable.
20. Eastern SurmiSylhet, Moulvibazar, Sunamganj and Habig| 4622 |Medium high:25% | Medium | Medium |Kharif: B. Aus + B.
Kushiyara Medium low: 20% Aman, T. Aus, T. Ama
Floodplain Low: 36% Rabi: Mustard, Countr
Others: 19% bean.
21. Sylhet Basin  |Sunamganj, Habiganj, Netrokor 4573 |Medium low: 19% High |Medium tolKharif : B. Aus, T. Aus
Kishoreganj, and Brahmanbaria Low: 43% High |T. Aman
Very low: 23% Rabi: Boro rice
Others: 15% Mustard, Grasspea.
22. Northers an{Sherpur, Netrokona, sunamganj, Syl 4038 |High: 33% Medium | Lowto |[Kharif: T. Aus, T.
Eastern PiedmoiMoulavibazar, Habiganj, Brahmanbaria ;i Medium high: 319 medium [Aman, Juty
Plains Comilla Medium low: 169 Rabi: Boro rice, Whea
Others: 80% Mustard, Potatc
Grasspea, Black gram
23. ChittagonfFeni , chittaging an| 3720 |High: 179% Low Medium |Kharif: T. Aus, T.
coastal Plain Medium high: 439 Aman, Targ
Medium Low: 13% Rabi: Boro rice, Potatq
Others: 27% Mustard. Tomatd
Cowpea, Brinjal
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Name of the AEZs

Location

Extent
(Km?)

Land Type

Organic
matter
Content

Fertility
Level

Suitable crops

Radish, Country bea
Yard long bean

24. St .
Coral Island

St .

Martindbds |

sl and

High: 33%
Medium high: 639
Others: 4%

Medium
to low

Low

Kharif: B. Aman, T
Aman

Rabi: Grasspea, Onio
Garlic, Cucurbits

25.
Tract

Level Barin(

Dinajpur,

Gaibandha,

Naogaon, Sirajganj and Natore

Joypurhat,

Bog

5049

High: 30%
Medium high: 559
Others: 15%

Low

Low

Khatrif: T. Aman,
Sugarcane, Maize
Rabi: Sugarcane
Potato, Maize, Mustar
Wheat, Tomato, Onio
Cabbage

26.
Tract

High Barinc

Rajshashi. Nawabganj and Naogaon

1600

High: 93%

Others: 7%

Low

Low

Kharif:
Aman,
Maize
Rabi: Boro rice, Whea
Sugarcane,
CabbageZauliflower,
Maize, Mustard, Potaic
Chickpea, Black gran
Lentil, Ladies finger

T. Aus, T
Sugarcan

27. North Easter
Barind Tract

Dinajpur, Rangpur, Gaibandha, Joypurhat

Bogra

1079

High: 36%
Medium high: 569
Others: 8%

Low

Low

Kharif: T. Aus, T
Aman, Sugarcane, Ju
Sesame

Rabi: Boro rice, Whea
Sugarcang Potato
Maize, Mustard, Blac
gram, Cabbag
Cauliflower

28. Madhupur Trac

Dhaka,

Tangail, Mymensing and Kishoregan]

Gazipur, Narsingdi,

Narayangyq

4244

High: 56%
Medium high: 189

Others: 26%

Low

Low

Kharif: B. Aus, T.
Aman, Jute, Sugarcar
Green maure
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Organic
Land Type matter
Content

Extent
(Km?)

Fertility

Name of the AEZs Location
Level

Suitable crops

Rabi: Boro rice
Sugarcane, Lentil/
Mungbean, Mustar
Chickpea

29. Northern aniKhagrachhari, Chittagong Hill Trac] 18172 |High: 92%| Low Low |Kharif: B. Aus, T
Eastern Hills BandarbanChi tt agong, Co Others: 8% Aman. Jhum cultivatio
and Moulavibazar Rabi: Boro rice, Potatq
Sweet Potatc
Cucumber, Swe
ground, Snake gour
Bitter gourd, Ridg
gourd, Brinjal, Countr
bean, Caander

30. Akhaurg Brahmanbaria district and minor areas| 113 |High: 119% Low Low |Kharif: T. Aus, T
Terrace Habiganj district Medium high: 109 Aman, Jute, Sugarcan
Medium low: 159 Turmeric

Others: 64% Rabi: Boro rice, Wheag
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 thabtimery
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 tmaps, 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 differeland 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 thelimate 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 432rg8fera
families that will give information of the tree species in Bangladesh. Recent publication of
O0Encycl opedia of Flora and Fauna of Bangl ade
of the plant and animal resources of the country (Ahmed et &, 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 2008n® 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 ¢ ount 1geodraphicfeatargsr Bapgadesh hasnndtable i o
diversity inits 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 Ecosystemd=orests 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
(Siddi qgi 2001, Hussain 2014). Thi s6anchThe dec !l a
Sundarban Reerved 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 watert Af pa
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 femtirthn8undarbans.

Chaffey and Sandom (1985) recorded 66 plant species from Bangladesh Sundarbans. However,
Hussain and Acharya (1994) reported about 12
of Sundarbans. Different assessments since 1903 edpsthigh 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, cyandacteria, algae and fungi (Hussain, 2014).

Chittagong Hill Tracts (CHT): The CHT is situated in the souéiasten corner of Bangladesh
bordering Myanmar in the soutfast, 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
onetenth of the country. Among the total ardattee CHT, more than 75% is considered as
forest area and the forests of CHT are ecologically classified as Tropica&vergreen,
Tropical semievergreen, Tropical moisteciduous, Tropical open deciduous and Savannah
forests (Das 1990). The importantseeve 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 (Chowdhur006). 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 countr
Jashimuddin andnbue 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 di f fwasregoried frodmrthe Sitapalare ci e s
reserve forest is comparable to other rich tropical forests (Nath et al. 2000). Since much of the
biodiversity in tropical forests resides in herbs, shrubssanall trees, Uddin et al. (1998)
recorded 332 species (248 dicots and 84 monocots) from this area-WaRashid 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 (ilddahd Hassan, 2012a) and 500 dicot species
from Rampahar area (648 ha) under Kaptai Forest Range. Uddin and H2&E2& &lso

reported 41 pteridophyte species belonging to 26 genera from Rampahar and Sitapahar area,
which constitutes 21% of total fertofa 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 haindicating 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 inréa¢eg 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 ftsemre 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 efjodevth Sal forest left in the country.

Sal (Shorea robusta) is the dowent 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 frodladhupur 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, éanas, the industrial plantation of rubber and exotieviveld species (Hossain
et al. 2013, 2015).

Ratargul Swamp Forest:Ratargul is a small freshwater swamp in the haor basin of-eagh

region of Bangladesh. The ecosystem is some typical freshwatiand 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 swampBaingtonia,
Pongamia, Crataeva, Salix, Clinogyne, Phragmif@esa, Saccharam, Phyllantus, Calamus,
Ficus, Asclepias, Oryza, Cyperus, Nymphaea, Trapa, Vallesnaria, Echinoemda
Polygonunspecies. This forest also harbors a number of medicinal plants sAspasgus
racemosus, Centella asiatica, Craeteva madt@midesmus indicus, Ipomoea fistulosa and
Mimosa pudica. Calamus guruba (Rattatgntations have been raised at suitable locations of
this forest.

Agro_EcosystemsBangladesh has been divided into thirty ageological zones and 88
subzones on the basitphysiographic, soil properties, soil salinity, depth, duration of flooding
etc. The general agiecological variations of Bangladesh range from below seat&aghs

to small hills. Farming practices in Bangladesh are complex and diverse and ake large
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 asiage with the increased
priority of high yielding varieties.

Homestead Ecosystembtiomestead 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 ofhe 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 intetidal 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 (199@¢detbat 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 &iss) 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 argkrve 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 bSeshstioay

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 aaggies a greater part of the landscape and offers important habitats

of wide variety of wild flora and fauna. A total of 2300 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
devel opment p ar t rbasedswetland$ eonservatommod 6 i was repl i
creatively and it succeeded in cases of conservation andiggsef wetlands biodiversity. The
threatened species of flora and fauna were conserved successfully and the common species
having economic value were used sustainably witgrafscant 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, @#aams, 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 additioncarding 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 threaseichdas the Asian
elephant Elephas maximys Bengal tiger panther tigri9, Gangetic gharial Gavialis
gangeticu}, Ganges Rivedolphin (platanista gangeticaand Hoolock gibbonHylobates
hoolocK. Moreover, five species of threatened marine turtles nest along Bangladesh coastline
and two globallyimportant migratory bird flyways (i.e. the East Agiastralasian flyway and

the central Asidndian flyway) converge here. Each year, some one million waterfowl winter

in Bangladesh, including such globally endangered species as the-ISib@drsandpiper
(calidris pygmeus). A status of faunal diversity in Bangladesh is givéahle2-3.
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Table 2-3: Faunal Diversity in Bangladesh

Total Threatened
no. of | Extinct o Data Not
Group Living | (EX) ECQtlcally 4 Endangered Vulnerable| . . Deficient| Threatened
_ ndangere EN VU otal| (DD) (NO)

specie (CR) (EN) (VU)
Fishes 7080 00 120 290 170 580 660 584
Amphibiang 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 Hillg fver and
Estuary Region (RE) as shownRigure2-4.
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Hydrological Regions of Bangladesh

1. South West
2. North East

3. North Central
4. North West
5. South Central
6. South East

7. Eastern Hill

8. River & Estuary

Source: Mozaddad Faruque, 2009

Figure 2-4: Hydrological Regions of Bangladesh (SourceWMP, 2004)

The major and specific characteristics of each Hydrological regiontdesaregiven 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 Comamination in Ground water
Sedimentation and drainage congestion

River bank erosion

= =2 =2 =2 2 A A5 -2 -5 -2

Natural disaster such as cyclone, tidal surge etc.
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1 Climate Change and sea level rise etc.
ii. North-east Hydrological Region
Major water related specific issues in thae 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 Kalrigushiyara and other rivers

= =2 =2 A A4 -2

Locd development of hill irrigation

iii. North Central Region

Major Specific issues in this region are

Bulk Water Supply and Pollution cleap for Dhaka city

Encroachment on Buriganga and other rivers and Channels in Dhaka
Flooding and Drainage Problems in gaot the region

Flood proofing needs in the Charlands and low lying areas

= =/ =2 =

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 theght Bank of Brahmaputra

Flooding and Drainage Problems

Remedial measures for existing FCD(l) schemes

Drought in the western fringes, especially the High Barind

Flood proofing needs in the Charlands &n-lying areas

= =2 =2 =2 4 -2

Improvement of Flood Control, StorBrainage, 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

1 Maintenance ofhe existing coastal embankment system

1 Flood proofing needs in the Charlands &ma-lying areas
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1
il

Vi.

