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MESSAGE FROM THE CHIEF ADV3ER

| am delightedto be a part of théirst volume ofthe new peetreviewed journab J our n a | of
Ocean Science (JEOS)O6. The JEOS wil | DbteeFacultp | i
of Earth and Ocean Science of Bangabandhu Sheikh Mujibur RahnmammdaJniversity, Bangladesh.

I am even more delighted, since we have been able to publish this journal in the midst of a global pande
overcoming many disruptions and challenges along the hexpress my sincerest thanks to the chief
editor, the eieemed reviewers and the editorial board who have made relentlessteffoutsishthis
important journal

The UN Decade of Ocean Science for Sustainable Developmeni ZXBf) offers an overall framework
for ocean literacy actions aguesents an unprecedented opportunity for eooganizational and mudi
sectoral collaboration in pursuit of global sustaleatevelopment goalsBangladesh should participate
in all theactivities of the Implementation Plan of the Ocean Decade, which will help us to strengthen
foundation for Blue Economy, thereby achilevi
Prime Minister Sheikh Hasina. It is felt essential thatthe only specialized public maritime university
in Bangladesh, BSMRMUbe actively involved in the overall implementation of the Decade Plan in
Bangladesh It may serve as the organizationahtes for marine scientific and academic initiatives
towards achieving the Sustainable Development Goals and Delta Planr21@i8.contexi JEOSwill
become the primary platform for oceanographers, ocean researchers, technologists, academicians,
makers and stake holders to share findings and publish all aspects of ocean science and technolo
Bangladesh and beyond.hope JOES will help to contribute and disseminate news &auh g | a d e
efforts during the Decade.

I am hopeful that JEOS wiirovide a multidisciplinary forum to investigate inshore, offshore and coaste
environments, oceanography, hydrography, marine geology, marine biotechnology, oceanic environn
marine pollution, strategy, science and technglaggiuding current and complex issuand related
studiesin earth and ocean science affawkich will lead us to new horizenResearchersanalystsand
policy makers will be benefited by the findings of the articles of this annual peer reviewed jdiimaly
expecta continuous contribution from the authors and the regular publication of JOES.

| hope that JOES will maintain a high level of ethical integrity, ensuring authenticity and scienti
diligence in each of its research articles. In theivy | wish to see the Editorial Team continue to expand
their horizons even beyond our frontiers, so that we are enlightenetbytbesknowledge and experience
of reputed academicians and professionalkegglobal level.

Rear Admiral M Khaled Igbal, N BP, BSP, ndc, psc, MPhil (retd)
Vice-Chancellor
Bangabandhu Sheikh Mujibur Rahman Maritime University, Bangladesh
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EDI TORG6S NOTE

The world is firmly gripped by the COVIB19 pandemic; academicians and researclzard general
people

all over the world are also struggling with this event. Reselaastbeen affectedo some extenand
uncertaintyaboutresearch funding and completion of the projdws been observetVith all these
uncertainties, it is highly praiseworthy that eaildsuccessfully publish thigl. 1 of theJournalof Earth

and Ocean Scien¢8EOS. Also, it is a moment of immense pride that tesie is going to be published
when we arenteringinto the UN Decade of Ocean Science for Sustainable Development gZB).

It offers an overall framework for ocean literacy actions and presents an unprecedented opportunit
crossorganizational and mul8ectoral collaboration in pursuit of global sustdile development goals.

Bangabandhu Sheikh Mujibur Rahman Maritime University Bangladesh (BSMRMW@) psemier
maritime  university in  Bangladesh, whose motto is to achieve  maritime
excellence, through sharpening the storm of intellectual passiothin the maritime
community. The]JEOSIs going to beone of the pioneer journals in Bangladeskanth and ocean science
researchsectors whictwill truly embog the qualitative products of faculties and studenB8f1RMU

as well as other maritime e&rchers all over the world. It contains origiredearch works dealing with
thetheory and practice aharinescience and studies. Thamurnal seeks to foster the exchange of new
ideas and information. The scope of jbisrnal covers a full range of rmrch, analysis, design, operation
support technology andolicy related to marine science issum® included within the scope such as
Marine SpatiaPlanning (MSP), Marine Protected AssdPA) and Marine Biotechnology.

It is hoped that tharticles published in this volume will contribute largely to the reseancimarine
sciencdssues and benefit the maritime communities both at home and abhestiindard of the articles

is evaluated on technical quality, relevance and importanceagdrials, the interest of readers and
timeliness through peer review. Independent experte provided the authewith critical commentary
and suggestions to improve their fipalpers prior to publication. The authors had to certify that submitte
manusdipts had nobeen published previously or submitted for publication elsewhere, and did not viola
anysecurity, proprietary or copyright restrictions.

The Editorial would not be completed if we do not record our gratitude to the Chie
Adviser, Rear Admiral M Khaled Igbal (retd), Vic&€hancellor, BSMRMU, whose
invaluable guidance was always with the Editorial Board. We forward our deepest apprécidtien
distinguished reviewers for their hard work and relentless support. We alsdhbahdtvisoryBoard for
their valuable guidance and support. Despite all efforts, toilsiandrity, unintentional errors in whatever
form may not be unlikely in the appearanceéhaf Journal. We fervently beseech the readers to pardon L
of such unnoticed slight€omments on the journal, articles as well as editorial policy are welcome ar
will be considered. We hope that the journal will prove its worth to a reader with an investigatde

an intellectual zeal, assiduous learning and academic yearning

Instr Commodore M Jashim Uddin, (H), BN
Dean, FE©Sand Chief EditorJEOS
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Abstract

Currently, researchers in medical aptiarmaceutical disciplines have been looking for alternative drug
sources for better specificity and less cytotoxicity and thus, heavily depend upon natural medicinal ple
seaweeds, marine micalgae, etc. to fulfill the pharmaceutical demands. In im@rhabitats, both
seaweed and microalgae serve as the component of bioresources, but a very few of those are explo
a source of food, fodder, medicine and valuable chemical ingredients. In the backdrop of current con
of 6EBcl ouneo my 6 ,resduttes ofahke Bag df Bengal deserve a scrutiny, so that their potentiali
could be identified and used. The present review has been aimed to explore the various marine alga
over a global scale. Of the algal bioresources, the Genus: Cladophompsiesenincludes green
filamentous marine algal species growing naturally in the coastal belt of the Bay of Bengal. The pres
review reveals that the species is promising with its pharmacological values due to antimicrobial, al
cancer, antioxidant cytotoxic, antiaging activities and so on. So, to ensure its future use, an attempt h:
been made to compile the latest pharmacological information on Cladophosgpb&sed on recently
published scientific information. This review study will pave tey to satisfy the substantial

pharmacological knowledge on Cladophoropsip.

Keaywords: Cladophoropsisp., pharmacology, Bay of Bengal, seaweeds, marine algae.



1. Introduction

Seaweeds represented a virtual component of the maringstsras and are important natural resources
from the oceans (Rosemary et al., 2019; Ismail, 2017). Marine algae may be microscopic or macrosc
and usually grow in the pelagic and benthic regions of the seas. Among the benthic forms, some
microscopidout appears as attached green layer on pebbles, stones, submerged portion of mountain \
etc. Still there are some multicellular macroscopic benthic forms which are large enough to be recogr
by naked eye (Salehi et al., 2019; Bhadury P., 2004 pendegarded as the kingdom Protista. They are
broadly classified into three group$®rown algae (Phaeophyta), green algae (Chlorophyta), and red alg
(Rhodophyta) (Rothe, 2012).

Mostly, the macroscopic forms i.e., seaweeds are being used as foodhatawal for cosmetic,
pharmaceutical, medicinal and industrial purposes, high contents of vitamins, carotenoids, essential
acids, minerals, polysaccharides and proteins alongside with their significant ecological ¢
environmental role in the natu(&alehi et al., 2019; Elshazoly and Fawzy, 2018). Some invasive
macroalgae produces many bioactive compounds for their adaptation, which are of great pharmacolo
values (Morshedul, 2020; Maximo et al., 2018).

Decreasing natural resources and feedurity became the global concern now a days. Billions of peopls
suffer from malnutrition and as an additional support of natural drug, people are looking for alternai
sources. In this context, marine maalgae seem to be the promising solution tceeirtbe growing

demands and requirements (Aroyehun et al., 2019). The costs of the seaweeds have been predict:
calculated that are about US$10 billion per year through the products of direct or indirect human t
(FAO, 2013; Bixler and Porse, 2011hd largest consumers of seaweeds as food are Japan, China &
Korea and they consume about (5%) of green algae, (66.5%) of brown algae and (33%) of red alg;
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their daily diets (Ismail, 2017). However, the demand for seaweed as food has changed \atibrmigr
around the world such as in some parts of the USA, South America, Ireland, Iceland, Canada, Scot
France and so on. Moreover, seaweeds are used as a source of hydrocolloids (McHugh, 2003), anime
(Hasan & Chakrabarti, 2009), fertilizer (Sailest al., 2019), cosmoceuticals (Thomas & Kim, 2013),
neutraceuticals and health supplements (Salehi et al., 2019; Pal et al., 2014; Parthiban et al., :
Manivannan et al., 2008), detoxifiers (Kumar, 2011), biofuel (Sharma et al., 2018), wastewttezrite
(McHugh, 2003) and so on.

The growing demands allow the scientists to find out new variants of seaweed species for human we
Species under the Gen@adophoropsiBgrgesenusually grow in the coastal marine habitats, possesse
number of parmaceutical as well as nutritional values. Though there are adequate natural source
drugs, but scientists are still looking for more effective ones with least side effects and more specifi
its target. Keeping this objective in mind, an attempt Ibesn taken in this review to compile the

pharmacological impact @ladophoropsispp. based on scientific literature survey.

2. Marine algae in Bangladesh

The first classical work on the marine algae of Bangladesh was published by Islam (1976). In his boc
total of 165 species under 77 genera of marine algae were reported from the St Martins Island in the
of Bengal and from the adjacent areas. Théeeathe Encycolpedia of Flora and Fauna of Bangladest
covered all the marine algal species from the groupsdieen, green, brown, diatoms, dinoflagellates,
and redalgae published until 2008 in Bangladesh (Siddiqui et al., 2007; Ahmed et al., 2098, 3atker

et al. (2016) reported that there are 193 seaweed species in Bangladesh belonging to 94 genera inc
19 commercially important ones. He also reported that most of the species having commercial import
remain unutilized except a few arensumed by the ethnic peoples of the area. About 60 seaweed spec
are found in Sundarbans, 155 species can be f
Island between from October to April, but they are mostly abundant in Jaousigrch (Sarkar et al.,
2016). Asurveyonsubi t t or al seaweeds in St. Martinos
taxa 11 under Chlorophyceae, 14 under Phaeophyceae and 12 under Rhodephydkaeisland and
their distribution, abundancand diversity depend on temperature, locations etc. (Billah et al., 2018
Although this study was published in 2018, the samples were collected in January to June, 2007. A
survey in April, 2013, which was published in 2015, reported two new taxa Béeophyceae (Aziz et

al., 2015). The presence of 197 seaweed species (95 red algal species, 46 green algal species and 5¢
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algal species) in Bangladesh was mentioned (Aziz et al., 2015). So, it might be said that the repor
seaweeds as well asarine micrealgae of Bangladesh are far from complete, rather, new reports me

always be added to the existing list.

Cultivating and exporting edible seaweeds can earn a lot of foreign currencies for Banglad
(Bhattacharjee et al., 2014). In additiame of the opportunities of integrated aquafarming here can b
the production of valuadded products such as biofuels from seaweeds (Shefat et al., 2018). The p
coastal community of Bangladesh may boost their income by cultivating seaweeds, bt swcsassful
largescale seaweed mariculture system is established here right now and the local inhabitants ha
idea when such an industry can be a possibility (Islam, 2017).-8ocimmic factors (political and legal
system, economic demand and pretchn cost), biological factors, environmental factors, technological
and scientific knowledge can influence the fate of seaweed cultivation (Ahmed et al., 2005). Lack
scientific knowledge, proper technology and skilled manpower are some of the nadjengds of such
projects in Bangladesh (Ahmed et al., 2005). Fortunately, some studies are now identifying sites sui
for seaweed cultivation in Bangladeshi coastal areas. For example, feasibility of seaweed cult
especially the cultivation of reskaweedHypneaspp.,Halymenia durvilleBory, Gracilaria canaliculata
SonderAsparagopsis taxiform Del i | e) Trevi s in St. Martin | ¢
and in some other places of the coastal region is being carried out (Hoq et al., 2016; Islam et al., z
Hossain et al., 2020). Till now, only very few reports with pharmacabgdficacies have been
scientifically reported using the seaweed samples from the Bay of Bengal, Bangladesh (Rahman ¢
2021; Islam et al., 2020; Ahsan et al., 2020).

3. Bioactive compounds of seaweeds

Seaweeds produce a variety of products withfamgal activity including algal gambieric acids A and B,
phloroglucinol, phlorotannins, rutacridone epoxide, lipoprotteins, and lactones (Pérez et al., 2016; Che
et al., 2014; Lee et al., 2010; Meepagala et al., 2005;). Seaweeds contain stable exadtlakitlants
compounds such as ascorbic acid, glutathion carotenoids etc. (Kakinuma et al., 2001; Yan et al., 1!
Fucoxanthin, astaxanthin, carotenoid, phenolic acid, flavonoids, tannins are potential antioxidant
exhibit higher antioxidant activés (Jayabarath et al., 2015) and have potential role in preventing radic
formation chelating metal ions, improve the internal antioxidant system under stress conditions and prt
the body from (ROS) C a u s e-daroene agity agaisst career diseasesa
(Il'smail, 2017). Al so Phenolic and FI| av-towpherd s
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(El-shazoly et al., 2018). Phlorotannins show great pharmaceutical potential (Rosa et al., 2019)

polyketides, peptideshikimic acid derivatives shows potential apoptotic effect (Ercolano et al., 2019).

4. Pharmacological activities of seaweeds

Seaweeds have potential antibacterial, antiviral, antioxidant, immunomodulatory, immunostimulati
hypolipidemic, cytostatic, dithrombotic, anticoagulant, antiinfection, antitumor, antiangiogenesis, pro
apoptotic potential, antiinflammatory, antihelmintic, antihypertensive, antifouling, antidiaton
antimacrofouling antiallergic, antiprotozoal, antimelanin forming, antifeedemnyl@at antityrosinase,
antiangiogenic, antituberculosis, antidiabetes and prevent hepatitis, give neuroprotection, hyaluroni
enzyme inhibition, telomerase inhibiting activity, MMPs inhibition activity, cure bone related disea:
among other positive fefcts in the organism (Morshedul, 2020; Ercolano et al., 2019; Noorjahan et a
2019; Rosemary et al., 2019; Saha et al., 2018h&toly, et al, 2018; Ismail, 2017; Mayer et al., 2017;
Xu et al., 2017; Pérez et al., 2016; Cheung et al., 2014; Pal 2084, Thomas, et al., 2013; Kim et al.,
2005; Kanegawa et al., 2000).

5. Characteristics ofCladophoropsisp.

Cladophoropsisp. is a marine green algari¢y. 1) with cushions or mats composed of erect, bilikeh
tufts, tightly or loosely entangledldiments or knitted filaments, knots of fickle morphology, related to
sponge tissue, crosgall at branch can be absent, present or occasionally present, tenacular cells
generally absent but occasionally present in some species (Leliaert et al.,G®)1Typically it grows

on intertidal to shallow subtidal rocks that are saxpposed and are attach by rhizoids (Leliaert et al.,
2011) and also found in rocky coastlines throughout the tropics and subtropics as well as on coral |
(Van Der Strate adl., 2002; Kooistra et al., 1992) and seen feed by Damselfish (Hinds et al., 1987).

Figure 1. Cladophoropsis sp

(www.guamreeflife.com/speciad-v2/algae/greemlgae/#!enviragallery7232241)
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In Bangladesh, under the gemdkdophoropsisonly one species has so far been reported from the S
Martinds | sl and oGladaphoeopsB aopustietcheB&M Ig &drdner (Istam,il%/6;
Ahmed, 2008). Thallus forming tufts with profuaed irregularly branched filaments, basal cells acting
as nodes, younger branchlet aseptate, cells short with thin walls, vegetative cells measure at maximt
pm in diameter and 107 pm long (Islam, 1976).

6. Pharmacological potential ofCladophoropsispp.

The phylogenetic tree based on 18S rRNA gene sequence analysis shows that significant con
morphological characteristics of the algal Germdsidophoropsignatches mostly with geniogalonia,
Cladophora ChaetomorphaSiphonocladuandMicrodictyon(Kapraun 2007; 2005). Species within the
genusCladophoropsidiave had a long history of baffling confinement. The allozyme studies have shov
little variation and also ilCladophoropsis membranace@idofmanBangex C. Agardh) Bgrgesen, but
the relationstp between reproductive strategy and population structure rarely explored (Van Der Strat
al., 2000; Sosa et al., 1999; Kooistra et al., 1991). They observed high molecular weight DNA using
axenic batch culture &. membranaceiom Tenerife, a studgonducted by using samples from Canary

Islands.

6.1. Cytotoxic and anttancer/antitumor activity

Accumulating data suggest that there are a number of pharmacological poter@Giaidophoropsispp.
(Table 1). Recently, Islam et al. (2020) showed a significant cytotoxic effect using both ehtanolic a
methanolic extracts @Zladophoropsisp. isolatd from the Bay of Bengal and they performed this study
by using brine shrimp lethality assagladophoropsissp is one of the most active algae in terms of
cytotoxic effects on cancer cell lines (Erfani et al., 2015; Shalaby, 2011). Sadwphoropsisp. shows
selective cytotoxicity against cell line and in Murine Leukemic model (Harada et al., 1998; Harada et
1997). (Harada and Kamei, 1997) described tiZEgdophoropsis vaucheriaeformiGAreschoug)
Papenfus®xtract have most prominent selectiwgotoxicity to Murine leukemic cell lines. At a low
concentration of 5O0.vaudpdriaeformishdesGttbngeyatorictycagainst £1210
cells, low cytotoxicity to NIH3T3 cell line and no cytotoxicity to any human leukemic cell linggteis
that study. At a higher concentration of #4400
cell lines (human leukemic cell lines) and Murine leukemic (L1210) and normal cell lines3(NIH As

it shows activity at lower concentration, the di dn ' t find selective c)
14



Methanolic extract ofC. vaucheriaeformishowed high viability (86%) to normal cells (NHBT3),
showing selective cytotoxicity to tumor cell (L1210) and showed its cytostatic activity instead
cytocidalic activity. They also assumed to have novel and valuable antitumor substance with no clin
side effects o€. vaucheriaeformiHarada et al., 1997). Harada & Kamei (1998) further investigated the
methanolic extract ofC. vaucheriaeformigxhibited cytotoxicity more selectively to L1210 cells at
concentrations ranging from8000 € g/ ml . The maxi mum cytot oxi c
50 eg/ml at which the growth of L1210 cell s w
3T3. This was also indicated th@at vaucheriaeformisnight contain a unique and low or no side effect
antitumor substance that is of low molecular weight and soluble in MeOH with selective cytotoxic activ
against L1210 cells. Erfani et al. (2015) amsed thatCladophoropsisp.could be a good candidate for
obtaining novel anticancer substand&ssides, itvas the most active alga having highest cytotoxic effects
on the investigated cancer cell lines. Thgg®@alues were 66.48 + 4.96, 150.86 + 51856 d >4 00
for ethanolic extract ofladophoropsispagai nst MDA MB 231, MCF 7 a
Cladophoropsispe x hi bi ted an 80% cel |l growth inhibit
of 100 eg/ ml . Th e ycytatdxis efects ornuestrdgemmegateve peast amcer cell line
in comparison to estrogen positive cells, which suggest that the ext@ldafphoropsisp may have

an estrogen receptor/ progester one rwtikipitoon.r i

Table 1 List of pharmacological potentials 6Gladophoropsispp.

