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Abstract;

The iintegrated water resource imanagement ((I\WRM) iplan iplays a substantial irole iin addressing
institutional iproblems and icapacity buiiding for ithe use, .control, preservation, and sustainability
of \water systems, especially for developing icountries ilike Bangladesh. .Bangladesh iis facing
imassive iland cover/land wuse (LC/LU) change, mainly influenced by rapid urbanization.
iUrbanization convertsthe inatural iresources (water bodies) iinto impervious surfaces(urban areas
and iroads). \Rajshahi iis .one of ithe ilargest imetropolitan cities iin Bangladesh, and iits .urban
sustainability.is.affected byithe.demolishment.of water bodies influenced by rapid.LC/LU change.
i:Satellite iimages iat different ispatial iresolutions are iextensively used ffor iextracting \water body
information atvarious;periods. Using multi-temporal .Landsat: TM/OL I satellite images, ithe study
aimed ito iestimate ithe ispatiotemporal \LC/LU ichange and iidentify ithe imost iinfluential .LC/LU
iparameters ithat «contributed to ithe ireduction iof surface \water body from 1989 to i2019. The
isupport vector.machine, matrix union, and image difference algorithms were applied ito estimate
iLC/LU classification, conversion of .LC/LU, and \water body ito other iLC/LU iclasses. iResults
irevealed ithat @ massive iincrease iin ithe built-up area (16%) and iinfrastructural development was
the primary cause for.water body reduction, and lossof water bodies was estimated at.around 8%
initheilast:30 years. Keyiinformant's.interviews were conducted to iidentify effective management
and itechnical strategies :for .developing a sustainable IWRM iplan using :.modern technology and
ihydro-geomorphological i((modelling flow direction, istream network, flow .accumulation, iand
ssurface water potential zones) .information .which imight ibe helpful for any developing icountries.
iThis study will ihelp ito establish ieffective istrategies ito ipreserve ithe iexisting \water bodies and
iensure ecological and ienvironmental isustainability by iimproving the iplant's biodiversity and
ireducingheatwave effects.

Keywords: \Urbanization; iLand icover/land use ichange; \Water body ireduction, iRemote isensing;
Wateriresource management.
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1. Introduction

Water iresources iplay a significant irole by iproviding :an iadequate food isupply and isustainable
environment for all living iorganisms globally i(Kétter, i2019). The iavailability iof worldwide
ifreshwater iis ionly i2.5%, iand over two-thirds of ithis iis frozen iin ipolar iice icaps :and glaciers
i(Santamouris, 2020). Worldwide, 70% of water was used for irrigation purposes in ithe
agricultural sector i(Islam et al., 2019; Kafy et al., 2021a). From ithe beginning of civilization,
icommunities :have iinvented imany «different .ways ito icatch, istore, iclean, and iredirect freshwater
iresources;toreduce the vulnerability .of intermittent fluvial flowsand erratic rainfall (Rahaman et
al., 2018). Due to irapid urbanization, pressure ion iwater and \water iresources are igrowing, and
imany of the world's:major.aquifers are becoming.depleted. A remarkable decrease iin:surface and
igroundwater iis ;hampering ithe ihydrological cycle dramatically and iincreasing cclimate change
iconsequences i(Hossain et ial., i2020). Hence, :a inew iproto-type aims ito preserve ithe available
ifreshwater, and efficientuse of the waterresources to.meetitheincreasing.demand isineeded with
the ihelp iof iintegrated \water iresources imanagement (IWRM) iplan ifor iensuring iecological ihealth
and.environmental sustainability.

Underdeveloped iand ideveloping icountries imainly iface irapid and iunplanned iurbanization idue ito
their lack of iproper initiative. These .countries significantly.damage ithe groundwater and surface
water bodies by uncontrolled iextractions ifor.aquifersand disposal .of ipollutants such as sewage,
isolid waste, and iindustrial ipollutants i(Broberg, 2020; Chakroborty et al., i2020). Bangladesh iis a
ideveloping icountry, and iits iprimary water isources are \groundwater, surface \water which iare
icategorized ias rrainfall, transboundary flow, water storage iin ireservoirs i(lake, ipond, and river),
water ion seasonal wetlands, and iin-stream storage (Van Schendel, i2020). Bangladesh faces
ifrequent flooding andinundation challenges during the monsoon iseason and water ishortages due
to drought iin ithe «dry season i(Faisal iand iKhan, 2018). Bangladesh imainly iconsists of low-lying
flatlands iat ithe iconflux of ithe :Bramihaputra i(Jamuna), :Ganges (Padma), and Meghna i(Borak)
rivers and itheir tributaries. The ;country ihas 405 irivers, out .of which 57 are iperceived as
transboundary rrivers, including ithe irivers mentioned above i(Van Schendel, 2020). So, :it can be
said ithat \Bangladesh iis a \water-abundant .country ihaving iplenty .of rivers, innumerable ismall
lakes, and \water bodies. ;The importance .of water bodies iin Bangladesh's economic, social and
overall development process should be emphasized (Al Rakib et al.,2020; Kafy, 2018). Focuses
ineed to be igiven ito improve drinking water quality by rreducing salinity iin ithe icoastal belt,
iminimizing contamination .of imanganese :and iiron, .and .groundwater .depletion iin ithe inorthwest
iregionsof Bangladesh (World Bank, 2016; Rahman, 2010).Rajshahi is situated .inithe inorthwest
ipart .of Bangladesh :and imainly :an agricultural-based iregion. \Due to ithe igradual decrease iin
igroundwater layers, surface \water significantly icontributing ito iirrigation activities (Ahammad et
al.,2020; Kafy et al., 2019a; Mim and .Zamil, 2020). .Groundwater depletionis directly linked ito
ifood iproduction iand ihealth iissues, which are subsequently irelated to human icapital (Mostafa et
al.,2017). lts:high itime to revise iexisting water management policies by using the latest farming
technologyto.develop.asustainable IWRM planiforiRajshahi.

IWRM iis ithe istrategy ito imake \water iresources imore sustainable iand icapable of imeeting future
idemand (ChandraS. P. Ojha et al., i2017). IWRM iis a dynamic imechanism iinvolving iresource
sharing ibetween icompeting uses and iusers and ithus .involves political push. Due ito rapid
urbanization, tremendous pressure hasbeeniimposed, which:significantly reduceswateriresources
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and isocietal resilience iwith irespect ito \water limitations, ileaving fewer options available ito icope
with IWRM (Rahman et al., 2018; :Smith and Jgnch Clausen, 2015). IWRM ican help to meet
iglobal waterscarcityby.ensuring:asufficientiquantity.of waterstorage through effective decision-
making by analyzing:watershed distribution, strategical iguidelineestablishmentby.engaginglocal
icommunities, and implementing effective ones iin water iscarcity regions (Katusiime iand :Schutt,
2020). Components isuch ias iintegrated iplanning, regulatory imeasures, community engagement,
and management of the undertaking iprograms through financing ihelp ito .imanage \water resources
andimplementithe.lWRM plani(Attwaetal.,2021). The IWRM planningprocess incorporatesan
ioverview of ithe iexisting and .upcoming iproblems ibased :on ithe community ineeds :assessment,
sshort out the most crucial iones, designing :a program ito achieve ithe .goals, and iimplementing
iorganizational and.community:supportiprograms(Attwaetial.,2021; Katusiimeand:Schiitt, i2020;
:Smith and Janch Clausen, i2015). During ithe Environment and .Development conference :held iin
iRio, four iprinciples iare iidentified \which ineed ito be iconsidered :during ithe ipreparation .of ithe
IWRM plan. The iprinciples are :a) freshwater iis a finite and scarce iresource essential ifor life,
idevelopment, and ithe iclimate; :b) a participative strategy involving all relevant parties should be
used to iensure \water production and \water conservation; .c) women have a crucial role iin \water
isupply,imanagement.and security; d)  The waterhas an.economic significanceto.itsall competing
usersithatihave unlimitediusersi(McCammon,1992).

