
 

Journal Pre-proof

Geospatial approach for developing an integrated water resource
management plan in Rajshahi, Bangladesh

Abdulla-Al Kafy , Abdullah-Al-Faisal , Vinay Raikwar ,
Abdullah Al Rakib , Marium Akter Kona , Jannatul Ferdousi

PII: S2667-0100(21)00118-9
DOI: https://doi.org/10.1016/j.envc.2021.100139
Reference: ENVC 100139

To appear in: Environmental Challenges

Received date: 29 March 2021
Revised date: 3 May 2021
Accepted date: 3 May 2021

Please cite this article as: Abdulla-Al Kafy , Abdullah-Al-Faisal , Vinay Raikwar , Abdullah Al Rakib ,
Marium Akter Kona , Jannatul Ferdousi , Geospatial approach for developing an integrated wa-
ter resource management plan in Rajshahi, Bangladesh, Environmental Challenges (2021), doi:
https://doi.org/10.1016/j.envc.2021.100139

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published
in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2021 Published by Elsevier B.V.

https://doi.org/10.1016/j.envc.2021.100139
https://doi.org/10.1016/j.envc.2021.100139


1 
 

Geospatial approach for developing an integrated water resource 

management plan in Rajshahi, Bangladesh 

 

Abdulla - Al Kafy
1, 2*

, Abdullah-Al-Faisal
1,3

, Vinay Raikwar
4 

, Abdullah Al Rakib
1 

, 

Marium Akter Kona
5 

, Jannatul Ferdousi
6
 

 

1. Department of Urban & Regional Planning, Rajshahi University of Engineering & Technology (RUET), 

Rajshahi - 6204, Bangladesh. 

2. ICLEI South Asia, Rajshahi City Corporation, Rajshahi-6203, Bangladesh. 

3. GIS Unit, Operational Centre Amsterdam (OCA),  Médecins Sans Frontières (MSF), Cox’s Bazar-4750, 

Bangladesh. 

4. Government Mahatama Gandhi Smrati PG College Itarsi Hoshangabad Madhya Pradesh, India. 

5. Department of Civil Engineering, Bangladesh Army University of Engineering and Technology, Natore, 

Bangladesh. 

6. Institute of Business Administration, Army Institute of Business Administration, Dhaka-1344, Bangladesh. 

 

 

*Corresponding Author: Abdulla - Al Kafy, Email: abdulla-al.kafy@localpathways.org, Contact Number: 

+8801771411138 
 

Abstract i 

 

The iintegrated iwater iresource imanagement i(IWRM) iplan iplays ia isubstantial irole iin iaddressing 

iinstitutional iproblems iand icapacity ibuilding ifor ithe iuse, icontrol, ipreservation, iand isustainability 

iof iwater isystems, iespecially ifor ideveloping icountries ilike iBangladesh. iBangladesh iis ifacing 

imassive iland icover/land iuse i(LC/LU) ichange, imainly iinfluenced iby irapid iurbanization. 

iUrbanization iconverts ithe inatural iresources i(water ibodies) iinto iimpervious isurfaces i(urban iareas 

iand iroads). iRajshahi iis ione iof ithe ilargest imetropolitan icities iin iBangladesh, iand iits iurban 

isustainability iis iaffected iby ithe idemolishment iof iwater ibodies iinfluenced iby irapid iLC/LU ichange. 

i iSatellite iimages iat idifferent ispatial iresolutions iare iextensively iused ifor iextracting iwater ibody 

iinformation iat ivarious iperiods. iUsing imulti-temporal iLandsat iTM/OLI isatellite iimages, ithe istudy 

iaimed ito iestimate ithe ispatiotemporal iLC/LU ichange iand iidentify ithe imost iinfluential iLC/LU 

iparameters ithat icontributed ito ithe ireduction iof isurface iwater ibody ifrom i1989 ito i2019. iThe 

isupport ivector imachine, imatrix iunion, iand iimage idifference ialgorithms iwere iapplied ito iestimate 

iLC/LU iclassification, iconversion iof iLC/LU, iand iwater ibody ito iother iLC/LU iclasses. iResults 

irevealed ithat ia imassive iincrease iin ithe ibuilt-up iarea i(16%) iand iinfrastructural idevelopment iwas 

ithe iprimary icause ifor iwater ibody ireduction, iand iloss iof iwater ibodies iwas iestimated iat iaround i8% 

iin ithe ilast i30 iyears. iKey iinformant's iinterviews iwere iconducted ito iidentify ieffective imanagement 

iand itechnical istrategies ifor ideveloping ia isustainable iIWRM iplan iusing imodern itechnology iand 

ihydro-geomorphological i(modelling iflow idirection, istream inetwork, iflow iaccumulation, iand 

isurface iwater ipotential izones) iinformation iwhich imight ibe ihelpful ifor iany ideveloping icountries. 

iThis istudy iwill ihelp ito iestablish ieffective istrategies ito ipreserve ithe iexisting iwater ibodies iand 

iensure iecological iand ienvironmental isustainability iby iimproving ithe iplant's ibiodiversity iand 

ireducing iheatwave ieffects. 

 

Keywords: iUrbanization; iLand icover/land iuse ichange; iWater ibody ireduction, iRemote isensing; 

iWater iresource imanagement. 
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1. Introduction 

 

Water iresources iplay ia isignificant irole iby iproviding ian iadequate ifood isupply iand isustainable 

ienvironment ifor iall iliving iorganisms iglobally i(Kötter, i2019). iThe iavailability iof iworldwide 

ifreshwater iis ionly i2.5%, iand iover itwo-thirds iof ithis iis ifrozen iin ipolar iice icaps iand iglaciers 

i(Santamouris, i2020). iWorldwide, i70% iof iwater iwas iused ifor iirrigation ipurposes iin ithe 

iagricultural isector i(Islam iet ial., i2019; iKafy iet ial., i2021a). iFrom ithe ibeginning iof icivilization, 

icommunities ihave iinvented imany idifferent iways ito icatch, istore, iclean, iand iredirect ifreshwater 

iresources ito ireduce ithe ivulnerability iof iintermittent ifluvial iflows iand ierratic irainfall i(Rahaman iet 

ial., i2018). iDue ito irapid iurbanization, ipressure ion iwater iand iwater iresources iare igrowing, iand 

imany iof ithe iworld's imajor iaquifers iare ibecoming idepleted. iA iremarkable idecrease iin isurface iand 

igroundwater iis ihampering ithe ihydrological icycle idramatically iand iincreasing iclimate ichange 

iconsequences i(Hossain iet ial., i2020). iHence, ia inew iproto-type iaims ito ipreserve ithe iavailable 

ifreshwater, iand iefficient iuse iof ithe iwater iresources ito imeet ithe iincreasing idemand iis ineeded iwith 

ithe ihelp iof iintegrated iwater iresources imanagement i(IWRM) iplan ifor iensuring iecological ihealth 

iand ienvironmental isustainability. i 

Underdeveloped iand ideveloping icountries imainly iface irapid iand iunplanned iurbanization idue ito 

itheir ilack iof iproper iinitiative. iThese icountries isignificantly idamage ithe igroundwater iand isurface 

iwater ibodies iby iuncontrolled iextractions ifor iaquifers iand idisposal iof ipollutants isuch ias isewage, 

isolid iwaste, iand iindustrial ipollutants i(Broberg, i2020; iChakroborty iet ial., i2020). iBangladesh iis ia 

ideveloping icountry, iand iits iprimary iwater isources iare igroundwater, isurface iwater iwhich iare 

icategorized ias irainfall, itransboundary iflow, iwater istorage iin ireservoirs i(lake, ipond, iand iriver), 

iwater ion iseasonal iwetlands, iand iin-stream istorage i(Van iSchendel, i2020). iBangladesh ifaces 

ifrequent iflooding iand iinundation ichallenges iduring ithe imonsoon iseason iand iwater ishortages idue 

ito idrought iin ithe idry iseason i(Faisal iand iKhan, i2018). iBangladesh imainly iconsists iof ilow-lying 

iflatlands iat ithe iconflux iof ithe iBramhaputra i(Jamuna), iGanges i(Padma), iand iMeghna i(Borak) 

irivers iand itheir itributaries. iThe icountry ihas i405 irivers, iout iof iwhich i57 iare iperceived ias 

itransboundary irivers, iincluding ithe irivers imentioned iabove i(Van iSchendel, i2020). iSo, iit ican ibe 

isaid ithat iBangladesh iis ia iwater-abundant icountry ihaving iplenty iof irivers, iinnumerable ismall 

ilakes, iand iwater ibodies. iThe iimportance iof iwater ibodies iin iBangladesh's ieconomic, isocial iand 

ioverall idevelopment iprocess ishould ibe iemphasized i(Al iRakib iet ial., i2020; iKafy, i2018). iFocuses 

ineed ito ibe igiven ito iimprove idrinking iwater iquality iby ireducing isalinity iin ithe icoastal ibelt, 

iminimizing icontamination iof imanganese iand iiron, iand igroundwater idepletion iin ithe inorthwest 

iregions iof iBangladesh i(World iBank, i2016; iRahman, i2010). iRajshahi iis isituated iin ithe inorthwest 

ipart iof iBangladesh iand imainly ian iagricultural-based iregion. iDue ito ithe igradual idecrease iin 

igroundwater ilayers, isurface iwater isignificantly icontributing ito iirrigation iactivities i(Ahammad iet 

ial., i2020; iKafy iet ial., i2019a; iMim iand iZamil, i2020). iGroundwater idepletion iis idirectly ilinked ito 

ifood iproduction iand ihealth iissues, iwhich iare isubsequently irelated ito ihuman icapital i(Mostafa iet 

ial., i2017). iIts ihigh itime ito irevise iexisting iwater imanagement ipolicies iby iusing ithe ilatest ifarming 

itechnology ito idevelop ia isustainable iIWRM iplan ifor iRajshahi. i 

 