Species Pharmacological Solvent of extract  References
activity

Cladophoropsisp.  Cytotoxic Ethanol & Methanol Islam et al., 2020

Cladophoropsisp.  Cytotoxic & antt Ethanol Erfani et al., 2015
cancer/anttumor

Cladophoropsisp.  Cytotoxic & antt 1T 71 Shalaby, 2011
cancer/anttumor

C. vaucheriaeformis Cytotoxic & antt Methanol Harada et al., 1997
cancer/anttumor

C. vaucheriaeformis Cytotoxic & antk Methanol Harada & Kamei,
cancer/anttumor 1998

15



Cladophoropsisp. Antioxidant Ethanol & Methanol Islam et al., 2020

Cladophoropsisp. Antioxidant & T Santoso et al., 2004
pro-oxidant
Cladophoropsisp. Anti-oxidant, lipid Ethanol Moein et al., 2015

peroxidation
inhibition, Vitamin

C supplement

Cladophoropsis Anti-oxidant T Kim et al., 2005

zollingeri (Kutzing)

Reinbold

C. gracillima E.Y. Anti-bacterial Methanol Allen & Dawson,

Dawson 1960

C. membranaceae Anti-bacterial [ Wiebe H.C.F.
Kooistra et al., 1991

C. zollingeri Anti-bacterial [ Kim et al., 2005

Cladophoropsisp.  Anti-fungal activity Ethanol Mickymaray &
Alturaiki, 2018

C. membranacea No antifungal 1 1 Welch, 1962

activity
C. zollingeri Anti-aging Methanol Kanegawa et al.

2000

A~

I i not menti oned.

6.2. Antioxidant activity

Islam et al. (2020) also clarified the significant antioxidant effect o€lhdophoropsisp using DPPH
antioxidant scavenging method (Islam et al., 2020). Antioxidant activity was also reported by anot
group using samples from another sea and they showed that polyphenols prE€saddpmoropsisp.

16



shows potential antioxidant activity andt as preoxidant (Santoso et al., 2004). MeOH extracts from
seaweeds contained many kinds of polyphenols. In the absence of ferrous ion, MeOH extraCts frol
vaucheriaeformisignificantly promoted POV of the emulsion by 3 h incubation as compared tolcont
but the chelating ability of MeOH extracts from seaweeds excludingaucheriaeformigncreased in
accordance with the period of incubation (Santoso et al., 2004). Moein et al. (2015) tested the antioxi
properties ofCladophoropsissp. and other lae by determining the reducing power, NO radical
scavenging, inhibition lipid peroxidation, phenolic contents and also protein content. 90% Ethanc
extract ofCladophoropsisp.showed the highest reducing power ability (concentration 1.48+0.04 mg/n
with absorbance 0.5). The lipid peroxidation inhibition was 79.29%, which was higher compared to
standards, BHT (66.86%) and Vit C (64.06%) after 10 days. The total Phenolic content was as hig
2.19+ 0.08 mg/g (higher than the standard), 19.5+3.3%r&ifical scavenging and protein content
2.49+0.113 g/100g ofladophoropsisp. biomassvas also highest among the others. They considerec
the Algae as a potential source of food. Kim et al., (2005) foundCthaollingerishows potential high

antioxidantactivity.

6.3. Antibacterial activity

Methanolic extract o€. gracillimashows positive inhibition on bacterial growth&fsubtilis, S. aureus
and M. smegmatisand negative inhibition orE. coli and P. aeruginosa(Allen et al., 1960).C.
membranaceaereates axenic algal culture on treatment with cefotaxime (Kooistra et al., 1991). Kim
al. (2005) found that. zollingerishows potential antibacterial activity agaigstcoli, B. subtilisandS.
aureuswith the nhibition zone (diameter) of 3.00+0.32, 9.00+0.02 and 5.00+0.24 mm respectively. Th
also found that seaweed extracts exhibiting high phenolic content had broad activity against the tz

microorganisms.

6.4. Anti-fungal activity

Excellent hindering p@ncy was shown b§ladophoropsisp. against diversified fungal pathogens that
may be advantageous to combat fungal infections and to recover from the chronic asthmatic s
(Mickymaray et al., 2018). Previouslg§. membranaceahowed no significant funganhibition or
stimulation (Welch, 1962) but later on some of the ethanolic fracti@feafophoropsisp showed better

in the reticence of the growth of fundspergillus nigewvan TieghemCandida albicangC.-P. Robin)
Berkhout Mucorsp., Paecilomycgsp with a moderate zone of inhibition (Mickymaray et al., 2018). The
minimum fungicidal concentration and MIC values of the ethanolic fractioG$aofophoropsisp.were
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observedtobe 128 000 ¢eg/ nib0AGnd gl bk, respect i vienhibitionwi t
(10.6'11.6 mm) (Mickymaray et al., 2018).

6.5. Antiaging properties

Marine algae extracts shows potential telomerase inhibiting activity. MeOH extr&&t ofllingeri
showed the potential telomerase inhibiting activity (Kanegawa et al., 2B@Q)sing nonradioisotope
telomeric repeat amplification protocol (N®ITRAP) assay using human leukemia MG4Tells, they
confirmed that the methanolic extract from this spestesngly inhibited telomerase activity, which

supports antaging role of this seaweed.

7. Conclusions

Mostly, research on marine products has major unexploited potential with possible significant advanta
Cladophoropsispp.has huge potential agpharmacological agent to develop alternative safe drug. Dee
research on this seaweed would pave the way of new window for further investigation of biologists
unveil various novel bioactive compounds for human welfare. The Bay of Bengal, the vastground

marine resources has yet to be explored and the application of biotechnology to marine biodive

remains poorly developed. Systematic and comprehensive investigation and research are also essel

Identification of the more potent antiicrobal, antioxidant and cytotoxic components as well as other
potential bioactive compounds isolated from marine sea@éstbphoropsispp.and further studies of

their molecular structure, mode of action, selection dosses will contribute a significargsgrdor

pharmacological applications, which will also help to extend the field of blue economy concept. The r
doorstep of the current research should be to bring into account the single species of the marine G
CladophoropsisC. robustawhich growsnaturally in the St Martins Island of Bangladesh. The species
could be collected, verified, and tested for its various pharmacological properties via establishing ax

culture.
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Professor ftab Alam Khan

Abstract

Fossil fuel burning is blamed for global warming and climate change and responsible for the occurre
of all natural hazards. Geopolitical and psegdoi ence based O6éprediction
humaniy 6 i>doncén@ation in the atmosphere from fossil fuel burning is continued. The present glo
notion displays an increased atmospheric temperaturé®fribre than the temperature of the-pre
industrial time by 2100 AD. Understanding the science of climate change, present study has detern
that climate system bear no significance to fossil fuel burning, global warming and natural haza
Climate changes an independent universal phenomenon that prevailed in the past geologic time :
cycled between glacial and irtglacial phases. Global warminglated hazards are the result of the
changes in the atmospheric and ocean circulation derived from iedneager vapor concentration in the
atmosphere influenced by the solar radiation based global warming. Climate change in the global col
is not a science but a concept that may circulate international diplomacy and domestic politics. The
crucial eement of human civilization profoundly depends on the application of transparent science :
technology. If science and technology are driven by the mixture of ignorance and power, that will lea:
disaster. Greenhouse gas concentrations in the atmospiaret interfere with the climate system.
Climate system is not related to and does not depend on the anthropogenic interference. Major thre
the holistic maritime development are not the climate change, but the natural hazards both geologica

atmospheric including pollution.

Key words: Climate Change; Global Warming; Natural Hazards; Maritime Development.
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1. Introduction

Climate system interacts with the changes in the atmosphere, ice, ocean, land surface and veget
Thesec hanges occur due to the external for cohasg
been wrongly targeted as the most heat trapping greenhouse gas due to global warming. Concentrat
greenhouse gas in the atmosphere is increasing ddeetbemperature rise, but there are several
greenhouse gases that occur in the atmosphere. The most dominant greenhouse gas in the atmosy
the water vapor with the present concentration of about seventy percent responsible for most heat tray
Climate change fantasy has failed to bring any good to the Earth since its ratification in 1994. Z
emission of C@Qhas remained a slogan, on the other hand, global energy demand has increased r
folds for the population of more than seven billion insegbfrom one and half billion during piredustrial

time.

% d

NOT ASINGLE ENVIRONMENTAL PREOICTION (cwer
OF THE LAST 50 Years HAS COME TRUE

s

PARTH DAY 2020"

o CIVILISATION STILL EXISTS @ LIFE EXPECTANCY RAS INCREASED BY 308 To 31 # EXTREME Povertry BAS HALVED
# INFANTMORTALITY RASDECREASED BY 72X P AIR PoLLUTION NAS SHARPLY DECLINED

# FOOD HAS INCREASED FROM 2,300 CAL PER PERSON ADRY TD 2,700 DESPITE POPULATION INCRERSE
@ CHINA ENPED 115 ONE CHILD PoLICY LAST YEAR. » IAS DIl » GAS ARE ATTREIR HIGHEST LEVELS SINCE 1972
AND THE US CONTROLS THE NORLDS LARGEST UNTAPPED RESERVES ¢ WORLD DEMOCRACY NAS RISEN 5348
» AVERAGE STHooUMNE HAS INCRERSED FRom 39 To T4 YEARS,A 1158 INCREASE. ywpf.com/earth

day-trackrecoranoneot-the-aoomsdaypredictionsor-tne-lastoU-yearsnavecometru e/

Not a sngle climate impact prediction so far came true in the last 50 years (Earthday 20z
https://lwww.thegwpf.com/earitiay-track-recordnoneof-the-doomsdaypredictionsof-the-last 50-
yearshavecometruel. Climate change related cartoon of predictions are shown in the Fighoadern

of global warming is not an environmemtternational climate policy is not a environmentaligy.
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Il nstead, climate change policy seems to expl
Climate is determined by the atmospheric circulation and by the interaction of large scale ocean curr
Hence, we can divide the entire Eartls@veral climatic zones such as polar, desert, tropicalrspizal
and equatori al climatic zones. Al |l -gtlhaecsiealcol if
climate cycle. In order to attribute all the existing climatic zones oftheeatto fAcl i mat e ¢
it is necessary to change all the climatic zones to another climate zone. But, what we see that a
climatic zones of the earth are unique in their occurrence. Further, according to the IPCC, climate ch.
35 of commissioning
e zone and vise
lynamic system,
fith the oceans, la
narkedly over the
hibits uncertaintie:
Acl i mat e

development of

the maritime sector. Climate is not changing in the scope of its definition. Rather, pattern and trend o
atmospheric hazards are changing. Do we call it a climate change? Climate system, as defined in the
IPCCWorking Group | Assessment Report is an interactive system consisting of five major compone
the atmosphere, the hydrosphere, the cryosphere, the land surface and the biosphere, forced or influ
by various external forcing mechanisms, the most itaporof which is the Sun (Fig. 2)(Courtesy:
https://spaceplace.nasa.gov/spaceweathgridence, it needs changes in all teemponents of climate
system viz., atmosphere, hydrosphere, cryasphtand surface, biosphere, and external forcing
mechanisms. Solar flares and coronal mass ejection (CMESs) are the most powerful explosions in our
system. Coronal mass ejections can bl ow out
cause auroras of light circling the North and South poles. Global warming can stem from an increas

the sunbdés acti vi tchmate sygemiwhichis payeredtbyesolav enargyi(Fegr 2).
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Figure 2: (a) Coronal mass ejectionsfrom$hen i nt erfering Earthds mai
stems from an increase i n -dlhiemastuen 6ssy satcd mov i g oyw
(Credit: NASA/Walt Feimer).

2. Solar Activity and Global Warming

Our Sun is a huge ball @lectricallycharged hot gas. This charged gas moves, generating a powerd
magnetic field. The Sun's magnetic field goes through a cycle, called the solar cycle. The solar cyc
the cycle that the Sunds magn €l years. Solaradtidty ireases
with the increasing sunspots. Most of the visible surface of the Sun has a temperature of alSGut 54(
The temperature of a sunspot is still very hot thdughound 3,608C. The magnetic fields are so strong
that they kep some of the heat within the Sun from reaching to the surface. During the solar cycle th
is a phase of solar minimum and heat radiation from the Sun into the space become maximum whicl
induce heat in the atmosphere for temperature rise. On tirbariole Earth can experience cooling during
solar maximum. Solar flares and coronal mass ejections (CMES) are the most powerful explosions ir
solar system. Giant eruptions on the Sun, such as solar flares and coronal mass ejections (CMES)
increaseduring the solar cycle. These eruptions send powerful bursts of energy and material into sy
that can have effects on the Earth. Solar flares release a lot of radiation into space. If a solar flare is
intense, the radiation it releases can hafextf on Earth. Solar scientists are now increasingly forecastini
a period of very low activity that will commence in the next few years (by around 2020 to 2025). This v

lead to climate cooling like Little Ice Age condition.
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Figure 3:350yr record a) Maximum sunspot numbers b) Northern hemispherailatemperatures.
16301721 Maunder Minimum (blue bars), 192808 C20th Maximum (red bars), 1957 peak (red), 1986
transition (green bars). (Based on data of De Jager et al (2010) rdgrddatthews and Matthews, 2014).

According to De Jager et al (2010) climate research wrongly assumed atmospheriepamation at sea

as over land and ignored salinity and temperature dependence of density of the seawater. In
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observations show twdlifferent heat capture and evaporation regimes exist dependent on surfe
temperature and salinity. The tropical North Pacific is temperature dominant, but other tropical ocean:
salinity dependent. Incident solar radiation is cyclical and greenhousdGidG) heatapture is
exponential and cumulative. The rate of Gld&ised climate change is disputed and not quantitatively
evaluated. A target limit of total atmospheric temperature rise of <2°C is based on doubling of total car
emissions from the Igpterm stable 280ppm to 560ppm. Further, De Jager et al., (2010) showed thi
grand episodes in sunspot numbers calibrated to total solar irradiance: tiE72863@aunder Minimum,
the Regular Episode, and 192808 C20th Maximum. Thasing temperature &nd coincided with the
abruptfalling trend in solar irradiance/sunspot numbers (Fig. 3) indicating solar influence of glob
warming.Earth temperature is also influenced by intermittent wobbling, change in tilting, axial obliquit
aphelion, perihelioneccentricity, declination, polar wandering of the Earth in the solar cycle related 1
Mi |l ankovitch cycle (Fig. 4). Mi Il ankovitch cy
who was Serbian geophysicist and astronomer that describe théivekdtects of changes in the Earth's
movements on its climate over thousands of years. Variations in eccentricity, axial tilt, and precessior
result in cyclical variation in the solar radiation reaching the Earth. According to Berger (1988) quc
i @ong the longest astrophysical and astronomical cycles that might influence climate (and even an
all forcing mechanisms external to the climatic system itself), only those involving variations in t

elements of the Earth's orbit have been found toigrefisantly related to the lonterm climatic data

deduced from the geological recordo, unquot e.
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the rotation becomes oval. (b) Similar eccentricity pattern occurs for the entire solar system as the :
cycle in 100,000 years wherein half of the time of the solar cycle remathe itontraction mode for
interglacial period; and half of the time remains in the expanding mode for glacial period.
Eccentricity is the shape of the Earthos orb

Warmer Earth (Summer season)amtorbital distance from the Sun is less and the portion of the rotatio
path becomes oval. Winter season occurs when the portion of the orbital distance from the Sun is gr
and portion of the rotati on patrotatidnesciltzdres & rotatés|
around the Sun, known as obliquity. Obliquity angle varies betweeh &&1124.8 perpendicular to the
Earthos orbital pl ane in about 20,500 years.
due to moe solar radiation received by the Earth during summer when it is tilted toward the Sun. Similal
eccentricity pattern occur for the entire solar system in about 100,000 years wherein half of the tim
the solar cycle remains in the contraction moderfarglacial period; and half of the time remains in the
expanding mode for gl aci al period (Fig. 4b)
atmospheric hazards those occur within the global climate system but can not change the climgte. H
the changes in the weather pattern, and, atmospheric and ocean circulation are dependent on the cl

in the global temperature caused by the orbital fluctuations in response to the solar cycle.

3. Global Warming Quandary

Global warmingisaslow ncr ease in the average temperatu
amount of the energy (heat) that strikes earth from the Sun is trapped in the atmosphere and do notr
out into the space. Global warming is the phenomenon of increasingy@setamperatureof certain
time period in comparison to the previous av:i
anoma y 0 .