Theintegration of Geographic iInformation System ((G1S) and iRemote isensing i(RS) itechnique iin
water iresources imonitoring and imanagement have ibeen achieved throughout the iyears i(Asif et
al., i2018; Kafy and iFerdous, 2018; Kafy et ial., i2020b; Rahaman et ial., 2018). .Change
identification in the .LC/LU iscenario, isuch as water bodies, built-up areas, ivegetation icover, and
ibare ilands, iis ilengthy, ilabor-intensive, and ierror-prone by direct field wisits ((Hart iand :Sailor,
2009; Kafy et al., 2020c; iLilly Rose . Devadas, M.D., 2009). :The icombination of RS and :GIS
technologies isaves time and iprovides accurate iinformation that ienables .LC/LU ichanges ito be
ievaluated, monitored, andmodelled(Fu.and Weng,2018; Niyogi, 2019; Trolle et:al.,i2019)..Also,
due to ithe iincreased flexibility of statistical algorithms with remotely sensed data, the
ispatiotemporal ‘imodelling and historical data analysis of iLC/LU dynamics ihas iresulted iin
significant exposures in:solving ithe problems.associated with water resources (Celik et.al.,2019;
Gauretial.,i2018; Kafy et.al.,i2020a; Mansour et al.,2020;:Rahman, 2016; Zine El . Abidine et al.,
i2014). Several studies ihave been iconducted iin different iparts .of Bangladesh describing ithe
ichanging ipattern .of ;LC/LLU classes and their .impacts .on the ienvironment using RS and .GIS
techniques. Kafy etal.(2021) estimate and simulate the LC/LU changes using RapidEye images
and identifies itheir impacts .on ithe iurban ienvironment iin \Dhaka icity, Bangladesh i(Kafy et al.,
i2021b). Arefin, Meshram, (& iSeker i(2021), iassess the Padma river shifting irelated effects on
iLC/LU ((Arefinetal., 2021). Islam, Uddin & Hossain (202 1) detect ithe iland icover ichanges with
ishoreline shifting:iniNijhum Dwipof Bangladesh (Islam et ial.,i2021)..Ahammad et al. (2020) and
iMimand.Zamil (2019) detect surface water body changes from Landsat images iin Rajshahi ccity
i(Ahammad et .al., 2020; Mimand.Zamil,2020). Kafy et al. (2020) modelling the LC/LU changes
andidentified the future impacts of water bodiesand vegetationcover;lossin theurbanclimate of
iRajshahiCityi(Kafy.etial.,i2020c). The:spatiotemporal changes:of LC/LUandidentification.of the
imost iinfluential (LC/LU iparameters contribute ito the reduction of surface water bodies using ithe
iLandsat.imagesinRajshahi citywasalso estimated byi(Kafy.etal.,i2019a).

Although iseveral studies ihave ibeen iconducted ito .demonstrate ithe ichanging ipattern .of {LC/LU
iclasses, ithere iis ian iabsence of iresearch idescribing ithe iinfluential iparameters ithat iimpact ithe
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ireduction of surface water bodies and .overcome ithose iproblems using the IWRM iplan. Based ion
this iconsideration, ithis istudy aaims ito a) iintegrate RS idatasets and GIS applications ito detect
idecadal \water bodies rreduction idue ito imassive iLC/LU ichanges from 1989 - 2019, ib) iidentify
significant driving forces iin ireducing surface water bodies, and i¢) ito provide effective
irecommendations iin ithe preparation of the IWRM iplan ibased ion iexpert iopinions ifor iensuring
isustainable \water iresource «development iand ireducing its iimpacts on ithe urban ienvironment,
biodiversity:and.climate changeiiniRajshahi.CityCorporation:(RCC).

2. Materials.and:Method:
2.1 Studyiarea;

The RCC, ilocated ion ithe bank of River Padma, iis ione of ithe ikey administrative .divisions of
Bangladesh. The area is geographically located between 24°07" latitude t0.24°43" N and 88°17"
t0.88°58' E longitude, covering an area of 48 km?approximately (BBS, 2013) (Fig.1). Rajshahi is
ilocated within the Barind Tractiand23:meters.above the mean:sealevel. The cityiislocated onithe
alluvial planes of River Padma, which flows through ithe isouthern side iof the icity (BMD, i2013).
/As iper ithe icity icorporation, ithe icurrent population ifor ithe year 2020 iis approximately :800,000.
iLarge-scale rural-to-urban imigration :and irapid urbanization are iamong ithe imost significant
ireasons ifor ipopulation growth iin the RCC area (Kafy et al., 2019b). Under the Kdppen climate
iclassification, Rajshahi:hasatropical wetand dryclimate (Belda.etal.,i2014; Ferdousand Baten,
2011). The climate iis generally imarked with high itemperature, iconsiderable ;humidity, and
imoderate rainfall. ‘The hot iseason icommences early iin iMarch and icontinues itill the middle of
July. The imaximum mean temperature .observed isabout:32:°C t0:36 °C during April - July, and
ithe minimum temperature recorded iin January iis about 7 °C ito 16 °C. The highest irainfall iis
iobserved during ithe imonths .of imonsoon. :The :annual irainfall iin the district iis about 1,448 mm
(BMD, i2013). Typically, the icity witnesses four seasons :across a year (a) winter from mid-
December ito February, (b) pre-monsoon with iminimal rainfall, ihigh itemperatures, and
ievaporationfrom:March to:May, (C) monsoon with moderate rain.and:hightemperatures between
June to mid-October and (d) post-monsoon :with slight decreases iin rainfall and temperatures
ibetween mid-Octoberto December (Haque et al., 2012; Kafy et al.,2020c). Geological stability
iof ithe RCC iarea iincludes ihard irocks iwith iunfavorable ihydraulic ipressure iand ilow ito imoderate
igroundwater potential (Haque et.al.,2012; Rasel et.al.,i2015).

Due toitherapidiincrease iinpopulation, indiscriminate land disposal, and unplanned.urbanization,
atotal of4,000:ponds were filled in thelast five decades inithe Rajshahiarea:(RDA,2008,:2003).
iltihad 4,238 rreservoirs, canals, and wetlands.in the ccityini1961,2,271in:1981,:729in 2000, and
ionlyi214 water bodiesiini2019 i(Clemett et ial., i2006; iKafy et ial., i2019a; RDA, 2008, 2003) iVast
iurban imigration and rrapid iurban development iconstitute isome iof ithe iessential factors for RCC
ipopulation iexpansion. :The ipast 50-year iland-use :history of ithis iregion iindicates ithat imore ithan
30% iof ithe water bodies ihave been idemolished due ito iinfrastructural .development (Kafy et al.,
i2019a; iKafyietiaI., 2020c; RDA, 2003, 2008)
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2.2:Description.of datasets.andprocessing.approach

The study was directed ibased ion primary iand isecondary data. Primary data collected from Key
iInformants Interviews (KIIs). The secondary data comprise of multi-temporal :Landsat 4-5
iThematic.Mapper (TM) andLandsat 8 Operational Land Imager(OLI) satellite images collected
ifrom \US Geological :Survey (USGS) website (https://earthexplorer.usgs.gov) where ithe iscene
ipath was 138 and row was 43 (Table 1) ifor ithe iyears, 1999, 2009 and 2019. ;The images had a
ispatial resolution iof 30 :m. The iimages were downloaded for December at iten iyears iintervals ito
assessLC/LU wvariations inithe study region. For.avoiding seasonal variation, :all the images were
idownloaded ffor ithe same imonth ((Kafy iet al., 2020e; Naim and [Kafy, 2021). The images were
idokafykafykwnloadedinilessithani10% cloudicoverage for.ensuring:better classificationaccuracy
i(Kafy etial., 2020b; Kafy et al.,2021a). Table 1 contains information about the images .obtained
ifromthe.USGS online data.portal.
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TableilDescription.ofidownloaded;satellite images