IWRM iis ithe istrategy ito imake iwater iresources imore isustainable iand icapable iof imeeting ifuture 

idemand i(Chandra iS. iP. iOjha iet ial., i2017). iIWRM iis ia idynamic imechanism iinvolving iresource 

isharing ibetween icompeting iuses iand iusers iand ithus iinvolves ipolitical ipush. iDue ito irapid 

iurbanization, itremendous ipressure ihas ibeen iimposed, iwhich isignificantly ireduces iwater iresources 
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iand isocietal iresilience iwith irespect ito iwater ilimitations, ileaving ifewer ioptions iavailable ito icope 

iwith iIWRM i(Rahman iet ial., i2018; iSmith iand iJønch iClausen, i2015). iIWRM ican ihelp ito imeet 

iglobal iwater iscarcity iby iensuring ia isufficient iquantity iof iwater istorage ithrough ieffective idecision-

making iby ianalyzing iwatershed idistribution, istrategical iguideline iestablishment iby iengaging ilocal 

icommunities, iand iimplementing ieffective iones iin iwater iscarcity iregions i(Katusiime iand iSchütt, 

i2020). iComponents isuch ias iintegrated iplanning, iregulatory imeasures, icommunity iengagement, 

iand imanagement iof ithe iundertaking iprograms ithrough ifinancing ihelp ito imanage iwater iresources 

iand iimplement ithe iIWRM iplan i(Attwa iet ial., i2021). iThe iIWRM iplanning iprocess iincorporates ian 

ioverview iof ithe iexisting iand iupcoming iproblems ibased ion ithe icommunity ineeds iassessment, 

ishort iout ithe imost icrucial iones, idesigning ia iprogram ito iachieve ithe igoals, iand iimplementing 

iorganizational iand icommunity isupport iprograms i(Attwa iet ial., i2021; iKatusiime iand iSchütt, i2020; 

iSmith iand iJønch iClausen, i2015). iDuring ithe iEnvironment iand iDevelopment iconference iheld iin 

iRio, ifour iprinciples iare iidentified iwhich ineed ito ibe iconsidered iduring ithe ipreparation iof ithe 

iIWRM iplan. iThe iprinciples iare ia) ifreshwater iis ia ifinite iand iscarce iresource iessential ifor ilife, 

idevelopment, iand ithe iclimate; ib) ia iparticipative istrategy iinvolving iall irelevant iparties ishould ibe 

iused ito iensure iwater iproduction iand iwater iconservation; ic) iwomen ihave ia icrucial irole iin iwater 

isupply, imanagement iand isecurity; id) iThe iwater ihas ian ieconomic isignificance ito iits iall icompeting 

iusers ithat ihave iunlimited iusers i(McCammon, i1992). 

The iintegration iof iGeographic iInformation iSystem i(GIS) iand iRemote isensing i(RS) itechnique iin 

iwater iresources imonitoring iand imanagement ihave ibeen iachieved ithroughout ithe iyears i(Asif iet 

ial., i2018; iKafy iand iFerdous, i2018; iKafy iet ial., i2020b; iRahaman iet ial., i2018). iChange 

iidentification iin ithe iLC/LU iscenario, isuch ias iwater ibodies, ibuilt-up iareas, ivegetation icover, iand 

ibare ilands, iis ilengthy, ilabor-intensive, iand ierror-prone iby idirect ifield ivisits i(Hart iand iSailor, 

i2009; iKafy iet ial., i2020c; iLilly iRose i iDevadas, iM.D., i2009). iThe icombination iof iRS iand iGIS 

itechnologies isaves itime iand iprovides iaccurate iinformation ithat ienables iLC/LU ichanges ito ibe 

ievaluated, imonitored, iand imodelled i(Fu iand iWeng, i2018; iNiyogi, i2019; iTrolle iet ial., i2019). iAlso, 

idue ito ithe iincreased iflexibility iof istatistical ialgorithms iwith iremotely isensed idata, ithe 

ispatiotemporal imodelling iand ihistorical idata ianalysis iof iLC/LU idynamics ihas iresulted iin 

isignificant iexposures iin isolving ithe iproblems iassociated iwith iwater iresources i(Celik iet ial., i2019; 

iGaur iet ial., i2018; iKafy iet ial., i2020a; iMansour iet ial., i2020; iRahman, i2016; iZine iEl iAbidine iet ial., 

i2014). iSeveral istudies ihave ibeen iconducted iin idifferent iparts iof iBangladesh idescribing ithe 

ichanging ipattern iof iLC/LU iclasses iand itheir iimpacts ion ithe ienvironment iusing iRS iand iGIS 

itechniques. iKafy iet ial. i(2021) iestimate iand isimulate ithe iLC/LU ichanges iusing iRapidEye iimages 

iand iidentifies itheir iimpacts ion ithe iurban ienvironment iin iDhaka icity, iBangladesh i(Kafy iet ial., 

i2021b). iArefin, iMeshram, i& iSeker i(2021), iassess ithe iPadma iriver ishifting irelated ieffects ion 

iLC/LU i(Arefin iet ial., i2021). iIslam, iUddin i& iHossain i(2021) idetect ithe iland icover ichanges iwith 

ishoreline ishifting iin iNijhum iDwip iof iBangladesh i(Islam iet ial., i2021). iAhammad iet ial. i(2020) iand 

iMim iand iZamil i(2019) idetect isurface iwater ibody ichanges ifrom iLandsat iimages iin iRajshahi icity 

i(Ahammad iet ial., i2020; iMim iand iZamil, i2020). iKafy iet ial. i(2020) imodelling ithe iLC/LU ichanges 

iand iidentified ithe ifuture iimpacts iof iwater ibodies iand ivegetation icover iloss iin ithe iurban iclimate iof 

iRajshahi iCity i(Kafy iet ial., i2020c). iThe ispatiotemporal ichanges iof iLC/LU iand iidentification iof ithe 

imost iinfluential iLC/LU iparameters icontribute ito ithe ireduction iof isurface iwater ibodies iusing ithe 

iLandsat iimages iin iRajshahi icity iwas ialso iestimated iby i(Kafy iet ial., i2019a). 

 

Although iseveral istudies ihave ibeen iconducted ito idemonstrate ithe ichanging ipattern iof iLC/LU 

iclasses, ithere iis ian iabsence iof iresearch idescribing ithe iinfluential iparameters ithat iimpact ithe 
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ireduction iof isurface iwater ibodies iand iovercome ithose iproblems iusing ithe iIWRM iplan. iBased ion 

ithis iconsideration, ithis istudy iaims ito ia) iintegrate iRS idatasets iand iGIS iapplications ito idetect 

idecadal iwater ibodies ireduction idue ito imassive iLC/LU ichanges ifrom i1989 i- i2019, ib) iidentify 

isignificant idriving iforces iin ireducing isurface iwater ibodies, iand ic) ito iprovide ieffective 

irecommendations iin ithe ipreparation iof ithe iIWRM iplan ibased ion iexpert iopinions ifor iensuring 

isustainable iwater iresource idevelopment iand ireducing iits iimpacts ion ithe iurban ienvironment, 

ibiodiversity iand iclimate ichange iin iRajshahi iCity iCorporation i(RCC). 