According to IPCC (2013) the interval between 1880 and 2013 was the time of increased global ave
surface temperature of approximately 0.8°C. It is predicted that by the entiagfr2dry the global mean
surface temperature would increase by 0.3 to 5.4°C. However, an average temperature rf& of (
between 1880 and 2013 can not justify the measure of global warming. Global temperature record o
last four thousand years exHhiblistinct downward trend of the temperature anomaly (Fig. 5a). Figure 5
shows the records of local temperature variability on reeititennial scales of the entire Holocene period
since 8000 years with an average temperature marked as thick dark linsefplot compares the most
recent two millennium of the average to other recent reconstructions. The inset plot clearly demonsti
no temperature rise. The graph in the Figure 5a is posted in the webs

https://commons.wikimedia.org/wiki/File:Holocene_Temperature_Variations.png
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https://www.britannica.com/science/air
https://www.britannica.com/science/temperature
https://commons.wikimedia.org/wiki/File:Holocene_Temperature_Variations.png

Figure 5: (a) This image is a comparison of 10 different published reconstructions of mean tempere
changes during the #@n millennium by Robert A. Rohde (2005) posted at
http://www.globalwarmingart.com/wiki/File:1000_Year_Temperature_Comparison.png  Actual
Medieval Warm Period (MWPand Little Ice Age (LIA) show in all the curves. Source of the graph by
Ray Kraft with references to the following links:
https://commons.wikimedia.org/wiki/Fildolocene_Temperature_Variations.png
https://en.wikipedia.org/wiki/File:lce_Age_Temperature.png
https://en.wikipedia.org/wiki/Global_temperature_record
https://www.currentresults.conmizironmentFacts/changem-earthtemperature.php

(b) The figure shows eight records of local temperature variability on-paiitennial scales throughout
the course of the Holocene, and an average of these (thick dark line). The data are for theoperiod
10000 BC to 2000 AD, which is from 12000 BP to the present time. An inset plot compares the
recent two millennium of the average to other recent reconstructions.(Sourc
https://www.iceagenow.info/temperatuiieavebeenfalling-for-8000years). (Eight different data
sources of the graph are : 1. dark blue, sediment core ODP 658, Ref. Zhao et al., 1995; 2. blue, Vostt
core, Ref. Petit et al., 1999; 3.higblue, GISP2 ice core, Ref. Alley, 2000; 4. cyan, Ref. Thompson et al
2002; 5. yellow, sediment core PL-BBPC, Ref. Lea et al., 2003; 6. orange, pollen distributions, Ref
Davis et al., 2003; 7. red, EPICA ice core, Ref. EPICA, 2004, 8. dark redpsdmpediment cores, Ref.
Stott et al., 2004)

The graph in the figure 5a is prepared by Robert A. Rohde, the lead scientist for Berkeley Earth, f
publicly available data and is incorporated into the Global Warming Art project. Most, but not adi, of t
original data is available fronmttps://www.ncdc.noaa.gov/datacess/paleoclimatologyata Palee
temperature reconstruction in the Figure 5b demonstrate that 400 years beserg global temperature
attained a peak cold condition representing e
a fAimedieval warm periodo. Figure 5b further
eight records of lo a | temperature variability does not
rise of 0.8Cbetween 1880 and 2013 in 133 years is only 0.3% signifying the Earth to maintain a v
stable temperature condition. Over the last 100 years, the average tamipea r e of t he a
surface has risen a little less than 1° Celsius (0.74 + 0.18°C). This rise in temperature is likely tc
responsible for the conspicuous increase in storms and raging forest fires. Increased magnitude of fl
on the eher hand, is not due to the global warming andated climate change but for rapid deterioration
of channel geometry to flow of water of abrupt influx of rain water. Data between 1998 and 2016 fr
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NASA shows an uniform amount of rain fall globally. e, an increased rainfall and inland flooding

can not be attributed to climate change impact.
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Figure 6: Global warming and cooling of climate system, intrinsically related to the glacial and ints
glacial period having distinefariations in temperature and other related weather components within ea
period. (Source: Kawamura et al., 2007).

Present world is passing through the interglacial period since approximately last 12,000 years (Fig
The Last Glacial Maximum (LGM) erd around 22,000 BP. Records of the last 450,000 years clear
t hat c h-glatigl pedod(Eigc &). The dimatid €
group of Koppen (1884) is occurring since Last Glacial Maxima (LGM) with concurmaimigti of

22.1+4.3 ka and 8+3.2 ka in the Northern Hemisphere and 22.3+3.6 ka and 7.4+3.7 ka in the Soult
t hat wi t h

show 6gl obal climate

Hemi spheres mat ches Earthds wobbl e
(Campisano, 2012N\hile, the abrupt climate events dietlast deglaciation are well defined in ice core
records from the polar regions of both the hemispheres. Based on 18ésvgltion paleoclimate records
to characterize the timing and spatial pattern of climate change during the last deglaciatidgasindic
relatively concurrent timing of the Last Glacial Maximum (LGM; peak glacial conditions) and th
Altithermal (peak interglacial conditions) in the Northern Hemisphere (22.1 + 4.3 ka and 8.0 + 3.2 ka)
Southern Hemisphere(22.3 + 3.6 ka and 7.4 = 8){Shakun and Carlson, 2010). This suggests that bott
the hemispheres were synchronized by greenhouse gases, local insolation, and/or Northern Hemis
induced ocean circulation changes. The magnitude of the glatémblacial temperature change
increases with latitude, reflecting the polar amplification of climate change, with a likely minimum glob
AcC) ng t he L Gither, eeiperatire las teen
relatively stable over the last two thousand years before 1850, with regionally varying fluctuations s
t he 6Medi a ntemperdiuee regdnstractioh e

in the Figure b demonstrates that 400 years before present global temperature attained a peak

mean coolingof( T 4. 9 dur i

as eval Warm Period?d
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condition representing a dlittle ice ageoO an
periodo. However, bot h 6 Medi etleltempaturmmanénely cuovel
(Fig. 7b) is absent in the temperature anomaly curve (Fig. 7a) posted
https://www.theguardian.com/environment/2010/@&hockeystick-graphclimatechange

Three observational aspects are very clear in the temperature anomaly curve of the Figure 7a, |
Ohockey stickd shape graph of abrupt l i near
temperatureor d representing OMedieval Warm Period
in the pattern of the temperature anomaly curve betweenbyegrar data from tree rings, corals, ice
cores, historical records and ydnryear data from thermortexs. The anomalous rise in the temperature
anomaly in the Figure 7a is questionable. The magnitude of the gilat@aglacial temperature change
increases with latitude, reflecting the polar amplification of climate change. The short term zig zac
temperatures over the past 100 years have been either cold or hot not just one way. For example i
1930s temperature was high to cause world record droughts and then in the 1960s temperatures b
record cold. IPCC predicted the rise in temperature veaed on a range of possible scenarios that

accounted for future greenhouse gas emissions since greenhouse gases are considered as heat tra
global warming.
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Figure 7:The fake temperature rise after 1998 shown by 'hockey stick' grapttedlf@oxy temperature
data from tree rings, lake sediments and ice c&eth MWP & LIA of the curve shown in the figure 7b
are deleted to show typical Ahockey Sticko c
https://www.theguardian.com/environment/2010/feb/02/hoaitek-graphkclimatechange

4. Fossil Fuel, CO and Global Warming

Studies of Antarctic ice core by Petit ef{H#099) and Kawamura et al (2007) is presented in the Figure |
that reveals global distribution pattern of temperature in celsiusinGgqpmv and dust in ppm for the last
400,000 years. All the graphs in the Figure 8 clearly demonstrate that the peak temper e v ar i

has attained earlier than the peak of.@fcentration level in the atmosphere signifying no. CO
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contribution for temperature rise. On the other hand,peak dust concentration in the atmosphere att
much earlier than the peaks afgerature rise and G@oncentration signifying contribution by the factor
other than fossil fuel burning both for temperature rise ang €@@centration. Further, rise in the dust
concentration is directly correletable to the peak fall in temperaturgysignmajor obstruction of solar
insolation due to dust cover atmosphere. As dust concentration has reduced, both temperatuse an
have increased signifying an external forcing for the increase. A critical observation in the graphs of
Figure 8 forthe last 18000 years reveals that none of the three components of the graphs are correler
The most significant relation of temperature, Gd dust concentration during the last 18000 years
revealed that the dust concentration is due to volcaniwitéesi that occurred much ahead of £0
concentration in the atmosphere providing evidence of €@centration from the volcanic eruptions.
Simultaneously, C®increment shows a negative correlation with temperature i.e., temperature sho
almost flat forthe last 10000 years but @@ontinued to rise (Fig. 8).
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Figure 8:Graph of reconstructed temperature (blue), @@een), and dust (red) from the Vostok ice core
for the past 420,000 years. A temperature cycle of 100,000 years is clearly envisatiesllasbA00,000
years peak C®concentration in the atmosphere attains later the peak of temperature rise while ¢
concentration was much earlier than bothb@@l temperature signifying causes other than €&lssion

for global warming. (Source: Peét al., 1999; Kawamura et al., 2007)

If COz rise is responsible for the global temperature rise, then why temperature remained flat within

fluctuation level between ®C and-2°C for the last 8000 years? The global temperature shows an unifori

patternfor the last 11000 years (Fig. 9). Further, the observed temperature anomaly pattern for the

8000 years (Fig. 5a) shows a downward trend :

evident that the global warming claim is not daehte fossil fuel burning and the source of Q®the

atmosphere is not the fossil fuel. On the otherhand; €®ot the principal greenhouse gas in the
37



atmosphere. The principal greenhouse gas in the atmosphere is the water vapor whibktwares 36

to 69 percent, while, carbon dioxide (g@anges between 9 to 26 percent only. So, it is clear that wate
vapor plays the most dominant role as the heat trapper and global warming. The science behint
dominance of water vapor in the atmosghes directly related to the solar insolation that can heat uf
surface water of the oceans for an accelerated evaporation and condensation in the atmosphere that
in an increased precipitation rate. Hence, an increased precipitation rate arldcaiisfag continental

flood does not mean a climate change and global warming. Since the last about 11000 years afte
glacial period at the beginning of climate optimum, the Earth has witnessed almost flat temperature re

with an insignificant chages of temperature between highs and lows (Fig. 9).

Climate and Human Civilization over the last 18000 years
Source: Vostok, Antarctica Air Temperature, relative to present, Petit et al (1999), Nature

Begining of the climate optimum Holocene Thermal Optimum
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Figure 9: Since the beginning of the Holocene climate optimum global temperature remained by and |
flat alongwith frequent rise and fall of temperature. (Source: Petit et al., B3989%e of the curve posted
in the following website.
https://andymaypetrophysicist.files.wordpress.com/2015/11/younger_dryas_tot gieseriine_updat
ed2.pdf

About 10,000 years ago the perihelion (Earth closest distance to the Sun) occurred in the Nort
Hemisphere summer and the summers were warmer and more humid than we see today (Fig. 4a)
was the beginning of the Holoceneefimal Optimum. Average near surface temperatures of the northet
hemisphere during the last 10,000 years exhibit several warm and cold periods including the present\
phase (Dansgaard et al., 1988E global warming scam by Vincent Gray (2008) postig¢he blog clearly
demonstrated that the present global warming is much below the entitdohoicene period for about
8000 years defying the claim of fossil fuel burning for the predicted global warming. Thedaludene
period for about 8000 yeadominarce of warm period has taken a downward trend and the Eart
seemingly heading towards another little ice age that prevailed at about 400 years ago (Fig.
Reconstruction of the past 5 million years climate history based on oxygen isotope fractidrizithic
80 records in deep sea sediment cores fitted to a model of orbital forcing from 57 globally distribu
sites (Lisiecki and Raymo, 2005) reveals that the temperature derived from Vostok ice cores follow
Petit et al. (1999) has a decreasirentl since 3 million years BP. This findings may indicate that global
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climate change interval between glacial and interglacial period is approximately 100 thousand years.
on global temperature and atmospheric.€@centration over the geologic time%50 Ma show very
high CQ values during the early Paleozoic, a large drop during the Devonian and Carboniferous, |
values during the early Mesozoic, and a gradual decrease from about 170 Ma to low values during
Cenozoic (Berner and Kothavala, 200@) the otherhand, average global temperature attained maximu
25°C and minimum 18C.Current global average temperature is arouffi€.12n interesting observation

of the graph constructed by MacRae (2008)fop Gahcentration in the atmosphere and theayeglobal
temperature for the last 550 Ma show no correlation between the two (Fig. 10a).

CO. concentrationin the atmosphere and the average global temperature are the two independent var
showing by and large an opposite relationship betweemthproviding strong evidence and support that
fossil fuelis never responsible for the global temperature rise and an increasedr@@ntration level in
the atmosphere. Reconstruction of the average global temperature is made by the paleogeographe
lap project (Fig.

to Berner and
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http://www.scotese.com/climate.htm

Figure 10: (a) Carbon dioxide (GPlevel is represented by the black line, and the temperature i
represented by the red line for the last 600 million years (Source: Dat®é&arar and Kothavala, 2001;
Graph from MacRae,2008Farbon dioxide does not show any correlation with tempera@@ fallen
steadily for more than 150 million years, while the planetary temperature stayed at 22°C until abou
million years ago. (b) Reconstruction of average global temperature is made by the paleogeographer
Scotese and posted in the webhittp://www.scotese.com/climate.htmmder a Paleomap project

5. Reality of climate change

An understanding of climatology requires an integrated study of solar physics, geology, geochemis
sedimentology, tectonics, palaeontology, palaeoecology, glaciology, meteorology a
oceanography.None of the above disciplines encompasses anthropology or anthropogenic proce
Hence, primarily it is necessary to disregard any anthropogenic relatioglim@tology. Climatology is
the study of climate science which is based on the scientific data of the factors that control climate sys
At the primary stage, climate sounds some phenomena or natural events associated with water, winc
temperatureThe source of water and wind is the at
depends on the solar activity. Hence,-relatbdeSinEea r
the variability of temperature of the Earth greatly degesrilthe rotational pattern and the distance of the
Earth with respect to the Sun, the atmospheric water vapor is very much conducive to the heat radiz
Similarly, temperature rise of the surface water of the ocean can increase evaporation ratarares enh
the water vapor concentration in the atmosph
about the future climate. Just over forty years ago in 1975, Geochemist Wally Broecker from-Lamc
Doherty Geological Observatory, now Lamd@hety Earth Observatory in New York published a paper
ent i ClimaidCha@nged Are We on the Brink of a Pronounced Global Warming?i n t he
Bci eBroeeke¥ (1975) The terms fAclimatic changed and

interchangeably. There i s no yiofgibbaltempetature.The grapb u

of surface temperatures from Goddard Institute for Space Studies (GISS) Surface Temperature Ané
(GISTEMP) ending in 1974 does not correlate with the cuniBraécker (1975)Broecker predicted an

overall 20th Centwr global warming of 0.8°C due to G@nd worried about the conseguences for

agriculture and sea level. However, no adverse consequences have occurred in agriculture, and se:

did not rise even after twenty years of declaration of global warming ands# rise.

40


http://www.scotese.com/climate.htm
http://blogs.ei.columbia.edu/files/2009/10/broeckerglobalwarming75.pdf

ACl i mateo refers to the average weat her -span t
and a certain area. Classical climatology provides a classification and description of the various clir
regimes found on Earth. Clate scientists have gathered detailed observations of various weatr
phenomena such as temperature, precipitation, and wind; and their related influences on the ocean ct
and in the chemical composition of the atmosphere. These data indicate thdludrece of human
interference since at least the beginning of the industrial age has been over emphasized into very fak
climate change. Climate is determined by the atmospheric circulation and by its interactions with the |;
scale ocean curresitClimate varies naturally on all tinseales. During the last million years or so, glacial
and interglacial periods have alternated as &
geological influences. But no scientific evidencasex supporting climate change due to human
interference. According to Koppen (1884); and Rubel and Kottek, (2010) climate is classified into fi
main climate groups, with each group is based on the seasonal precipitation and temperature patterr
five main climatic groups of Koppen (1884) are the tropical, dry, temperate, continental, and po
Weather pattern may change with the changes of rainfall intensity, and the duration of cold and hot pe
Intense rain fall may cause flooding, longer spéhigh temperature and no rainfall may lead to severe
drought, sudden temperature rise in the mountainous region of high latitudes may cause GLOF (gl
lake outburst flood) due to snow melts and avalanches. Temperature rise of the atmosphereaamheat
surface, popularly known as thermal expansion, that can generate more water vapor due to the evapc
of the ocean water. At the initial stage of atmospheric temperature rise, air gets lighter and moves t
higher altitude subsequently filled Ibglatively heavy air from the surrounding. Simultaneously, heatec
ocean surface that form light air can mix with incoming heavy air from the surroundings forming increa
water vapor. If the atmospheric temperature increases then the lighter air vallumeard more rapidly
developing a gap and the surrounding heavy air will move inward faster to fill the gap, thus can proc
turbulence or spiral atmospheric motion. When spiral motion is added to the evaporated water vap:
can form cyclone in the ean or without water vapor on land can form tornedo. So, it is the temperatu
that plays an important role in such atmospheric process. The intensity of temperature rise of
atmosphere can increase the intensity of the formation of cyclone or/anditartence, such changes of
the atmospheric behavior is not defined as climate change. Pacific Ocean surface temperature ch
may develop El Nino and La Nina that affect ocean circulation and may last for several years. Tt
extreme weather events ammply a variations in the weather pattern and do not signify climate change
KoppenrGeiger climate classification based on temperature and precipitation observations for the pe
19572000 and digital world maps for the extended period of 22010 to depict global trends in
observed climate and projected climate change scertdemenstrate an estimate of the shifts of climate

zones within the 21st century by considering different IPCC scenarios (Rubel and Kottek, 2010). |
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found that the largest shifts between the main classes of equatorial climate (A), arid climate(B), w.
temperate climate (C), snow climate (D) and polar climate (E) on global land areas 8ré 206E to
D),2.24.7% (Dto C), 1.82.0 (Cto B) and 2i13.2 % (C to A) respectively.The findings strongly support
that climate change does not occur in humiae tirame rather spatial climate zone of the earth may shif
by insignificant percentage which is natural.