Datei(d/m/y) Sensor Cloud Path/Row
Cover

i13/i12/:1989 ~0%

25 i/i12 1/11999 Landsat S TM NO%

04/:12/:2009 ~8% 138/43

30+/:12+/:2019 Landsat:8:OLI ~0%

2.3 Primary.datacollection;

For primary data.collection, afieldvisit wasconducted iin the study area in.January 2020. Global
iPositioning System (GPS) was used ito icollect ithe iground itruth idata ifor accuracy assessment .of
iclassified .LC/LU imaps. Thirty [KlIs (Annex l) .were conducted from January 2020 to February
2020 through online, offline, andphone calls to.identify the possible impacts .of LC/LU shifts.and
Strategies to «develop IWRM iplan ffor RCC. The Klls consisted of urban iplanners, university
iprofessors, iagricultural officers, ienvironmental engineers, policymakers, local community
lleaders, and.decision-makers. Theoutputsfrom Klls:have been.discussed in.section 3.6.;

2.4 ClassificationofiLC/LUmaps:

Theiimages obtained fromthe Landsat satellite were classified into.four broad . LULC classes such
asil)Built-up:Areai(industrial/residential/commercial iand transportation inetwork); (b) \Vegetation
and agricultural land i(green lands, iagricultural ilands, .and ivegetation); i(c) \Water Bodies i( irivers,
wetlands, ireservoirs, icanals, and istreams; and i(d) Bare iLand (fallow iland, sand, playground,
landfill sites, iand ivacant isoil) ifor the iyear 1999, 2009, iand 2019 wusing ithe :Support Vector
iMachine (SVM) ialgorithm iin (ENVI 5.3 software. The SVM iis a powerful supervised
iclassification technique derived from statistical learning theory ithat frequently produces accurate
iclassification iresults when the idata iis complex or inoisy (Maulik and iChakraborty, 2017). The
SVM iis icalled :a inon-parametric classifier, and iits isuccess s igreatly .dependent ion training
iprocedures. The use of linearly iseparable classes iis ione of ithe easiest ways ito itrain SVM. The
expression of 2 hyper-planes to discriminate the .data points iin the irespective classes are
imentionediin.Eq.(1).and.Eq.(2)(Osuna,:1998):

WX i+ibi2i+1if0ria"iyi:i+1,ii.ie.iaimemberiOfiCIaSSili (1).

WXi i+ibi§i_1 foriall iyi:i_l,ii.e. aimemberoficlassi2; (2)

Here, K number of samples are represented :as «(X;,Yi) =1,2,....k; X € Rniis an n-dimensional
space; y €(—1,+1) =classlabel; W =perpendicular to ithe linear hyper-plane (which determines
the direction .of ithe discriminating iplane); a scalar b showing ithe offset .of ithe discriminating
ihyperplane fromtheiorigin;Class:liandclass:2 represents-1.and.+1,respectively.

The iimages were iclassified wusing ithe iLand Cover Classification System i(LCCS), developed by
FAO, which provides aiconsistent framework for the iclassification.and imapping of LULC (FAO,
2012;Latham etial.,i2002)..Basedonitheirspectral and areal profiles, the.imageswereanalyzedto
iestablishadditional traininginformation and background datafrom local knowledge and multiple
isecondary sources. Themore sample data foreach cclass, the .more accurate ithe iclassification will
be.
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Around 30 samples were icollected for each iLC/LU class iin iorder ito iproduce .LC/LU imaps. The
iclassified imaps' accuracy was evaluated ithrough 200 field level iand 100 Google Earth iimage
irandom isampling iground itruth .data. iFor accuracy assessment, ithe ioverall accuracy (Eq. 3), user
accuracyi(Eq.4),produceraccuracy:(Eq.:5), andkappasstatistics:(Eq.6) werecalculated, andone
iof ithe ibest .quantitative iprocedures for iimage iclassification iaccuracy was iused i(Rahman et al.,
2018)..

Totalinumber oficorrectediclassified ipixelxi(diagonal
Overalliaccuracyi= i p. (diag )*100iiiiiiiiiiiiiiiiiiiiiiii(S)
total numberofireference pixels:
inumber oficorrectly classified pixelxsiin.each catagoryi(diagonal
UsernAccuracyz i Y .p - gory (dlag )* 100iiiiiiiiiiiii(4)
totalnumberofireference pixelsiinieachicategory (rowitotal)
number oficorrectly classified pixelxsin.eachicategory (diagonal
ProduceriiAccuracy = i 4 PX gory (diagonal) | 100iiii:ii(5)
totalinumber ofireference pixelsiin.eachcategory(column total)
) Total numberof SamplexTotal Numberof Corrected Sample— Y,(col.totxrow tot)

KappaCoefficient(T) = :

(Total number of:Sample)2-Y (col.tot+row tot)

2.5 Change detection.analysis:

Change detection ianalysis iwas iconducted using imatrix union (MU) and .image «difference (ID)
toolsin Erdas:lmagin \VV15..MU analyzes two iinput;thematic raster files and produces a new file.
iThe inew file icontains iclass values ithat iindicate how ithe {LC/LU iclass ivalues from ithe original
files overlap. MU ihelps ito iidentify ithe imost iinfluential .LC/LU parameters, which significantly
iconverted ithe iwater bodies pixels ito iother classes. iIn iFig 2, one example iis given for ithe
iconversion iof {LC/LU from i1989-2019 wsing ithe MU itool ito .identify ithe iinfluential iparameters
thatreduce the surface water bodies.:

ID iisiused for.change analysis with:imagery ithat depicts the same iarea at differentpoints intime.
iID ican ihighlight ispecific iareas iof change iin whatever ipercentage is ichosen. ;Two iimages iare
igenerated from ithis image-to-image .comparison; ione iis ia continuous grayscale iimage, and the
iother iis a five-class thematic image. :The firstiimage generated from 1D iis ithe difference image.
iThe Difference .image iis :a igrayscale image .composed of isingle-band icontinuous data ((Erdas
iimaginhelp-V15,:2021). This image isthe direct resultof subtraction of ithe before image (1989,
1999,:2009, :and2019).fromithe after.image(1989,:1999,:2009, and2019)..Since:lDcalculates.the
ichange iin brightness values iover time, ithe difference iimage simply ireflects ithat change using a
igrayscale .iimage. Brighter areas :have iincreased iin ireflectance. This imay mean ithe cclearing .of
ivegetation iand \water bodies areas by buit-up and ibare land iareas. .Dark iareas ihave idecreased iin
ireflectance. Thisimay imean ian areahas becomemore urban by ireplacing ithe igreen cover, water
ibodies, and barelands. i Thehighlight difference image divides the changes iinto three icategories.
iThe ifive icategories are decreased, .unchanged, and iincreased. The decreased class irepresents
inegative change areas ((darker) greater ithan ithe threshold ifor ichange iand iis ired iin icolor. The
iincreased class ishows ipositive i(brighter) ichange iareas igreater ithan ithe ithreshold and iis green in
icolor. Other areasof positive andnegative change lessthan thethresholds, and areas.of no.change
are transparent. Foryour application, you:may edit the colors ito select.any.color idesired for iyour
study. Aniexampleof the:lD work process from:1989-2019;isishowniiniFig:3. i
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Figure:i3:Graphical representation;ofl1D itool workingprocessiiniErdasimagine