Siltation and Drainage congestion

Improved Cyclone protection

South East Hydrological region

This region is particularly affected by Arsenic contaminatiorec8 water resources issues
in this zone are

il
1
T
T
)l
T

Vii.

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 existingland FCD schemes

Coastal afforestation

Eastern Hill Region

The major water related issues in this region are

= =2 =2 A A -

viii.

Smaltscale irrigation development in the CHT
Mini-hydropower development in the CHT

Improved cyclone protection

Maintenance of thexisting coastal embankment system
Optimum use of Kaptai reservoir

Improvement of Flood Control, Storm Drainage, Water Supply and Sanitation
system of Chittagong City

Coastal protection and afforestation River and Estuary Region

The major water relatedgses are

T

T
1
T
1
T
1

An affordable longterm strategy for erosion protection

An affordable longterm strategy for regional Augmentation
Flood proofing needs in the charlands &wl-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 botbhtrstographyof 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 noestvof the northern region to the southeast of the
southern region. The total length of all rivestseamscreeks andhannelss about 24,140 km.

In terms of catchment's size, river length and volume of discharge, some of these rivers are
amongst theerylarge on the earth. Usuallhe rivers flow south and serve as the main source

of water for irrgation 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, widespreatiank erosiorand regular
flooding of the major rivers cause enormous hardship and destruction of resources hindering
development. But it is also true to say that thierrsystem brings a huge volume of new silt to
replenish the natural fertility of the agricultural land. Moreover, the enormous volume of
sedimentghat the rivers carry to @Bay of Bengakach year (approximately 2.4 billion tons)
builds new land along the sea front, keeping hope alive for future extension of settlement.
Finally, durirg themonsoon rivers also drain excess discharge to the Béwus,this great

river system is the country's principal resource as well as its greatest hazard. The system can
bedivided into four major networks (BrahmaputralJamuna river systen{2) GangesPadma

river system(3) SurmaMeghna river systepand (4)Chittagong region river systeasshown

in Figure2-5.

The first three river systems together cover a drainage basin of about 1.72 million sg km,
although only 7% of this vast basin lies within Bangladesh. The combined annual discharge
passing through the system into the Bay of Bengathes 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 BrahmaputralJamuna Rivers about 280 km long and
extends from northern Bangladesh to its confluence with Gheges. Before entering
BangladeshtheBrahmaputra 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 eesta in Bangladesh, it is called td@muna. The Bahmaputra
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 Brahmaputmauna is 98,000 cusecs in 1988; the
maximum velocity ranges from48 m/sec with a depth of Z22m. The average discharge of
the river is about 20,000 cusecs with average annual silt load oftb/35/8g km. The average
slope of the Jamuna is about 111,400wever, the local gradient differs quite considerably
from the average picture.

Within Bangladesh, the Brahmaputtamuna receives four major rigiank tributaries- the
Dudhkumar Dharla TeestaandHurasagarThe first three are flashy, rising in specatchment on

the southern side of the Himalayan system between Darjeeling and Bhutareédtas 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 devasng flood of 1787 brought in a vast amount of
sand wave through theeestaand choked the mouth of the Atrai; as a resulfTibestaburst into

the course of th&haghatriver. The Teestahas kept this course ever since. The present channel
within Bangladesh is about 280 Kong andvaries between 280 to 550 m in width. It joins the
Brahmaputra just south of Chilmari upazila. The Dharla and Dudhkumar flow paralleksta

The Dharla is &astflowing 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 Hurasagadtoribna.

The old Brahmaputraand theDhaleshwariare 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 charin€he 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 Bhaab 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 Narayangan.

The GangesPadma S§/stem: The Gange$ 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 aiphp¥6v,000

sq km. Within Bangladesh, Ganges is divided into two sectifinst, 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, ktlRdong, running from Goalandaghat
confluence to Chandpur where it joins the Meghna. The P#slnges 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 sgm 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 45 m/sec with depth varying from 20m to 21m. The average discharge of the
river is about 35,000 cumec with an approximate annualosil of 492 tons/sq km. The
average gradient for the reach between Allahabad to Benaras is 110,500, from Farakka (India)
to RampusBoalia in Rajshahi (Bangladesh) is 1 18,700, from RarBmalia through
Hardinge Bridge to Goalandaghat is 1 28,000. Thpesflattens to 137,700 for a distance of

125 km from Goalandaghat to Chandpur. Within BangladestM#mananddributary meets

the Ganges at Godagari in Rajshahi and the distributary Baral takes off at Charghat on the left
bank. The important distribuias taking off on the righbank are the Mathabhandaprat
madhumati, Kumar, andrial 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 theBarak River which has a considerable catchment area in the ridge and valley terrain of
the NagaManipur hills bordering Myanmar. The Barddeghna has a length of 950 km of
which 340 km lie within Bangladesh. On reaching the border with Bangladesh atwdnals
Sylhet district, the Barak bifurcates to form the steep and highly flashy Swegrsaand
Kushiyara The Surma, flowing on the north of the Sylhet basin, resdiveutaries from the
Khasia and Jaintia hills of Shillong. Some of the important tributaries of these two rivers are
Luba, Kulia, Shartgoyain, Chaltinadi, Chengakhal, Piyain Bogapani, Jadhukata,
Someshwari anangsa The Surma meets the Meghna afigrchar upazila of Kishoregan;
district. The Kushiyara receives left bank tributaries fromttipeira hills the principal one
being theManu Unlike the Surmahie 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 weteasonThe 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 andKhowai 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 sqg 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 frenni/sec with depth vamg 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 patieerMeghna exhibits a meandering
channel, and at some places it reflects an anastomosing pattern.

The Chittagong Region §stem: The rivers of Chittagong art@dhittagong Hill Tractsre not
connected to the other river systems of the country. The main river of this reifimmagul..

It flows through the region of Chittagong and the Chittagong Hills. It cuts across the hills and
runs rapidly downitl to the west and southwest and finally to the Bay of Ber@hittagong
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portis located on the bank of Karnafuli. The river has been dammed upstream att&aptai
create a water reservoir for hydroelectric power generation. @thertant rivers of the region
are theFeni Muhuri, Sangy Matamuhurj Bakkhali, andNaat

The four mighty river systems flowing through Bangladesh drain an area of somélib®

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 knowrr fiheir many estuarinelands.

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 drepizal climatic condition, greatly
influenced by the presence of tHemalayan Mountairrange 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 3, although in some places, it occasionally rises up %6 40

or more. Monsoon (Jy - 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, whileitinemi

is observed in the western and northern parts of the country. In winter (NoveRateuary),

there is minimum fluctuation in temperatuvehich ranges from minimum of approximately 7

12°C to maximum of 281°C (BBS, 2001).

Bangladesh is a small cowy 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)
Sauthwestern zone, (v) Souttentral zone, (vi) Northern zone and (vii) Southeastern zone.

2.9 Soils of Bangladesh

The major part of Bangladesh is on thedtaformed by the three majoivers Brahmaputra
Gangesand Meghna These rivers and many of the country's other minor rivers originate
outside the national boundary of the country and make up the GBrejamaputraVieghna
river system.

The soil resources development institul@RDI) has identified about 5080il seriesin
Bangladesh. Solil series is a group of soils formed from the same kind of parent material under
similar conditions of drainage, vegetatiafimateand time, and having the same sequence of

soil horizonswith similar differentiating properties. Each soil series is known after a name of
locality (eg. Tejgaon seriesSara series, Ishwardi series, etc). This is the starting point of soll
classification in Bangladesh for creating a platform for its correlation with international soil
classification systems (FAO or USDAJnited States Department of Agriculture). Alltbese

soil series have been mappedsad associatiorby 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 USDAis taxonomy, these soil series are Entisols, Inceptisols,
Histosols, Mollisols, Ultisols and Alfisols.

Floodplain soils are divided into different stypes, such as calcareous alluvium, nen
calcareous alluvium, calcareous brown floodplain soils, cadtesr grey floodplain soils,
calcareous dark grey floodplain soitspn-calcareougrey floodplain soilsnon-calcareous
brown floodplain soilsnon-calcareouslark grey floodplain soils, black terai soigid basin
clays acid sulphate soilgpeat grey piedmont soils, madand. The general soil type and its
details are given iffable2-4 whereaghe soil region and sogderiesare given inFigure 2-6
andFigure2-7 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
Noncalcareous Alluvium 562,242 4.57
Calcareous BrowRloodplain soils 478,518 3.89
Calcareous Grey Floodplain soils 170,767 1.39
Calcareous Dark Grey Floodplain soils 1,434,678 11.66
Non-Calcareousrey Floodplain soils 3,387,153 27.52
Non-Calcareou8rown Floodplain soils 383,312 3.11
Non-CalcareoudPark 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 ReeBrown Terrace soils 72,549 0.59
Deep ReeBrown 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.
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2.10 Land Use Scenarios in Bangladesh

Land use in Bangladests shown irFigure2-8 has evolved through natural forces as well as
human needs. Cultivated land, forestland and settlements and homesteads are the major land
use types irBangladesh. Witlthe growing population,ral 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 notfiorest 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 csuntry

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 bgpdlycondition of soil is
essential.

The land area under the head, not available for cultivation includes mainly urban, rural
settlements, and industrial lands cover aroundfough of the total national land areArea

covered by homestead is aroun8% 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 agforestry 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 managementiogmbin
woody perennials with vegetables, fruits, livestock, poultry, fish and farming in tune with the
farmers need will lead to sustainable livelihood.

In Bangladesh almost otikird of the land (29%) is classed as Highland and therefore is above
normal annal inundation. Slightly lower land, known as the Higher Medium Highland ofIyIH
occupies over ontenth (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 largelymartinduced
inundation. The next lower level is known as Lower Medium Highland or2Vihere 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{#HVledium Lowland fons 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 badkvel every wet season. Lands inundated between 180 cm and 300 cm is
known as Lowland and such land occpie6% 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
largestwetland areas, and during the rainy season aboutthwds of the country can be
classified as wetlands as defined in the Ramsar Convention. Rivers cover an area of
approximately 7,700 sg km in the wet seashbis;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 imtbasoorbut dwindles to half as much in the

dry season.
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Figure 2-8: Land Use Scenarios in Banglades{Source: Uddin et al 2019)
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Another complicating factor is the effect of tides on very &stuarinechars The level of the

Bay of Bengalmpinging on the mainland of Bangladesh ppximately twometershigher

in the monsoon season (M&gctober) than in the dry season (NovemAgpril). 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 pyopurthe agricultural land

has come under shrimp culture. Tdetails of sector wise land use green inTable2-5.