 

2. Materials iand iMethod i 

 

2.1 Study iarea i 

 

The iRCC, ilocated ion ithe ibank iof iRiver iPadma, iis ione iof ithe ikey iadministrative idivisions iof 

iBangladesh. iThe iarea iis igeographically ilocated ibetween i24°07′′ ilatitude ito i24°43′ iN iand i88°17′′ 

ito i88°58′ iE ilongitude, icovering ian iarea iof i48 ikm
2

 iapproximately i(BBS, i2013) i(Fig i1). iRajshahi iis 

ilocated iwithin ithe iBarind iTract iand i23 imeters iabove ithe imean isea ilevel. iThe icity iis ilocated ion ithe 

ialluvial iplanes iof iRiver iPadma, iwhich iflows ithrough ithe isouthern iside iof ithe icity i(BMD, i2013). 

iAs iper ithe icity icorporation, ithe icurrent ipopulation ifor ithe iyear i2020 iis iapproximately i800,000. 

iLarge-scale irural-to-urban imigration iand irapid iurbanization iare iamong ithe imost isignificant 

ireasons ifor ipopulation igrowth iin ithe iRCC iarea i(Kafy iet ial., i2019b). iUnder ithe iKöppen iclimate 

iclassification, iRajshahi ihas ia itropical iwet iand idry iclimate i(Belda iet ial., i2014; iFerdous iand iBaten, 

i2011). iThe iclimate iis igenerally imarked iwith ihigh itemperature, iconsiderable ihumidity, iand 

imoderate irainfall. iThe ihot iseason icommences iearly iin iMarch iand icontinues itill ithe imiddle iof 

iJuly. iThe imaximum imean itemperature iobserved iis iabout i32 i°C ito i36 i°C iduring iApril i- iJuly, iand 

ithe iminimum itemperature irecorded iin iJanuary iis iabout i7 i°C ito i16 i°C. iThe ihighest irainfall iis 

iobserved iduring ithe imonths iof imonsoon. iThe iannual irainfall iin ithe idistrict iis iabout i1,448 imm 

i(BMD, i2013). iTypically, ithe icity iwitnesses ifour iseasons iacross ia iyear i(a) iwinter ifrom imid-

December ito iFebruary, i(b) ipre-monsoon iwith iminimal irainfall, ihigh itemperatures, iand 

ievaporation ifrom iMarch ito iMay, i(c) imonsoon iwith imoderate irain iand ihigh itemperatures ibetween 

iJune ito imid-October iand i(d) ipost-monsoon iwith islight idecreases iin irainfall iand itemperatures 

ibetween imid-October ito iDecember i(Haque iet ial., i2012; iKafy iet ial., i2020c). iGeological istability 

iof ithe iRCC iarea iincludes ihard irocks iwith iunfavorable ihydraulic ipressure iand ilow ito imoderate 

igroundwater ipotential i(Haque iet ial., i2012; iRasel iet ial., i2015). i 

 

Due ito ithe irapid iincrease iin ipopulation, iindiscriminate iland idisposal, iand iunplanned iurbanization, 

ia itotal iof i4,000 iponds iwere ifilled iin ithe ilast ifive idecades iin ithe iRajshahi iarea i(RDA, i2008, i2003). 

iIt ihad i4,238 ireservoirs, icanals, iand iwetlands iin ithe icity iin i1961, i2,271 iin i1981, i729 iin i2000, iand 

ionly i214 iwater ibodies iin i2019 i(Clemett iet ial., i2006; iKafy iet ial., i2019a; iRDA, i2008, i2003). iVast 

iurban imigration iand irapid iurban idevelopment iconstitute isome iof ithe iessential ifactors ifor iRCC 

ipopulation iexpansion. iThe ipast i50-year iland-use ihistory iof ithis iregion iindicates ithat imore ithan 

i30% iof ithe iwater ibodies ihave ibeen idemolished idue ito iinfrastructural idevelopment i(Kafy iet ial., 

i2019a; iKafy iet ial., i2020c; iRDA, i2003, i2008). 
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Figure i1 iLocation imap iof ithe istudy iarea ia) iIn iBangladesh iand iRajshahi iDistrict ib) iElevation, iwater 

ibodies, iand iroad inetwork iof iRCC 

 

2.2 iDescription iof idata isets iand iprocessing iapproach 

 

The istudy iwas idirected ibased ion iprimary iand isecondary idata. iPrimary idata icollected ifrom iKey 

iInformants iInterviews i(KIIs). iThe isecondary idata icomprise iof imulti-temporal iLandsat i4-5 

iThematic iMapper i(TM) iand iLandsat i8 iOperational iLand iImager i(OLI) isatellite iimages icollected 

ifrom iUS iGeological iSurvey i(USGS) iwebsite i(https://earthexplorer.usgs.gov) iwhere ithe iscene 

ipath iwas i138 iand irow iwas i43 i(Table i1) ifor ithe iyears, i1999, i2009 iand i2019. iThe iimages ihad ia 

ispatial iresolution iof i30 im. iThe iimages iwere idownloaded ifor iDecember iat iten iyears iintervals ito 

iassess iLC/LU ivariations iin ithe istudy iregion. iFor iavoiding iseasonal ivariation, iall ithe iimages iwere 

idownloaded ifor ithe isame imonth i(Kafy iet ial., i2020e; iNaim iand iKafy, i2021). iThe iimages iwere 

idokafykafykwnloaded iin iless ithan i10% icloud icoverage ifor iensuring ibetter iclassification iaccuracy 

i(Kafy iet ial., i2020b; iKafy iet ial., i2021a). iTable i1 icontains iinformation iabout ithe iimages iobtained 

ifrom ithe iUSGS ionline idata iportal. 
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Table i1 iDescription iof idownloaded isatellite iimages 

Date i(d/m/y) Sensor Cloud 

iCover 

Path i/ iRow 

 i13 i/ i12 i/ i1989  

Landsat i5 iTM 

 

~0%  

 i25 i/ i12 i/ i1999 ~0%  

138/43 04 i/ i12 i/ i2009 ~8% 

30 i/ i12 i/ i2019 Landsat i8 iOLI ~0% 

 

2.3 Primary idata icollection i 

 
For iprimary idata icollection, ia ifield ivisit iwas iconducted iin ithe istudy iarea iin iJanuary i2020. iGlobal 

iPositioning iSystem i(GPS) iwas iused ito icollect ithe iground itruth idata ifor iaccuracy iassessment iof 

iclassified iLC/LU imaps. iThirty iKIIs i(Annex iI) iwere iconducted ifrom iJanuary i2020 ito iFebruary 

i2020 ithrough ionline, ioffline, iand iphone icalls ito iidentify ithe ipossible iimpacts iof iLC/LU ishifts iand 

istrategies ito idevelop iIWRM iplan ifor iRCC. iThe iKIIs iconsisted iof iurban iplanners, iuniversity 

iprofessors, iagricultural iofficers, ienvironmental iengineers, ipolicymakers, ilocal icommunity 

ileaders, iand idecision-makers. iThe ioutputs ifrom iKIIs ihave ibeen idiscussed iin isection i3.6. i 

 

2.4 Classification iof iLC/LU imaps i 
 

The iimages iobtained ifrom ithe iLandsat isatellite iwere iclassified iinto ifour ibroad iLULC iclasses isuch 

ias ii) iBuilt-up iArea i(industrial/residential/commercial iand itransportation inetwork); i(b) iVegetation 

iand iagricultural iland i(green ilands, iagricultural ilands, iand ivegetation); i(c) iWater iBodies i( irivers, 

iwetlands, ireservoirs, icanals, iand istreams; iand i(d) iBare iLand i(fallow iland, isand, iplayground, 

ilandfill isites, iand ivacant isoil) ifor ithe iyear i1999, i2009, iand i2019 iusing ithe iSupport iVector 

iMachine i(SVM) ialgorithm iin iENVI i5.3 isoftware. iThe iSVM iis ia ipowerful isupervised 

iclassification itechnique iderived ifrom istatistical ilearning itheory ithat ifrequently iproduces iaccurate 

iclassification iresults iwhen ithe idata iis icomplex ior inoisy i(Maulik iand iChakraborty, i2017). iThe 

iSVM iis icalled ia inon-parametric iclassifier, iand iits isuccess iis igreatly idependent ion itraining 

iprocedures. iThe iuse iof ilinearly iseparable iclasses iis ione iof ithe ieasiest iways ito itrain iSVM. iThe 

iexpression iof i2 ihyper-planes ito idiscriminate ithe idata ipoints iin ithe irespective iclasses iare 

imentioned iin iEq. i(1) iand iEq. i(2) i(Osuna, i1998): 

WXi i+ ib i≥ i+1 ifor iall iy i= i+1, ii. ie. ia imember iof iclass i1 i     (1) i 

WXi i+ ib i≤ i−1 ifor iall iy i= i−1, ii.e. ia imember iof iclass i2 i     (2) 