2.6 Flow.direction.and:accumulationestimation.of surface waterbodies

Flow direction (FD) and Flow accumulation (FA) estimation played a significant role iin
iestablishingaisustainable IWRM plan. One of ithe keys to deriving hydrologiccharacteristics of a
surfaceiisthe ability to.determine the direction of flowfromevery celliin the raster..Thiswas.done
with theFlowDirection(FD) tooliiniArc.G1S:10.6.Thistool takesassurface as inputiand outputs.a
raster showingthe direction.of flow out.of each cell..If the outputdrop raster option is.chosen,an
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outputirasteriscreated showingaratioof ithe .imaximum change inelevationfromeach.cell .along
the.direction.of flowto the pathilength.between icenters.ofcells and.is.expressed.inipercentages. If
the iforce iof all edge cells to flow outward option iis ichosen, all icells iat ithe iedge iof the isurface
irasterwill flow.outward fromithe surfaceraster. TheFD iis.determined by the directionof steepest
idescent, orimaximum drop, from eachicell.If allineighbours are higher thanithe processing.cell, it
will be considered inoise, be filled ito the lowest value iof iits ineighbours, and have iFD itoward ithis
icell i(Arc GIS ihelp-10.6, 2021). However, iif a ione-cell sink iis inext ito ithe iphysical iedge of ithe
iraster ior ihas at least one ino (data cell asaneighbour, iit.is inot filled .due ito iinsufficient ineighbour
information. Tobeconsidered :atrue one-cell sink, all neighbour information must be present. If
itwo icells flow to each other, they are sinks andhave an.undefined flow direction. This imethod of
deriving:FD from adigital elevation.model (DEM) iis presented in.Jenson.and .Domingue in1988
i(Jenson.and Domingue, 1988). Cells that sink ican be iidentified using ithe :Sink itool. To .obtainan
accurate representation .of FD iacross a surface, ithe isinks ishould be filled before wusing a flow
direction iraster. iFD icreates a raster «direction ifrom each icell itoits downslope ineighbour, ior
ineighbours, using D8, Multiple Flow Direction (MFD), .or D-Infinity(DINF) methods. The MFD
output, when iadded to amap, only displays the D8 flow directions. As MFDs ihave ipotentially
imultiple ivalues tied ito ieach icell which icorresponds ito ithe jproportion of iflow ito .each downslope
ineighbourand isinot.easily visualized. However, an MFD output raster is aninputrecognized by
ithe iFA tool that.would utilize the MFD flow directions ito proportion and accumulate flow from
ieach cell to all. downslope ineighbours. Fig 4 illustrates the working iprocess .of iFD icollected from
the:Arc.GI1S:10.6 help platform.;

T8| 72|69 71| 58|49
741675614946 50

6953|4437 |3848
64| 58|55(22]31 |24
686147121 116]19
7453134112111 12

Elevation surface Flow direction

B 2

Direction coding

The coding of the direction of flow

Figure4lllustration of FD iprocess:

The iFA itool icalculates accumulated flow as ithe accumulated weight .of :all icells flowing iinto
ieach.downslopecelliin the.outputiraster.:Ifinoweightirasterisiprovided, aiweight.of 1is:appliedito
ieach cell,and the ivalue of cells in ithe ioutput raster iis the .number of icells ithat flow iinto each icell
i(Arc.GIS help-10.6,2021). InFig 5, collected from ithe .Arc .GIS :10.6 :help platform, ithe top left
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iimage shows ithe direction of itravel fromeach cell andthe top iright the .number of icells ithat flow
iinto ieach icell. .Cells iwith ia ihigh flow iaccumulation iare iareas of iconcentrated :flow and imay ibe
iused toidentify stream channels. Cells with.a flow.accumulationof 0 .arelocal topographic highs
andimay beused toiidentifyridges..Sampleusage of the FA toolwith aniinputiweightiraster.imight
idetermine how imuch irain has ifallen iwithin ia given watershed. iIn such a icase, ithe weight iraster
imay ibe iacontinuous rraster irepresenting average irainfall .during :a igiven storm. ;The output from
thetool wouldthenirepresent the amount.ofirain that would flow through each cell, assuming that
all irain ibecame rrunoff and ithere \was ino iinterception, evapotranspiration, or groundwater l0ss.
iThis could also be viewed as the amount of irain ithat fell .on ithe isurface, upslope ifrom ieach icell.
iThe results iof FA can be iused ito icreate ia stream inetwork by applying athreshold ivalue ito select
icells \with a :high iaccumulated flow. Jenson .and .Domingue ipresent ithis imethod of deriving
accumulated iflow from a . DEM iin1988 i(Jenson iand .Domingue, :1988). /An ianalytic.method :for
determining an appropriate threshold value ifor stream network delineation iis presented by
iTarboton.etial.ini1991(Tarboton etial.,i1991).

oiro0jo0ofjojo|o
0 2 0
— 0 0
0 0|1
0 1 0
0 1

Flow accumulation

Direction coding
Determining the accumulation of flow

Figure 5illlustration:of iFAiprocess:

3 Resultsiand:Discussion:

This isection describes ithe iresults iestimated ifrom ithe imethodology presented iin section 2.2. The
iLC/LU changes, conversion of surface water bodies to other LC/LU classes, urbanization.impact
ion water body losses, . impacts .of water body losses ion ithe urban environment, biodiversity and
irecommendationsto.develop.asustainable IWRM plan forthe.RCC.

3.1:.Changesiin.LC/LUclasses:

The pastpatterns(1989-2019) of LC/LU wvariations were estimated fromLandsat images iusing
SVM methods iare ipresented iin iFig. 6. The :SVM-based iclassification iproducer and overall
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iclassification.accuracywas more;than 95%, where ithe kappaicoefficient .estimated wasmore than
i85% ifor 1989, 1999, 2009, and 2019 i(Table :2) denotes iexcellent classification accuracy ifor all

the,LC/LU maps.

Tablei2:Accuracyassessmentiof theiclassifiediimages.

Validation ipointsfordifferent;LULCclasses

ClassifiedClass Water Built-up Vegetation Cover iand Bare
Year iBody iarea iagriculturaliland iLandi Total User /Accuracy
Water iBody 60 0 0 0 60 100.00
Built-up iarea 0 98 0 3 101 97.03
Vggete_xtion iCoyer iand 0 9 68 0 70 97.14
1989 iagriculturaliland
BareiLandi 0 4 1 64 69 92.75
Total 60 104 69 67 300 i
_ Overall Kappa iCoefficient
Producer iAccuracy 100.00 94.23 98.55 95.52 Accuracy 96 186.45
Water iBody 45 1 0 0 46 97.83
Built-upiarea 0 100 0 6 106 94.34
Ve_geta_ltlon iCoyer iand 0 1 78 0 79 08.73
1999 iagriculturaliland
BareiLandi 0 3 0 66 69 95.65
Total 45 105 78 72 300 i
) Overall Kappa iCoefficient
ProduceriAccuracy 100.00 95.24 100 91.67 /Accuracy 95 86.02
Water iBody 56 0 0 56 100.00
Built-upiarea 0 91 3 97 93.81
Ve_geta_ltlon iCoyer iand 0 0 70 0 70 100.00
2009 iagriculturaliland
BareiLandi 0 2 0 75 77 97.40
Total 56 93 73 78 300 i
) Overall KappaiCoefficient
ProduceriAccuracy 100.00 97.85 95.89 96.15 Accuracy 97 85,87
Water iBody 52 0 0 52 100.00
Built-upiarea 0 103 1 108 95.37
Vggetatlon iC0yer iand 0 3 72 0 75 96.00
2019 iagriculturaliland
BareiLandi 0 1 0 64 65 98.46
Total 52 107 73 68 300 i
ProduceriAccuracy 86.67 96.26 98.63 94.12 Overall Kappa Coefficient

iAccuracy i98

i86.04

Four .LC/LU maps(Fig6) were developed.using the Landsat 4-5TMand Landsat 8 OLI images.
The built-up area.was increased by 22% to 43% (10 km*t0.17.7 km?) from 1989-2019 due to the
upsurge of urbanization (Table3). Bareland was also recorded a significant.increase from 16%
t0:25%:initheilast:30:years. Green.cover.and water bodieswere significantlyreduced inithelast:30
iyearsfrom 54% t0:28% and 8% t0 4%, respectively. Rapid.urban growth dominates other LC/LU
iclasses by ireplacing ithem isignificantly i(Fig i7). iIn ithe ilast .30 iyears, iunchanged :built-up land
irecorded 10.94%, where 15.55% iand i5.94% vegetation iand ibare iland and 1.19% water bodies
ihave ibeen rreduced due ito the massive iunplanned iinfrastructural .development iin ithe RCC area
i(Fig 8).  \Water ibodies were rreducing gradually iand ireplaced by built-up areas, vegetation, and
ibare soil iduring ithe .urbanization iprocess ito fulfill the ineed of icity's irapid ipopulation, iretail and
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industrial development. . The total amount of water bodies were 6.12 km?in 1989, and the urban
areawas:10 km?.:No change in the water body was noticed from 1999 t0 2009, which stayed at .3
km?. A significant change was observed in the last decade. The human settlement was .encroached
upon the water body and reduced it to 2 .km?. The urban area was increased to 17.7 km?, which
wasalmost.double.comparedto:1989i(Table 3).