Table 2-5: Land Use Pattern Details in Bangladesh (area in sgm)

No. [|Classification Dry Season (March) Wet Season (September)
Rivers
Main rivers 2860 3940
1 Rivers in Sundarbans 1660 1660
Other rivers 1880 2100
Standing waterbodies
Haors 450 3700
Beels 177 1500
2 Baors 55 560
Ponds, tanks, ditches 3000 3500
Kaptai Lake 563 740
Forest
Sundarbans (land area) 4110 4110
3 Coastline forest 1400 1400
Hill forest 6000 6000
Hill scrub and grass 6900 6900
Plainland forest and scrub 1200 1200
Cultivated
Field crops 51000 17140
Tree crops 4900 4900
4 Seasonal fallow 17000 16760
Current fallow 4100 4100
Seedbed only 600 600
5 |Brackish water aquaculture 1900 1900
6 |Salt beds 50 50
Rural built-up
7 |Homesteads 5500 5500
Institutional 1500 1500
Non-cropped village land
Culturable waste 5800 5800
8 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
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3 REWIEW OF PREVIOUS STUDY

Since the inception of the studiie consultants have beewilected various reports, data, maps
and related documents from relevant organizations. To obtain a preliminary idelamds

in Bangladestand toassess the best wetland management practices for developing a cluster
wise national wetland management frarnexy 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 primaryobjective 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 mstgoof
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 systenpasticularly 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:

1 Ramsar definition of wetland is followed.

1 The classification is based on thentral issue of wetland concept i.e. hydrology.

1 The classification is based on overall system of Ramsar classification of wetlands.
1 Country specific classification system, considering geographical and environmental
situation will be developed within thedad framework of Ramsar.

1 While Ramsar classification system has 3 broad types, classification system of
Bangl adesh will have 4 types. One new
considered in classification of wetlands of Bangladesh.

1 The plant and soil dat@hich has collected during the study is recorded and presented
in the annexures.

1T Each system except the OReversible Wet]l:
Permanent and Ngpermanent.

Classification of Wetlands of Bangladesh has been categorizgdtdms, 2 classes and 30
types as shown ihable3-1.
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Table 3-1: Wetland Types in Bangladesh

Systems Classes Types Name of wetland types Examples
Symbols
Marine/Coastal | Permanent BA Permanent shallow marin Entire
Wetlands waters in mostases less than s| coastal belf
meters deep at low tidacludes| upto a depth
sea bays and straits of 6m
BB Marine subtidal aquatic bed| Entire
includes kelp beds, segrass| coastal belt
beds, tropical marinmeadows | and islands
which
remain
inundated
and where
aguatic
plants are
grown
BC Coral Reefs St . M
Island, some
parts of
Coxb6s
BF Estuarine waters; permaneg Estuaries of
water ofestuaries and estuari Meghna ang
systems of deltas Karnaphuli,
Shahbazpur
Channel etc,
Non- BE Sand, shingle or pebble shor¢ Seabeaches
Permanent includes sand bars, spits ar] of Bay of
sandy islets; includes dune Bengal
BG Intertidal mud, sand or salt flaty Sea beache
of Teknaf,
Cox6s
and  other
sea shores
BI Intertidal forested wetlandy Sundarbans
includes mangrove swampsg
nipah swamps and tidq
freshwater swamp forests
Inland Permanent BL Permanent inland deltas Char landg
Wetlands of rivers
BM Permanent Permanent
rivers/streams/creeks; includf rivers of
waterfalls Bangladesh,
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Systems

Classes

Types
Symbols

Name of wetland types

Examples

waterfalls
etc

BO

Permanent freshwater lak
(over 8 ha); includes large
oxbow lakes

Beels, Baors

BTp

Permanent freshwate
marshes/poolsponds (below &
ha), marshes and swamms
inorganic soils; with emerger
vegetation watelogged for at
least mosbf the growing seaso

Beels within
haorareas

Inland
Wetlands

Non-
Permanent

BN

Seasonal/intermittent/irregular
rivers/streams/creeks

Seasonal
rivers of
Bangladesh,
hilly
streams,
springs etc.

BP

Seasonal/intermitterfreshwater
lakes (over 8 ha); include
floodplain lakes

Haors, Beels

BTs

Seasonal/intermittent freshwat
marshes/pools on inorgan
soils; includesloughs, potholeg
seasonally flooded meadows,
sedgemarshes

Lowland,
potholesetc.
within haor
area

BU

Non-forested peatlands; includs
shrub or open bogs, swamp
fens

Peatlands
within haor
areas, beel
of Satkhira,
Khulna &
Gopalgan;j

BW

Shrubdominated wetlands
shrub swamps,
shrubdominated
marshes,

shrub carr, alder thicket o

inorganic soils

freshwate

Seen within
haor area

BXf

Freshwater, treedominated
wetlands;
includes
forests,
seasonally

wooded

freshwater swan

flooded forest

Seen within
haor area
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Systems Classes Types Name of wetland types Examples
Symbols
swamps on inorganic soils
BXp Forested pedands; peaswamp| Forested
forests peatlands of
lowlands of
Satkhira,
Khulna &
Gopalgan;j
Human-made Permanent Bl Aquaculture (e.g., fish/shrimpg Dighi,
Wetlands ponds ponds,
shrimp
ponds
B2 Ponds; includes farm pond Small
stock ponds, ponds,
small tanks; (generally below | including
ha) ponds for
fish culture
B6 Water storage areaq Reservoir of
reservoirs/barrages/dams/impq Teesta &
ndmentggenerally over 8 ha) | Kaptai,
Dams of
Muhuri &
reservoirsof
Magura etc.
B8 Wastewater treatment areda WWTP  of
sewage Pagla
farms, settling ponds, oxidatig (Dhaka
basins etc. WASA)
B9 Canals and drainage channdg Madaripur
ditches Beel Route,
Mongla
Ghashikhali
Channel,
Gab Khan
Channel,
Irrigation
channels of
BWDB,
Teesta
Irrigation
Project
Non- B3 Irrigated land; includes irrigatio| Irrigation
Permanent channelsandrice fields projectareas
of the
BWDB
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Systems Classes Types Name of wetland types Examples
Symbols
B4 Seasonally flooded agricultur{ Floodplains
land (including intensively of therivers
managed or grazed wet mead
or pasture)
B5 Salt exploitation sites; salt par] Salt  areag
saline etc. and salt
cultivation
areas of
Teknaf and
Barisal
B7 Excavations; gravel/brick/cla] Roadsides
pits; borrow pits, mining pools | borrow pits,
Barapukuria
Coal Mine
etc.
Reversible Brvc Coastal polders an| 139 coasta
Wetlands embankments polders of
thecountry
Brvi FCD and FCDI projects; floo{ All inland
protected inlands witl BWDB
embankments FCD &
FCDI
projects
Brve Environmentally degraded, b{ Polluted
restorable wetlands rivers,
encroached
rivers, khals,
lowlands
etc.
[Note 1:
BXi6B6t ands for Bangladesh, 06X6 stands for
Example:
BAT6BO6 stands for Bangl adesh, 6AO0 stands

most cases lesban six meters deep at low tide; includes sea lzangd straits)

BlioB6 stands for Bangladesh, 6106 stands f
[Note 2:

Brvci 6 B6 stands for Bangl adesh, 6rvd stands
andembankmenBrvii 6 Bsot ands f or Bangl adesh, 6rvo
FCD and FCDI projects; floogrotected inlands with embankments.

Brvei6B6 stands for Bangladesh, 6érvdé stands

degraded, butestorable 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 EcosysteniBOBLME) project based on findings, discussions and suggestions from
six regional workshops and sbocusGroup Discussions (FGDs), various interviews of key
informants at both regional and central level, two national level stakeholders consultation
workslops (inception, where policy analysis was presented; and a final national workshop,
where this document was validated together wilier issues) and analysis of existing policies
and documents on various Marine Protected Areas (MPAS). This project wiasniemped

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 (BdRl)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 involvedhe formation of this document. In addition

to this framework, IUCN has prepared three documents viz. Policy gap analyss,k e ho | der 0
analysis and Review of secondditgratureswhich are also summarized in different sections

of this framework.

Thestudy 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 protecti@&@eaddgically

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 MRéwiiog steps are
suggested in this framework:

Step 1:Identification of Areas of Significance (A0Ss)

Step 2:Initial sieving of preliminary selected AoSs

Step 3:A0Ss 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

Implementabn 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 kmd as MPA by 2020. It is difficult to forecast based on little information and fact
suggest 12,000 kfnas 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 Krand a mere declaration without proper stsdwill not be

useful. However, this framework suggests a roadmap towards sustainable MPA management
to implement it in three phases througlolag-term programme, beyond the primary goal of
declaring 10% of EEZ by 2020 and targets to declare 15,060k2026.

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. Cooperaree@ents and joint planning
exercises between Bangladesh and her BeBhborsare also very important. Monitoring is

vital for any programme implementatiaihereforejt is essential to establish a Monitoring &
Evaluation system to conclude whether tigective/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 hbitats 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 CBHRM 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 ommunities 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 degradeddtmodplains ecosystems (IUCN Bangladesh,

2005. Thespecific project objectivesere:

1 Preventing and reversing the trends of wetland degradation

1 Sustainable use of wetland resources

1 Promoting sustainable development

1 Ensuring peopls participation in formulation and implementation of sustainable
managemenplans

=

Improving the quality of life with special focus on women
1 Developing a replicable model for wetland resource management

1 Keeping the objectives of the project in view, four specific outputs have been identified
which should be in place at the endlo project tenure

1 Participatory resource management tools developed and practiced
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1 Ecosystem improved/restored/rehabilitated
1 Local institutions for sustainable development established and made functional
1 Capacity, skill and awareness levels enhanced

TheCBHFRM components adopted a community based, participatory approach that integrates
ecological protection and human needs to strengthen the fundamental connection between
economic prosperity and environmental weding in the haor and floodplain environme

This approach provides a framework bringing together the grassroots, the government, private
sectors, public groups and other stakeholders. It is-djpgn and is based upon a
collaboratively developed vision of idyllic future conditions that irdées 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 S&akarar Haors of Jamalganj Upazila of
Sumanganj District were keeted 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 Biricts 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 ca@amunit
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
Padmalamuna (Manikganj District) and Madhumati Floodplains (Gggogland 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 extendedoirselected beel areas of the
BrahmaputreShitalakshya Floodplain from October 20@80weverthe physical interventions

began in July 2001.