Climate of the Earth as a whole depends on the factors that influence the radiative balance, such a
atmospheric composition, solar radiationl aolcanic eruptions. Impacts of volcanic eruptions on climate
Is important because it allows to make seasonal and-anteral weather forecasts following large
eruptions, provide support for nuclear winter and allows to separate the natural causasdetadal
weather pattern change from anthropogenic causes (Robock, 2004). Based on Antarctic ice cores,
detailed information is available now about the four full glacial cycles during the last 450,000 ieaes.
had been palaedimate changes sexal times in the geologic past wherein earth had undergone clima
change between glacial and interglacial cycle (Fig. 6; Kawamura et al., 2007). Each glacial and ir
glacial phase further shows ingphase temperature changes that may cause extrerieweaents.Graph

in the figure 6 clearly demonstrates that in the last 420,000 years all the global temperature level dt
inter-glacial period was much higher than the present temperature level (Petit et al., 1999). It is also
from the graph thahe temperature change from glacial to interglacial phase is abrupt while temperat
change from interglacial to glacial is gradual. The global temperature pattern of 420,000 years fur
exhibits the duration of present temperature level much longefl@n The last most recent abrupt rise
of temperature from glacial to interglacial did not occur due to any anthropogenic reason and it must |
required a natural forcing. Ruddiman (2013) opined that the early industriatl&0] of largescale
human contribution (the Anthropocene) is debated whereas theaegHyopogenic view recognizes large
impacts thousands of years earlier. Early forest clearance has caused much greatkrsipia
greenhousg@as emissions and global temperature changas tinose proposed within the industrial
paradigm. Atmosphere allows shawtavel engt h sunlight to reach
escape of longvavelength thermal infrared radiation back to spktiest of this heatrapping work is
done by watevapor, but without other greenhouse gases the water vapor would condense and precip
out of the atmosphere, turning the Earth into an icy ball with a cold and dry atmosphere. This mechal
seems most likely an acceptable scientific explanation faragmterglacial climate cycle. Carbon
dioxide (CQ) is the most importamon-condensingreenhouse gas. It can raise the temperature of th
at mosphere enough t o mai nt @imate ckaage ts badised by the factors
such as vaations in solar radiation received by the earth, plate tectonics, volcanic eruptions, and
temperature variations causing mice ages and warm phases within each climate cycle. All these facto

may change weather pattern temporarily but can neigehelimate.
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6. Natural Hazards and Maritime Development

Natural hazards are the main factors responsible for hindering sustainable maritime development anc
economy. Secondly, climate change that cycles between glacial andladied periods in huneéd
thousand years is not related to presiay scenario of natural hazards. Natural hazards, both geologic.
and atmospheric are intrinsically related to the geological and atmospheric processes. Geological pr
is controlled by the forces of tectonjcgedimentation, crustal motion, earthquakes, tsunami, volcani
activity, sea level rise and all other hazards in the ocean basins. Similarly, atmospheric hazard:
regulated mainly by the atmospheric temperature, pressure, wind circulation and ocekatiasir
Maritime related other potential hazards are: coastal erosion, mud diapirism, high formation press
slope instability, submarine landslide, turbidites, shallow gas escape, natural gas hydrates, sedimen
induced sand bar formation causibgckshore flooding, water logging and chock point development
Sedimentation, sardar formation and chock point development are the major causes for the deteriorat
of navigation routes and oceaimterland connectivity. The development strategy inntlagitime sector
should be addressed based on the performance of each hazard that may cause widespread damage
Mount Pinatubo erupted in the Philippines June 15, 1991, an estimated 20 million tons of sulfur dio»
and ash particles blasted more th@nk2n high into the atmosphere. The eruption caused widesprea
destruction and loss of human life. Gases and solids injected into the stratosphere circled the glob
three weeks. Volcanic eruptions of this magnitude can impact global weather patierimg¢ge amount

of solar radiation reaching the Earth's surface, lowering temperatures in the troposphere, and chai
atmospheric circulation patterns. Larggale volcanic activity may last only a few days, but the massive
outpouring of gases and asancinfluence weather pattern for years. Sulfuric gases convert to sulfa
aerosols, sumicron droplets containing about 75 percent sulfuric acid. Following eruptions, these aero
particles can linger as long as three to four years in the stratosplivetenéf et al., 1999; Stenchikov et
al., 1998). Among the most common atmospheric hazards cyclone, storm surge, back shore floo
saline water encroachment, coastal erosion are the most important. Coastal belts globally are t
potential threats of #se natural hazards. For a sustainable maritime and blue economy developmen
essential paradigm shift in the understanding efated climate change impact to real hazard potentiality
reduction is required. Globally, each maritime zone has its owgque hazard vulnerability. It is essential
to evaluate and address each such hazard separately to incorporate in the planning for sustai
development in the maritime sector. Very seldom the real threats to the maritime development du
environmentalpollution jeopardizing the entire ecosystem and biodiversity of the coastal belt
highlighted. Although, every development projects incorporate environmental impact assessment (E

component but the implementation of the EIA remains far behind the.stremeality, all kinds of
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pollution are far more the potential to evolve a ldegn disaster to the maritime sector than an
instantaneous geological and atmospheric hazards. Geological hazards occur relatively at a slow rat
the atmospheric hazard&lthough, CQ emission, global warming, polar ice melt and sea level rise are
the most concerned issues of the climate change, scores of studies evidently found that none of the
hazards signify climate change. Khan (2019) revealed that sea |évebiviise due to global warming
and polar icemelt because global sea level is perfectly maintained by the angular momentum
centrifugal force of the earthodés spinning an
climate change ecwept. Neither, inland and baskore flooding is the result of climate change.

7. Conclusions

Holistic maritime and blue economic development shall not be achieved in the context of climate cha
guandary. Climate is determined by the atmospheric circolatd by the interaction of large scale ocean
currents. Climate is not changing in the scope of its definition. It is not prudent to attribute natural haz:
with climate change fantasy. I't is not itahaed A
atmospheric, are the principal factors those may cause major adverse impact on to the holistic develoy
in the maritime sector. Earth temperature / global warming is influenced by the intermittent wobblil
change in tilting, axial obliquity,@helion, perihelion, eccentricity, declination, polar wandering of the
Earth in the solar cycle. G@oncentration in the atmosphere and the average global temperature are
two independent variables with an opposite relationship between the two pgostiding evidence and
support thafossil fuelis not responsible for the global warming and an increased¢Q@entration level

in the atmosphere. Threats to ocean environment, ecosystem, biodiversity, habitat, pollution, and o
related atmospheric hards are needed to address scientifically and not by only concept and imaginati
Climate system interacts with the changes in the atmosphere, ice, ocean, land surface and veget
These changes occur due to thefexteraald BSanot
maritime development are based upon four basic factors, a) the oceans are the source of all life on-
b) any further degradation of the environment and/or ecological damage is unaffordable, c) sustain
exploraton and exploitation of resources, both geological and natural, are necessary for {teenfong
survival and, d) good governance, transparency, safety and security in all activities related to mari

and blue economy development are of fundamental reqeirts.
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Impact of marine pollution in coastal areas of Chittagong and guide lines for mitigation
Eva Shilf, Dewan Mazharul IslamMd. Arif Mahmud

Abstract
A combination of human activities are responsible for marine pollution. It affects the health of the oc
and makes the coastadea vulnerable. Developed and developing countries both are affected by mar
pollution. Coastal regions and ecosystems are facing diversified environmental pressure throughot
world. Rampant discharge of industrial effluents, untreated sewageills) plastics, chemicals and
other hazardous pollution from ship breaking yard continually affect Chittagong coastal area. W
range of pollution in the coastal environment of Chittagong threats to the livelihoods of coas
communities and associatendustries pose a serious health risk to humans through contaminat
seafood and affects marine ecosystems. In this paper, the effort has been made to examine the
concerning marine pollution, identify the effect of pollution in the environment aggestipreventive
measures for minimizing pollution in this selected area through careful management. The stud
depended on data collected from both primary and secondary sources. Primary data were collected
structured questionnaires anddapth nterviews with top management engaged in maritime activities
the industrial sector, as well as marine professionals. Secondary data were sourced from publi
books, documents, reports, articles, and the internet. This study describes the major spalicti®
in this area and try to finds out the possible effects on the coastal environment. Poor laws anc
implementation are the major causes of pollution. In the end, this study states some recommende
for minimizing this problem. Those incluslentroduction of green tax, enhancement of safety culture.
installation of upgraded technologies, adaptive management;kwodsr cooperation, etc.

Keyword: Marine pollution, coastal environment, integrated management
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Introduction

Bangladesh is a riverine country. She stands in dignity with her dense population anc
boarded by Indian states to the west, north, and east. The southern part is open to the
of Bengal by sharing a boundary with Myanmar to the south. Chittagong tisein
southeastern part of Bangladesh with the blessings of the Bay of Bengal. About 734 |
coastline of Bangladesh, Chittagong has a coastline of 245 km with a 125 km long natt
unbroken sandy beach. (Khan et al., 2019). The combination of Mountainavictwea
beaches make this area more remarkable.
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The second largest city and also known as the pigrbEBangladesh and one of the busiest port which
handles 92% expeiimport trade of Bangladesh. According to CPA report, it handle 3,764 ship in 201!
2020 (CPA Ship Handling Statistics, 262020). This port is also used by India, Nepal, and Bhutan for
transshipment. So pollution from the ship is a serious threat to the Karnaphuli River and chittag
anchorage area through handling, transportation, ballast and bilge water, accident and also dumpi
wastes. Besides merchant's vessels, naval vessaisgfivessels, trawlers, river crafts and mechanizec
boats are also a source of different types of pollution. Karnaphuli is the main river of the Chittagong.
whole city is located on the banks of the river.

Pollution status in Chittagong

The coastal environment of Chittagong is contaminated by oil tanker traffic, harbor operations &
effluents discharged from petroleum processing. Sewage disposal by the rivers contains hi
concentration of Oxygen Demand and causes eutrophication, whichatas dead zone for fish. The
coastal environment of Bay of Bengal has also been affected by industrial discharges, waste |
agricultural and human activities like deforestation and irrational expansion of coastal shrimp farmi
etc. resulting in ecolgical degradation. Overfishing and dumping of discarded fishes and fishing nets
these areas are becoming a threat to the resourcefulness of the fishing grounds. Metal pollution and
organic compounds are the hazards for human healtengmdnment. The primary sources of marine
pollution which may create impact on Chittagong coastal environment basically comes from mariti
activities, people living in the coastal areas and industries along with coastline that can be cause
intentiond accidental pollution. Sources of marine pollution that is happening in Chittagong are descrik
below:

1. Ship source pollution

2. Land based pollution
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Ship source pollution

Shipping is one of the marked sources of the pollutants that polluteateewvays of Chittagong. There
are different sorts of unfriendly impacts due to these pollutions. In Bangladesh due to the lack of applic
laws and resource deficiencies of the concerned government departments, pollution by shipping
become common aident. For such operation of the vessels, the marine environment has been expose
massive pollution. The factor that related with Ship based pollution are discussed below

Pollution from fishing vessel

The fishing vessel is a main source of pollutiol€imttagong. A total of 205 registers fishing trawler are
running through the Karnaphuli River. They continuously dumping waste, garbage, sewage, Bilge W:
Materials washout from Deck and Engine Room, Processing wastage, solid materials (canpfilagtic b
discarded food waste, galley wastage, rotten fish, etc. other item such as discarded Fishing Nets
harm to the marine environment or create a navigational hazard. As well as fishing hampers the m:
Biodiversity in coastal areas by overfisgi ghost fishing, bottom trawling, etc. There is no sewage
treatment plants in fishing vessels, so all vessels discharge sewage directly in river water. Accordir
IMO standard all fishing vessels over 400 gross tonnage are required to be fittedywithtei separator
which ensures the oil content is less than 15 parts of oil to one million parts of water (15ppm). Fist
vessels over 400 gross tonnage must comply with the discharge regulations (Australian Maritime Sz
Authority, 2020) In most ofases this means that oily mixtures (diesel, hydraulic fluids and bilge wate
with any concentration of oil) must be stored onboard for disposal at port waste reception facilities.
there is no oily water separator used on this vessels which are ovgno48Q@onnage and there is no port
waste reception facilities in Chittagong and these vessels are not surveyed for {bellwidn
arrangements. So all these fishing vessels keep on polluting coastal areas continuously.

Pollution in Chittagong outer anchorage

Because of draft restrictions in the river, the entrance of vessels over 20,000 DWT cannot enter
Karnaphuli River. Most of the foreign vessel waiting at the anchorage area for transshipment of cargo
taking advantage of lax law and implemetion some of the ships dump waste materials in the oute
anchorage of the ports by defying international regulations. Not only foreign ship, local ship and fish
vessel also use outer anchorage as a safe dumping zone where any other internativnaldpbeve
imposed heavy penalties or even seized and blacklisted ships if found violated marine laws or pollute
sea.

Oily-water discharge from ship

Due to ship operation spills of lubricating oil, fuel oil, grease and water etc. are collectegkiareis.
The resulting emulsified water and oil, if pumped into the sea or river wherevaligr separator is not
fitted it will cause oil pollution. If oily water separator is not fitted or inactive then direct discharge of ol
water mixture is againge international regulations. Also the cleaning process of crude oil tanks of lart
oil tankers contribute to marine pollution because cleaning process contains detergent, solid matters,
scales from corrosion are discharged overboard.

Accidental Spillage during Terminal Loading

The malfunctioning of valves, pumps and rupture of pipes or operational fault can cause oil spillage du
loading or unloading of crude oil at oil terminals, oil refinery, related industries and oil stoeagzasials,
rivers and surroundings are reported to be polluted by releasing oil, oily water and sludge. Loading bu
oil or lubricating oil for vessels and operational purposes spills may also occur. An undetermined am
of oil spill occurred in Chittgong port area due hose rupturing in 2016. The tanks overflow could happ
if someone is not watching the level of oil loading into the ship's tanks.
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Tanker accidents

Oil spills are most commonly associated with ship bas#iditppn. There are always risk of collision,
grounding, explosion or fire, which are normal incidents faced by oil tankers, chemical and gas carri
The exploration, exploitation and transportation of oil, gas have a devastating impact resultedign var
accidents. Effective measures are usually taken to combat this spillage when it occurs. In order to ¢
the vulnerability of Chittagong marine environment a number of vessel casualties and other oil s
records are examined. These oil spillages hix@se effects on the environment.

Table 1: oil spills record in Chittagong coastal area last decade (Compiled by researchers)

year Source of oil Causes ol Place of incident Amount(in

spills incident tons)
2019 Oil tanker Collision Karnaphuli channe 10
(Padma jetty)

2019 Freight train Derailed Halda canal 25

2016 Oil tanker Collision Karnaphuli channe 5 to 6 tons
(dangarchar)

2016 Jetty discharging Karnaphuli river near por undetermin
pipe area ed
ruptured

2015 Freight train Derailed Kithabchar canal 24

2014 Freight train Derailed Sitakunda (canal) 66

2013 Freight train Derailed Karnaphuli channel ( nez 33

the kalurghat )

2011 Oil tanker Sunk Karnaphuli channe 180
(Dolphin jetty)
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Anti -fouling Paints

Anti-f oul ing paint is a specialized paint used
organism which can affect the vessel performance and durability. This paint also actrés afiaul|
corrosion. But these chemical have contaminated the marine environment and even human. T
chemical releases a poison into the water by falling off from old ship. Some antifouling chemical such
TBT, which was one of the active componensed in antfouling and leading to indirect impacts on
marine wildlife further up the food chain. Human also face health hazard after eating contaminated f
TBT has hormone disrupting properties and at low concentration it causes genital changleaofisna
deformation of oyster. It also can causes of severe damage to reproduction or immune systems.

Figure 1 : Removing paint from ship ( picture captured by researcher)

Sound pollution

The noise produced by ships, submarines, offshore operations, fishing, and other maritime activitie:
disturbing marine species. These sound forces changed diving patterns, migration to newer places
damage to internal organs, and overall panic response. Noises interrupt communication, disrup
migration, communication, hunting, and reproduction patterns for many marine animals. (Iduk et al., 2(

Land based pollution

The coastline of Karnaphuli Rivés full of industries. By increasing industrialization more of industrial
wastes are released into the river water directly. The south and north side of Karnaphuli, Kalurg
Patenga, Bhatiary, Sitakunda, Nasirabad, Anwara, and Kaptai are considestdahldotspots. Most of
the landbased source which are polluting Chittagong coastal environment are described below:
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Figure 2 : Pollution source in Karnaphuli , Satellite image ( Hossain et al., 2005 )
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Methodology of the study

Methodology is an importd part in any study since it gives the procedures through which the study h
been implemented. Different research problems imply different research goals, which in turn call
various methods. This study has been carried out to find out the impaatinémpollution in Chittagong
coastal area. In order to fulfill this research a questionnaire survey is conducted. This paper is comp
by using both primary and secondary data collection method. For this matter, various published th
articles, Jourals, and leaflets were reviewed, examined and analyzed. Picture are collected by f
survey. Telephone interview with some experts in the shipping sector, and with some high ran
personnel is used as primary sources. Simple statistical method ferusath presentation. The statistical
data is presented by diagrams, charts, rows, columns, table etc.

Types of research

a) Nature of researchrhe study adopted applied research employing empirical approac
to enable established factual information. Th&ure of data collected for this study was an
integration of qualitative and quantitative data for an informed analysis.

b) Level of researchThe level of research boarded in this study was descriptive surve
research. The descriptive survey research wslemented as it provided researcher an
opportunity to present his perspectives on the subject.

c) Research desigrSurvey and qualitative research design were used for the study
enable researcher obtain data from the field and exiktergtures on the subject for an
informed analysis

Source of data

This study obtained data from both primary and secondary sources. Primary data have been collectec
the respondent by sending questioner via mail, conductirdepth interview amonghe sample
popul ation and telephone interview. Sampl e c
response are presented in Appendix, and secondary data available on articles, journals, news, in
websites, newspapers, service papers, dmaparts and so on.
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Methods of data analysis

The analysis of the data collected for the study employed, both qualitative and quantitative meth
Qualitative analysis used logical reasoning to arrive at cogent deductions. Data generated 1
administeredquestionnaires were analyzed quantitatively by adopting descriptive analytical tool. T
analyses were used to draw conclusions and make recommendations regarding inefficiencies at Chittz
Port and its impact on supply chain and logistics.

Methods of data presentation

Analyzed data were presented in a descriptive analytical form. In some cases, the collected data has
converted into pie charts, tables, bar diagram for clarity.

Major polluting industries

A. Ship breaking industries

The mostlangerous pollution source in Chittagong is the ship breaking and recycling industry. This se
contributes to different types of marine pollution. Due to the long heritage of practices, the impact of
shipbreaking activities involves various envircemtal issues along the coast of Chittagong intertidal
zones that are connected to the Bay of Bengal. At present, there are 12breakipg yards in this area
and space extends from over 14 km along Fauzdarhat to Kumira Coast (Hossain et al., 20€8)y,Gene
Tankers, Cargo ships, and Container ships are scrapped in the Chittagong ship breaking yard. The v
from scrapped ships, including oils and persistent organic pollutants (POPs), Asbestos, Heavy me
Polyvinyl Chloride (PVC), PCBs,(mainly cks), ODS (mainly polyurethane foam), Paints (metals,
tributyltin (TBT), and PCBs, Heavy metals, Waste liquid organic, Miscellaneous (mainly sewage), Wa
liquids inorganic (acids), Reusable liquids organics.

Figure 3 : shigbreaking activities in shoreline of Bay of Bengal at Bhatiary

Photo Source: researcher

B. Fertilizer Factory

54



Triple Super Phosphate Complex (TSPC) located in North of Patenga, Chittagongbanktef the
Karnaphuli River close to the Bay of Bengal. TSPC produce Triple Super Phosphate (TSP) Fertili
Single Super Phosphate (SSP) Fertilizer and Mixed Fertilizer (NPKS), Sulphuric Acid, Phosphoric Ac
This is the most hazardous plant and reenlidentified by the environmental division of the Bangladesh
government as a major issue. The waste is loaded with fluoride and sulfur. Despite the use of a scru
there has been significant air emission of sulfur dioxide and trioxide, fluorideiteoubroxide. In another
case, the water from the scrubber is simply drained into the river(The World Bank, Environmer
Economics Division, 2021) Chittagong Urea Fertilizer Limited (CUFL), DAP fertilizer company, an
Karnaphuli Fertilizer Company or KAFO are major fertilizer factories of Chittagong situated adjacent
to the Karnaphuli River. All factories discharge waste into the river and also causes air pollution. A Ia
amount of toxic ammonia gas was released from thenidhonium Phosphate Factoryrlited known as
DAP-1 in 2016 due to an overpressure explosion of atéGammonia tank where ammonia is toxic,
corrosive, and can rapidly penetrate the eye even in low concentration. The toxic ammonia gas S|
over several kilometers and nearly 250 edrell sick inhaling the toxic ammonia gas.10 ton of fish
nearby pond was dead due to this explosion (Chittagong Fertilizer Factory Blast: Gas Disaster Ave
2016)

Table 2 : Waste generated from fertilizer factories

types Content

Solid waste  Sludge, Urea dust, Waste catalyst and catalyst dust containing ¢
zinc, nickel, chromium, copper and iron, Other solid scraps and \
dumped in ship recycling yards.