Here, iK inumber iof isamples iare irepresented ias i(Xi,Yi) i=1,2,...,k; iX i€ iRn iis ian in-dimensional 

ispace; iy i€ i(−1, i+1) i= iclass ilabel; iW i= iperpendicular ito ithe ilinear ihyper-plane i(which idetermines 

ithe idirection iof ithe idiscriminating iplane); ia iscalar ib ishowing ithe ioffset iof ithe idiscriminating 

ihyperplane ifrom ithe iorigin; iClass i1 iand iclass i2 irepresents i-1 iand i+1, irespectively. i 

 

The iimages iwere iclassified iusing ithe iLand iCover iClassification iSystem i(LCCS), ideveloped iby 

iFAO, iwhich iprovides ia iconsistent iframework ifor ithe iclassification iand imapping iof iLULC i(FAO, 

i2012; iLatham iet ial., i2002). iBased ion itheir ispectral iand iareal iprofiles, ithe iimages iwere ianalyzed ito 

iestablish iadditional itraining iinformation iand ibackground idata ifrom ilocal iknowledge iand imultiple 

isecondary isources. iThe imore isample idata ifor ieach iclass, ithe imore iaccurate ithe iclassification iwill 

ibe. 
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Around i30 isamples iwere icollected ifor ieach iLC/LU iclass iin iorder ito iproduce iLC/LU imaps. iThe 

iclassified imaps' iaccuracy iwas ievaluated ithrough i200 ifield ilevel iand i100 iGoogle iEarth iimage 

irandom isampling iground itruth idata. iFor iaccuracy iassessment, ithe ioverall iaccuracy i(Eq. i3), iuser 

iaccuracy i(Eq. i4), iproducer iaccuracy i(Eq. i5), iand ikappa istatistics i(Eq. i6) iwere icalculated, iand ione 

iof ithe ibest iquantitative iprocedures ifor iimage iclassification iaccuracy iwas iused i(Rahman iet ial., 

i2018). i 

 

                      
                                                            

                                      

     i i i i i i i i i i i i i i i i i i i i i i i i(3) 

                   
                                                                            

                                                                      
     i i i i i i i i i i i i i(4) 

                       
                                                                            

                                                                         
     i i i i i i i(5) 

                          
                                                                   ⅀                  

                             ⅀                  
     i i i i i(6) 

 

 

2.5 Change idetection ianalysis i 

 

Change idetection ianalysis iwas iconducted iusing imatrix iunion i(MU) iand iimage idifference i(ID) 

itools iin iErdas iImagin iV15. iMU ianalyzes itwo iinput ithematic iraster ifiles iand iproduces ia inew ifile. 

iThe inew ifile icontains iclass ivalues ithat iindicate ihow ithe iLC/LU iclass ivalues ifrom ithe ioriginal 

ifiles ioverlap. iMU ihelps ito iidentify ithe imost iinfluential iLC/LU iparameters, iwhich isignificantly 

iconverted ithe iwater ibodies ipixels ito iother iclasses. iIn iFig i2, ione iexample iis igiven ifor ithe 

iconversion iof iLC/LU ifrom i1989-2019 iusing ithe iMU itool ito iidentify ithe iinfluential iparameters 

ithat ireduce ithe isurface iwater ibodies. i 

 

ID iis iused ifor ichange ianalysis iwith iimagery ithat idepicts ithe isame iarea iat idifferent ipoints iin itime. 

iID ican ihighlight ispecific iareas iof ichange iin iwhatever ipercentage iis ichosen. iTwo iimages iare 

igenerated ifrom ithis iimage-to-image icomparison; ione iis ia icontinuous igrayscale iimage, iand ithe 

iother iis ia ifive-class ithematic iimage. iThe ifirst iimage igenerated ifrom iID iis ithe idifference iimage. 

iThe iDifference iimage iis ia igrayscale iimage icomposed iof isingle-band icontinuous idata i(Erdas 

iImagin ihelp-V15, i2021). iThis iimage iis ithe idirect iresult iof isubtraction iof ithe ibefore iimage i(1989, 

i1999, i2009, iand i2019) ifrom ithe iafter iimage i(1989, i1999, i2009, iand i2019). iSince iID icalculates ithe 

ichange iin ibrightness ivalues iover itime, ithe idifference iimage isimply ireflects ithat ichange iusing ia 

igrayscale iimage. iBrighter iareas ihave iincreased iin ireflectance. iThis imay imean ithe iclearing iof 

ivegetation iand iwater ibodies iareas iby ibuit-up iand ibare iland iareas. iDark iareas ihave idecreased iin 

ireflectance. iThis imay imean ian iarea ihas ibecome imore iurban iby ireplacing ithe igreen icover, iwater 

ibodies, iand ibare ilands. i iThe ihighlight idifference iimage idivides ithe ichanges iinto ithree icategories. 

iThe ifive icategories iare idecreased, iunchanged, iand iincreased. iThe idecreased iclass irepresents 

inegative ichange iareas i(darker) igreater ithan ithe ithreshold ifor ichange iand iis ired iin icolor. iThe 

iIncreased iclass ishows ipositive i(brighter) ichange iareas igreater ithan ithe ithreshold iand iis igreen iin 

icolor. iOther iareas iof ipositive iand inegative ichange iless ithan ithe ithresholds, iand iareas iof ino ichange 

iare itransparent. iFor iyour iapplication, iyou imay iedit ithe icolors ito iselect iany icolor idesired ifor iyour 

istudy. iAn iexample iof ithe iID iwork iprocess ifrom i1989-2019 iis ishown iin iFig i3. i i i 
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Figure i2 iGraphical irepresentation iof iMU itool iworking iprocess iin iErdas iImagine i 
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Figure i3 iGraphical irepresentation iof iID itool iworking iprocess iin iErdas iImagine 

2.6 iFlow idirection iand iaccumulation iestimation iof isurface iwater ibodies 

 

Flow idirection i(FD) iand iFlow iaccumulation i(FA) iestimation iplayed ia isignificant irole iin 

iestablishing ia isustainable iIWRM iplan. iOne iof ithe ikeys ito ideriving ihydrologic icharacteristics iof ia 

isurface iis ithe iability ito idetermine ithe idirection iof iflow ifrom ievery icell iin ithe iraster. iThis iwas idone 

iwith ithe iFlow iDirection i(FD) itool iin iArc iGIS i10.6. iThis itool itakes ia isurface ias iinput iand ioutputs ia 

iraster ishowing ithe idirection iof iflow iout iof ieach icell. iIf ithe ioutput idrop iraster ioption iis ichosen, ian 
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ioutput iraster iis icreated ishowing ia iratio iof ithe imaximum ichange iin ielevation ifrom ieach icell ialong 

ithe idirection iof iflow ito ithe ipath ilength ibetween icenters iof icells iand iis iexpressed iin ipercentages. iIf 

ithe iforce iof iall iedge icells ito iflow ioutward ioption iis ichosen, iall icells iat ithe iedge iof ithe isurface 

iraster iwill iflow ioutward ifrom ithe isurface iraster. iThe iFD iis idetermined iby ithe idirection iof isteepest 

idescent, ior imaximum idrop, ifrom ieach icell. iIf iall ineighbours iare ihigher ithan ithe iprocessing icell, iit 

iwill ibe iconsidered inoise, ibe ifilled ito ithe ilowest ivalue iof iits ineighbours, iand ihave iFD itoward ithis 

icell i(Arc iGIS ihelp-10.6, i2021). iHowever, iif ia ione-cell isink iis inext ito ithe iphysical iedge iof ithe 

iraster ior ihas iat ileast ione ino idata icell ias ia ineighbour, iit iis inot ifilled idue ito iinsufficient ineighbour 

iinformation. iTo ibe iconsidered ia itrue ione-cell isink, iall ineighbour iinformation imust ibe ipresent. iIf 

itwo icells iflow ito ieach iother, ithey iare isinks iand ihave ian iundefined iflow idirection. iThis imethod iof 

ideriving iFD ifrom ia idigital ielevation imodel i(DEM) iis ipresented iin iJenson iand iDomingue iin i1988 

i(Jenson iand iDomingue, i1988). iCells ithat isink ican ibe iidentified iusing ithe iSink itool. iTo iobtain ian 

iaccurate irepresentation iof iFD iacross ia isurface, ithe isinks ishould ibe ifilled ibefore iusing ia iflow 

idirection iraster. iFD icreates ia iraster idirection ifrom ieach icell ito iits idownslope ineighbour, ior 

ineighbours, iusing iD8, iMultiple iFlow iDirection i(MFD), ior iD-Infinity i(DINF) imethods. iThe iMFD 

ioutput, iwhen iadded ito ia imap, ionly idisplays ithe iD8 iflow idirections. iAs iMFDs ihave ipotentially 

imultiple ivalues itied ito ieach icell iwhich icorresponds ito ithe iproportion iof iflow ito ieach idownslope 

ineighbour iand iis inot ieasily ivisualized. iHowever, ian iMFD ioutput iraster iis ian iinput irecognized iby 

ithe iFA itool ithat iwould iutilize ithe iMFD iflow idirections ito iproportion iand iaccumulate iflow ifrom 

ieach icell ito iall idownslope ineighbours. iFig i4 iillustrates ithe iworking iprocess iof iFD icollected ifrom 

ithe iArc iGIS i10.6 ihelp iplatform. i 

 