Wetlands of Bangladesh have, of late, been suffering rapid degradation. Given people's
dependence on wetlands ahdir 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 fieldll were done through the participation of all
concerned stakeholders. These projects, however, only offereggbgumnity 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 likebd options, financial incentives, awareness
raising, demonstration, alternative energy options, plantation, wetland restoration, and
biodiversity conservation.
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But this is not the end of this novel initiative. Like any other development projects, a majo
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 thesasal the whole
development process with a view to strengthening their capacity to ensure tieiwglbf

the ecosystem and as well as their livelihood even after the project tenure. In addition, the
project also attempted assessing needs and devempiggammes 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
organizedrom the field to the national level. Workshops were held at haol@odiiiain 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 wagnizedo 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
managerant practices will be developed after the completion of this metkuam 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. Suclcatemh will
certainly ensure the access of the poor to the natural resources, thereby affording the local
communities the mueheeded 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 otherldtakeho

is goaldriven 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 a@svitie
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 Sanuabakuar Haors under galganj Upazila of Sunamganj District were
selected as Community Based Haor Resource Management sites. For floodplain areas, two
separate sites in the Padmdiamuna Rivers Floodplain of Shivalaya and Harirampur upazilas,
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Manikganj District; and the Madhuri&iver 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 signaldfereinvironmental 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 plannimglementation, and
management of ecosystem in atausable 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 vieing and that of the generations to
come.These capacities should be based on equity, ownership of resources and participatory
decisionmaking. A successfulcommunitybased wetland resource management, thus,
develops local resources, viz. forestry, fisheraggjculture,and tourism, leading toverall
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 andnterventions at the local level, viz.

1 [Institution building at the local level provenly enhances organizing capacity of the
community people,

1 Educational and awareness raising messages on environmental and ecological integrity,
when disseminated meanindfuylensures the lonrterm sustainability of the natural
resources,

1 Legal and institutional frameworks ensure establishing and supporting the community's
rights to the usage and protection of the resources,

1 People would be motivated to support resource eosagion when they are provided
with livelihood alternatives, and

1 Participation ensured in practice eventually and certainly enhances the sense of
ownership of the community.

Besides, some area specific factors such as -paditical conditions, accessiliy 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 participatibthose 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 hasmbden
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mandatory in all stages of the subject project planning as well as implementagmspecific
project objectives are:

Preventing and reversing wetland degradation trends

Sustainable use of wetland resources

Promoting sustainable development

= =2 =4 =2

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 Distae 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
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Capacity, skills and awareness levethanced

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 refleatifp@eedbased 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 projeciestiaiceptability

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 associatiragganizations 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 asfioell 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 associabirggnizations.
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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:

1 Establish micro fish sanctuaries for conservation of breeding stocks of fishes and
enhanced production

1 Conserve fish diusity, 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 traptimumenvironmental flow in the project area
Ensue 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
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Ensure dry season habitat for fish agplatic flora and fauna

Pagnar and Sanu@yxakuarHaors,Hakaluki Haor were the project sites.

The reexcavated water bodies and sanctuaries have been potential resources of the
communities. Concerned Village Committee (V@@sbeen very careful about manag

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 ownéHhards, 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 resolvefobe the phasing out of the project.

The capacity of the VCs in regard to the promotionoafanizationalactivities, resource
management, AIGA etc. has to be enhanced for proper functioning after the phase out.

The VCs might extend the resource baséefuture. 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 interventiontlame 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 iskence, 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 tre Floodplains by IUCN,
2005

The project arewasin the Padmalamuna 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 welta which had been selected in the
Brahmaputra Shitalakshya floodplain for carrying out SEMP activities. The project was
conceived with a view to:

1 Open/construct and ensure maintenance of the migratory routes for fish and other
aguatic organisms.

1 Create amicro-sanctuary with a view to providing shelter for the brood fish stock and
other aquatic fauna.

1 Ensure optimum water flow between the different canals and beels system for the
improvement of wetland ecosystem processes.

91 Drain excessive water in orderincrease the land availability for seasonal agriculture.
1 Ensure water supply for irrigation in the crop field during the dry season.

1 Maintain inflow and recession of water when needed seasonally, so that fishery
resources should be enhanced.

1 Enhance livekhoods support by ensuring increased agricultural yields and fish products.

Restoration and conservation of wetlands biodiversity througttcavation of degraded sites

and migration routes have generated a great deal of interest amongst therfooahities, 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 iheadcepted 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 recogyitied 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, Amiga@tory aquatic
organisms, and no dependence on seasorialligre, reexcavation just for connecting canals
might not be successful in ecosystem rejuvenation.

In order to successfully implement tpmject,the following recommendations are provided:

1 Reexcavation Management Committee (RMC) membership shoutddieas would
have the capacity to ensure the sustainability of thexcavation 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 disseminatedidely 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 theeeated 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 divers$actors.

Role of the local Government bodies to be clearly delineatedsystématizedor
sustainability of the executed activities.

3.8 Hydro-Meteorological Characteristics of Hakaluki Haor by IUCN, 2005

The Community Based Haor Resource Management prajbicth fell under the broad theme
of participatory ecosystermanagementhas been implemented by IUCNThe World
Conservation Union, Bangladesh Country Office since October 1998. Hakahrdhas been
included in 2001 as an additional site for implemeanthre 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 resoeimanagement. However, the specific objectives

are:
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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 Hakahakir Management Plan:
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Agriculture development through the development of irrigation systems.
Increasing the conveyance capacity of titernal rivers by excavation/dredging.
Checking sedimentation in the beels by undertaking suitable interventions.
Declaring Chatla, Sakia, Nagura, Haorkhal and Jingla Beel as fish sanctuary.
Stocking fish and stoppingverfishingby 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.
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Ecotourism and preparing booklets ez raise awarenesgout the wetland

3.9 Wetland inventory, Ramsar Handbooks for theWise Useof 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 policiesl arther actions to achieve the
conservation and wise use of wetlan@iBis frameworkprovides guidance for planning and
designing an appropriate wetland inventory, recognizing that the actual inventory approach
adopted will depend on its purpose and olijest as well as the capacity and resourcing for
undertaking the inventory. A structured framework for planning and designing a wetland
inventory is illustrated undehis guidelinevhich comprises 13 steps that provide the basis for
making decisions in tation to the purpose (and objectives), and the available resources, for
an inventory The steps are:

Step 1:State the purpose and objective

Step2: Review existing knowledge and information

Step3: Review existing inventory methods

Step4: Determine the scale and resolution

Step5: Establish a core or minimum data set

Step6: Establish a habitat classification

Step7: Choose an appropriate method

Step8: Establish a data management system

Step9: Edablish a time schedule and the level of resources that are required

Step 10: Assess the feasibility and cost effectiveness of the project

Stepl1: Establish a reporting procedure

Step12: Review and evaluate the inventory

Step13: Plan a pilot study
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4 REVIEW OF LAWS, POLICIES & GUIDELINES
4.1 Key Policies and Acts
4.1.1 Environment Policy 92

The national Environment Policy 1992 embraseseralrelated different sectors including
agriculture, industry, health, energy, water, land, fofedieries, 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 facilitatéong 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 othe 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 Bangladeshddressed 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.

|t is learnt from DoE that it has revised t
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 reptathe earlier environment pollution

control ordinance of 1992 and provides the legal basis for Environmental Conservation Rules,
1997 (ECR'"97). The madconsewdignefcthe inatueasenvodnmeBtC A 0 9 ¢
and improvement of environmental istiards, and control and mitigation of environmental
pollution. The main strategies of the act can be summarized as:

1 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 activitiescharge permit.

= =_ =2 =2 2

Promulgation of standards for quality of air, water, noise and soil for different areas for
different purposes

1 Promulgation of standard limit for discharging and emitting waste.
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1 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 autlworitpgnizance 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) assistafroen 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 bod{gs 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 th
ECAO0 95, which specify:

9 Categorized list (green, orange and red) of the projects,
1 Procedure to take environmental clearance,

1 Ambient standards in relation to water pollution, air pollution and noise, as well as
permitted discharge/emission levels ddter 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 eowmental 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 io 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. Al i cati on for DOEG6s environmental clearan
report, a process flow diagram and schematic diagrams of facilities, environmental screening
form, NOC from local authority.

Orange B projects are those with modegatghgnificant environmental impacts for which
mitigation measures are easily identified, such as constructicoristruction of earthen roads,
culverts, community center, office building for general servicesxoavation of canal,
repairing embankmentand 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.

RedLst projects are those which may cause 6si
as the construction of bridge, industrial factories, flood shelter, embankment, water control
structure, etc. They require IEE report to obtain the Site Clearancadasstibnd 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 Enveon@onservation 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 inb@ tenvironment. 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 asolid waste. Additionallyspecific 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 JalmohalPolicy 1 2009

The preamble of the latest Jalmohal pot2909 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 enhanceméishefies 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 makedagoro

and preenvironment.

AJal Jaar mindige- Bhe greamble of section 5 of the policy used a popular slogan
Ajaal jar, jola tar (owners of fishing nets

Section 5, Clause-&Ka of the policy says that if more than one local fisher society comes up
with proposals foa particular Jalmohal having more or less similar credentials then the District
Jalmohal Management Committee will lease out the Jalmohal for 3 years period through
fidiscussionsind consensys.
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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 princigiewever the final approval of the document is yet
to make by the cabinet.

For sustainable development in the energgta, the strategy document offered various
recommendations but none was there concerning the present specific project execution
program or related matter.

Major relevant recommendations are:

1 To use minimum possible area of land in exploration sites;
1 Rehabilitate site when abandoned;

1 To take precautionary measures against Environmental Pollution from liquid effluent,
condensate recovery and dehydration plants; and

1 Technology assessment for selection of appropriate technology.

4.2.2 National Environment Maragement 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 issumbs raanagement
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:
1 Identification of key environmentalgges affecting Bangladesh.

1 Identification of actions necessary to halt or reduce the rate of environmental
degradation.

Improvement of the natural and built environment.
Conservation of habitats and kioversity.

Promotion of sustainable developmeanip
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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 1 mplementation of a US $ 26 million Ou
Environment Management Programme (SEMP)O wh
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unigue in the sense that it was the largest single initiative under the environment sector, the

first initiative | aunched under Aprogramme &
the area of environment with the participation of a host of governdegartments, 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 Ecesystan Management

V Community Based Environmental Sanitation

V Advocacy & Awareness Campaigns

V Training & Education
The plan proposed to adhere to six areas of concentration:

1 Enhancement of environmental compliance

1 Mitigation of potential environmental impadisrough the environmental assessment

and clearance process

1 Spreading of efforts to address critical urban air quality and water quality problems

1 Facilitation of meaningful stakeholder participation in environmental management

1 Natural resources consetian through identification of ecologically critical areas and

T Ensuring effective, efficient and account
The main elements of the Strategic Plan are

1 Development of a comprehensive enforcement and compliance policy and related

strateges

1 Development of improved EIA procedure and guidelines

9 Standards and guidelines related to EC, inspection and legal enforcement

1 Development of associated enforcement and compliance information system

1 Bolstering the environmental monitoring capacityp@E

1 Innovative approaches to promote compliance

1 Ensuring Bangladesh commitments to international instruments

T Enhancing DOE6s role in designation and n

1 Improving coordination and reporting function of DOE

T | mproving DOEOG6s 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 -g@dsral linkages,
reflecting the fact that in Bangladesh, more so than most other iesunbiodiversity
conservation is closely intevoven 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 implementatidhowérty 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 theRNBS

All relevant Ministries/ Divisions, government agencies, institutions, academic institutions,
norrgovernmentabrganizationand communities would be responsible for activities that fall
within their mandate. An 0 Apheixmpldnentatiod ofthe s pr c
NBSAP. A financing strategy was proposed fesoeircing 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 aanl passenger tariffs, debt swap trust funds and
devel opment partnersd contribution. A commur
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% obtmtry's land area under

the Forestation Program and increase the reserve forest land by 10% by the year 2015, through
coordinated efforts of GAIGOs and active participation of the people.