The data displays an iunprecedented iincrease iin ithe built-up iareaand :a inoticeable decline iin the
ivegetation icover, agricultural iland, and water bodies. The imain ireason behind ithis iis rapid and
unplanned urbanization. :The vegetation icover and \water bodies were dynamically converted ito
impervious iinfrastructures to fulfill the demand for rapid ipopulation \growth. iReduction iin
agricultural land forces ithe farmers ito .cultivate itheirland iintensively, which iincreases ithe use .of
ichemical fertilizer and ipesticides ithat icauses ipollution .of air, \water, land, and iother elements .of
the.environment (Islamet.al.,2019)..
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Figurei7:Transition:of different;LC/LU classesiinithestudy areaifromia)1989-1999 b):1999-2009c)
i2009-2019 andd)i1989-2019

3.2:.Conversionofisurfacewaterbodies:todifferent,LC/LU

A itransformation detection itechnique, ii.e., MU itool, was applied ito examine ithe iconverted iwater
ibody locations.associatedwith.different:LC/LU changes. Theilocationof waterbody losses.due;to
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different,LC/LU classesiinithelast:30 iyears(1989.—:2019)is illustrated iin Fig 8. The .maps show
thatithe built-up.areaiplays the mostsignificantirole inireducingsurface water bodies.comparedto
iother (LC/LU classes. From i1989-1999, 4.91% iof ithe iwater body was iconverted to ithe built-up
areas, whichiis5.02% and 5.87% from:1999-2009.and2009-2019, respectively..From:1989-2019,
almost.10.km? water bodies were converted from the built-up area with the highest changing rate
icompared ito other LC/LU ((Table 4). All the iintervals show ithe iinfluence of ithe built-up area;in
iconverting ithe \water ibodies, iand ithe ihighest iconversion ioccurred iin i2009-2019. iLack of water
ibody iconservation iprojects, unplanned urbanization, and iirregulated monitoring iin ithe
infrastructural development iactivities around ithe cities by rreplacing inatural iresources are ithe
imainireason:behind this massive decreaseiinithe surface water bodiesiinithe RCC area.
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Table 4:Areai(km?) of water bodies transformation into different:,LC/LU classes from:1989-2019

Year
Transformationiof Waterbodies itoiotheriLC/LU iclasses 1989-1999 1999-2009  2009-2019  1989-2019
(km?)
Waterbody ito\Waterbody 1.65 1.02 0.86 4.54
WaterbodyitoiBuilt-upiarea 2.36 2.41 2.82 9.76
Waterbody itoi\VVegetationiLand 0.36 0.66 0.35 2.58
WaterbodyitoBareiland 1.35 1.85 1.64 4.20

3.3 FDandFA for.runoffimonitoring.of surface water bodies:

Hydrologists use FD and FA maps ito model surface runoff icharacteristics ito .determine the water
flow, which significantly contributes ito ithe urban iwater isupply. FD icalculates ithe direction iof
water flow using slope data from neighboring cells, where FA icalculates the accumulated flow of
allicellsflowinginto.each.downslope celliandiis used toidentify streamchannels. Thestudy.area's
water flow inetwork iwas iprimarily iinfluenced by ithe Padma iriver, with :a significant amount .of
small and ilarge iwater bodies (Fig 9a). The FA i(Fig 9b) iand FD (Fig 9c) greatly iinfluenced by
irapid:urbanization.andfacesdisruption.dueto.uncontrolied:use..Maximum flow:networkrecorded
iin the range .0f 591 to 885 km(35.24%) followed by 21.69% within the range 0f 886 t0.1180 km
i(Table 5). The Padma river iis the main iinfluential factor contributing ito ithe FD of water iin the
icity.area..Asitheiriver.was situated.comparativelyin the lower elevation, the water.generated from
rainfall, small and imedium isurface water bodies iflow towards ithe river. Besides ithis, the istudy
area:was experienced enormous soil idegradation idue ito iinadequate itree .coverage iin the riverside
areas and inegligence of available fallow land. The iresearch iarea igeologically iconsists iof irocks
withunfavorable hydraulic icharacteristics and low to imoderate groundwater potential. /Asshown
iin iFig 9b, ithe iwatershed i(FA) ihas ia high «drying idensity, icausing excessive earth erosion and
surfaceirush.

Monitoring ithe iearth's isurface water ithrough satellite iimagery iis a powerful way ito imeasure
discharge, FDandFA. TheRajshahi cityissituatedin.ailowerelevation with less streamflow, and
itiisieasy to.demolish.vegetationcoverand.water bodies for residential and .commercial ippurposes.
Although a significant.amount .of ivegetation and agricultural covers.and water bodies are present
iin the study area, large-scale consumption of vegetation .cover and water bodies took iplace iin the
last few idecades idue ito unexpected imanagement iissues. iAlso, streamflow iand ipotential
igroundwater iresources .are time-bound :and highly ilocalized. There iis ia ineed for :a considered
approach ito improve rrecharge ithrough structures ifor \water :harvesting. .The streamflow rate iis
icalculated by measuring the amount of iwater ithat passes downstream at several ipoints along ithe
istream icalled «discharge iper wunit of time. iMonitoring ithe istream fflow rate iis iessential as iit
icontributes to assess the effects .of human activity and iassociate environmental degradation. it is
also iessential to icontrol vegetation ilosses :around isurface water bodies and iriver. \Vegetation
iremoval, either by disasters like fires:or human-made problems like deforestation, can inegatively
affect ithe surface iwater. Vegetation consumption imay ilead ito escalated runoff and erosion, and
the irisk of urban iflooding ican iincrease. The iperformance of flow inetwork, FD and iFA will be
iincreased iif the restriction is applied iin ithe demolishment .of isurface \water bodies iusing iproper
rules, ipolicies, and iplans. iThe iincrease iin {FD iand {FA will isave ithe icity from .unwanted urban
fflooding.
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Table5:Ranges of inetwork flowiinithe study iarea

Length iof ithe iflowinetwork in ikm Percentage
1:-i295 17.26
296-1590 14.56
591885 35.24
88611180 21.69
1181:-:1473 11.25

3.4 Major.drivingforces.contribute toithe surface water body .demolishment;

Surface water bodies ihave been transformed into iotherland icovers every iyear. Activities, such as
agricultural, iindustrial, domestic, and imunicipal isources, icontinuously receive pollutants and
idamage surface iwater bodies. Significant factors ifor surface water .demolishment are discussed
below.

3.4.1 InfluencedbyLC/LU

The transformation rate between different,LC/LU icategories iis an iessential aspect ito identify ithe
influential factors ithat significantly contribute ito ithe \water body reduction iin the RCC area. To
identify ithe water body itransformation iin different ,.LC/LU classes, .LULC transformation maps
were estimated iusing ithe \ID .approach. :In the \LC/LU itransformation imaps, decreased class
idenotes vegetation.cover.and waterbodies to built-up areas, where the expansion .of built-up areas
by ireplacing vegetation cover, water bodies, and bare land classes iindicates an iincrease.
iUnchanged icategory illustrates iclass to iclass i(i.e., water-water, bare-bare ietc.) unchanged pixels
duringfourdifferent.years:interval (Fig.10).

From Fig .10, itiis cleared that water bodies experienced inegative growth; ihence, ipositive growth
was seenin built-up areas. Mostof the .LC/LU units:were changed over ithe period with.a positive
ichange iin:built-up areas (6.8% per year) followed by bare land (3.4% iper iyear). Also, strong .and
inegative change rates \were estimated for water bodies i(2.01% per iyear) and vegetation cover
i(3.4% iper iyear). Out of ithe total area, 51% iarea \was experienced as ipositive, 37% area was
experienced as negative, and the irest .of the proportion was unchanged by 12% from 1989-2019
i(Fig10). The highest positive iincrease was irecorded iin built-up areas, and the inegative decrease
was irecorded iIn \water bodies. ;Almost 4% of isurface \water ibodies iwere filled up due ito the
imassive increaseiinithe built-up areas.