 
Figure i4 iIllustration iof iFD iprocess i 

The iFA itool icalculates iaccumulated iflow ias ithe iaccumulated iweight iof iall icells iflowing iinto 

ieach idownslope icell iin ithe ioutput iraster. iIf ino iweight iraster iis iprovided, ia iweight iof i1 iis iapplied ito 

ieach icell, iand ithe ivalue iof icells iin ithe ioutput iraster iis ithe inumber iof icells ithat iflow iinto ieach icell 

i(Arc iGIS ihelp-10.6, i2021). iIn iFig i5, icollected ifrom ithe iArc iGIS i10.6 ihelp iplatform, ithe itop ileft 
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iimage ishows ithe idirection iof itravel ifrom ieach icell iand ithe itop iright ithe inumber iof icells ithat iflow 

iinto ieach icell. iCells iwith ia ihigh iflow iaccumulation iare iareas iof iconcentrated iflow iand imay ibe 

iused ito iidentify istream ichannels. iCells iwith ia iflow iaccumulation iof i0 iare ilocal itopographic ihighs 

iand imay ibe iused ito iidentify iridges. iSample iusage iof ithe iFA itool iwith ian iinput iweight iraster imight 

idetermine ihow imuch irain ihas ifallen iwithin ia igiven iwatershed. iIn isuch ia icase, ithe iweight iraster 

imay ibe ia icontinuous iraster irepresenting iaverage irainfall iduring ia igiven istorm. iThe ioutput ifrom 

ithe itool iwould ithen irepresent ithe iamount iof irain ithat iwould iflow ithrough ieach icell, iassuming ithat 

iall irain ibecame irunoff iand ithere iwas ino iinterception, ievapotranspiration, ior igroundwater iloss. 

iThis icould ialso ibe iviewed ias ithe iamount iof irain ithat ifell ion ithe isurface, iupslope ifrom ieach icell. 

iThe iresults iof iFA ican ibe iused ito icreate ia istream inetwork iby iapplying ia ithreshold ivalue ito iselect 

icells iwith ia ihigh iaccumulated iflow. iJenson iand iDomingue ipresent ithis imethod iof ideriving 

iaccumulated iflow ifrom ia iDEM iin i1988 i(Jenson iand iDomingue, i1988). iAn ianalytic imethod ifor 

idetermining ian iappropriate ithreshold ivalue ifor istream inetwork idelineation iis ipresented iby 

iTarboton iet ial. iin i1991 i(Tarboton iet ial., i1991). 

 

 
Figure i5 iIllustration iof iFA iprocess i 

 

 

3 Results iand iDiscussion i 

 

This isection idescribes ithe iresults iestimated ifrom ithe imethodology ipresented iin isection i2.2. iThe 

iLC/LU ichanges, iconversion iof isurface iwater ibodies ito iother iLC/LU iclasses, iurbanization iimpact 

ion iwater ibody ilosses, i iimpacts iof iwater ibody ilosses ion ithe iurban ienvironment, ibiodiversity iand 

irecommendations ito idevelop ia isustainable iIWRM iplan ifor ithe iRCC. 

 

3.1 iChanges iin iLC/LU iclasses i 

 

The ipast ipatterns i(1989-2019) iof iLC/LU ivariations iwere iestimated ifrom iLandsat iimages iusing 

iSVM imethods iare ipresented iin iFig. i6. iThe iSVM-based iclassification iproducer iand ioverall 
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iclassification iaccuracy iwas imore ithan i95%, iwhere ithe ikappa icoefficient iestimated iwas imore ithan 

i85% ifor i1989, i1999, i2009, iand i2019 i(Table i2) idenotes iexcellent iclassification iaccuracy ifor iall 

ithe iLC/LU imaps. i 

Table i2 iAccuracy iassessment iof ithe iclassified iimages. 

Year 
Classified iClass 

Validation ipoints ifor idifferent iLULC iclasses 

Water 

iBody 

Built-up 

iarea 

Vegetation iCover iand 

iagricultural iland 

Bare 

iLand i 
Total User iAccuracy 

1989 

Water iBody 60 0 0 0 60 100.00 

Built-up iarea 0 98 0 3 101 97.03 

Vegetation iCover iand 

iagricultural iland 
0 2 68 0 70 97.14 

Bare iLand i 0 4 1 64 69 92.75 

Total 60 104 69 67 300  i 

Producer iAccuracy 100.00 94.23 98.55 95.52 
Overall 

iAccuracy i96 

Kappa iCoefficient 

i86.45 

1999 

Water iBody 45 1 0 0 46 97.83 

Built-up iarea 0 100 0 6 106 94.34 

Vegetation iCover iand 

iagricultural iland 
0 1 78 0 79 98.73 

Bare iLand i 0 3 0 66 69 95.65 

Total 45 105 78 72 300  i 

Producer iAccuracy 100.00 95.24 100 91.67 
Overall 

iAccuracy i95 

Kappa iCoefficient 

i86.02 

2009 

Water iBody 56 0 0 0 56 100.00 

Built-up iarea 0 91 3 3 97 93.81 

Vegetation iCover iand 

iagricultural iland 
0 0 70 0 70 100.00 

Bare iLand i 0 2 0 75 77 97.40 

Total 56 93 73 78 300  i 

Producer iAccuracy 100.00 97.85 95.89 96.15 
Overall 

iAccuracy i97 

Kappa iCoefficient 

i85.87 

2019 

Water iBody 52 0 0 0 52 100.00 

Built-up iarea 0 103 1 4 108 95.37 

Vegetation iCover iand 

iagricultural iland 
0 3 72 0 75 96.00 

Bare iLand i 0 1 0 64 65 98.46 

Total 52 107 73 68 300  i 

Producer iAccuracy 86.67 96.26 98.63 94.12 
Overall 

iAccuracy i98 

Kappa iCoefficient 

i86.04 

 

 

Four iLC/LU imaps i(Fig i6) iwere ideveloped iusing ithe iLandsat i4-5 iTM iand iLandsat i8 iOLI iimages. 

iThe ibuilt-up iarea iwas iincreased iby i22% ito i43% i(10 ikm
2

 ito i17.7 ikm
2
) ifrom i1989–2019 idue ito ithe 

iupsurge iof iurbanization i(Table i3). iBare iland iwas ialso irecorded ia isignificant iincrease ifrom i16% 

ito i25% iin ithe ilast i30 iyears. iGreen icover iand iwater ibodies iwere isignificantly ireduced iin ithe ilast i30 

iyears ifrom i54% ito i28% iand i8% ito i4%, irespectively. iRapid iurban igrowth idominates iother iLC/LU 

iclasses iby ireplacing ithem isignificantly i(Fig i7). iIn ithe ilast i30 iyears, iunchanged ibuilt-up iland 

irecorded i10.94%, iwhere i15.55% iand i5.94% ivegetation iand ibare iland iand i1.19% iwater ibodies 

ihave ibeen ireduced idue ito ithe imassive iunplanned iinfrastructural idevelopment iin ithe iRCC iarea 

i(Fig i8). i iWater ibodies iwere ireducing igradually iand ireplaced iby ibuilt-up iareas, ivegetation, iand 

ibare isoil iduring ithe iurbanization iprocess ito ifulfill ithe ineed iof icity's irapid ipopulation, iretail iand 
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iindustrial idevelopment. i iThe itotal iamount iof iwater ibodies iwere i6.12 ikm
2

 iin i1989, iand ithe iurban 

iarea iwas i10 ikm
2
. iNo ichange iin ithe iwater ibody iwas inoticed ifrom i1999 ito i2009, iwhich istayed iat i3 

ikm
2
. iA isignificant ichange iwas iobserved iin ithe ilast idecade. iThe ihuman isettlement iwas iencroached 

iupon ithe iwater ibody iand ireduced iit ito i2 ikm
2
. iThe iurban iarea iwas iincreased ito i17.7 ikm

2
, iwhich 

iwas ialmost idouble icompared ito i1989 i(Table i3). 