Liquid waste Wastewater with high ammonia content, also containing sulf
phoesphates, methanol and hydrogen sulfide, fluorides, urea
Chemical

Effluent from cooling system, boiler, washing, spills and leaki
surface runoff and gypsum sludge in case of TSP complex.

gases Ammonia, Carbon dioxide, CO, methane, As, etc. Foretaide vapor
Urea dust, Sox from TSP production.

Figure 4 : Effluent discharge from KUFCO
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Photo
Source:

researcher
C. Textile industry

The textile industry is the most significant contributor in our national econenggmpassing
both small and largecale operations worldwide. This industry providing 45% of industrial
manpower with employment. More than 4 million people of our country are associated to the
industries. Because Chittagong is the heart of countrigsegomost of the textile industries are
situated in Chittagong city and which are also discharging their waste as other industries. Ak
26 textile mills are located in the coastal zone of Chittagong (Rahman, 2006) Though the indu
is a significant commibutor The manufacturing process generates a significant amount of waste tl
is associated with environmental problems like water body pollution by the discharging
untreated effluents, air emission, n ossiweb |
noise or odor as well as workspace safety. During every stage of production different types
chemicals are used for improving the product quality.

Figure 5 : pie chart showing respondent response on industrial pollution impact in

Industrial polluting agent is more higher then the
ship based pollutant to create impact on marine
environment of Chittagong

® agree
M disagree

| neutral

Chittagong
Source Compiled by the researcher

Pollution from domestic activities
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Water is needed for various types of domestic activities. In everyday life, people produce different ki
of wastes. For example, sewage, waste water from cooking and cleaning sictisiief organic
materials to inorganic chemicals, plastics, bottles, packages, etc. Usually, people from urban and
side dump the household wastes in the nearby water sources and all these gradually flows into rive
leads to marine pollutiorDue to the growth of population and increasing unplanned urbanization, tf
amount of discharge of wastes from households is high and increasing. Deficient collection syster
inadequate disposal practices increasing pollution rate in Chittagong. Tretypoftsix million people
produces 2500 tons of waste every day, which is dumped under the open. Generally, the domestic se!
are stored in large septic tanks. After collecting these sewage discharges into the nearby water soi
The Chaktai Khal oginates from the Baizid Bostami and Chittagong cantonment area and travels m
of the areas of the city and finally falls into the Karnaphuli River. It receives all types of waste materi
and effluent from small industries, factories, domestic andapah users and markets. Public toilet
outlets are directly connected with this canal in most of the areas. Wastes from the medical college c
hospital, and slaughterhouses discharge into the vicinity of Karnaphuli.

Agriculture and Forestry Pollutants

Agricultural pollutants include fertilizers, wastage of animals, pesticides, insecticides, and sedime
Nitrogenous and phosphoric compounds and organic compounds in chemical pesticides like DDT ar
main substances of modern agriculture thattwoute to the pollution of the marine environment.
Accumulation of agrochemicals in surface water and groundwater is still limited, as their use, apart fi
urea, is still comparatively low in Bangladesh.

Siltation and sedimentation

The silt load carried by the river systems of Bangladesh is greater than that of any other river syste
the world. As the siltaden waters enter the estuaries, a brackish water interface is formed, slowing
flow of the streams and causing silt todeposited along channel banks and on mud islands in the estual
Sometimes deposition is temporary, because of changing river currents. Due to siltation, the carr
capacity of a river decreases as a result there will be an overflow of water or gasudtifiood. Siltation

is a blessing for the farmers, but a curse for navigation along the rivers.

lllegal infrastructure

According to a district administration survey, there are a large number of 2181 illegal structures along
Karnaphuli river bankwas found by following an earlier order by the Court-3lned houses and concrete
structure builds and filling up the banks of Karnaphuli River at Bakolia in Chittagong. People living ¢
this side drastically discharge different waste into the river witsonscious efforts are not made to stop
illegal encroachment on its banks and to do away with the unhealthy practice of treating the river as
dumping ground .Slowly the river will lose its beauty and will become a garbage dump.

This chapter has @htified and classified relevant pollution problems and issues. It reveals that t
problems and issues faced by Chittagong coastal area due to marine pollution, which dezeaund
complex in some instances. From a legal point of view, no guidarttéameworks have been provided
to control or avoid significant damages. However, competing interests are creating difficulties
cooperation for the common purpose of protecting our coastal valuable resources. Scientific, econc
and legal problemsaed confronting to control this pollution source.
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The possible impact of marine pollution on Chittagong coastal area

The coastal zone of Chittagong contains several ecosystems like va&tiifeuaries, reserve forest, €co
park, Halda river (natural breading zone of fish and crab), Parki beach (a sanctuary for red crab), manc
forest, and a lot of beaches that have important conservation values. But marine pollution create
extensive dect on the esoteric value of beaches, marine flora and fauna, and the entire ecology of
coastal environment. Drastically discharge of hot effluents, untreated sewage, oil spills, plastics, and ¢
forms of debris into our coastal aquatic environmisnguite common off the coasts of and major
industrialized cities of Chittagong

Effect from fishing net and marine litter

The UN General Assembly resolutions provide a mandate for and indeed require action to rec
ALDFGOG6s ( Abando n e discardedfishing gear)randenarimeedehbsis irsgeneral. Causes ¢
fishing gear to be abandoned, lost, or otherwise discarded may be intentional and some unintentior
has numerous factors like adverse weather; operational fishing factors includingttbegear retrieval;
gear conflicts; illegal, unregulated, and unreported (IUU) fishing, poor grounding, etc. ( Macfadyen et
2009 )Beside Bangladesh became the first country in the world to ban thinner plastic bags in 2
However, after 18 yearst, appears that the ban is not truly came into force. People are using polythe
especially singlaise plastics and disposing it everywhere. The Government of Bangladesh took
initiative to decrease the use tef Pmlckatgii ng tAl
unfortunate issue is that since plastic bags are cheaper than jute bags, so using polythene is still ru
and contributing to marine litter. This litter comes from shoreline and recreational activities, local &
smokingrelated activities, ocean/waterway activities, waste dumping, and medical or personal hygi
products and the impact of the factors include:

71 Continuously catch target and ntarget species;

1 Interacts with threatened or endangered species;
1 Degradebenthic life;
)l

Micro plastic affects many species, including seabirds, marine mammals and fish throt
entanglement and ingestion, and humans when the micro plastic enters the food cl
causes cancer to human beings.

=

Creates navigational hazards

=

Disrupts amenity of beaches and other coastal tourist areas, Irritated tourists, swimmer:
divers, Money spent for cleaning purposes.

Figure 6 : boys collecting plastics bollte from the shoreline of karnafully for sale
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Photo Source: researcher

Habitat Loss

Pollution, subsidence, séavel rise, infrastructure development that alter sediment flow and contribute 1
coastal habitat los$Vetlands and shorelines are becoming more vulnerable due to soil erosion, seaw
entering into the freshwater environments, causing floods, water quality is being degraded, human
wildlife lost their habitat and also losing huge mangrove forests. Huhsturbances and environmental
change like overfishing, coral bleaching are also causes of harm to coral reefs which is the hotspc
aquatic life. The coastal population also face economic and social impact because of coastal erosion.
continuousy move their habitation and also change their social behavior with others.

Effect from oil spill and chemical

Most of the time conspicuous effects of oil spills are apparent among larger species of wildlife, like mal
mammals, seabirds, crabs, mollusksgd other water organisms. Oil spills are exposed directly to aquati
and coastal wildlife and suffer immediate health problems such as skin irritation, altering of the immit
system, reproductive or developmental damage, liver disease, neurological @igactache, dizziness),
etc. through ingestion, absorption, and inhalation. People who had worked in cleaning up the spill
twice as much mercury in their urine than normal levels. Oil spill in Karnaphuli River is also the biggt
threat for Ganges rer dolphin which use this area as a breading zone. The WWF reports that t
essentially blind cetaceans are heavily affected and majority of them are likely to have lost their eyes
due to pollution in their home waters. In the reports of AFP, at28adblphins in the last four years have
died of unnatural causes including pollution in the river and in the adjacent Halda River (Eco Wat
2019).People live in places where the actual oil spill have occurred can be affected by indirect expo
to oil sill by using contaminated water like bathing, swimming, or using household activities and '
eating contaminated food. Toxic substances generated by shipbreaking activities pollute the sea
causing harm in the coastal area of Chittagong. 21 speanearwofe fish in the Bay of Bengal have been
depleted from Bangladesh water body Due to this reason. According to several surveys, the marine f
including Aspisoa Katamach, Nemipscol, Dora Barilla, Foton, Kala Poa, Chapter, Grunti, Kala Tall
Nandi Barilla, Kathu Baillah, Koiputi, Price, Lamba Kukur Jib, Kala, Dosa Chau, Chika, Lohamur
Bungda, Tiktiki are decreasing day by day. In 2007 a dead blue whale was found at Kattali Sea be
Another dead Bryde's whale was also found on Kolkata beach 8 Z8& marine scientist said due to
toxic elements several marine species faced the danger that was released from different ships, scre
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yards, agriculture, and different industrial sources. Chemical pollutants also contribute to global warn
by human activities. Carbon dioxide, methane, nitrous oxide, and fluorinated gases, Methane and nitt
oxide are released mostly through agricultural and industrial activities.

Figure 7 : oil spill in Karnaphuli from ship

POtO Source: reseather

Losing aesthetic value of beaches

Aesthetics values do not deal with a health hazard that directly or indirectly affects wellbeing. Wa
Health Organization (WHO) defines the effect of losing amenity value of marine and riverir
environments concludess of local, national and international tourist; damage to leisure or tourism cent
and infrastructure; damage tourism based commercial activities; damage fishery based activities;
damage to the image of a resort. Chittagong is an area of beAcldsof beaches are found in the
different areas of greater Chittagong. Most of the domestic tourist visit all these beaches every
Various polluting agentsodé | ikes plastic |itte
is oneof the most important characteristics of a waterside resort sought by visitors. The depositior
coastal debris raises a variety of concerns: risks to marine life, potential human health hazards, anc
threats for the economy of coastal communitiescladlg in tourist areas. In extreme cases, people may
avoid visiting a beach or tourist area if it is full of the litter with hazardous and unaesthetic items sucl
sanitary and medical waste.

Losing ecosystem service

Marine and coastal ecosystemde rarge of service to human society. These are: Provisioning service
supporting services, regulating service and Souitural service. The country ecosystem is comprised of
fisheries, mangroves, beaches, coral ecosystems, plankton, sea grassyaetiséat provide a range

of provisioning and cultural services. Coastal and marine fishery species are Commercially Important
also an essential source of animal protein, income, and employment, also deserves credit in foreig
change earning. People geportant provision services from Mangrove ecosystem that also supplies tl
fish, shrimp, honey, wax, wood, medicinal plants, fodder. Marine provisioning services can also sup|
blue growth areas of aquaculture and blue biotechnology. Due to envir@hpelhition, the coast has
already lost a lot of marine species including fishes and mangrove forest. Coastal deforesta
degradation, beach pollution, and other pollution source losing ecosystem service which is part of the
economy. This pollutio affects the total economy of the whole country.

Table 3 : Bar chart showing response on impact of marine pollution on blue economy of
Bangladesh
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Impact of pollution on blue economy
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Source: compiled by researcher
Impact on human health

People can directly affected by marine littethie form of physical damage, for an example injury from
broken glass, medical waste or entanglement in floating or submerged debris. Chemicals, toxins or
harmful particles such as viruses or bacteria in the water can causes indirect health impdeteal
waste like as syringes, bandages, etc. and sewage pose a serious health hazard through transmis
i nfectious diseases. Marine pollution al so e
beaches does not attract tourigts a result is create impact on the income for coastal communities. Micr
Plastic have been found in a wide variety of marine species. That causes risk of chemicals adher
plastics transferring through the food chain from marine organisms to humapke Rees in coastal area
also affected by household activities for an example, taking bath in contaminated water or use wat
cleaning purposes.

Table 4 : Bar chart showing response on pollution impact of human health in __Chittagong

Effect of coastal water pollution on human health

90.00% | percent
80.00% 76.50%
70.00%
60.00% 52.90%
50.00% 41.20% 41.20%
40.00% 35.30% 29.40%
30.00% 23.50%
= 01 5 0 0 m N
10.00%
0.00%
irritation of  Initiation of skin diseases odour sulphur di- cancer dueto specific Dust
Eye, Nose and  asthmatic nuisance due oxide, Carcinogenic particles
throat or attacks by a to gases like nitrogen agents cause
respiratory variety of hydrogen oxidescauses respiratory
attack particulates sulphide, Chronic diseases like
pollens. ammonia . pulmonary silicosis,
diseases like asbestosis etc
bronchitis and
asthma.

Source: ompiled by researcher
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Suggestive Strategies to mitigate marine pollution

Aims to pollution prevention

aims of Pollution prevention is the initial stage at the reduction of pollution from lower to high level
the source to achieve a pollutinee environment. It leads to fostering a safe environment. The previoL
chapter shows that pollution comes froarigus source create the harmful effect in the coastal area c
Chittagong.it also affected economically benefited areas for example natural breeding zone for fishe
the tourism sector as well as ecosystem service.

Introducing green tax

Sustainable Geen development is a broad approach to maintain a balance in the development of
country and ensure social, economic, and environmental prosperity for the human. It can be able to re
the impacts of climate change in Bangladesh. The green tax-tabecoenvironmental tax is an initiative
to ensure green development which helps to avoid hazardous production systems. It is importal
introduce a green tax from the local level. Identifying the main source of pollution, its impact on t

environmentand imposinganeebax i s a good step for the coun
Bangladesh government has also emphasized the green development to minimize the negative impe
climate change and al so i nt rob2014R@5 againstdaatoriésghate

produce high levels of pollution. But it is essential to provide a green tax at every point where the pollu
generates. The government can also impose green tax on tourism to protect natural beauty .it ia true
green tax makes our blue economy more sustainable and also help the country to achieve SDG
Moreover, green tax measure ensure green growth in the country and increasing employ
opportunities, reduce environmental pollution, sustainadeof resources, correct management of waste
and generate renewable energy.

Increasing safety culture practice onboard ships

To prevent accidents on ships, the international maritime organization has declared that, from 1st
2002, made the ISkbde is mandatory for all commercial ocegoing ships and yachts which has greater
than 500 Gross Tonnage, to provide an international standard for the safe management and operat
ships and the prevention of pollution. But several recent incidegtgested that the absence of a fully
implemented 'Safety Culture' onboard ships is still a problem. Such a culture is not fully maintained
the shipbds crew. They are |l ess willing to in
safety probdms because they are afraid of being punished or prosecuted. As a result Managers
captains are not capable to make the proper decisions to improve safety. This problem can be minin
by adopting a just culture that encourages and rewards people peveiding a guarantee for
confidentiality. It is an important issue that companies should provide training and information to 1
empl oyee about their approach to adopting a (

Installation of new technologies

1. Controlling oil spill
If an al spill occurs and spreads quickly, it is essential to clean up the spill as quickly as possi
to minimize danger and damage to persons, property, and the environment. Oil spill caL
evaporation, dissolution, emulsification, and oxidation and alssesabiedegradation. To
combat oil spills different types of Containment, equipment is used to restrict the spreading
based on the quantity, type, and spreading area. In orderto effectively maintain and recovel
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effect of spilled oil differat developing countries have response teams, with a variety ¢
equipment both surface and airborne. Some features are oil Containment boom, Skimm
Absorbents Dispersant and spraying system, etc. By installing such updated technology cou
can sae the environment from accidental oil pollution.

2. Reducing plastics pollution

The Government of Bangladesh took the initiative to decrease the use of plastics through enacting
OMandatory Jute Packaging Act , plasticlb@gs are cheaper tham
jute bags, so using polythene is still running and contributing to marine litter. Although people are
maintaining any rules and regulations in our country. In European countries like Norway, they use bl
chain technologyor reducing plastic pollution from the beach area. This technology aims to redut
plastics by recycling stations that provide an incentive to people who deposit plastic waste picked up 1
the beaches. The financial incentive can be an efficient agpfoawaste collection in our country.

Increasing environmental knowledge and awareness

Starting education about the dangers of marine pollution is extremely necessary for us. By recei
education people can apply the right attitudes when dealing wittnvironment. It can be started by the
integration of environmental education in the curriculum of all school levels. Educational activities
the people informed and help to protect the environment and this should be encouraged. It helps to en!
critical thinking, problerrsolving, and effective decisiemaking skills and can help in protecting the
environment. Awarenessising activities, the campaign about environmental awareness can help peo
to know about their activities which contribute wlption. Another thing is that supporting, appreciating,
and rewarding people for not doing any harmful act can help in the awareness generate program. Be
environmental education and awareness programs can improve an esthetic sense of an individual.

Stakeholder engagement

To achieve a successful marine and coastal resources observing network different stakeholder engag
IS necessary. Such as managers, potiekers, civil society, general scientists and specialists, marin
service providers angecspatial technology stakeholders. Stakeholder engagementand communicat
are difficult to achieve sustained funding and actually reap the advantages of integration and
prioritization in the field of marine and coastal obseorati Stakeholders can play a basic role in

building, evolving, and sustaining integrated resource management systems. Stakeholders and

should be identified for managing the resources sustainably. Ultimately, by engaging all stakeholders
creatingsuccessful partnerships it is possible to improve economic, societal, and environmental ben
from sustained integrated marine and coastal resources observing systems.

Implementing and strict the existing laws

If we go back in 2015, the UN general asbgmadopted the 2030 Agenda for Sustainable Development
which aims also include fiprevent and signifioc
landbased activities, including mar i ne edehatthis
goal seems very difficult to achieve in our country, because waste management systems and the rel
legislation are very slack. If this pollution continues, it will certainly destroy the total coastal and mari
ecosystem, imbalance, aminder sustainable development. For the survival of human and sustainalt
development, it is time to comply with the duty to protect the marine environment and adopt and st
laws and regulations to prevent, reduce, and control pollution. Some adwiecbncerning marine
pollution were acted a lot of years ago and have not been updated yet. Lack of comprehensive m
environment laws in Bangladesh, there has been limited success in preventing and controlling m:
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pollution. The government should/g concentrate on existing regulations and think forward to implemen
new laws against marine pollution.