The priority protection areas are the habitats which encomppsssentative flora and fauna

in the core area of national parks, wildlife sanctuaries, and game reserves. Miskipdé

forest, water and fish of the Sundarbans through sustained management will be ensured,
keeping the bigenvironment of the area irtia

4.3.2 Wetland Policy, 1998

The Policy is relevant to the Project because it seeks to conserve wetlands to sustain their
ecological and socteconomic functions and further sustainable development; establish key
principles for wetland sustainability and ustainable 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, deesibpand
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 medtithe 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 resouwres, 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
allocdion, public and private investment, water supply and sanitation and nedelifor
agriculture, industry, fisheries, wildlife, navigation, recreation, environment, preservation of
wetlands, etc. The water policy, however, fails to address issues likegoemees 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 swival, socieeconomic 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 ofitoaraent 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 ofcoastal 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 natiossii€ient in

food through increasing production of all crops including cereals and ensure a dependable food
security system faall. One of the specific objectives of National Agricultural Policy is to take
necessary steps t o ensur e envi r onfrieadiyt a | pr
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 argifced as one of the
seriousproblemsin 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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5 METHODOLOGY

The main objectives of the studyre to prepare an inventory of the wetlands through
classification of satellite images, delineations of wetlands and LIiDAR survey of Tanguar haor
for an area of approximately 120 sq. km. for empirical data collectionchher 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:

1 Establishment of structured framework.

Clustering of wdands.

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 clustewise wetland management framework.

Dissemination of knowledge to stakeholder.

= =2 =2 =2 A4 A2 A -5 -2 -2 -2

LiDAR survey for Comprehensive assessment of Tanigaar area.

The major scope of works will estalilia 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 wedhd mapping & losses and identification & categorization of wetlands

with potential for restoration. Therefore, a comprehensive wetland management framework is
neededbased orestablished wetland inventory and to ensure its implementation in future
througha cemanagement 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 devdop a wetland inventory and region/clusteise wetlands management framework
following the Ramsar guidelines, the following general approach as shawgure5-1 has
been proposed which are elaborately described below:
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Figure 5-1: General Approach for Wetland Classification, Inventory and Management

Task1: A Review of the Available Published Literature & Documentsto Determine the
Extent of Knowledge and Information Available for Wetland Inventory and Wetland
Management

Review of literature acts as a steppstgne 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 knowledgghe literature review provides the general
understanding which gives meaning to the discussion ofinfisd conclusions, and
recommendationsin general terms, the literature review hdipgrovide a context for the
study, justify the study, illustrate how the subject has previously siadred, highlight flaws

and outline gapm previous stues helprefine, refocus the study objectives.

To recognize the best practice of managing wetlands, available scientific and technical
information, literatures, guidelines relevant to the t | anandgementas beercollected.

After categorizing them the exisgn international management practicégs been
systematically assessed and international wetlands management guidelines such as the Ramsar
guideline is thoroughly reviewed. Some regional commubgsed wetland management
practices have been developed by BHHCN, MACH, CNRS, CARITAS, CBFM, Department

of Fisheries and others, whitfave also beereviewed and compared with the international
practices to primarily select a management practice for the wetlands of Bangladesh. Then,
consultation meetings withdal stakeholdersavebeenarranged to identify the best practices
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ever established at local level or to find out indigenous knowledge develoffeetbynmunity

to protect the resources of wetlands and manage the sustainable use and equitable share of
wetland resources. The selected management praetickeemiscussed with them to justify

its suitability, identify the gaps and update the informatmodevelop and finalize the selected
management framework based on the overall assessment of their advantages & disadvantages.

Task-2: A Comprehensive Reviewof Existing Policies Strategiesand Plans Relatedwith
Wetland Management

The following Policiesstrategies and Regulationave beemeviewed 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 2042021

National Forest Policy (1994)

Wetland Policy, 1998

National Fisheries Policy

Land Use Policy

National Water Policy (2012)

Coastal Zone Policy

=4 =4 4 A4 A4 -4 -5 -5 -4 -5 -4 -4 -5 -5 A -2

1 National Agricultural Policy, 1999

Task3: Finalization of the Proposed Inventory Methodsto Fulfill the Specific Objectives

and Following the Ramsar Convention along/Nith Other International Standards

The main purpose of this study is to establish a comprehensive wetland inyeviimty
necessitates the formation of a structured framework. The inventory of veetfahades the
production of hierarchical and mdgased 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 progressiscaitle 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. ével 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 discussi@neweld 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 prepamapHesedoutputs

in 1:10000 scale. As per the comments and suggestions from the expert, tr@yhesbeen
presentedn tabular format including the location (districts, upazila, union and mouza), area
and other physical features such as agoological zone and biecological zone and others.

Task4: Procurement of Currently Available Remotely Sensed Imagesf Recent Yearsto
Identify the Exact Locationsand Boundaries of Wetlands, Calculate Their Areasand also
Determinetheir Types, Statusand Characteristics

Satellite image is an important component of ghgject. High resolution imagef recently
captured hee been purchased to identify the locations and boundaries of wetlands, calculate
their areg and to determine their types, status incorporating their underlying characteristics.

In order to meet witlthe study objectives, a total of 339 Nos.hijh-resolutionsatellite
imagery haebeen procured from DigitalGlobe covering the whole country. The specifications
of satellite imagdave been presentedTable5-1.

Table 5-1: Specifications of Satellite Image

Item Specification
Total Image Bene 339 Nos.
Number of Blocks 18 Nos.
Type Optical
Bands Red, GreenBlue, Infrared
Cell Size 0.5m
Processing level Orthorectified
Cloud cover <= 15%, calculated over the whole country
Imagery date January 1, 200to 18 May 20 2017
Coordinate System BUTM
File Format GeoTIFF

Data Sources Data for thisproject is from the following satellites;

1 GeoEyel
T WorldView-2
T WorldView-3

These satellites are owned and operated by DigitalGlobe, with headquarters in Colorado in the
United States.

Image DatesSatellite imagenarefrom 2010 or newer. More than 80% of the imagamg<
2 years oldas shown irFigure5-2.
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YEAR %
2017 58.15%
2016 26.26%
2015 5.08%
2014 5.58%
2013 3.33%
20121.15%
2011 0.99%
2010 0.07%

210
211
2012
2013
2014
215
216
2017

Figure 5-2: The Year Wise Information of Collected Image

Coordinate System

Name: Bangl adesh UTM ABUTMO
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

Task5: Georeferencing of the Satellite Images UsingGIS Software and Ground
Truthing by Field Surveyto Validate the Different Features of Wetlands (Absolute and
Relative Locations, Areaetc.) From the Satellite Images Comparedvith the Real World

The onshore and offshore of whole Bangladesh is divided into 18 grids as stegureb-3,

while delivering the satellite imageries. Accmglto the grid division, 250 GCPs (1@ GCPs

per grid)wereproposed to fulfill the ground truthing objectigad validation purpose. Finally,
215 GCPs among piselected 250 h& been captured for ground truthing and accuracy
assessment. 35 GCRerecancelled 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 skiigleeline solution between a base station
and a rover unit. Besides for ground truthing survey, in few locatior33BORS network in
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4 out of 6 stations of Survey of Bangladesh (SoB) as shoftigume5-4 and static observation
method hae been used as shown figure 5-4. The details of the survey methodoloigy
ground truthingand survey findinghave beemiven in Volune-ll: AppendixA.
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Index Map: Ground Truthing Survey
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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)

GeoreferencingMethod To create accurate image maps using satellite imagery, the imagery
must be corrected to a map projection. Thi s
geometric correction. The process requires the use of a rigorous geometricamadedligital

el evation model ( DEM) . Since the introduct.i
method to correct satellite imagery data, this method has become the most popular method to
correct satellite data as it gives very good results withoot@ Control Points (GCPs).

Imageres werereceived from DigitalGlobe as an ortheady standard product. The satellite
images have been orther ect i fi ed wusing the HARati onal Fun
ARati onal Pol ynomi al My PigitdlGlabe. &he flavddiagfaR BIC) s u
Orthorectification Process is shownkigure5-6. A 30m resolution DEM from the Shuttle

Radar Topographic Missio(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 tnglpoints hae been measured in the field to
ensure that the accuracy as stated has been achieved. All image processing has been performed
using specialized i mage processing software
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Figure 5-6: Orthorectification Process of Remote Sensed Image Data

Task6: Classification of the Satellite Images UsingRemote SensingSoftware and
Characterizing Connectivity Status with Other Channels

Four types of classification can be done on satellite imageseThre (a) unsupervised
classification, (b) supervised classification, (c) ind@sed classification and (d) objelsaised
classification. Under this study exercise being done with first three type of classifications.

Unsupervised ClassificationUnsupervised classification is computer automated {iiaséd
classification. Unsupervised Classification is for tentative estimation of wategsatito get

an overall idea for the study area. It helps to define signature that is required for supervised
classification. Figure 5-7 exhibits image nterpretation using Unsupervised Image
Classification technique. For the purpose of classification technique, it was taken a small
sample block sized about 9.49. 8gn. In the sample block image, observed wetland area (i.e.,
onscreen digitized area) islcalated about 3.41 SdKm. Whereas by using unsupervised
image classification method, total wetland area was observed about 3KIr@,S¢hich is near

about 93.25 % of observed wetland area.