A substantial iportion iof water areas ihas significantly reduced iand iconverted ito urban areas and
ibareiland. Theintensechange dynamics were inoticed inneighboring urban areas with ithe isteady
transformation :of different {LC/LU iclasses itook iplace iin ithe iouter iparts iof ithe icity icenter. The
water bodies adjacent ito the built-up areas are highly susceptible ito transformation either by ithe
iconstruction.ofinfrastructure or expanding:bare:land forfuture.construction activities(Kafy.etal.,
2020d; Kafy etial.,i2019a) The mapillustratediniFig:11 reflects.unplanned developments.and the
iimportanceofplanned.and sustainable:LC/LU distribution for.ensuring:IWRM iin:Rajshahi.City.

18



Journal Pre-proof

88°32'30"E 88°35'0"E 88°37'30"E 88°40'0"E 88°32'30"E 88°350"E 88°37:30"E 8824007 E
I N :Z v N ,Z
ks % o
@« :q o _y-:,
e 25 (b)
& ;5 a
z : 7 f
= o n
& S & %
: o~ :: o1
, z A -
T - Decreased (20%) ';; E- - Decreased (21%) ';
Q - o =+
2 | I vnchanged (57%) S3| M vnchanged (67%) o
F ncreased (23%) [ tocreased (12%)
88932307 8835 0E 88373 E 85°40°0°E £82327307E §823507E 88937307 88°4110"
88°32'30"E 88°350"E B8°37'30"E 88°400"E 5823230 E 88°350°E 843730 E 88°40'0"E
? A =Z -Z T 3 ‘E:
i 2 G i LS
1 @ b- 1}
3 AR b4
pa 7
z tr H
& |6 E L%
i o Il
I % & S
A a g &
g 55 &
= | F T e o, M=
I - Decreased (12%) §a - Decreased (37%) 5
- o 0 ~
A - Unchanged (75%) ) - Unchanged (12%) i
- — - < o, R - :
. |:| Increased (13%) .- “ . I:| SRR (SIA/E') -
— — ——— - T —
8832307, 883507 E 8837307E 8400 E 88°32'30"E 88°35"E 88°37'30"E 88°40'0"E
Changes in different LC/LU
Coordinate System
- Decreased - Unchanged GCS WGS 1984 UTM Zone 45N
5 2.5 0 S km
I Increased (7% RCC Boundary T —

Figurei10:Transformation.of different.LC/LU classesifromia)198910:2009:b):2009:t0:2019

3.4.2 Population.growth.andwater.demands

RCC doesn't have :an .independent \water supply system. Rajshahi Water Supply iand :Sewerage
Authority (RWASA) iis icurrently iresponsible ifor iproviding water supply and water itreatment
facilities ifor ithe RCC iarea. :,The imajor source :of freshwater iin RCC iis from groundwater itube
wells. As perithe RWASA irecords, in 2018, ithe freshwater .demand for RCC was estimated to be
118 imillion liters per day (MLD), and the RWASA isupplies only 77.88 MLD. Water shortage iis
iestimated ito be about 40 {MLD, which iis iexpected ito be about 67 {MLD iin 2031 (Rana and
Adhikary, 2020). RWASA iproduces 77.88 MLD water, iinwhich 74.88 MLD water iis extracted
ifrom:underground water, and.only:3:MLD is:from surfacewater.This:hasresultedinasignificant
and rapid decrease iin ithe .groundwater itable. /As iper ione study, \groundwater iin ithe iRajshahi
districtiwasireceding.at.arate0fi0.23 m/year during:2000-2014 (Hasan et:al.,2019)..Underground
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water iis extracted from 103 tube iwells, :and isurface water iis collected from ithe Padma iriver.
According to the RWASA, ithe iestimated ipopulation is 5,51,630, and ithey iare providing water
supply to4,63,370people whichiisi84% of the estimated population. Theiincreasing igap between
idemand and isupply iinRajshahi becomes imore challenging during the summers due toincreased
water demand. RWASA iproduces around i192.67 ilcpd of water, of .which iresidents iget iaround
126.3 lcpd of water, rest is lost .due to leakages. RWASA ihas isix \water treatment plants with a
icapacity of 27 MLD iis ilocated iat different \wards iin ithe RCC iarea, :but ithe .\quantity .of itreated
water produced daily is 18 MLD ion average. iIt's happening due ito ithe technical iissues iwith ithe
pumps,.and.some of them arenot.running.forthelast.6.months.

Increasing ipopulation iand water .demand iare iputting tremendous ipressure ion ithe \water isupply
system. iFurther, limited availability and iuncertainty of isupply of surface water iis also a imajor
issue ifor ithe icity due ito water diversion on ithe iupstream iof Padma River. ;Total dependence ion
igroundwater, iincreasing per capita \water \demand icoupled with water losses & iuneven
distribution throughout the cityiislikely:to.haveaisignificantimpact.on the residentsiin the future,
iespecially during dry seasons. Therefore, iitiis inevitable that ithe icurrently ipracticed groundwater
iuse ipolicy iin those areas ineeds ito be irevised to imake groundwater use imore sustainable.
Strategies isuch ias artificial recharge ito the aquifers and rainwater harvesting along with \water-
savingitechnologiesiand IWRM need to beadopted. .

3.4.3 Developmentipressures

Not ionly inaturally ioccurring iconditions such ias ihazards, disasters ibut :also different iactions iof
ihumans icreate significant ipressure on water iresources ((Cosgrove and iRijsberman, i2014). As
water.demandiinithe developmentof differentisectors such:asindustrial,agricultural,:housing etc.,
are iincreasing across the world, ithis isituation iis creating ipressure .on ;freshwater availability iin
imany iregions i(Amore, i2012; iConnor, i2015). There iis ia imassive ithreat .of urbanization on ithe
living ienvironment, shuman :life, shuman ihealth, .and iin Rajshahi city, rapid urban growth
accelerates due ito ;the iincrease :of residential .and icommercial activities ibringing itremendous
ipressure ion local iresources iof \water as \well ias ithe iecological environment ((Kafy et al., 2019a;
Xiang, 2017)..n ithe ilast few iyears, iurbanization iin \RCC ihas iincreased jjob opportunities and
ieconomic development. \Urban iplanning ifor ithe icity iis looked after by iRajshahi Development
Authority (RDA), which iis authorized ito .undertake ilocal .urban iplanning .and iinfrastructure and
site development activities for ihousing, commercial iand iindustrial iuse. /A irecent study on RCC
identified:higher.growthiratesof urban areas.during.2009—-2019.and:minor.decreasing.rates.during
1999-2009 (Kafy et.al.,2020c).  The decadal observation demonstrates ithat ithe built-up area was
i16%:in:1999, which was expanded to 21.98% in:2009 with 5.3% growth, imainlyinithe inortheast
iregions ion the RCC iarea. In2019, iit.was iincreased ito :32.6%, with 10.61% of growth. The total
iincrease iin ithe built-up area was iidentified as 15.95 % from 1999-2019. Also, :one :of the most
important inatural iresources, water bodies was idecreased 3.77% in the last 20 years (1999-2019).
iBased onithecurrentimasterplan.conducted by:RDA, percentages.ofimajoriland.use for RCC area
iin2020 are —residential 48.3%, water bodies .iincluding iriver, pond, ditch 5%, agriculture 0.1%,
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iopen ispace 3.8%, roads i12%, educational and iresearch land use icovers i11.7%, .industry .and
istorage together .comprise 1.2%, and mixed-use i11.5%. Compared to . RDA data 2004, residential
andmixed-useareashave beeniincreasedbyi14.84% and9.3%, mostly by replacingwaterbodies.
iFrom 2004-2020, 5.78% of surface \water ibodies have been ireduced .due ito residential and
icommercial infrastructural .development(RDA, 2008). However, RDA doesn't give ino iobjection
certificate (NOC) to.any infrastructural development that falls .in.any surface water bodies. . RCC
ihas.alsotaken.a.water .conservation projectfor.conserving:potential 19 surface water bodiesiinthe
icity area. Forensuring the orderly igrowth of the icity, RCC and RDA iis working together. Butiin
isome cases, ithere iis ian issue of iinter-departmental icoordination between iRCC and RDA.
Although RDA iand {RCC itake iinitiatives ito ipreserve surface water ibodies, ilack of proper
imonitoring iin the .development activities iis ione of ithe imajor iissues ithat ihelp ithe icity iresidents
iestablish iinfrastructure by idemolishing surface water bodies. RCC doesn't ihave iits iindividual
imaster plan iyet. /A detailed areaplan ineeds to ibe established by RCC iforimonitoring micro-level
infrastructural development, \which ihelps iin iorderly development .and iconservation of isurface
water bodies.:

3.5 The iimpacts of water body ilosses ion urban environment, biodiversity, iand climate
ichange

Water iis:an essential inatural iresource ithat iis isignificantly impacted by human iconsumption, crop
irrigation, fisheries, transport, and conservation. \Due ito irapid iurbanization faced by RCC iin ithe
last itwo decades, hydropower, iindustrial and icommercial demands ihave ibeen iincreased, which
significantly hampering the .groundwater irecharge .and isurface \water body losses. The number of
smalliand:imedium-sized ponds;inthe.RCCiareawas373:in.2011, whichiis:found.only:130:in:2019
i(Kafy et al., i2019a). The water cycie i(hydrological icycle) iis the icontinuous iexchange iof iwater
ibetween land, waterbodies, and the atmosphere. Whenprecipitation falls.overthe:land, it follows
ivarious iroutes. Some of it ievaporates, ireturning ito ithe atmosphere, some iseeps iinto ithe .ground,
and ithe remainder ibecomes isurface \water, travelling to ioceans and ilakes by \way of rivers and
istreams. iiImpervious surfaces associated with iurbanization alter ithe inatural amount iof water that
takes ieach iroute. :The iconsequences :of ithis ichange iare ia idecrease iin ithe ivolume of water that
ipercolates iinto the.ground and :a resulting iincrease iin volume iand idecrease iin .quality of surface
water. ;These shydrological ichanges ihave significant iimplications ifor ithe iquantity of :fresh and
icleanwater.available for.use by humans, fish, and.wildlife..

During the Kllinterviews, experts have also mentioned the impacts .of surface water body losses
ion the environment, biodiversity, and climate change (Fig11).Fromall ithe iexperts, 22% agreed
thatireducingsurface water bodies significantly increasesthe temperature and.acceleratesthe heat
waves effectsin.Rajshahi ccity. Water bodies :are working as aircooling parameters, and residents
living iclose ito :a \water ibody feel less iheat ithan iothers. iKafy et al. i(2020) also validate ithe
information by showing that.from:1999-2019, 4% of water bodies have beenreduced inthe.RCC
area, which leads to.an increase.in the average temperature by.almost.10 °C (Kafy et.al., 2020c)..
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The ireduction iof isurface \water ibodies also ireduces ithe biodiversity :of ithe iurban ienvironment.
During ithe iinterviews with ithe iexperts, i23% iagreed that .demolishing urban water bodies
inegatively impacts the iecological system by ireducing iplant ihealth .and animal ispecies. :Surface
water bodies serve ias the imain source ifor groundwater irecharge iand ihelp ithe iplants and animals
by supplyingwater duringithe dry:season, whichensuresthe growth of the plantsand food for the
animal species. :Also, the ireduction of surface water bodies iincreases ithe ipressure on
igroundwater, iaccording to i18% iof iexperts. /A study iconducted by Schueler ((2003) found ithat
imorethan10%.0f impervious cover(built-up areas) create streamdegradation by streams.channel
idegradation, ireduce .groundwater irecharge, iincrease flood ffrequencies, decrease imovement .of
igroundwater ito surface iwater, loss .of tree cover around streambanks and ioverall .degrade iaquatic

ihabitati(Schueler,:2003).
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Figurei11limpactsof water body reductiononithe environment, biodiversity,andiclimate change based
ioniexpertiopinions.

Itisalso evidentithatwater body losses icreate animpact.on the iclimatic.condition, and .during the
KIl iinterviews, i11% .of experts agree with ithe statement. Experts (15%) also imentioned ithat
iclimate ichange isignificantly impacts ithe irainfall pattern and iincreases iirregular rainfall, creating
unwanted urban flooding. The water bodies iin the RCC iarea :are decreasing rapidly, \which
restricted ithe flooded water flow to the inearest water bodies and .increased the suffering ifor
icommunitypeople. Asalready discussed, the contribution .of water bodies forlower temperature,
iclimate change s ialso .induced by ithe iincreased iin itemperature. According ito ithe
iIntergovernmental Panel .on.Climate Change ((IPCC), the seailevel is.anticipated torise by 7 t0:23
iinches by 2100(IPCC, 2014), and ithis change iaccelerates due to the.massive rise iin temperature
i(Chandra S. P. Ojhaetal.,2017; iLi and Qian, 2018; Timmerman, 2015; Yan et al., i2019). The
irising iseawater ipushes the saltwater to ithe iagricultural land ithat causes iless iproduction and
infertility iof the agricultural lands. /A iprediction iis igiven by iscientists ithat warmer temperatures
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will ilead ito imore istormwater irunoff, ilarge winter isteam iflow, .and ihotter, drier summers. iLarge
stormwater irunoff iwill iincrease urban flooding, iand drier summers inegatively iimpact iplant
igrowth and food iproductivity iin ithe istudy area. :In the imeantime, the iincreased temperature will
iresult iin :a iloss iof imoisture from irivers, llakes, iand ioceans ibecause of ievapotranspiration. The
ifundamental .changesiinilocal rivers.and lakes significantlyreduce fishproductivity. As.waterisa
ifundamental ineed for ithe ;human being, iand ithat iis why water iis ibecoming ia iconflicting itopic
:among.competitive users, which turnsitoithe.water.warglobally.;

3.6 IWRM plan forsustainable waterresource development

The iproblems irelated ito ithe IWRM iin \Bangladesh are diverse and icomplex. There iis a severe
ishortage iof igood iquality \water during the «dry iseason, while iflood icauses .during ithe imonsoon.
Besides, iriverbank ierosion, iiron icontamination iin ithe .groundwater etc., aggravate the \water
imanagement :situation :in ithe :\Rajshahi rregion. :To :address ithese iissues, .a holistic and IWRM
approach s essential. ‘Although ithe Water Resources Planning :Organization (WARPO)
iestablished the Bangladesh National Water Policy and Management Plan with ithe support from
ithe iGovernment iof \Bangladesh (GoB) :has iformally rrecognized ithe iconcept of IWRM, which
ineeds ito ibe updated for iensuring sustainability iin \water iresource imanagement. \With ithe ihelp of
iexperts isuch ias urban iplanners, environmental iengineers, hydrologists, ipolicymakers, and city
officials, wuseful recommendations iare stated below ito develop a sustainable IWRM iplan
applicablefor.all.developing.countries.;

3.6.1 Managementstrategies:

Managing water rresources iis one of ithe iessential parameters ffor iensuring ithe successful
implementation of IWRM projects. To ensure sustainable water iresource imanagement, :all
iresponsible authorities, iincluding local to regional and private sectors, need ito work
icollaboratively ito imanage ithis iscarce rresource. :Some :of ithe imost iimportant imanagement
istrategies.areimentioned below suggested by the experts. .

i.  Needtostrictly follow the rulesof the Bangladesh Water Act(2013) by iensuring ithe ibest
iuse of \water iresources, an optimal, efficient \way of iusing iscarce water iresources and
icontrolofunaccounted abstraction, diversion, andpollution.of water resources.

ii.  Needto.addressallsourcesof surface water.development, iconservation, and management
issuesiinitheilocallevel developmentischemes:

iii.  Institutional developmentand strengthening the capacity of thelocal.government.on water
iresourcedevelopmentiandmanagement;

iv.  Consultation and iparticipation iwith beneficiaries before finalizing :and .developing water
iresource management.schemes..

v.  Accelerate i sustainable ipublic and iprivate water delivery system with iappropriate ilegal
and financial imeasures and iincentives, iincluding delineating water rights .and .water
pricing.

vi.  Develop ailegal and regulatory environment by bringing iinstitutional changes ito .control
igroundwater use iand iconserve the iexisting surface \water iresources ffor .environmental
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imanagement.andiimprove itheinvestment.scenario ifor the private isector iin.water iresource
idevelopment.

vii.  New rules iand ilegislation, particularly :a local ilevel water iresource iact :and a iregulatory
iframework forprivate sector participation.

viii.  Decentralization and distribution of responsibilities to ilocal .government and .community
water imanagement igroups ito isuccessfully implement ithe \water iresource imanagement
schemes.

iX.  Private:sector participationiinithe development, financing, management, and .operations .of
thewater.schemes atitheilocal, city, andiregional levels.