The idata idisplays ian iunprecedented iincrease iin ithe ibuilt-up iarea iand ia inoticeable idecline iin ithe 

ivegetation icover, iagricultural iland, iand iwater ibodies. iThe imain ireason ibehind ithis iis irapid iand 

iunplanned iurbanization. iThe ivegetation icover iand iwater ibodies iwere idynamically iconverted ito 

iimpervious iinfrastructures ito ifulfill ithe idemand ifor irapid ipopulation igrowth. iReduction iin 

iagricultural iland iforces ithe ifarmers ito icultivate itheir iland iintensively, iwhich iincreases ithe iuse iof 

ichemical ifertilizer iand ipesticides ithat icauses ipollution iof iair, iwater, iland, iand iother ielements iof 

ithe ienvironment i(Islam iet ial., i2019). i 
 

 
Figure i6 iLand icover imap iof iRajshahi iCity iCorporation iin i(a) i1989; i(b) i1999; i(c) i2009; iand i(d) i2019. 
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Table i3 iLC/LU ichange istatistics ifrom i1989-2019 

Land iuse   Year   

 1989 

(km2) 

1999 

(km2) 

2009 

(km2) 

2019 

(km2) 

1989-2019 

(km2) 

Water iBody 6.0 3.0 3.0 2.0 -4 

Built-Up iArea 10.0 12.0 15.0 17.7 8 

Vegetation i& iAgricultural iLand 27.0 25.0 19.0 13.7 -13 

Bare iLand 6.0 9.0 12.0 15.6 10 

 
 

Figure i7 iTransition iof idifferent iLC/LU iclasses iin ithe istudy iarea ifrom ia) i1989-1999 ib) i1999-2009 ic) 

i2009-2019 iand id) i1989-2019 

 

3.2 iConversion iof isurface iwater ibodies ito idifferent iLC/LU 

 

A itransformation idetection itechnique, ii.e., iMU itool, iwas iapplied ito iexamine ithe iconverted iwater 

ibody ilocations iassociated iwith idifferent iLC/LU ichanges. iThe ilocation iof iwater ibody ilosses idue ito 
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idifferent iLC/LU iclasses iin ithe ilast i30 iyears i(1989 i– i2019) iis iillustrated iin iFig i8. iThe imaps ishow 

ithat ithe ibuilt-up iarea iplays ithe imost isignificant irole iin ireducing isurface iwater ibodies icompared ito 

iother iLC/LU iclasses. iFrom i1989-1999, i4.91% iof ithe iwater ibody iwas iconverted ito ithe ibuilt-up 

iareas, iwhich iis i5.02% iand i5.87% ifrom i1999-2009 iand i2009-2019, irespectively. iFrom i1989-2019, 

ialmost i10 ikm
2

 iwater ibodies iwere iconverted ifrom ithe ibuilt-up iarea iwith ithe ihighest ichanging irate 

icompared ito iother iLC/LU i(Table i4). iAll ithe iintervals ishow ithe iinfluence iof ithe ibuilt-up iarea iin 

iconverting ithe iwater ibodies, iand ithe ihighest iconversion ioccurred iin i2009-2019. iLack iof iwater 

ibody iconservation iprojects, iunplanned iurbanization, iand iirregulated imonitoring iin ithe 

iinfrastructural idevelopment iactivities iaround ithe icities iby ireplacing inatural iresources iare ithe 

imain ireason ibehind ithis imassive idecrease iin ithe isurface iwater ibodies iin ithe iRCC iarea. i 

 

 
Figure i8 iConversion iof iwater ibodies ito iother iLC/LU ifrom ia) i1989-1999 ib) i1999-2009 ic) i2009-2019 

iand id) i1989-2019 
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Table i4 iArea i(km
2
) iof iwater ibodies itransformation iinto idifferent iLC/LU iclasses ifrom i1989-2019 

Transformation iof iWaterbodies ito iother iLC/LU iclasses 

Year 

1989-1999 1999-2009 2009-2019 1989-2019 

(km
2
) 

Waterbody ito iWaterbody 1.65 1.02 0.86 4.54 

Waterbody ito iBuilt-up iarea 2.36 2.41 2.82 9.76 

Waterbody ito iVegetation iLand 0.36 0.66 0.35 2.58 

Waterbody ito iBare iland i 1.35 1.85 1.64 4.20 

 

3.3 FD iand iFA ifor irunoff imonitoring iof isurface iwater ibodies i 

 

Hydrologists iuse iFD iand iFA imaps ito imodel isurface irunoff icharacteristics ito idetermine ithe iwater 

iflow, iwhich isignificantly icontributes ito ithe iurban iwater isupply. iFD icalculates ithe idirection iof 

iwater iflow iusing islope idata ifrom ineighboring icells, iwhere iFA icalculates ithe iaccumulated iflow iof 

iall icells iflowing iinto ieach idownslope icell iand iis iused ito iidentify istream ichannels. iThe istudy iarea's 

iwater iflow inetwork iwas iprimarily iinfluenced iby ithe iPadma iriver, iwith ia isignificant iamount iof 

ismall iand ilarge iwater ibodies i(Fig i9a). iThe iFA i(Fig i9b) iand iFD i(Fig i9c) igreatly iinfluenced iby 

irapid iurbanization iand ifaces idisruption idue ito iuncontrolled iuse. iMaximum iflow inetwork irecorded 

iin ithe irange iof i591 ito i885 ikm i(35.24%) ifollowed iby i21.69% iwithin ithe irange iof i886 ito i1180 ikm 

i(Table i5). iThe iPadma iriver iis ithe imain iinfluential ifactor icontributing ito ithe iFD iof iwater iin ithe 

icity iarea. iAs ithe iriver iwas isituated icomparatively iin ithe ilower ielevation, ithe iwater igenerated ifrom 

irainfall, ismall iand imedium isurface iwater ibodies iflow itowards ithe iriver. iBesides ithis, ithe istudy 

iarea iwas iexperienced ienormous isoil idegradation idue ito iinadequate itree icoverage iin ithe iriverside 

iareas iand inegligence iof iavailable ifallow iland. iThe iresearch iarea igeologically iconsists iof irocks 

iwith iunfavorable ihydraulic icharacteristics iand ilow ito imoderate igroundwater ipotential. iAs ishown 

iin iFig i9b, ithe iwatershed i(FA) ihas ia ihigh idrying idensity, icausing iexcessive iearth ierosion iand 

isurface irush. i 

 

Monitoring ithe iearth's isurface iwater ithrough isatellite iimagery iis ia ipowerful iway ito imeasure 

idischarge, iFD iand iFA. iThe iRajshahi icity iis isituated iin ia ilower ielevation iwith iless istreamflow, iand 

iit iis ieasy ito idemolish ivegetation icover iand iwater ibodies ifor iresidential iand icommercial ipurposes. 

iAlthough ia isignificant iamount iof ivegetation iand iagricultural icovers iand iwater ibodies iare ipresent 

iin ithe istudy iarea, ilarge-scale iconsumption iof ivegetation icover iand iwater ibodies itook iplace iin ithe 

ilast ifew idecades idue ito iunexpected imanagement iissues. iAlso, istreamflow iand ipotential 

igroundwater iresources iare itime-bound iand ihighly ilocalized. iThere iis ia ineed ifor ia iconsidered 

iapproach ito iimprove irecharge ithrough istructures ifor iwater iharvesting. iThe istreamflow irate iis 

icalculated iby imeasuring ithe iamount iof iwater ithat ipasses idownstream iat iseveral ipoints ialong ithe 

istream icalled idischarge iper iunit iof itime. iMonitoring ithe istream iflow irate iis iessential ias iit 

icontributes ito iassess ithe ieffects iof ihuman iactivity iand iassociate ienvironmental idegradation. iIt iis 

ialso iessential ito icontrol ivegetation ilosses iaround isurface iwater ibodies iand iriver. iVegetation 

iremoval, ieither iby idisasters ilike ifires ior ihuman-made iproblems ilike ideforestation, ican inegatively 

iaffect ithe isurface iwater. iVegetation iconsumption imay ilead ito iescalated irunoff iand ierosion, iand 

ithe irisk iof iurban iflooding ican iincrease. iThe iperformance iof iflow inetwork, iFD iand iFA iwill ibe 

iincreased iif ithe irestriction iis iapplied iin ithe idemolishment iof isurface iwater ibodies iusing iproper 

irules, ipolicies, iand iplans. iThe iincrease iin iFD iand iFA iwill isave ithe icity ifrom iunwanted iurban 

iflooding. 
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Figure i9 iCharacteristics iof isurface iwater ibodies irunoff ia) iElevation ibased istream inetwork ib) iFA iand ic) 

iFD i i 
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Table i5 iRanges iof inetwork iflow iin ithe istudy iarea 

Length iof ithe iflow inetwork iin ikm Percentage 

1 i- i295 17.26 

296 i- i590 14.56 

591 i– i885 35.24 

886 i– i1180 21.69 

1181 i- i1473 11.25 

 

 

3.4 Major idriving iforces icontribute ito ithe isurface iwater ibody idemolishment i 

 

Surface iwater ibodies ihave ibeen itransformed iinto iother iland icovers ievery iyear. iActivities, isuch ias 

iagricultural, iindustrial, idomestic, iand imunicipal isources, icontinuously ireceive ipollutants iand 

idamage isurface iwater ibodies. iSignificant ifactors ifor isurface iwater idemolishment iare idiscussed 

ibelow. 