Supervised Classificatianin supervisedtlassification, it is required to select representative
samples for each |l and cover class. The i mag
sitesdo and applies them to the entire i mage.
defined inthe 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 sél@c and evaluation, supervised classification is
done for entire image.
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Figure5-8illustrates image interpretation using Supervised Image Clasgficit the sample
block image, observed wetland area is about 3.4K®qwhereas by using Supervised Image
Classification method total wetland area was found about 2.588gwhich is near about
74.19 % of observed wetland area.

e e—

Figure 5-7: (a) The Result for Unsupervised Gassification Technique (enlargel) for the Sample
Block; (b) The Area of Sample Block (Shownin Rectangle Markedby Yellow Line) for Which
UnsupervisedClassification wasConducted

Figure 5-8: (a) The Result for Supervised Classification Technique (enlarged) for the Sample
Block; (b) The Area of Sample Block (shown irRectangle Markedby Yellow Line) for Which
Supervised Classification was Conducted
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Index Based ClassificationThe Normalized Difference Water IndéXDWI1) is indexbased
wetland identification system. The wetland has strong absorbability and low radiation in the
range from visible to infrared wawengths. The index uses the green and Near-hefitdbands

of remote sensing images based on this phenomerf@n.NDW!I can enhance the water
information effectively in most cases.

NDWI =

The lowest value of NDWI means more possibility of waterbody. Watdies arelelineated
using an acqaable threshold value of NDWEigure 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 Sg. Km. Whereas by Using NDWI Method TotalVetland Area is
Found About 3.04 Sqg. 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
(Shownin Rectangle Markedby Yellow Line) for Which NDWI was Calculated
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Task7: Delineation of Wetlands from Classified Imagesto Categorize Wetlands
According to their Habitat Characteristics that Suits the Purpose of Wetland
Management Framework

As one of the mjar tasks of this project is to delineate wetlaadd to showheirinteractions

with surrounding river netwogk the extent of wetlands for two seasons: dry season and wet
season has been delineated. The image data showing the driest period is requapdhte
perennial waterbodies andthe imaig¢ar e pr esent i ng wet season i s
connectivity with surrounding river network.

For monsoonwetland delineationaverage year (1:2.33g) water levels in the major rivers
havebeen corideredHistoricaltime series water level davh several BWDB gauges in each
region have been procesgedind the closest date of average year flood. ifieges of that
date or closest to that ddtavebeen used for wetland delineation.

Collected high resolution images have baeed for delineation of rivers and satellite images
from other sources (e.g., Sentinel, Landsat btve beemised to delineate the wetlands.

Considering the aboveentioned approackhe extent of wetlands has been produced for the
dry and wet periodsising the images extracted from Sentinel Satellite. The Sedtiaed
Sentinel2 image have been used in wetland delineation for wet and dry seasons respectively.
These images were duly ppeocessed 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 pestaiis of the
delineation of wetlands has been presented in Volun#gpendixB.

Tak-8: Re-delineation of Wetlands Using Historical Maps, Digital Elevation Model
(DEM) and Available Existing Boundariesof Wetlands and Overlapping the Outcomes
with the Findings of the Satellite Imagesto Determine the Accuracy and Reliability of the
Data

Re-delineation of wetland boundary involves collection of historical maps, Digital Elevation
Model (DEM) and administrative boundari€¥. this stage, the classifigthages havéeen
overlaid with historical maps, DEM and administrative boundaries tomameghe boundaas

of the wetlands. The wetland bouniéahave 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 beeade in this regard to verify the
delineated wetland boundary.

Re delineation of wetlands using historical mag$e outline of the wetlandsas been

digitized from high resolution georeferencedtoglated satellite imagery complying with the
guidelinesfrom Modul e 1 of the Nati onaliIn(plemedted i nes
t he Ramsar Conyv eThefollomngsteps havdesntfitowed to aedelineate

the wetland boundaes
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Prepare geadlatabase
Collection of Ground Control Pois{GCP)
Draw outline of wetlanslusing Remote Sensing technology

= =4 A =2

Quality Assessment & Field validation

The available historical data/malpavebeen usedas 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 digh@abgraphic 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 Geedatabase format (*.gdb) has been purctiadsem SOB. Appropriate
interpolation method (IDW/ Kriging) has been adopted for generating DEM. A series
of data quality assessmehive been performed to ensure on preparing quality surface
raster which includes

i.  Checking the spatial distribution pattdyy 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 higlow values ofin RL (Reduced Level) field if there is any
abrupt or abnormal value in this field.

iii.  Frequency distribution of RL value check if there is any skewness in the curve.
An ideal frequency destruction curve looks likesaswn inFigure5-11. But if
any skewness is observed, then data has been further examined.

-3 -2 -1 Mean 1 2 3
Figure 5-11: An Ideal Frequency Distribution Curve

iv.  Checking correlatiobetween horizontal and vertical data. A positive correlation
represents a higher validity and reliability on the data source.
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Task9: 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 57 square kilometers area located in Tandwaor has been inigmented by
using LDAR andsimultaneouserial photography survey.

The LIDAR & photo survey was conducted with a Riegl Q680i lidar equipment and Hasselblad
H60 medium format aerial cameaa shown irFigure5-12. Theintended aresavas surveyed
with a Cessna 208Grand Caravan aircradts shown irFigure5-12.

Figure 5-12 LiDAR (Left), Camera (middle) andAVION (Right)

LiDAR Survey and Aerial Images Data Processing

Airborne laser scanner surveys are realized in three main phases as the mission planning, the
surveyflight, and the data processing (assuming the airborne laser scanning system is already
calibrated)which is shown irFigure5-13.
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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 Characteristarsd
Demography Through Reviewing Existing Literature, International Guidelines (e.qg.
Ramsar Guidelines) and other Relevant Docunents

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 cetegMarine and Coastal
Wetlands, Inland Wetlands, and Hurrmmade Wetlands. There are generally recognized 5
major types of wetlands (Ramsar, 1971). They are:

U Marine (coastal wetlands including coastal lagoons, rocky shores, and coral reefs);

U Estuarine (including deltas, tidal marshes, and mangrove swamps);
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U Lacustrine (wetlands associated with lakes);
U Riverine (wetlands along rivers and streams); and
0 Palustrine (meaning fAmar shyo; mar shes, sw

The classification system @fetlands 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 wetarsting all over the

earh. Whereaghe 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 thait ékast 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, forthetypdBBA st ands f «
Bangl adesh, O0A06 sReanangrs shallowmarihe wates m mosycpses less

than six meters deep at low tide; incluga bays and straits). The Ramsar system considered

3 systems of wetlands i.e., Marine and Coastal Wedlaimtnd Wetlands and Humamade

Wetl ands. But in Bangladesh wetl ands <cl assi f
Wetl andsd has been introduced. So, there are
of Bangladesh. The classificatiggstem of wetlands that has been followed under this study

can be summarized as showTable5-2.
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Table 5-2: Classification System of Wetlands of Bangladesh

Types of
Systems| Classes yp Name of wetland types
Symbols
BA Permanent shallow marine waters in most cases les
six meters deep at low tide; includes sea laaybstraits
n BB Marine subtidal aquatic beds; includes kelp beds;
% Permanent grass beds, tropical marine meadows
g BC Coral Reefs
< BF Estuarine waters; permanent water of estuaries
§ estuarine systems of deltas
O - -
) BE Sand, shingle opebble shores; includes sand bars, :
c . .
= and sandy islets; includes dune
Non- .
= BG Intertidal mud, sand or salt flats
Permanen
BI Intertidal forested wetlands; includes mangrove swa
nipah swamps and tidal freshwater swamp forests
BL Permanent inland deltas
BM Permanent rivers/streams/creeks; includes waterfalls
BO Permanent freshwater lakes (over 8 ha); includes
oxbow lakes
Permanent
BTp Permanent freshwater marshes/pools; ponds (bel|
ha),
marshes and swamps imorganic soils; with emergent
vegetation watelogged for at least most of the growi
season
" BN Seasonal/intermittent/irregular rivers/streams/creeks
©
<_% BP Seasonal/intermittent freshwater lakes (over 8
gﬁ includes
T floodplainlakes
‘—g BTs Seasonal/intermittent  freshwater marshes/pools
inorganic soils; includes sloughs, potholes, seaso
flooded meadows, sedge marshes
Non
Permanent BU Non-forested peatlands; includes shrub or open [
swamps, fens
BW Shrubdominated wetlands; shrub swamps, sh
dominated freshwater marshes, shrub carr, alder th
on inorganic soils
BXf Freshwater, tredominated wetlands; includ
freshwater swamp forests, seasonally flooded for
wooded swamps anorganic soils
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Types of
Systems| Classes yp Name of wetland types
Symbols
BXp Forested peatlands; peatswamp forests
Bl Aquaculture (e.g., fish/shrimp) ponds
B2 Ponds; includes farm ponds, stock ponds, small tank
(generally below 8 ha)
B6 Water storage  areas; reservoirs/barrages/dan
Q Permanent .
= impoundments (generally over 8 ha)
@ B8 Wastewater treatment areas; sewage farms, se
% ponds, oxidation basins, etc
©
g B9 Canals and drainage channels, ditches
% B3 Irrigated land; includegrigation channels and rice fiel
S
2 B4 Seasonally flooded agricultural land (includ
Nor- intensively managed or grazed wet meadow or pasti
Permanen B5 Salt exploitation sites; salt pans, salines, etc
B7 Excavations; gravel/brick/clay pits; borrquits, mining
pools
o Brvc Coastal polders and embankments
—= 0
% 2 Brvi FCD and FCDI projects; flood protected inlands with
o % embankments
&)
xr S Brve Environmentally degraded, but restorable wetlands
[Note 1:
BXi6B6 stBangl ddbeash, O06X6 stands for corresponding
Example:
BAT6BO6 stands for Bangl adesh, 6A0 stands for Ram
most cases less than six meters deep at low tide; includes sea bayss)d
BlLioB6 stands for Bangladesh, 0616 stands for Rams
Note 2:

Brvci 6 B6 stands for Bangl adMetands &6 vHt an s dfsorf oCo Rs
and embankments.

Brvii6Bd standbadeshBadérvd stands for Reversible \
projects; flood protected inlands with embankments.

Brvei 6 B6 stands for Bangl adesh, 6r vO0 esviroamedtally f or Re
degraded, but restorable Wands.]

Task11: Prioritize of the Most Appropriate Wetland Classification Criteria for
Bangladesh andClustering 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 8fygtetlands

of Bangladesh has been prepared.

Final Report Volume-| 5-18 JV of MegatechlWM



Study on Interaction between Haor and River Ecosy#tetnding Development of Wetland Inventory and
Sustainable Wetland Management Framework

The wetlands in Bangladesh encompass a wide verity of dynamic ecosystems including ranging
from mangrove forest, natural lakes, rraade reservoir, freshwater marshes (haor), oxbow
lakes (baors), freshwaterepressions (beels), fish ponds and tank, estuaries, and seasonal
inundated extensive floodplains. The clustering of the classified wetindrding to their
characteristics and functions is crucial. In the active floodplains of Bangladesh, the Surma
Meghna, the Brahmaputrdamuna, and th€angesPadma Rivesystems, 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 plamdng
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-Egotogica zones of
Bangladesh have been identified on the basis of four elements such as physicgikpland

levels in relation to flooding and agotimatology, whereas Bieecologicalzones are more or

less similar to the Agrecological zones. Initially these three maps have been taken into
consideration for clustering of wetlands by superimposing with each other. Fioathe ease

of simplicity, the clustering has been introdudmssed on hydrological regions as mentioned
above.