3.6.2 TechnicalStrategies:

Applying technical strategies by iintegrating ithe iuse .of latest technologies will ensure ithe proper
imonitoring and effective utilization .of available water iresources for ithe successful
implementation of ithe IWRM plan iin :any developing city. iNowadays, location iand logical
ispecific activities, imodelling iusing iadvanced itechnologies ilike iGIS, RS, iGlobal Positioning
Systems, and various ilogic-based algorithms iare the simplest and best-known icategory ito
iestimate the ibest \water iresource imanagement iplan. There .are ino ispecific technical istrategies
irelated to theuse of imodernitechnology mentioned inthe Bangladesh iwateract —2013. Based on
theexpert'sisuggestion, someof the effective technical strategies:are.imentioned below, whichwill
ihelp to.achieve the:lWRM planforRajshahi city.

. Modellingpotential surface waterzones and flow directions iof runoff water.using GIS
andiRStechnologiesforiensuringwateravailability duringthedry season

ii. Increase efficient use of «available surface \water bodies by itreatment for using iin
irrigation:and:secondary:householdactivities..

iii. Comprehensively.develop.andmanage Padmairiver water forimultiple functions

iv. Wastewater itreatment using imodern itechnologies for iwatering ithe igreen icovers and
iplantsiinstead of freshigroundor.surface water.

V. Smart \watering systems and .water audits of the inon-revenue water ineed to be
iestablished forreducing water losses and fulfill ithe water demands .of ithe citizens by
utilizing treated surface.and fresh.groundwater.

vi. Identification of ivulnerable flood-affected izone iin ithe icity iareas iusing satellite image
and iground-based data .and determine suitable ilocations ifor surface water bodies
i(ponds, wetlands etc.) developmentfor.ensuing:proper runoffof the flooded water.

vii.  Identified existing potential isurface water bodiesusing isatellite image imonitoring and
took effective actionsto.conserve them toreduce iurban floodingand iwater scarcityiin
thedryiseason.

viii.  Develop hydropower and irecreational facilities isuch as walking paths, sitting
arrangements.etc.,iniandaround thesurface waterbodies.:
iX. Feasibility study for.using treated faecal sludge/wastewater water iin.watering the itrees

and ipreparing an effective sewerage/faecal sludge imanagement plan ito reduce stress
iinithe surfacewater bodies.

X. Training of ithe ity officials ion effective \water iresources imanagement using modern
technologies iand arranging peer-to-peer learning .workshops between different cities
fforiexchanging IWRM plan-related knowledge.
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Xi. Awarenessbuilding programs forithelocal.community people toinotify the importance
iof ithe IWRM iplan, which will ihelp ito reduce itemperature, unwanted urban flooding
and.ensureecological and environmental sustainability. .

4 Conclusion;

This study aims ito iidentify ithe imost .influential LC/LU iparameters ithat significantly ireduce the
ssurface water bodies and iidentify isustainable istrategies ffor ithe IWRM iplan ifor iRajshahi ity
ibased on ithe iexpert's iopinions. The IWRM iplan iis istrongly iassociated with ithe distribution .of
iLC/LU change. iIn ithe ilast few .decades, the .LC/LU distribution iis changing irapidly, especially
fromwaterbodiesto built-up areas. Resultssuggestithat, from:1989-2019, almost 8% of the water
ibodies have been reduced and from this 5% due to an iincrease iin built-up areas. The
infrastructural development by reducing isurface iwater ibodies iincreases ithe iprobability of urban
fflooding due ito the .obstacles taking place during surface runoff and altering ithe istream inetwork
flow directions. iReduction iin surface iwater bodies also damages ithe ilandscape dynamics
associatedwith.ecosystem services, climate .change, and environmental isustainability by reducing
iplant health, increase temperature, .and iirregular rrainfall. \Effective imanagement strategies,
including collaboration between local-regional-private sectors, consultation with the
ibeneficiaries, and ensuring icommunity participation during finalizing water iresource
imanagementiprojects.and strengthening;the institutional capacityof thelocal government, needto
ibe taken to reduce \water imanagement-related iissues. iTechnical strategies such ias imodelling
ipotential surface \water izones, flow directions iof irunoff .water using :GIS iand RS technologies,
wastewater treatment ifor ithe use iof \watering trees .and green areas, smart watering system ifor
ireducing water wastage, established recreational facilities around water bodies, itrain ity officials
about ithe effective imanagement of water iresources and awareness-building program for
icommunity people describing ithe iimportance of ithe isurface water bodies will iensure the
ssuccessful iimplementation .of IWRM iplan ifor any developing countries. To accomplish ithese
technical and imanagement strategies.recommendations, .government, policymakers, city.mayors,
ilocal.iand.community;leadersineeditotake proper.actions:withclosecollaboration between. BWDB
and ilocal government .actors ito «develop long term planning imechanisms, identify wvarious
iinvestment ichannels iand low-cost itreatment ffacilities ifor ipromoting ieffective \water governance
through the development.of IWRM.

Conflictiofiinterest

The.authorsdeclare ino.conflict.of interest.

Acknowledgment

Theauthorswould like ito iexpress gratitude ito the \US :Geological Survey, Survey of Bangladesh,
Bangladesh Bureau of Statistics, Rajshahi City Corporation, and Rajshahi Development
Authority for iproviding ithe irelevant iinformation. :The authors iexpress itheir igratitude to ithe

experts.of DIGON for proofreadingthe.manuscript. The.authors:alsolike to.express theirheartiest
igratitude to.the expertsfrom.different.professionalinstitutions.

25



Journal Pre-proof

Authors.Contributions

Abdulla - Al [Kafy, conceived :and designed ithe iexperiments; iperformed the .experiments; analyzed .and .interpreted ithe .data;
icontributed ireagents, imaterials, :analysis data; wrote ithe ipaper, proofreading the imanuscript; ;Abdullah-Al-Faisal, performed ithe
iexperiments; analyzed and iinterpreted ithe data; icontributed rreagents, imaterials, analyzed data; wrote ithe paper, proofreading ithe
imanuscript; Vinay {Raikwar, analyzed and iinterpreted the data; contributed ireagents, imaterials, analyzed data; wrote ithe ipaper;
Abdullah:AlRakib, contributed reagents, revised the paper and.analyzedand iinterpreted the data; :Marium Akter Kona, contributed
ireagents, materials, analysis.data; wrote the paper; Jannatul Ferdousi analyzed andiinterpreted the data; wrote the paper;

Annexel:List.of KeyInformantInterviews (KIIs)

No | Keyilnformantsi Organization Total
1 | ChiefiEngineer RajshahiiCityiCorporation, iRajshahi, Bangladesh 1
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6 | UrbaniPlanner RajshahiiDevelopment:Authority, iRajshahi, iBangladesh 3
7 | Secretaryi(Incharge): Barind Multipurpose iDevelopment:Authority, iRajshahi, Bangladesh 1
8 | ExecutiveiEngineer BarindMuitipurpose iDevelopmentiAuthority, iRajshahi, iBangladesh 2
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