Adaptive Management

Adaptive management is a systematic approach to learn by doing the process. It a tool which not only
to change aystem but also to learn about the system. Because adaptive management is based on ale
process, it allows the identification of new research and information which can improve the next roun
Management and give lofrgn management outcomes. Thrbugdaptive management, Coastal and

Ocean management programs should be designed to meet clear goals and help to provide new inforn
to improve them for future management. It helps to identify more effective measures for controlli
marine pollution an@chieve the planned objective.

Cross boarder coordination

Finally a crossborder approach is too much essential to address common environmental challen
because natural resources, such as the sea, have no boundaries, and pollution reduction canna
minimize by a single country to the desired improvements in environmental protection. The crucial <
will reduce the risks of marine pollution from hazardous waste, these are joinbordss strategies that
will integrate the law on the use of techogies in the cleaning of water and waste management.-Cross
border cooperation allows to exchange of knowledge and best practices between their partnering cour
By using new technologies, creserder cooperation will help to know another country albloe growth

of the area's competitiveness, for superior environmental quality.

Conclusion and Recommendation

This study has discussed the possible impact of pollution in coastal areas of Chittagong which ci
impact on fisheries, habitat destructionegtical reaction on human body and food chain, losing aestheti
value of beaches and affect tourism activities, as well as entire economy. For this reason, effective sol
must be needed which require a substantial financial investment and time. Inenaetiiats are needed
to overcome the situation on an emergency basis. Government bodies, agencies, internat
organi zati ons and NGOOGs should give t heir
measures for reduction of olfution form coastal areas is needed coordination of the many relate
agencies and programs to effectively target the various laws, programs, funds, training, tech
assistance, incentives, and different management toolddtesa source pollution of coastal waters.
Ongoing monitoring assessment is vital to assess the health of marine and coastal ecosystems and
changes over time. This study will, therefore, seek to analyze the vulnerabilities and risk of the coe
area and suggest adopting appropriate measures for mitigation and management of coastal environn
pollution by the extent of creating awareness among the public and authorities about the threat of m
pollution.

The areas of recommendation may be mamized as follows:

1. The government should immediately start to charge fines for damaging ecosystem and
the fApolluter payso principle for the
to all affected people.

2. The Chittagong Port Authority must assess the economic and environmental impact
marine pollution and establish an effective monitoring system. It should be bett
understood to prioritize and inform changes in pollution control policies.
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Picking up phstics or marine litter is an easy solution to reduce pollution on our beache
The Chittagong City Corporation should adopt a liter control policy and give th
responsibility to the private agency for the weekly marine litter cleanup campaign.

4. Rising pubic awareness through television, radio, social media, and website can help
introduce the public to the impact of pollution, reduce the improper disposal of waste, a
develop innovative approaches to reduce marine pollution. The Ministry of Shipping c:
carry out workshops with the participation of scientists, environmental specialists al
professionals in marine sector to define the potential solutions of marine pollution.

5. All ports should have waste reception facilities for the disposal of ship basie and
enhance ship monitoring system aid for surveillance. The Port authorities of Chittagor
Mongla and Payra should establish such facilities immediately.

6. The Government should obtain International support for the installation of new technolo
andincrease cross border cooperation in the context of marine pollution.

7. The Ministry of Shipping should give urgent emphasis to review the legal and regulato
instruments and standards in place for dealing with ship source anbldaed pollution.
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Regional variability of precipitation over the Bay ofBengal and its response to the climatic indices
Abstract

Very often the Bay of Bengal (BoB) and its surrounding countries experience heavy precipitation 1
causes enormous loss of property and results in coastal flooding. Phenomena liké&the &buttern
Oscillation (ENSO), Lan®Dcean Temperature Index (LOTI), and Indian Ocean Dipole (I0OD) regulate
the climate of the Indian Ocean (I0) rim and the entire globe. The-4saale strong warming (2°C) is
normally amplified by the locally supplied whddiven moisture causing rainfall from the westward
extension of the Indian Ocean wapuol region while salinity does not influence the rainfall directly.
The study focused on the correlation patterns of precipitation over the BoB showing the impact of EI N
LOTI, and IOD events between 192@18. The present study also contradicts the findings of increasin
trends of precipitation due to climate change. A good associationNifiel with positive 10D events and
negative precipitation anomalies was noticBesides, negative precipitation anomalies during positive
El-Nifilo phases can be explained with the positive latent heat flux, driven by atmospheric forci
Eventually, the atmospheric circulations are supposed to be strongly connected to the incidenc
rainfall.

Keywords: Precipitation, temperature, climatic indices, Indian Ocean Dipole, Bay of Bengal

1. Introduction

The Bay of Bengal (BoB) is situated within the northern Indian Ocean (NIO), eesetosed basin at the
north of 523° N latitude; itsmaximum zonal length is about 1200 km, where the eastern boundary touct
the equatofShetye et al., 1996). The BoB is an interesting and dynamic area as wind patterns char
with the Indian Monsoon (Potemra et al., 1991), which is a-semially reversg wind system
(Narvekar & Prasanna Kumar, 2006). The winter monsoon (November to February) is characterize:
the weak (~5 m/s) and nortasterlies wind system. These winds bring dry and cool continental air to tt
present serrénclosed tropical basifrrom June to September the winds become strong (~10 m/s) ar
from the southwest which brings humid air into this basin (Narvekar & Prasanna Kumar, 2006). 1
northern part of the bay maintains a warm sea surface temperature (SST) >28 °C, throughaumhéne su
or southwest monsoon (SWMjinayachandran and Shetye (19%8dported favourable conditions for the
development of several lepressure systems in this area. The maintenance of this warmer SST in 1
BoB has been assigned to the low salinity (&tpenoi 2002)Behara and Vinayachandran (20$6pwed
that runoff leads to a large (>3 PSU) decrease in salinity in the northern bay during summer and alon
western boundary during winter due to weaker contribution from rainfall. The seaestafagerature
response to freshwater forcing shows large spatial variations with the eastern bay showing hi
differences. The nortivestern bay warms by ~1.5° Celsius in the presence of fresh water during sumr
because of greater heat absorption withghallow mixed layer (ML).

The BoB is especially distinguished from the rest of the 10 because it receives a large quantit)
freshwater from rainfall and huge river discharge. The salinity of the upper layer of the bay is remarkz
low because of thenormous freshwater input, which results in strong vertical stratific@dasudUI-
Alam, et al. 202Q)At summer southwest monsoon (SWM), river runoff doubles the surface freshwat
input (SWM), into the bay to nearly 188%** m® (Varkey, Murty, and Suryanarayana 199B)e to the
large seasonal freshwater pulse upper layer of this bay is a smaller amount @frebétratifiedMasud
Ul-Alam, Khan, Islam, et al. 20207 powerful humidity horizontal convergence causes muciie
precipitation over the bay and nearby land (Yamanaka, 2014). That makes the north aedsterthside
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fresher (Benshila et al., 2014), about less than 33 practical salinity unit (PSU), while the subsurface v
is much saltier (33 to 34.5 PSU)dwanaka, 2014).

The intertropical convergence zone (ITCZ) is a sggarmanent feature over the 10 during moderate to
active monsoon conditions. In the pr®nsoon season, i.e., Mar&prilT May, there is a shift of ITCZ

to the north from the equator. The Indian summer snon trough can be considered as a lsgde
cyclonic vorticity pattern which is extending from the northern BoB to the western part of(Reba
1976) This monsoon trough expands in May over the BoB. The associated rainfall in the course of
monsoon season depends on the strength of the monsoon trough. GeneraliyAptdi May is the
climatological hottest period in the South Asian rediGhoudhury, Nath, and Chen 201@houdhury,
Nath, and Chen (2019pund that a significant increase in rainfall over the BoB, and it is linked to the
strengthening of local Hadley circulation. Besides, these atmospheric circulations which are stror
correspading with the occurrence of rainfall in the tropical and subtropical regions. Over the Indi
subcontinent, a transition from hot and dry-prensoon season to wet monsoon season occurs becau
of the changes in larggcale circulations. Apart from thithe strengthening of the westerly enhances the
wind speed and transports more moisture to t
lower rainfall, warmer temperature drier climate and higher cyclone activities have been obsen
Goswami et al. (2006¢vealed that, though seasonal mean monsoon liagfaains stable, the frequency
of extreme rainfall events has increased, meanwhile, the frequency of moderate rainfall events
decreased in the latter half of the twentieth centBathiyamoorthy, Shukla, and Pal (2016&)nd that
rainfall has increased over the pr®nsoon rainfall belts of the BoB and Southeast Arabian Sea (SEA
during May. It has possibly caused more rain by enhancing the meridional pressure gradéait.Has
amuch larger spread, but causes a smaller decrease in salinity.

The BoB faces various impacts by El Nifio and La Nifia events and already has affected Banglade:
that context. As a result, precarious drought, acute rainfall, unusually waarsurface temperature
increase, cyclones, and other notorious natural disasters, land erosion, salinity intrusion, and lo:
biodiversity are occurrinfrequently(lslam and Parvez 202Q)ack of insitu dataset and infrequency of
research cruises make the BoB a data deficit region, which urges researchers to utilize satelotelgr rern
sensed datasets to interpret the existing oceanic and atmospheric phenomena in thisitegtoal.
2021; MasudJl-Alam, Khan, Sunny, et al. 2023 basic aim of this paper is to propose the indices that
provide simple meases of the climate variation in the BoB. Because of the large correlation betwe:
tropical oceanic and atmospheric circulations, our indices are based upon SST and precipitation anal
Therefore, this study also aims at the spatial and temporal vayiaithe aforementioned parameters in
the regional aspects. Thus, this research will be helpful to study the regional climate dynamics influen
droughts, floods, extreme rainfall events, etc. experienced by the land masses, especially situated |
periphery of the BoB.

2. Data and Methods
2.1 Data Sources

Satellitederived precipitation, which was obtained from Climate Prediction Center (CPC) Merge
Analysis of Precipitation data provided by the NOAA/OAR/ESRL PSD, Boulder, Colorado, USA throug
the website: [https://psl.noaa.gov/data/gridded/data.cmap.hithd] enhanced file also includes blended
NCEP/NCAR Reanalysis Precipitation values (Xie, P., 1997). Level 4 global ocean Operational SST
Ice Analysis (OSTIA) datasets were obtained freial et al. (2021)and through Copernicus Marine
Environment Monitoring Service (CMEMS) sitet{ps://resources.marine.copernicug).eGMEMS SST
reprocessed (level 4) product over the global ocean, which was processed at the Met Office (UK).
OSTIA (Godl et al. 2020)eprocessed analysis product is a satellite arsttunfoundation SST analysis
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(free from diurnal variability) created by the OSTIA system usingroeessed ESA SST CCI, C3S
(Merchant et al. 2019EUMETSAT and REMSS satellite data and in situ data from the HadlOD datas
(Atkinson et al. 2014)The product is available from October 1981 on a global regular grid at 0.0¢
resolution. It is extended twiggearly in January and Julg the previous June and December respectively.
Additionally, mult-observation 0.25°, level 4 SSS data were downloaded similarly through CMEMS tt
website. The dataset incorporated myéar reprocessing with global ocean ARMOR3D L4 analysis,
developed byCLS Production Unit(Guinehut et al. 2012; Mulet et al. 201Daily zonal (u) and
Meridional (v) wind speed, within the NCEP Reanalysis data has been retrieved from NOdAaNat
Centre for Environmental Prediction, USA
[https://psl.noaa.gov/data/gridded/data.ncep.reanalysis.pressure.html]. Temporal coverage of
encompasses lorigrm monthly means, derived from the dataset between 1948 to present. Spa
coverage of origal data has a global grid of 2.5° from 0.0°E to 357.5°E, 90.0°N to 90.0°S, here v
extracted dataset for 80°E and 85°N only(Kalnay et al. 1996)

Monthly Nifio 3.4 indiceswere retrieved from NOAA Physical Sciences Laboratory (PSL)
[https://psl.noaa.gov/gcos_wgsp/Timeseries/Nino34/] which was calculated from the HadR&§mér

et al. 2003) The intensity of the 10D is presentegdn anomalous SST gradient between the western an
the soutkeastern equatorial 10. This gradient is known as Dipole Mode Index (DMI). This was als
collected from PSL [https://psl.noaa.gov/gcos wgsp/Timeseries/DMI/] and calculated using |
HadISST1.1(Saji and Yamagata 20Q33patial plots are used for spatial analyses. In addition, temporz:
plots indicate time series and letgym analysis. For correlating some climatic events we showed sornr
crosswavelet plots. They are derived from simple calculations.

2.2 Calculation

SST data were primarily dailyK); these were converted to monthtZ§. Monthly climatology data were
averaged from 1979021 for precipitation and temperature, salinity datasete averaged from 1993
2018using Climate Data Operators (CDO). CDO is a collection of comshiae@®perators to manipulate
and analyses Climate antbdel Data. By using the Hovmoller diagram seasonality can be explained wi
latitude and longitude, inferring seasonal variations in the given time and space which disclose a h
pattern, usi ng P ydased Pythdfrerfetimodule devefiea jointly iy the National
Oceanic and Atmospheric Administration (NOAA) and the Pacific Marine Environmental Laborato
(PMEL)O06. Time series plots of anomalies and
provide a useful technique foreskcribing climatic variability. Servain (1991)claimed a weklknown
example is a difference between #ea level pressures at Tahiti and Darwin, which is widely used as a
index of the Southern Oscillation (SO). The paper is discussed about SST (Sea Surface Temper:
anomalies in the BoB and compares them with precipitation events over LOTI and Edchlificences.
We also used R, a programming environment for statistical comgi&iGgre Team, 2019jor Wavelet
analysis. Followingrorrence, Christopher, (1998)ethods, cross wavelet power of the two tigegies

which contains background power spe€tra 0 was calculated from this equation (1):
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O — 0V (1)
where the probabilityr) coupledconfidence, the level i& 01} , which is 95% for the squareot of the

productdefined probability density function (pdf) of two distributions. Wavelet coherence (WC) in-a time

frequency was computed witkwhich is being the smoothing operator (equation 2):

Y i (2)

All calculations for the wavelet analysis between time series of precipitation and climatic events w
carried out through a bivavelet packagéTarik C, Grinsted A 2019n R programming.

3. Results
3.1 Spatial Distribution of Seasonal Precipitation
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The most precipitation occurring north of 12°N at the central and eastern part dusagther monsoon

in the BoB up to 14 mm/day (Fig 1). The seasonal maximum in precipitation at the end of the spi
monsoon coincides with the noted that in summer freshening the northern BoB. Less precipita
occurred in the spring monsoon, whereas madeagnfall in winter and fall monsoon, which are 1D
mm/day. Although there have been studies to examine thadomgpattern of precipitation over the years
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Figure 1. Seasonal climatology (19v2021) of precipitation (mm/day) and wind (m/s) in Winter
Spring (b), Fall (c), and Summer (d)ustrating changes in the concentration throughout the
seasons. Retblor indicates the higher concentratioRghe lower concentrations denoted by pur

in the BoB, we found there was a slight increase in recent years.
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Figure 2: Hovmoller plot of precipitationshowing latitudinal (a) and longitudinal (
variationin theBay of Bengal over thetudyyear (19792021)

Latitude versus years and |l ongitude versus ye
to depict the spatial variations of precipitation throughout the years. The latitudinal plot revealed that a
from 12°N to 20°N faced more than 12 rday rainfall until 1996. Heavy precipitation regions reduced
between 18°N to 26°N. This rainfall deficit persisted from 1997 to 2005. However, an extended spe
pattern with higher rainfall is noticed once again from 2006 to the present. On the ¢cdhé&rdongitude

versus years6 precipitation plot did not <cont
of the high rainfall zones ranged between 89°E to 96°E. Nevertheless, the only exception was not
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between 1983 and 2011. Thestdisplayed a very insignificant extent of precipitation (13 mm/day),
compared to other years.

3.2 Seasonal Wind Pattern

This research suggested that the southward flowing EICC in NoveBéeembeirJanuary could help
transport the freshwater plume sou#tmd along India’'s western coast. Over the summer monsoor
abundant rainfall, except for the western portion, refreshes the upper layers of the Bay, surface |
becomes highly stratified. The BoB weaker winds are unable to erode the highly stratitee sayér,
limiting turbulent winddriven vertical mixing. Winetriven circulation is critical in deciding the path of
fresh water in the BoB. During the monsoon, lateral advection of low salinity waters from the northe
BoB. Annually reversing winds blowwvom the southwest during the summer monsoon {{8aptember)
and from the northeast during the winter monsoon (Noveiivanch), forcing the northern Indian Ocean
to change direction.

3.3 Salinity Distribution Throughout the Seasons

In the BoB, the SSS gitayed a dramatic decline north of 14°N. The distribution of sea surface salinif
(SSS) interprets low saline water near the nreehktern bay with an increase towards the south. The lowe:s
salinity was 28 PSU while the highest value was about 34 PSUg Atheneastern and western boundary
also the salinity was low (~282.5 PSU). The spatial variation of SSS from north to south was about
PSU. In the Fall the spatial distribution was similar to that of winter with the lowest salinity of 28 PS
(Fig 4) inthe north and the highest salinity of 34 PSU in the south. However, the region of 29 PSU sallil
reduced in its spatial extent considerably, compared to winter, and was confined very close to head
The SSS distribution in the summer showed an increadePSU in the northern bay with the lowest
salinity being 30 PSU. In the south, south of 14°N the spatial distribution of SSS was like that of win
The spatial variation was 4 PSU. In spring the highest salinity occurred, while the northern bigy sali
was showed 31 PSU salinity and south part not so changed that of another monsoon.
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3.4 Spatial Pattern of Surface Temperature

The spatial distribution of sea surfaeenperature in the BoB during spring and winter showed a decreas
from south to north. Fig. 3 illustrated the lowest SST of 26.8°C was in the north in winter, low salin
remains all over the basin. The highest temperature occurred in the spring marsledtie highest sea
surface temperature of 30°C was near the 9 to 6°N latitude, due tpded@ warm water pool intrusion.
The spatial distribution, thus, showed a 1.5°C cooling from south to north over the years. In the Sumr
and Fall seasons, themperature pattern was the same. @udder intrusion from towards the eastern
boundary through the central bay. The spatial distribution of temperature was less, about 1 PSU.
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freshwater and high SST appeared to be an excellent breeding ground for the development of mor
depressions. Monsoon depressions made rainfall to the northern BoB. Sea surface temperature res

Figure 4. Seasonal climatology (19v2021) of Temperatur€s ) in Winter (a)
Spring (b), Fall (c), and Summer (d), illustrating changes in the concent
throughout the fouseasons. Red indicatése higher concentrationg; the lowetr

concentrations denoted by purple color.
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to freshwater forcing varied gatly across the bay, with the eastern bay having the most variation. TI
rain fell over a wider region but was limited to the surface because of a significant amount of fresh w
on a seasonal time scale in the BoB.