 

3.4.1 Influenced iby iLC/LU 

 

The itransformation irate ibetween idifferent iLC/LU icategories iis ian iessential iaspect ito iidentify ithe 

iinfluential ifactors ithat isignificantly icontribute ito ithe iwater ibody ireduction iin ithe iRCC iarea. iTo 

iidentify ithe iwater ibody itransformation iin idifferent iLC/LU iclasses, iLULC itransformation imaps 

iwere iestimated iusing ithe iID iapproach. iIn ithe iLC/LU itransformation imaps, idecreased iclass 

idenotes ivegetation icover iand iwater ibodies ito ibuilt-up iareas, iwhere ithe iexpansion iof ibuilt-up iareas 

iby ireplacing ivegetation icover, iwater ibodies, iand ibare iland iclasses iindicates ian iincrease. 

iUnchanged icategory iillustrates iclass ito iclass i(i.e., iwater-water, ibare-bare ietc.) iunchanged ipixels 

iduring ifour idifferent iyears iinterval i(Fig. i10). 

 

From iFig i10, iit iis icleared ithat iwater ibodies iexperienced inegative igrowth; ihence, ipositive igrowth 

iwas iseen iin ibuilt-up iareas. iMost iof ithe iLC/LU iunits iwere ichanged iover ithe iperiod iwith ia ipositive 

ichange iin ibuilt-up iareas i(6.8% iper iyear) ifollowed iby ibare iland i(3.4% iper iyear). iAlso, istrong iand 

inegative ichange irates iwere iestimated ifor iwater ibodies i(2.01% iper iyear) iand ivegetation icover 

i(3.4% iper iyear). iOut iof ithe itotal iarea, i51% iarea iwas iexperienced ias ipositive, i37% iarea iwas 

iexperienced ias inegative, iand ithe irest iof ithe iproportion iwas iunchanged iby i12% ifrom i1989-2019 

i(Fig i10). iThe ihighest ipositive iincrease iwas irecorded iin ibuilt-up iareas, iand ithe inegative idecrease 

iwas irecorded iin iwater ibodies. iAlmost i4% iof isurface iwater ibodies iwere ifilled iup idue ito ithe 

imassive iincrease iin ithe ibuilt-up iareas. i 

 

A isubstantial iportion iof iwater iareas ihas isignificantly ireduced iand iconverted ito iurban iareas iand 

ibare iland. iThe iintense ichange idynamics iwere inoticed iin ineighboring iurban iareas iwith ithe isteady 

itransformation iof idifferent iLC/LU iclasses itook iplace iin ithe iouter iparts iof ithe icity icenter. iThe 

iwater ibodies iadjacent ito ithe ibuilt-up iareas iare ihighly isusceptible ito itransformation ieither iby ithe 

iconstruction iof iinfrastructure ior iexpanding ibare iland ifor ifuture iconstruction iactivities i(Kafy iet ial., 

i2020d; iKafy iet ial., i2019a) iThe imap iillustrated iin iFig i11 ireflects iunplanned idevelopments iand ithe 

iimportance iof iplanned iand isustainable iLC/LU idistribution ifor iensuring iIWRM iin iRajshahi iCity. i 
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Figure i10 iTransformation iof idifferent iLC/LU iclasses ifrom ia) i1989 ito i2009 ib) i2009 ito i2019 

 

3.4.2 Population igrowth iand iwater idemands 

 

RCC idoesn't ihave ian iindependent iwater isupply isystem. iRajshahi iWater iSupply iand iSewerage 

iAuthority i(RWASA) iis icurrently iresponsible ifor iproviding iwater isupply iand iwater itreatment 

ifacilities ifor ithe iRCC iarea. iThe imajor isource iof ifreshwater iin iRCC iis ifrom igroundwater itube 

iwells. iAs iper ithe iRWASA irecords, iin i2018, ithe ifreshwater idemand ifor iRCC iwas iestimated ito ibe 

i118 imillion iliters iper iday i(MLD), iand ithe iRWASA isupplies ionly i77.88 iMLD. iWater ishortage iis 

iestimated ito ibe iabout i40 iMLD, iwhich iis iexpected ito ibe iabout i67 iMLD iin i2031 i(Rana iand 

iAdhikary, i2020). iRWASA iproduces i77.88 iMLD iwater, iin iwhich i74.88 iMLD iwater iis iextracted 

ifrom iunderground iwater, iand ionly i3 iMLD iis ifrom isurface iwater. iThis ihas iresulted iin ia isignificant 

iand irapid idecrease iin ithe igroundwater itable. iAs iper ione istudy, igroundwater iin ithe iRajshahi 

idistrict iwas ireceding iat ia irate iof i0.23 m/year iduring i2000-2014 i(Hasan iet ial., i2019). iUnderground 
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iwater iis iextracted ifrom i103 itube iwells, iand isurface iwater iis icollected ifrom ithe iPadma iriver. 

iAccording ito ithe iRWASA, ithe iestimated ipopulation iis i5,51,630, iand ithey iare iproviding iwater 

isupply ito i4,63,370 ipeople iwhich iis i84% iof ithe iestimated ipopulation. iThe iincreasing igap ibetween 

idemand iand isupply iin iRajshahi ibecomes imore ichallenging iduring ithe isummers idue ito iincreased 

iwater idemand. iRWASA iproduces iaround i192.67 ilcpd iof iwater, iof iwhich iresidents iget iaround 

i126.3 ilcpd iof iwater, irest iis ilost idue ito ileakages. iRWASA ihas isix iwater itreatment iplants iwith ia 

icapacity iof i27 iMLD iis ilocated iat idifferent iwards iin ithe iRCC iarea, ibut ithe iquantity iof itreated 

iwater iproduced idaily iis i18 iMLD ion iaverage. iIt's ihappening idue ito ithe itechnical iissues iwith ithe 

ipumps, iand isome iof ithem iare inot irunning ifor ithe ilast i6 imonths. 

Increasing ipopulation iand iwater idemand iare iputting itremendous ipressure ion ithe iwater isupply 

isystem. iFurther, ilimited iavailability iand iuncertainty iof isupply iof isurface iwater iis ialso ia imajor 

iissue ifor ithe icity idue ito iwater idiversion ion ithe iupstream iof iPadma iRiver. iTotal idependence ion 

igroundwater, iincreasing iper icapita iwater idemand icoupled iwith iwater ilosses i& iuneven 

idistribution ithroughout ithe icity iis ilikely ito ihave ia isignificant iimpact ion ithe iresidents iin ithe ifuture, 

iespecially iduring idry iseasons. iTherefore, iit iis iinevitable ithat ithe icurrently ipracticed igroundwater 

iuse ipolicy iin ithose iareas ineeds ito ibe irevised ito imake igroundwater iuse imore isustainable. 

iStrategies isuch ias iartificial irecharge ito ithe iaquifers iand irainwater iharvesting ialong iwith iwater-

saving itechnologies iand iIWRM ineed ito ibe iadopted. i 

 

3.4.3 Development ipressures 

 