Task12: Identification of Connectivity of Haors and Wetlands with Adjacent River
Systemto find out the interaction Between Haorand River Ecosystem

For wetland delineatiorgverage year (1:2.33 .ymwater levels in the major rivers have been
consideredHistorical time series water level dataf several BWDB gauges in each region

have been processaalfind the closest date of average year flood. ifteges of that date or

closest to that datevabeen wused to show wetlandds conne
network. Collected high resolution images have been used for delineation of rivers and satellite
images from other sources (e.g., Sentinel, Landsat ledw@ beerused to delineate the

wetlards.

Considering the aboveentioned approach, the extent of wetlands has been produced for the
driest and wettest periodssing the images extracted from Sentinel Satellitee Sentinell

and SentineR image have been used in wetland delineafmmwet and dry seasons
respectivelyThese images were duly ppeocessed and later were classified in Erdas Imagine
environment by using unsupervised classification technkgjuaally, connectivity of identified
wetlands with their adjacent rivers has bdelineatedo find out the interaction between haor
and river ecosystem.

Task13: Development of aninventory of Wetlands Along with Different Categorical
Contour Map Through Collection of Data on their Functions, Geemorphological Data,
Physiographic Features Flora and Fauna Speciesand Conducting Hydrological
Assessmenof Different Wetlands Through Physical Surveys

One of the componentsf this study is to cluster the identified wetlaratcording to their
characteristics and functions. In the active floodplains of Bangladesh, the-Bleghaa, the
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Brahmaputralamuna, and theangesPadma Rivesystems, there are several large and small
wetlands. The National Water Management Plan, 2@34delineated 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 (SSoutheast (SE), Eastern Hills (EH), River
and Estuary Region (RE). On the other hand the Agaogical zones of Bangladesh have
been identified on the basis of four elements such as physiogemilsyiand levels in relation

to flooding and agralimatology whereas Biecological zones are more or less similar to the
Agro-ecological zones. Initially these three maps have been taken into consideration for
clustering of wetlandgsinally, 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, rraade 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 inwigated 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
(environmentakontrolling factors), supporting (biodiversity and habitat context) ecosystem
services provided by the wetlands. Baikka Bea$selected from North East wetland cluster.
Borobila beel was selected from North Central wetland cluster. Beel Halti waseddierh

North Western wetland cluster.aBhor Baor and Borni Baowere selected fromSouth
Western wetland cluster and Kaptai Lake was selected from Ea&siteciuster. These 6
wetlands were selected for detail vegetation, fisheries, biodiversity toryestudy in
consultation with the client.

Task14: Evaluation of the RegionWiseClustered Wetland's Value Through Field Survey

A total of four types of values have been considered to assess the evaluation osybtaerd

are (i) Ecological valuejif 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.

Ecologcal Value: Ecological values include the presence of rare or endangered species or
habitat (flora, fauna & fish), and biodiversity wéetlands For each of these, the value present

at wetland is considered alongside the spatial distribution of the sdumedrva 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 obmses 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 repnésd 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 hydrelectric power (HEP) scheme, maintenance of flows during
droughts and provision of drinking water. Each value is considered in terms of the size of the
popuktion that benefit from the value and the feasibility of providing the value through another
means. As the hydrological value can affect a large area downstreavatlahds the
population affected by the value could be much larger than the community directly
around thewetlands 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 onlctasieveral hundred people.
However, both are of great importance to the communities that benefit.

SocialValue: The social values include the religious importance and cultural importance. By
their nature, the assessments are likely to be prone to thegjrsabjectivity. 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 Causesf Wetland Degradationand Sources
of Pollution

Wetlands are dynamic areagen 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, constructioneofbankments, flood control structures and
roads, inproper 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, tiyrlaicld

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
wetlandbasedearnings suffer due to these interventions whichaaced 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 neechémage 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 campaigmad st akehol der s consultation has
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 theetlandsis a growingconcern. Water quality samples has been
taken from the selected wetlands among the cluster. Tsguirmeasurement of physical
parameter as well as laboratory testing has been conducted under this study.
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Task16: Assessment of th&/ulnerability of Wetlands Considering their Importance in
Ecosystemand 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
Assessmen(MEA, 2005). A total of four major issues have been considered to assess the
vulnerability. Detailsof the procedure has been presentedrigure5-14, and descriptions of

those issues are given below:

Assessed Values of Wetlands Assessed Threats to Wetlands

\ 4

Linked between Threats & Values

A 4

Vulnerability Assessment

Figure 5-14: Outline of the Vulnerability Assessment Methodology

I.  Values AssessmeniThe values are split into four categories viz. ecological, economic,
hydrological & social, and within each category, there aredpfied values. Each
value is given two 6scoresd6, the first sc
second relges 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.

[I.  Threats AssessmentAs with the values, a list of pidefined threats is given. Two
scores, ne 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.

1. 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 assessméaisbeen completed.

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

None (N). The two areas then brought togethe
and N scores have entered in the matrix table to determine which threats impact on which
values and the ngaitude 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 ScoreX Link X Threat Scores Final Assessment Value
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where the scores H, M, L amlhave numerical values of 3, 2, 1 and 0, respectivelyth®o

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 ctor coded ed as shown iifable5-3.

Table 5-3: Matrix for Combining Value or Threat Scores

Axis 1

Medium

AXis 2 Low

Medium

High

Task17: Delineation of Ecosystem Boundaryof Clustered Wetlands Basedon their
Classification UsingGIS and RSTechnology

An ecosystem could simply be defined as a collection of communities of organisms (biotic)
and the environment (abiotic) in which thexe 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
integrationwhich 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, intedependence & casual relations. On the other handysigon 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 typesaf fau
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 thtetaghres 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-tatkaetry technique.

The major ecacomponents of faunal biodiversity are (i) Amphibia, (i) Reptile, (iii) Ased
(iv) Mammal Ecosystem boundary of these faunal biodiversity has been described below in
brief:

Amphibia: The amphibian species require bbatater and land for their survival. The travel
distancevariesamong the amphibian species, and in general, maximum travel distances of
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some amphibian species (terrestrial & aquatic) are in betweent8d00n from thewetland
boundary So, this distanceould 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 speaies, general,
maximum travel distance of few reptilian species could be in betwekm @b 1..km from

the wetland boundarySo, this distance could be the probable ecosystem boundaityefor
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 betweein?t0 4.0km from thevetland 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 variesratbe mammalian species, and in
general, maximum travel distance of few mammalian species could be in betwiaart®.0
5.0km from thewetland boundarySo, this distance could be the probable home range /
ecosystem boundary for the mammalian species

Task18: Intensive Consultation with Local Peopleand Different Officials of Different
Government Organizationsto Find out Gaps, and Incorporating Their Suggestionsfor
Successful Completiorof the Wetland Inventory

Stakeholder consultation has been condlatalifferent stages of the study with different users

of wetland for gathering qualitative information to develop the Clusise management
framework.Stakeholder analysis has been carried out to address pertinent study objectives and
to capture the derse interests of different groups that are involved in these respective wetland
management systenStakeholder selection criteria included: 1) dependency on wetland and
floodplain resources, 2) diversity of the resource users, i.e. fishermen, farmalisraders,
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 conduttedigh 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 structure intervier, Focus Group Discussion were the chosen
methods foistakeholder analysis. Previously mentioned stakeholders from different locations
of Hakaluki haor, Tanguar haor, Ratargul Swamp Forest, Baikka beel, Kaptai LakegrBaluh
baor, Borni baor, Bottuila beelandBeel 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 anebawsgr 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 (leveivbjves 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 geograpbgion. 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 discussiisrto develop the inventory based on hydrological region of
Bangladesh and prepare the nimgsed 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 (disticts, upazila, union and mouza), area and other physical features such as geology,
agro ecological zone and biecological zone and others.

Task20: Selection of Cluster-wise Best Practice of Wetland Management Through
Assessingthe Existing Management Ractices, Reviewingthe International Wetland
Management Guidelinesand Stakeholder Consultation

To recognize the best practice of managing wetlands, available scientific and technical
information, literatures, guidelines relevant to the wetland managdmsnbeen collected.

After categorizing them the international wetlands management guidelines such as the Ramsar
guideline has been thoroughly reviewed. Some regional commasigd wetland
management practices have been developed by the IUCN, MACH, CMRSTAS, 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 stakehdideesbeen 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.

Task21: 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 Criiay 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 biecological ecosystem. Considering the limitation of time

Final Report Volume-| 5-25 JV of MegatechlWM



Study on Interaction between Haor and River Ecosy#tetnding Development of Wetland Inventory and
Sustainable Wetland Management Framework

and finan@l 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
comparisn 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 expersoamiogist has

visited the Baikka beel area for the duration of 10 to 14 December 2019.

Task-22: Finalization of Wetland Management Framework Basedn their Cluster-Wise
Best Management Practicesnd Piloting Results

Clusterwise management framework shdbeen 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 andagidatéhe
wetland management practicesdamence, to develop a clusterse wetland management
framework. Several consultation meetings with local stakeholdave been arranged to
identify the best practices ever established at local level or to find out indigenous knowledge
developed by any comunity to protect the resources of wetlands and manage the sustainable
use and equitable share of wetland resources.

Task23: Dissemination of theConceptof Wetland Inventory and Cluster-wise Wetland
Management Framework through Workshopsand 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 s kehol dersd consultation and workshops
concept of the wetland inventory and clusigse 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.

Task24: 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 dhe-job trainings of various activitgein 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 thrfmsgtain
trainings that has been held on the following issues:

1 Application and use of wetland inventory for DBHWD/GoB officials and community
peoples.
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1 Community based livelihoods & value chain training for community peoples.