3.5 Time Series Anomalies

The monthly time-series of precipitation showed that there was no significant increase in the aver:
rainfall from 1979 to 2021. Nevertheless, some decadal variation in the intensity of the precipitation \
observed from the same data. The least rainfall (< 9 nyydas evident from 1998 to 2008. Whereas,

significantly higher precipitation (13 mm/day) was evident from 1981 to 1991. Anomalies from tt
precipitation timeseries were linked to several climatic indices to explain the variations. In the combin
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Figure 5: Monthly timeseries averaged fron81J E to 99 E and 9 N!to 23 N} showin
temporal changes in Precipitation over the years. Corresponding p values and equat
illustrated in the monthly time series. Linear metlm@nge)was usedwith 95% confidenc
level (transparent orangedo draw trend line.

precipitation, DMI, LOTI, Nifio, we noticed that precipitation followed the seasonality and had a stro
correlation with DMI, Nifio, LOTI. There were maximum negative anomalies throughout the years exc
1989, and 2021. Most of the El Nifio and DpHases were accompanied by the positive and negativ
anomaly with negative and positipeecipitation anomaly accordingly except the years, which are 200C
2008, and 2011. LOTI was slightly increased trends in recent years and there were all positive anom
throughout the yars and have a strong correlation with precipitation.

3.6 Wavelet Coherence Between Precipitation and Climatic Indices
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Wavelet coherence plot depicted that El Nifio led to increjasamipitation across the BoB on a decadal
scale and they have a strong correlation between thenual phase events were found and some monthly
events had Nifio dominated events were noticegd. (Fi in the wavelet coherence analysis. They were
survived for 1 year to 2 years. Most events in DMI indices were moderately correlated with precipitat
and leads to rainfall for the annual scale. Some events were strongly correlated and existealdioth3.
Mostly, LOTI led to precipitation on a seasonal scale, besides, precipitattrolled consequences on
LOTI and antiphase strong correlation were also well visible. They showed a moderately deca
correlation between them. Most of the even&genseen for 46 months which indicated the seasonal to
subseasonal scales. Only one event remained fc
inter-annual variability of the signals.
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total annual rainfal{Chanda et al. 2018yVhile the lesser in magnitude, some parts of the Indian Ocea
faces insignificant precipitatiofrom December to February, which is driven by winter or retreating
monsoon(Rao 1976) The seasonal pattern obtained from this study agrees with these findings, as
current analysis presented that summer incorporates the heaviest rainfall at the central and the nol
BoB. Onthe contrary, a weaker trend is also perceived. A few of the major controllers of precipitati
over the BoB are SSCaesar et al. 201 llpcal Hadley circulation over the BoB, lasda thermal contrast
(Choudhury, Nath, and Chen 2018hd linkage with El Nifio, La Nifia, extreme I0OD evegi@banda et

al. 2018) Despite several previous types of research indicated dlbbed 2005)and regiona(Kayano

and Sanséagolo 2008hanges in rainfall, results from the current study suggested otherwise as the ti
series plot revealed that there are no significant changes in precipitation in the BoB region, from 197
2021.The present study also contradicts the findings of increasing trends of precipitation due to clinr
change inParry et al. (2007)since a steady increase is yet to be seen in this region. Nevertheless, |
articlebs out coith&oswami et ah (2606 he mentoned ¢he stability of monsoon
rainfall over the latter half of the twentieth century, however, #isy added that extreme rainfalls are

more frequent than moderate ones.

The seasonal surface plot of SST revealed that summer and spring had a considerable warming, wt
fall and winter contained cooler SST. Patterns that emerged from this studyraeslasi¢h the findings

of Behara and Vinayachandran (2016) T hey menti o-hiekle 6ad Gsépalsaotr
(Vinayachandran and Shetye 1991)ere heating took place from February to May and cooling begat
with the advent of summer then intensified in fall; finally, dropping abruptly in winter. tsugle
fluctuations in stface winds and convection were held responsible/dxchi and Harrison (2002for
regulating sukseasonal SST varialliliy 6 s st ructure i n the BalBstrongh e
(11 2 °C) warming, amplified by the locally supplied widdven moisture from the westward extension
of the 10 warm pool region. While salinity does not influence the rainfall dirdotigh water added to
the ocean surface from the precipitation can fluctuate the SSS pattern. The current study indicatec
SSS in the BoB encompassed a southwwestheast orientation with a smaller extent toward the
southwest. Additionally, fall and wier were characterized by the lower salinity especially near the rive
mouth, whereas spring and summer depicted high saline regions throughout the bay. Such sea
variation is due to freshwater input by both precipitation and river water influx.dfieghof the eastern
portion of the bay is caused by rainfall, which starts in late summer and persists throughout the wir
some impact of this freshening extends to western bay. Nevertheless, withdrawal of summer monso
followed by the equatorwariow of the East Indian Coastal Current (EICC) which freshens the BoB

Another reason for freshwater abundance during winter could be a presence of a low salinity plume (r
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from the combined effect of rainfall and river discharge) that advected souti®ahdra and
Vinayachandran 2016)

Tablel. List of the years that incorporated noteworthy variations between precipitation anomalies a
their corresponding Nifio 3.4, DMI, and LOTI

Year Precipitation Nifio 3.4 DMI LOTI
1983 -4.8 +2.6 -0.6 +0.4
1989 +2.2 -2.2 +0.3 +0.3
1991 -5 +2.4 +0.2 +0.4
2000 -3.5 -2 -0.1 +1.1
2003 -4.2 +1 +0.2 +0.8
2008 -4 2.1 -0.1 +1.3
2010 -4.9 +1.7 +0.3 +1.1
2011 -3 -2 -0.2 +1

2016 -4.8 +2.7 +0.8 +1.8
2021 +4.2 -1.2 -0.2 +1.9
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An increase in SST across the tropical Indian Ocean could also be led by El Nifio, especially within
s eas on 6 s(Lat andanath @EOA propensity of amplified incidence of monsoon depressions is
imposed by warm El Mo Southern Oscillation (ENSO), during JuBeptember, in the BoBSingh,
Khan, and Rahman 2001) ENSO i s al so expected to have |
components of inteannual variation§Singh and Khan 1999precipitation ENifio and DMI time series
plotted in this study, concurs with the findinggQafesar et al. (2014 both of the studies suggest a good
association of ENifio with positive DMI events and negative precipitation anomalies. However, sorr
exceptions were noticed in 2000,08) 2011, and to some extent in early 2021. Negative precipitatiol
anomalies during positive Hifio phases can be explained with the positive latent heat flux, driven b
atmospheric forcing. The spreading of neetisterly anomalies during El Nifio evemgsroduces an
intense heating impact throughout the NIO, which decreases precipifaticet al. 2009)A prolonged
rainfall deficit is noticeable in the years whereNtiio events were longer, especially in 1983, 1989, 2010,
and 2016. Fluctuaons in ENifio and LaNina events were much frequent from 1990 to 2000, suct
disturbances require further decaspecific studies. DMI contained an opposite relationship with
precipitation anomalies, which is positive DMI begets negative rainfall anamélyice versa. But, 2000
and 2011 were an exception to this rule. The same two years had coincidiigaLavents, thus
suggesting the fact this event had something to do in alternative the association between DMI
precipitation. A possible reasonrfthe opposite connection between these two parameters is due to t
creation of a neasurface salinity stratified barrier because of the massive river discharge, which insula
the circulation from the rest of the Indian Océ&hadathil et al. 2007)

Additionally, atmospheric circulations are strongly related to the incidence of rainfall in tropical a
sultropical areas. A transition from hot and dry-pnrensoon season to wet monsoon season OCCUrS OVe
the Indian subcontinent, due to the deviations in lagge circulations. It is mainly motivated by strong
land-sea thermal dissimilarity and transportgnsiicant moisture to the Indian landmasses. Whiledand
sea thermal interactions are not as extensively studiedMii&br DMI, some studies still exist. One of
these studies depicted that LOTI contains a strong positive trend over the BoB (Epiamadhury, Nath,
and CherR019) This study shares a similar outcome since all of the focused year returned with posit

LOTI values thus reconfirming the results.

5. Conclusion

Scientists are consistently trying to identify the sptgimporal patterns of the monsoon and piiétipns
over the Indian subontinents and the northern Indian Ocean (NIO) for decades. Our study is a part of

research on rainfall variability and its teleconnection to different climatic conditions. This paper addres
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the parameters that activehfluence the variability and intensity of the seasonal and decadal precipitatic
throughout the BoB. The corresponding seasons
previous finding and were seasonally influenced by precipitation on a-\Wwek scale. Moreover, El

Niflo and DMI were found to be well associated with the precipitation, whereas LOTI did not reveal ¢
specific relation with it (with some exceptions). Decreased precipitation was evident in the case of st
El-Nifio and DMI evats. The year 2000, 2008, and 2011 were the exception to this general outcome
contrast to the previous researches and recent concerns about climate change, this study did not fir
steady increase in precipitations for the past 40 years. Nevesthielgber region and seasepecific

studies should be performed to detect whether there is an increase in specific seasons over a long ti
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Abstract:

Mangrove is the most dominant tropical and subtropical forest and estuarine ecosystem having ur
ability to complete their life cycle in the hilghfluctuating saline environment. The largest mangrove
forest, Sundarbans is the only, relatively, intact natural ecosystem in Bangladesh and is providing its
share of ecosystem services to the country in the form of livelihoods and protectioh agdores and
storms. Reviewing number of recent articles on impact of salinity on growth and survival strength
mangrove plants, the major understanding is, salinity is the controlling factor of mangrove seedling
germination. The most of the pladtepecies, especially. apetalashows good germination and growth
rate at low salinity, high fresh water flux, low osmotic (stress) presser, low siltation and higher nutri
rich condition. Since 1990, the mangrove afforestation program cannot makecaegs due to the lack
of scientific research, practical experiences, and wrong site selection. Depending on the phy:s
parameter, coastal morphology, seasonal variability, mangrove seedling should have different appr
as all species does not requsame biotic and abiotic factors. Following the developed model, at
integrated approach for mangrove afforestation program may make a story of success.

Introduction:

Mangroves are the dominant woody vegetation and a group of trees and shrubs that grow in the inter
subtropical and warm temperate zofMsHossain et al., 200&nd they also characterized with structural
and physiological adaptation that is influenced by saline and tidal inun(dtidtossain et al., 2014;
Saenger & Davie, 1983)in respect of@nomics and ecological purpose, mangrove is important source
of renewable resourcéaheto et al., 2016; Field, 1995 nd mainly a mangrove forest can produce three
kinds of benefit (forest prodt, fisheries, and ecotourism) to the territ@aul et al., 2017as well as it
protect from natural calamities, coastal protection, species conser{Mti@htar & Hannan, 2012)

South and Soutkast Asia is the home of mangrove (41% of the t@alM. D-U. Islam & Bhuiyan,
2018 among them Sundarbans is the single largest mangrove forest in the world, on the other h
Indonesia occupies 23¥alik et al., 2017) Austalia, Brazil and Nigeria combinedly hold 20%opal

& Chauhan, 2006)GangetBrahmaputraMeghna (GBM) delta possess 6017 %kai Sundarbans, a
unique ecosystem that hold 334 plant and 693 species of wildlife, shared between Bangladesh and
(Iftekhar & Saenger, 2008pundarbans provide about 41% of forest revenue of Bangladesh and it ple
a significant r ol e (@unslam& Islgm, 20dl)Reqgerdltielfoeesét 5 thrieateaea n
due to different anthropogenic and natural causes i.e., indussghbdge, agricultural wastes, aquaculture
ponds, oil spillag€éChowdhury & Maiti, 2016; DidatJl Islam & Bhuiyan, 2016; MacFarlane et al., 2007)
and decreasings land coverage day by day at a significant rate. The existing area was around doubl
the past{Das & Mandal, 2016)
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In addition, global warming, Sea Level Rising (SLR), decreasing freshwater flow, frequently occurring
cyclone and insufficient regeneration are highlgpansible for declining of Sundarbaid. S. Hossain

et al., 2016) Recently the degradation process is accelerated by the developmeitiesadtivthe
Sundarbans region like, Mongla export processing zone (EPZ) and sea ports in Khulna, for exports
imports(M. S. Hossain et 312016) Frequently occurring devastating cyclone become one of the majc
driving factors for the destruction of the Sundarbans. As a result, the shortage of animal resources, fist
and forest resources in the Sundarbans has been noticeablesfat gears.

Mangrove forests have been extensively using wood products such as nuts, poles, posts, fuel woo
charcoal for coastal livelihoodBosire et al., 2008)As mangrove is the most diversified ecosystem with
a source of livelihood for marginal people, breeding & nursing ground for juvenilmigmatory marine
fish speciegAheto et al., 20163ources of aquaculture, agriculture, forestry, building material, alcohol
medicines, fodder and other local subsisteffengi, 2002; Peter J. Hogdr, 2002) the concept of
conservation, regeneration and restoration of mangrove habitat, in a sustainable manger, is be
important in recent decade. Information gaps and limitations need to be identified in order to sustain
manage mangrove ecatgms within an integrated approd&h M. D-U. Islam & Bhuiyan, 2018)

Global mangrove forests have been declining at a rate of 2% per annum from 1980 to 1898 ratel

of 1 to 2% per annum since 190@aliela et al., 2001)In the 1980s, the world's mangrove forests were
about 19.7 million hectares, up from 15.9 million hectares in 1990 and 14.7 million hectares in 2(
(Kauffman & Donato, 2012)There is no other way to compensate for the rate at which all mangroy
forests h South Asia, including the Sundarbans, have been declining over the past few decades, othel
artificial planting. Other countries including India, Sri Lanka, Myanmar, Ghana, Australia and Indone:
have been trying to protect and grow mangrove folmsteforestation, seedling@ield, 1999)

To manage Sundbaans mangrove, detailed work plan was first prepared in the yeai 18838
(Chowdhury RA, 1994and then an executive plan for forest management was prepared on the basi
the inventory of the Sundarbans during 19880 (Biswas & Choudhury, 2007Bangladesh had high
priority initiatives in afforestation program in coastal tidal beltaesyy mangrove by planting 4000ha in
1990 and targeted to plant 100,000ha by 1995 with a maste(Adlamed M., 1981; Karim A & Khan,
1980) lonic factors ofsoil, water, tidal wave and geological structure are related to the growth ¢
mangrove forest trees. Studies have shown that the distribution of species is closely related to the se
of the soil produced by the interaction of geophysical processetdah wave@Karim & Karim, 1993)

The Food and Agriculture Organization (FAQ) is preparing a management plan for the protection of
Sundarbans. The goaf this project is to achieve sustainable management of mangroves to utilize for
resources. In recent times the activities of forests, species diversity and ecosystems have declined re
although a number of guidelines exist to protect forest resg@houdhury, 1997)But all the initiative
could not get the final success.

In this review, we will try to find out the drawback of the mangrove seedling and afforestation in t
Sundarbans, Bangladesh region. Thewtwill focus on the impact of different environmental factors on
the growth of different mangrove trees, a knowledge that is expected to provide a better idea of
distribution relations of plants and the selection of suitable species for our coasestafion program.
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Materials & Methods:

The modeling approach is conducted based on the reviewing the published research papers relate
the salinity resistance ability of mangrove species and their mechanism. | have found may papers rels
on saltresistance mangrove planting but | hardly found any paper having model on the impact of
salinity on the growth and survival of mangrove species.

In this regard, | have to read and learn salt resistance mechanism of mangrove plant as well adl hav
number of papers about non mangrove (paddy and crops) plants salt resistance model and how tf
cycle is being modified due to salt condition.

In the model section, we have followed three mangrove ansinamgrove plant saline conditions model
andl have developed the model in a new dimension and concept having modified of them.

Exploitation of mangroves:

So, due to extensive human activity and development work, Sundarbans is now under great thre
biodiversity that is beyond the level of naturatovery. The existing authority permit aquaculture,
farmland, transportation and other activity without considering its effects and finding out the way
minimization and now pollution is taking its t¢kumar & Bhavanath, 2010Yhe mangrove ecosystem
is in the front line to be affected by the global changes due to their position at the interface between
and sea. Scientist pretlibat the mangrove are trend to retreat land ward in the context of global chanc
and sea level riséfield, 1995)

Mangroves and salt tolerance:

As mangroves grow in both high and low (fluctuating) saline habitats they maintain processes
adaptabns to cope with this harsh environmental conditfdoslinson, 1986) The ability of ion
compartmentalizabin, osmoregulation, selective transport, and the excitation of ions and the ability
adjust the flow of salts are some of the major adaptations that plants develop to combat saline condi
(Asish Kumar Parida & Jha, 2010)hese adaptations of seedlings and mature trees to tolerate sali
conditions in most of the true mawoges have been widely studi¢Hogarth, 2015) However, the
adaptation of mangrove seeds and their germination behavior has rarely been investidiedest al.,
2014) Furthermore, even the seed germination physiology of other halophytes is still mostly unkno
(M. Khan et al., 2006)

Germination time is an importafife-history feature that determines germination survival as well as
phenotypic expression of pegérmination character@Oonohue et al., Zib). Germination behavior
(dormancy, dormanepreak requirement and germination requirement) determines germination tin
(Baskin & Baskin, 2014)The seed layer is the first line of adaptation to withstand harsh environment
conditions, therefore, the seeds should adapt to the conditions of their germinated envifDomamnie
et al., 2005)Mangroves need to further study the germination process to uncover the strategies they |
developed to combat the harsh environmental conditions they face. In addition, knowledge about -
germination behavior can be used in meaningful conservation of mangroves as well as in mang
ecosystems, which are greatly threatened by develogi®palding, M. D., Blasco, F and Field, 2007)

Mechanisms of salt tolerance in mangroves:
The ability of plants to grow and complete the life cycle in an environment that contains high salinity
known as salt tolerance. The dalerant plants are called halophytes. Halophytes are either obligate (le
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morphological and taxonomical diversity) or facultative. Mangroves are facultative halophytes toleran
both high and fluctuation salinifParida & Jha, 2010 5ome authors have also categorized mangrove:
under obligate halophytes. There is an intensive study have atoribe effect of salinity on seed
germination of halophytéAM et al., 2000) but only a few studies that have included mangroves Salinity
affects germination by an osmotic effect or by specific ion toxifitgymakanova, 2009)as shown that
the effect of NaCl on germination is mainly an osmotic result. Although there are several other salt
mangrove water, 85% of the salt content is represented by NaCl.

Physiological and biochemical mechanisms:

Most salttolerant mangrove species grow in environments where tidal effects are reduced but w;
evaporation from the soil surface is high. The salt concentration in the soil of this region increases so r
tha it turns into hypersalinf_ovelock & Feller, 2003)Seawater contain 35 g/l of salt (3.5%), 483 mM
Na"and 558 mM Clwith an osnotic potential of-2.5 MPa(P. Scholander, 2006Mangroves need to
maintain a constant water enjoyment and ion uptake and compartmentation control with a strong ext
salt(Ball, 1996) To maintain water intakepangroves need not only through conservative morphologica
and physiological adaptations to prevent waterlogging of the leaves, but also to maintain adequate \
potential (Ball, 1996)Lovelock & Feller, 2003) However, as the osmotic potential of seawater is
approximately-2.5 MPa(Sperry et al., 1988)mangrove leaf water potentials have to range betwén
and-6.0 MPa(M. A. Khan & Aziz, 2001; P. F. Scholander et al., 1966; Sobrado & Ewe, 28@6ijity
stress causes low stomatal conductance, which decreases the rate of CO2 accumulation andeuptak
of transpiration and increase in xylem teng{Ball & Farquhar, 1984; M. A. Khan & Aziz, 2001; A K
Paridaet al., 2004)

Mangrove Seedling in Bangladesh:

Mangrove afforestation program was started from 1966 and up to 1996 the program was funded b
World Bank and the Government of Bangladesh. During that time, about 765 km2 of coastal area
under the program and plant@Revilla, J.A.V. & Ahmad, 1998)After 1996, the program was extended
in a | arge scale, though it was single fundec¢
Major planted species afericenna officinalimndSonneratia apetalaOthers ar&xcoecaria agallocha
Bruguiera gymnorhizZaandNypa fruticangSerajuddoula et al., 1995)

The main objective of mangrove plantation was to mitigate disastrous effects of cyclones and storm su
with which some other objectives were added later:

1 Conservation and stabilizati of newly accreted land, and acceleration of further accretion witt
the ultimate aim of transferring a large part of this land to agriculture;

Production of timber for fuel wood and industrial uses;

Supply of urgently needed resources into nationat@ty (i.e. timber and new land);

Creation of employment opportunities for remote rural communities;

Development of suitable environment for wildlife, fish and other estuarine and marine fau
(Siddiqi, 2001)

= =4 =4 =
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Coastal afforestation programs in Bangladesh

Since 196661 coastal afforestation program was inéth by Bangladesh Forest Department (BFD).
Afterward various development project and massive afforestation programs were implemented along
coast al belt of Chittagong, Feni and Cox0s Bz

Table2: List of coastal afforestation project projects implemented by the Bangladesh Forest departme
Name of Project Starting Completion
Year Year

1. Afforestation in the coastal belt and offshore islands 196061 196465
196566 196970

2. Afforestation Project in theoastal regions of Chittagon| 197475 197980
Noakhali, Barishal and Potuakhali

3. Mangrove Afforestation Project 198081 198485
4. Second Forestry Project 198586 199192
5. Forest Resources Management PrefdRMP 199293 200102
6. Extended Forefkesources Management Project 200203 200304
7. Coastal Embankment Rehabilitation Project (CERP) 1997 2003

8. Coastal Green Belt Proje@GP 199596 200102
9. Forestry Sector Project 199798 200506

10. Sundarbans Biodiversity Conservation Project (SBCP) | 19992000 | 200405

11.Char Development and Settlement Project (CDSP) 200005 200510

12.Coastal Char Land Afforestation Project 200506 200910

13.Management Support Project for Sundarban Reserve F 200506 | 200910

14.P1 ant ati on of B WD BCoastal Beltlarg 200910 | 201112
its adjacent Char Areas
15. Afforestation in the Coastal Areas to Mitigate Advel Nov.2010 | June 2013
Effect of Climate Change Project

16. Community Based Adaptation to Climate Change Thrg July 2009 | June 2014
Coastal Afforestation Project Bangladesh

Total of 1,92, 395 ha mangrove was planted in the southern coast of Bangladesh {2848 2013)
Among the mentioned plated aréa,apetalabccupies about 80%, A. officinalis occupies about 15%, and
rest of the area was plated Byuguiera sexangulé&ankra),E. agallocha H. forms Ceriops dacandra
(goran), andX. mekongensisAmong the all plated species of mangrove pl&ntapetalavas the most
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successful species in terms of showing best survival and growth performance and A. officinalis was
second most successful species in the eastern coastal belt. Basically, thgsectas dominate the entire
coastal belt mangrove plantation and increase the success rate. On the othér im@kdngensis one

of the best timber, fuel wood and paper pule producing spEids Islam & Rahman, 2015)

Other thanS. apetalaandA. officinalisdid not survive at an expected scale probably due to the lack c
proper scientific knowledge and practieaperiences. However, there were some species which did gro
sporadically withS. apetalaand A. officinalis And because of these reasons, in the most of the
development project there was a massive plantati&n @petalaalong the coastal belt. But tfect is that
there is hardly regeneration 8f apetaladue to salinity fluctuation, continuous siltation, lack of seed
sources, grazing by cows and buffalos.

Mangrove trial plantations

Sustainable mangrove afforestation program is threatened duedsedpnentation, species succession
as well as traditional practices of insect managerg&iddiqi et al., 1992)The mortality rate of planted
species is very high in the coastal area and as a r8salpetalaandA. officinalisfailed to have optimal
growth. Moreover, researchers observed rising the forest floor and hardly find any regeneration of
planted species. Therefore, it become very difficult to have enhanced production of coastal forest cove
from the underplanting valuable mangrove ieafrout by Bangladesh Forest Research Institute (BFRI)
since 1990 in the coastal belt of Bangladesh.

Eleven commercially important mangrove species were planted on experimental basis. The trial plots:
laid out in several sites under Rangabali islandatuakhali district; and Char Kukukri island of
Bhola district. Seedlings of all mangrove species (Table 2) were raised in polybags except N. fruti
which sown in muddy soil. The trial plots were raised und& Years old S. apetala plantationsaat
spacing of 1.5m x 1.5m. Tenonthold seedlings were planted in the selected sites, except for N
fruiticans seedlings, which were planted when three months old.

Table3: Growth performance of mangrove species fror21§ears old experimental stands at Rangabali
and Char KukrdMukri islands of Bangladesh

Common Scientific name Rangabali Island Char Kukri -Mukri
name Island
Mean Mean Mean Mean Mean Mean
Survibal Hight DBM Surviba Hight DBM
(%) (m)  (cM) (%) (m) (cM)
Sundri Heritiera fomes 51.34 6.19 587 39.21 5.65 5.34

Gewa Excoecaria agallocha  61.76 9.31 9.83 5864 9.29 9.49
Passur Xylocarpus mekongensis 47.87 6.84 797 26.18 6.84 7.34
Dhundul  Xylocarpus granatum 30.32 470 524 - - -
Kankra Bruguiera sexanula 13.90 504 546 - - -
Khalshi  Aegiceras corniculatum 62.84 590 6.13 46.02 6.61 7.96
Shingra  Cynometra ramiflora 35.85 6.54 524 18.38 4.96 4.27
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Goran Ceriops decandra 23.38 498 5.04 - - -
Kirpa Lumnitzera racemosa  43.95 524 6.31 1166 5.30 7.51
Hantal Phoenix paludosa 58.28 6.39 6.03 7129 525 6.11

Table4: Status of other mangrove forests

State of the Sundarbans in Bangladesh (000 ha)

404
402
400
398
396
394
392
390
388
386
384

401.53

1990 2000 2005 2015

mmmmm Sundarban  eeeeeeees Linear (Sundarban)

Climate Change Projections for Sundarban

Coastal regions such as the Sundarban, which include the vast mangrove forest, will face the adverse
of temperature increase and rising-&®eel in the near future. Based on the RCM RCP8.5 projection, it i
evident that this area will face a 3°C rise in temperature by 2050s. Projected SLR is 0.5 Meter by
2050s, which would inundate approximately 491%about 8% of Bangladesh part of the Sundarban. By
the end of the century, the projected 1 to 1.5 Mes$er; would inundate approximately 43 to 61% of the
Sundarban. In addition, the El Nifio event will cause more forest fires and a La Nifia event will cause n
inundation due to higher sea level. The species composition will also change. The propthé@peties
such as Gewa and Goran will increase.

Freshwater flow either from rainwater or from upstream rivers is critical to the stability mangrove fores
The freshwater flows from the rivers and the tidal ingress result in a gradient of threg zatiag namely

(1) less saline (salinity <2dS-fr), (2) moderately saline {24 dS m1) and (3) strongly saline (>4dS m
1). Salinity decreases from west to east and these three zones correspond to technical classificati
oligohaline, mesohaline and lgbaline zones respectivelpiddiqi, 2001) Variations in salinity along
with physical factors such as topography, soil condition, tidal variation, etc. causes implications on
floristic composition, forest type, growth habits, etc. At present considering geomorphology there
roughly 6 ecolgical niches where species find their habitat, which are (1) mudflats, (2) ridges or leve
(3) back swamps or basins, (4) river channels, (5) tidal creeks and (6) bay or sandy shore. Sul
(Heritiera fomes) dominates the less saline and elevated Wackpsor basins. The combined impact of
reduced fresh water flow due to loss of connection with the Ganges due to Farakka barrage, Halifa
and the MangliaGashiakhali cut and the projected rise in sea level will alter the salinity regime and m
reducehabitat for Sundari speci¢gJCN, 2014)
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Result and Discussion:

Due to its gegraphical location, dense population and semonomic conditions, Bangladesh is
extremely vulnerable to climate change. Implementing some strategic copying e.g.: mangr
afforestation, can mitigate the climate change impact. Bangladesh Forest DepartcheéBfERI has
already started large scale mangrove planting program over the coastal belt of Bangladesh. E
prograding deltaic country, there is no alternatives of coastal plantation to protect the shoreline as we
trapping sediment.

Since the beginning, there are some draw back in the field of research, physical condition and prac
knowledge of on field working. Among the planted spe@espetalas most intensively planted species,
for which rainy season is the most favordinee. As well as, during site selection, we need to considel
some parameter, e.g.: salinity, fresh water flux, siltation rate, temperature, nutrient abundance and os
pressure. If these parameters remain in the favorable conditions, our afforgatagiaam may see the
success.

By this research, we have found some unique phenomena about mangrove plantation in Bangladest
most influencing factor of mangrove seedling is Salinity variation. As, various research suggest,
salinity is favorable pameter for germination and high growth rate, so rainy reason is the best time
seedling. Another reason behind choosing of it, the reason is intensive freshwater flux. The ¢
unfavorable fact is high sedimentation rate in spite of nutrient avaijadild low osmotic pressure.

Model:

The model is developed for the mangrove species, especially. fapetalaAvicenna officinalisand
Sonneratia apetalaf SundarbansThis model is valid only for the Sundarbans or Sundarbans like
mangrove forest whemost of the physical parameter will be matched.

The concept of the model has been developed from different research papers. | have get idea
Conceptual Model of Mangrove Rehabilitation Process in Salt works Areas, Including Edaphic Constr:
and Foring Functions(DOS REISNETO et al.,, 2014) The <concept have be
proposed regulatory networks of H2S(Lioetal.s2819t
Abi ol ogical and physical p(Krausseetsals, 2044) t hat 1 nf |

Previously reported models were about the physical, chemical, biological processes carried in
mangrove wetland. Most of them tried to focus on their natural process antiéyoact. | tried to show
the entire process step by step about mangrove afforestation in the deltaic coastal area w
physiochemical process is very dynamic especially similar to Sundarbans Mangrove forest.
Sundarbans is very dynamic (seasonal, enurental, spatial variation) with respect to global mangrove
forest, coastal afforestation process considering itslagation, fresh water flask, etc for this area
requires unique and suitable model.

Here we tried to identify the impacting and contrailifactors behinds the survivability and growth of
mangrove species in the coastal area.

93



Model In-brief:
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Figure 1: Modeling the Impact of Salinity on Growth and Survival of Mangrove Seedlings
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ASSESSMENT ON RESTORATION OF SHUVADYA CANAL

Taspiya Hamid ! Md. Shahadat HossakMaria Abdullah Tarir3

ABSTRACT

Having lost connection with Buriganga and [@shwari rivers, shuvadya carialfilled up now partially due to
continuous encroachmeand dumping of solid wastess per our study every person produces 0.5 kg saiste

per day and in Keranigaayound 400 metric tons of solid waste is produced perayehunfortunately they are not
collected and systematically disposed. Many of éhgest dumped into the canalskafraniganj and deteriorate the
ecosystem around it. Bej exposed to this catastrophiopact, shuvadya canal needs to be restored and turne
back to its previous link witimajor rivers. By doing this with a proposed measuregtfadity of aquatic life can be
improved as well as the aesthetic beauty ofdgimeainding. The Government @angladesh possess a plan to
include the keraniganj upda to Dhaka city later and theute alongside the canal can be an important hub then
Land acquisition and requisitiomptimizing use of geotextiles, refueling barges and dmts etc. have been
recommendeds measures. Moreover, being the bed of Shuvahal s up from the riverbed Bluriganga during

the dry season, it was needed toamate one meter more. Followitige WHO guideline and ECR 1997, other
relevan measures have been proposed to
conserve the biodiversity, ecosystem and environmental quality.

Keywords:ecosystengeotextile biodiversity

1. INTRODUCTION

The town of Keraniganj stands on the southwest side of Dhaka City on the bank of t
Buriganga Shwaddya Canal. Keraniganj Upazila with an area of 166.87% kis bounded by
Savar Upazila and Mohammadpur, Hazaribagh, Kamrangir Char, Lalbagh, Kotwali ar
Sutrapur Thanas to the northeast, Shyampur Thana and Narayanganj and Sadar Upazilas
the east, Sejdikhan Upazila to the south, and by Nawabganj and Singair Upazilas to th
west. The main Shuvaddya Canals are the Buriganga and Dhaleshwari. Keraniganj
connected to Dhaka Metropolitan through two modern canal restoration (Buriganga Car
restoratior2 and Bangladesh China Friendship Canal restoration which is also known
Burignaga Canal restoratic) over Buriganga Shuvaddya CanalVith rapid industrial development and
urbanization, cities in Bangladesh are facing unprecedented challenges withtcegalid waste management.
Currently, our cities have not waste treatment and recycling plant. Informal sector exists in resource recovery
recycling of solid waste. The poor and socially disadvantaged people working in the street, waste bing.dumj
Due the lack of proper waste management system and lack of formal public agency, waste manageraehetias
in its worst situation. These wastes are degrading environmaonidition of Shuvaddya Cansland the water
bodiesalsoareencroached with solid waste. Environmental pollution, especially water pollution, has gone at ac
level.
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Figure 1: Study area with water bodies and urbanizations

2. METHODOLOGY

2.1 Survey Area

Keraniganj Upazilla is very closeto studyabeat out of its jurisdiction at

formal process of solid waste management system though it is very densely populated area and economic act
are enormously concentrated in this upazilla. On an average people@@® kg solid waste per day and in
Keraniganj around 400 metric tons of solid waste produced and unfortunately they are not collected
systematically disposed. Due the lack of proper waste management system and lack of formal public agency,
maragement has reached in its worst situation, environmental degradation at the bottom of its state, Shuve
Canals, canals and the water bodies are encroached with solid waste. Environmental pollution, especially
pollution, has gone at acute level.

2.2Survey Steps

The survey covered Initial Environmental Examination (IEE) and Environmental Impact Assessment (EIA) d
the study. In addition, field observations and literature surveys conducted. During the EIA, environmental a
social impacts to & caused by the proposed canal restoration construction have been identified. The identifie
environmental and social impacts cover physical, ecological and socioeconomic environment by phases of
construction, construction, and posbnstruction or opeation and maintenance (O&M). The ptenstruction
activities include land acquisition and resettlement, if needed, among others. The construction activities inclu
construction of the main canal restoration and related facilities including approach,raadsShuvaddya Canal
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training works (if needed). The O&M activities involve the maintenance of the canal restoration and approa
roads.
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Figure 2 Flow diagram of data collection process

3. THE PRESENT SCENARIO

There are vadus khas around the Keraniganj Upazila. Normally the qualitysbhfibhaddya Khal surface water
does not meet usable water quality standard due to presémaerior substances, pollutants and treatment is
needed to keep the canal alivgricultural operations can be the source of fpmint pollution in surface water
with major causes ddurface water pollution associated with farming and ranching being sediment and nutrier
Soil erosion and resulting suspension of sediment is thenpadiise of surface watgollution. Silt is the leading
cause of water quality problems in canal. Although soil erosiannigtural process, it can be greatly accelerated
and contents of polluting elements bésreased by human activities such as fagnindustries and urban runoft.
Major sources ofediment include runoff from cropland, plantations and urban/suburban developmentsthad are
key points for surface water pollution.
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4.1 CANAL MORPHOLOGICAL CONDITIONS AND ENGINEERING DESIGN
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The morphological survey, based on field measurements of different points, and chacrgassdaction at or
nearby the proposed canal restoration point, revealed that the prapos¢destoration consttion site is not an
erosion prone area. The interviews with logabple, in particular the elderly and teachers, also revealed that th
streamline of theShuvaddya Canal has been relatively stable at the proposed canal restoration site. Initial
obsevation by the consultants also confirmed that the proposed site is the feasible focdtiercanal restoration
construction. It is, therefore, concluded that from the enginepgrgpectives, the proposed canal restoration site
will be appropriate.

Figure 4: Shubaddya Canal is filled with solid wastes

The Nundaha Shuvaddya Canal ghat is the only crossing ghat on the Korotoa Sh@addgyannecting the two
Upazilas. From both sides of the ghat, the Upazila Roads (UxiRg)o to nearbyUpazila centers Keraniganj in
one side and Ghoraghat in other side), Dhakan, and other economic centers, namely the Hili land port. Local
people stated during FG@&d interviews that the proposed canal restoration site is the most suitable one, and
solesite for canal restoration construction for connecting the two Upazilas as well as dBtradta and Dinajpur).
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Figure 5: Shuvaddya Canal which needs to restoration

4. RESULTS

Surface water hydrology

Longterm (1982 to 2012) simulated flow$ Buriganga and Dhaleswari Shuvaddya Canals in the Upazila have bet
assessed. It was found that on average the lowest flow months are Feb and Jan. When compared to the Base
crop water demands, there is sufficient 80% dependable Shuvaddya Canalresderces in all dry season
months. However, it should be noted that due to topography and other physical constraints as well as downstre:
requirements, it may not be possible to utilize all the available Shuvaddya Canal water resources.

The statiovater volume in the floodplains of the Upazila have been estimated for the dry season months of N
to May. The underlying assumption is that as the floodplains are generally connected to the Shuvaddya Canal
static water volume varies from month to mth based on the Shuvaddya Canal water level. Therefore, the
average (and 80% dependable) end of month water level (from theriemgimulation, 1982012) was compared

to the elevationstorage curve presented earlier in the report. In this approachjctaater stored in ponds and
other local depressions disconnected from the Shuvaddya Canal are not included in the estimate.
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