9 Study tour to Asia for DBHWD/GoB officials (DBHWAS persons, MoOWFS persons,
PG-2 person, WARPEL peson)

1 In-country learningisits for DBHWD/GoB officials and community peoples

Task25: Reporting

According to the requirement of the projesstyeraproject reporting activities have been done
within the study duration. Inception report has been submadtedune 04, 2017 which
describes approaches and methodologies to carry out different scope of services. A total 10
nos. of Quarterly Progress Remof@PR) havebeen submitted at the end df gonth for
keeping track of the development achieved by thesglbants. This report is the Final Report
(FR). Final reporhas been preparedter addressing theommentsandsuggestions obtained

from different organizationsn DFR.
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6 DATA COLLECTION AND PROCESSING
6.1 General

The project has been formulated with a view to prepare an inventory of the wetfahes
countrythrough classification of satellite images, delineations of wetlands, study of interaction
between haor and river ecosystems and LIiDAR survey of Tanguarftra@n area of
approximately 120 sg. 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. Thehatses that have been undertaken can be
broadly categorized under the following major groups:

1 Collection of reports and review of past studies
1 Data collection and angis from the secondary sources

1 Data collection and analysis from the field survey

6.2 Review of Past Studies

To acquirepreliminary understandingn 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 presemtatia Table 6-1 andthe findings from the

major projects relevant with the study has been reviewed and presented in Chapter 3. However,
for the cleaunderstanding othe 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 | International Consortium g 2008
Bangladesh Landscape and Ecologic

Engineering and Springer
2. | Classification of Wetlands of Bangladesh | Prosoil FoundationConsultant, 2016
Department of Bangladesh Ha
& Wetlands Developmen
Ministry of Water Resources.

3. | Bio-Ecological Zones of Bangladesh IUCN, Bangladesh Countr| 2002
Office.
4. | Major Interventions for Sustainabletland| IUCN: The World Conservatiof 2005
Resource Management Union, Bangladesh Countt
Office.
5. | Approaches to Sustaible Wetland| IUCN: The World Conservatio| 2005
Resource Management Union, Bangladesh Countt
Office.
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No. Name of Report/Book Published By Year
6. | A Plan for Ensuring Sustainability ¢ IUCN: The World Conservatio| 2005
Community BasedHaor and Floodplan | Union, Bangladesh Countt

Resource Management Projects Office.

7. | Reexcavation: A Major Step in Wetland | IUCN: The World Conservatior] 2005

Restoration in thélaors Union, Bangladesh Countr
Office.

8. | Reexcavation: A Major Step in Wetlan IUCN: The World Conservatiol 2005

Restoration in the Floodplains Union, Bangladesh Countr
Office.

9. | Hydro-Meteorological Characteristics IUCN: The World Conservatiol 2005

HakalukiHaor Union, Bangladesh Counttr
Office.

10. | BIODIVERSITY OF TANGUAR HAOR: A| IUCN: The World Conservatior] 2012
RAMSAR SITE OF BANGLADESH Union, Bangladesh Counti
Volume [: Wildlife (Amphibians, Reptileq Office.

Birds and Mammals

11. | BIODIVERSITY OF TANGUAR HAOR: A| IUCN: The World Conservatiol 2012
RAMSAR SITE OF BANGLADESH Union, Bangladesh Counti
Volume II: Flora Office.

12. | IUCN in Bangladesh 2013 IUCN: The WorldConservation 2013

Union, Bangladesh Countr
Office

13. | Tanguar Haor Management Plan Framew IUCN: The World Conservatiol 2015

and Guidelines Union, Bangladesh Countr
Office

14. | National Framework for Establishing ai IUCN: The World Conservatiol 2015
Managing Marine Protged Areas (MPAs)| Union, Bangladesh Counti
in Bangladesh Office

15. | Transboundary River Basin&tatus and United Nations Environmer 2016
Trends Programme (UNEP)

16. | Marine Protected Area Needs in the Sol IUCN: The World Conservatiol 1993
Asian Seafkegion Volume 1: Bangladesh | Union, Bangladesh Counti

Office

17. | Wetland conservation and sustainabke in| 11" Meeting of the Conferend 2012
Romania of the Parties to the Conventid

on Wetlands  Bucharest
Romania

18. | Strategic Framework and guidelines for f 11" Meeting of the Conferenc 2012
future development dahe List of Wetlands o] of the Parties to th€onvention
Internatioral Importance of the Conventig on Wetlands  Bucharest
on Wetlands (Ramsar, Iran, 1971)2012| Romania
revision
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No. Name of Report/Book Published By Year
19. | Guidelines foDeveloping andmplementing| Resolution VII.6 (1999) of th¢ 1999
National Wetland Policies Ramsar Convention on Wetlan
20. | A Conceptual Framework for the wise usg 9" Meeting of the Conference ¢ 2005
wetlands and themantenance of theil the Parties to th€onvention on

ecological character Wetlands (Ramsar, Iran, 1971

21. | Handbook 2 Ramsar ConventioBecretariat | 2010
National Wetland Policiegt" edition

22. | Handbook 8 Ramsar ConventioBecretariat | 2010
Water-related guidancel” edition

23. | Handbook 11 Ramsar ConventioBecretariat | 2010
Managing groundwated™ edition

24. | Handbook 13 Ramsar ConventioBecretariat | 2010
Inventory, assessment, and
Monitoring, 4™ edition

25. | Handbook 15 Ramsar ConventioBecretariat | 2010
Wetland inventory4™ edition

26. | Handbook 16 Ramsar ConventioBecretariat | 2010
Impact assessmedri" edition

27. | Handbook 18 RamsaiConventionSecretariat | 2010
Managing wetland{™ edition

28. | Principles and guidelines for wetlar 8" Meeting of the Conference ¢ 2002
restoration the Contracting Partieso the

Convention on Wetland
(Ramsar, Iran, 1971)

29. | A Framework for a WetlanthventoryMeta | Ramsar ConventioBecretariat | 2010
database

30. | A Framework for assessing the vulnerabil Ramsar Convention Secretarig 2011
of wetlands to climate change

31. | The Ramsar Convention Manual' €dition | Ramsar Convention Secretariag 2013

6.3

Secondary Data Collection, Review and Analysis

A comprehensive data collection program from the secondary sdwasdseen takewhich
include the following:

1
T
1
T
1

Topographic Data/ Digital Elevation Model
Landuse type

Soil profile

River alignment, crossection data etc.
Surface water level and discharge data

Secondary Data have been collected from the following organizations:

1 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 Wl Development (DBHWD)
BangladesiMeteorologicaDepartment (BMD)

Bangladesh Agricultural Development Corporation (BADC)

1 Others

= =4 =4 4 A8 -2

It has been observed that, some of the data are not sufficient while some are not available from
secondary sources. All secomglaand 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 aBdrvey of Bangldesh (S8) has been used to
produce the DEM of Bangladesh as showkigure6-1. SAB is now implementing a project

to produce 1:25,000 scale digitpographic 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 otda¢abase format (§db) has been
purchasedrom Sd. 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. Randm data points, at locations where significant elevation changes occur.

The specitations of data available in Bare as follows whereas the details are givérainle
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
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Table 6-2: Specifications of Data Available in SoB

SI. No. Features/ltems Remarks
1 Administrative Boundary| Ward, Union, Mouza, Than®istrict and Division Boundarig
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 andther 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 generati
12 Any other Relevant Gl
data

6.3.2 Landuse Data

The landuse dataas beermollected from secondary sources dag beemsed 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 soesh (theSundarbansand 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 developmenis fpaoirgbse,

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 godgdrological 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 datadibeen collected and processed. A sample plot

of suface water level for Sunamganj stations are givefigare6-2.
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Surface Water Level Hydrograph
Station ID: SW-269, Station Name: Sunamganj

9 | ; ' . | |
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Water Level (mPWD)

2 |

R ! l ! '
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Date

Figure 6-2: Sample Plot ofSurface Water Level at Sunamganj
6.3.5 Collection of Satellite Images from Secondary Sources

Based onrhydrological analysis for the optimum water levels for dry and wet seasons, the
required satellite images have been downloaded from respective sites.

The Sentiel-1 and Sentine? image have been used in wetland delineation foseatorand
dry seasomespectively The image specification is presented in the followiagle6-3.

Table 6-3: Image Specification for Wetland Delineation

Period Date Time Satellite Sensor | Spatial Resolution Bit
Image Type (meter)
18/03/2016 :
Dry Season 04:34:01 Sentinei2 MSI 10 16
18/08/2015 :
Wet Season 53-47:15 Sentineil SAR 10 16

The band specifications of the above two selected images are described below:

a) Sentinell Satellite Image

The Sentinell Satellite Image comes from a dymalarization Cband Synthetic Aperture

Radar (SAR) instrument. The specification of Sentih@hage has been presentedlable

6-4. This collection includes the S1 Ground Range Detected (GRD) scenes which calhtains

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 iarcarrected values
are converted to decibels via log scaling (10*log10(x)) and quantizedhdsl6

Table 6-4: Band Specification of Sentinel C-Band Synthetic Aperture Radar (SAR)

Band | X Resolution Y Resolution Wavelength Description
HH 10 metes 10 metes 5.405GHz |Single copolarization
horizontal
HV 10 metes 10 metes 5.405GHz |Dualband Cross

polarization, horizonta
transmit/vertical receiv

vV 10 metes 10 metes 5.405GHz |Single co-polarization
vertical transmit/verticd
receive

VH 10 metes 10 metes 5.405GHz |Duakband cross

polarization,  verticg
transmit/horizontal

receive
Angle -1 meter 0 Approximate  viewing
PIXEL UNIT UNSPECIFI APP ¢
ED - incidence angle

For water extentlassification, VH band was selected as it provides the better results for
identifying water features from the image.

b) Sentinel2 Satellite Image

Sentinel2 is a wideswath, highresolution, multispectral imaging mission supporting
Copernicus Land Monitang studies, including the monitoring of vegetation, soil and water
cover, as well as observation of inland waterways and coastal areas. The specification of
Sentinel2 image has been presentedrable6-5. The SentineR data contain 13 units of 16
spectral bands.

Table 6-5: Band Specification of SentineR Multi Spectral Instrument, Level-1C

Band Resolution (Meters) Wavelength(Micrometers) Description
Bl 60 0.443 Aerosols

B2 10 0.490 Blue

B3 10 0.560 Green

B4 10 0.665 Red

B5 20 0.705 Red Edgel
B6 20 0.740 Red Edge?
B7 20 0.783 Red Edge3
B8 10 0.842 NIR

B8a 20 0.865 Red Edget
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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 beasllected under this study is mentioned below:

Image collection

LiDAR survey

Bathymetricsurvey & 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

Socioi economic Data collection

R =2 =2 =4 -4 —a —a -8 _a -2

o
~

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 @mtaries 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 Nosigifresolutionsatellite
imagery hae been procured from DigitalGlobe covering the whole country.speeifications
of satellite image have been presentetlahle6-6.

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, Infreed
Cell Size 0.5m
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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 ImagesThe satellite i mages purchased

Sharpened @b and) 0. -spdetel bamd Hesignations are BlaeenRedNear Infra

red. To cover the whole country, it has been divided into 18 numbers of blocks as shown in
Figure6-3 which included a total of 339 Nos. of images as shown in index nf@g@e6-4.

A sample image scene is showrFigure6-5.
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Figure 6-3: Map Showing Block Locations
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Figure 6-4: Location of Image Scene
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