Not ionly inaturally ioccurring iconditions isuch ias ihazards, idisasters ibut ialso idifferent iactions iof 

ihumans icreate isignificant ipressure ion iwater iresources i(Cosgrove iand iRijsberman, i2014). iAs 

iwater idemand iin ithe idevelopment iof idifferent isectors isuch ias iindustrial, iagricultural, ihousing ietc., 

iare iincreasing iacross ithe iworld, ithis isituation iis icreating ipressure ion ifreshwater iavailability iin 

imany iregions i(Amore, i2012; iConnor, i2015). iThere iis ia imassive ithreat iof iurbanization ion ithe 

iliving ienvironment, ihuman ilife, ihuman ihealth, iand iin iRajshahi icity, irapid iurban igrowth 

iaccelerates idue ito ithe iincrease iof iresidential iand icommercial iactivities ibringing itremendous 

ipressure ion ilocal iresources iof iwater ias iwell ias ithe iecological ienvironment i(Kafy iet ial., i2019a; 

iXiang, i2017). iIn ithe ilast ifew iyears, iurbanization iin iRCC ihas iincreased ijob iopportunities iand 

ieconomic idevelopment. iUrban iplanning ifor ithe icity iis ilooked iafter iby iRajshahi iDevelopment 

iAuthority i(RDA), iwhich iis iauthorized ito iundertake ilocal iurban iplanning iand iinfrastructure iand 

isite idevelopment iactivities ifor ihousing, icommercial iand iindustrial iuse. iA irecent istudy ion iRCC 

iidentified ihigher igrowth irates iof iurban iareas iduring i2009–2019 iand iminor idecreasing irates iduring 

i1999-2009 i(Kafy iet ial., i2020c). iThe idecadal iobservation idemonstrates ithat ithe ibuilt-up iarea iwas 

i16% iin i1999, iwhich iwas iexpanded ito i21.98% iin i2009 iwith i5.3% igrowth, imainly iin ithe inortheast 

iregions ion ithe iRCC iarea. iIn i2019, iit iwas iincreased ito i32.6%, iwith i10.61% iof igrowth. iThe itotal 

iincrease iin ithe ibuilt-up iarea iwas iidentified ias i15.95 i% ifrom i1999-2019. iAlso, ione iof ithe imost 

iimportant inatural iresources, iwater ibodies iwas idecreased i3.77% iin ithe ilast i20 iyears i(1999-2019). 

iBased ion ithe icurrent imaster iplan iconducted iby iRDA, ipercentages iof imajor iland iuse ifor iRCC iarea 

iin i2020 iare i– iresidential i48.3%, iwater ibodies iincluding iriver, ipond, iditch i5%, iagriculture i0.1%, 
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iopen ispace i3.8%, iroads i12%, ieducational iand iresearch iland iuse icovers i11.7%, iindustry iand 

istorage itogether icomprise i1.2%, iand imixed-use i11.5%. iCompared ito iRDA idata i2004, iresidential 

iand imixed-use iareas ihave ibeen iincreased iby i14.84% iand i9.3%, imostly iby ireplacing iwater ibodies. 

iFrom i2004-2020, i5.78% iof isurface iwater ibodies ihave ibeen ireduced idue ito iresidential iand 

icommercial iinfrastructural idevelopment i(RDA, i2008). iHowever, iRDA idoesn't igive ino iobjection 

icertificate i(NOC) ito iany iinfrastructural idevelopment ithat ifalls iin iany isurface iwater ibodies. iRCC 

ihas ialso itaken ia iwater iconservation iproject ifor iconserving ipotential i19 isurface iwater ibodies iin ithe 

icity iarea. iFor iensuring ithe iorderly igrowth iof ithe icity, iRCC iand iRDA iis iworking itogether. iBut iin 

isome icases, ithere iis ian iissue iof iinter-departmental icoordination ibetween iRCC iand iRDA. 

iAlthough iRDA iand iRCC itake iinitiatives ito ipreserve isurface iwater ibodies, ilack iof iproper 

imonitoring iin ithe idevelopment iactivities iis ione iof ithe imajor iissues ithat ihelp ithe icity iresidents 

iestablish iinfrastructure iby idemolishing isurface iwater ibodies. iRCC idoesn't ihave iits iindividual 

imaster iplan iyet. iA idetailed iarea iplan ineeds ito ibe iestablished iby iRCC ifor imonitoring imicro-level 

iinfrastructural idevelopment, iwhich ihelps iin iorderly idevelopment iand iconservation iof isurface 

iwater ibodies. i 

 

 

3.5 The iimpacts iof iwater ibody ilosses ion iurban ienvironment, ibiodiversity, iand iclimate 

ichange 

 

Water iis ian iessential inatural iresource ithat iis isignificantly iimpacted iby ihuman iconsumption, icrop 

iirrigation, ifisheries, itransport, iand iconservation. iDue ito irapid iurbanization ifaced iby iRCC iin ithe 

ilast itwo idecades, ihydropower, iindustrial iand icommercial idemands ihave ibeen iincreased, iwhich 

isignificantly ihampering ithe igroundwater irecharge iand isurface iwater ibody ilosses. iThe inumber iof 

ismall iand imedium-sized iponds iin ithe iRCC iarea iwas i373 iin i2011, iwhich iis ifound ionly i130 iin i2019 

i(Kafy iet ial., i2019a). iThe iwater icycle i(hydrological icycle) iis ithe icontinuous iexchange iof iwater 

ibetween iland, iwater ibodies, iand ithe iatmosphere. iWhen iprecipitation ifalls iover ithe iland, iit ifollows 

ivarious iroutes. iSome iof iit ievaporates, ireturning ito ithe iatmosphere, isome iseeps iinto ithe iground, 

iand ithe iremainder ibecomes isurface iwater, itravelling ito ioceans iand ilakes iby iway iof irivers iand 

istreams. iImpervious isurfaces iassociated iwith iurbanization ialter ithe inatural iamount iof iwater ithat 

itakes ieach iroute. iThe iconsequences iof ithis ichange iare ia idecrease iin ithe ivolume iof iwater ithat 

ipercolates iinto ithe iground iand ia iresulting iincrease iin ivolume iand idecrease iin iquality iof isurface 

iwater. iThese ihydrological ichanges ihave isignificant iimplications ifor ithe iquantity iof ifresh iand 

iclean iwater iavailable ifor iuse iby ihumans, ifish, iand iwildlife. i 

 

During ithe iKII iinterviews, iexperts ihave ialso imentioned ithe iimpacts iof isurface iwater ibody ilosses 

ion ithe ienvironment, ibiodiversity, iand iclimate ichange i(Fig i11). iFrom iall ithe iexperts, i22% iagreed 

ithat ireducing isurface iwater ibodies isignificantly iincreases ithe itemperature iand iaccelerates ithe iheat 

iwaves ieffects iin iRajshahi icity. iWater ibodies iare iworking ias iair icooling iparameters, iand iresidents 

iliving iclose ito ia iwater ibody ifeel iless iheat ithan iothers. iKafy iet ial. i(2020) ialso ivalidate ithe 

iinformation iby ishowing ithat ifrom i1999-2019, i4% iof iwater ibodies ihave ibeen ireduced iin ithe iRCC 

iarea, iwhich ileads ito ian iincrease iin ithe iaverage itemperature iby ialmost i10 i
0
C i(Kafy iet ial., i2020c). i 
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The ireduction iof isurface iwater ibodies ialso ireduces ithe ibiodiversity iof ithe iurban ienvironment. 

iDuring ithe iinterviews iwith ithe iexperts, i23% iagreed ithat idemolishing iurban iwater ibodies 

inegatively iimpacts ithe iecological isystem iby ireducing iplant ihealth iand ianimal ispecies. iSurface 

iwater ibodies iserve ias ithe imain isource ifor igroundwater irecharge iand ihelp ithe iplants iand ianimals 

iby isupplying iwater iduring ithe idry iseason, iwhich iensures ithe igrowth iof ithe iplants iand ifood ifor ithe 

ianimal ispecies. iAlso, ithe ireduction iof isurface iwater ibodies iincreases ithe ipressure ion 

igroundwater, iaccording ito i18% iof iexperts. iA istudy iconducted iby iSchueler i(2003) ifound ithat 

imore ithan i10% iof iimpervious icover i(built-up iareas) icreate istream idegradation iby istreams ichannel 

idegradation, ireduce igroundwater irecharge, iincrease iflood ifrequencies, idecrease imovement iof 

igroundwater ito isurface iwater, iloss iof itree icover iaround istreambanks iand ioverall idegrade iaquatic 

ihabitat i(Schueler, i2003). i 

 

 
Figure i11 iImpacts iof iwater ibody ireduction ion ithe ienvironment, ibiodiversity, iand iclimate ichange ibased 

ion iexpert iopinions. 

 

It iis ialso ievident ithat iwater ibody ilosses icreate ian iimpact ion ithe iclimatic icondition, iand iduring ithe 

iKII iinterviews, i11% iof iexperts iagree iwith ithe istatement. iExperts i(15%) ialso imentioned ithat 

iclimate ichange isignificantly iimpacts ithe irainfall ipattern iand iincreases iirregular irainfall, icreating 

iunwanted iurban iflooding. iThe iwater ibodies iin ithe iRCC iarea iare idecreasing irapidly, iwhich 

irestricted ithe iflooded iwater iflow ito ithe inearest iwater ibodies iand iincreased ithe isuffering ifor 

icommunity ipeople. iAs ialready idiscussed, ithe icontribution iof iwater ibodies ifor ilower itemperature, 

iclimate ichange iis ialso iinduced iby ithe iincreased iin itemperature. iAccording ito ithe 

iIntergovernmental iPanel ion iClimate iChange i(IPCC), ithe isea ilevel iis ianticipated ito irise iby i7 ito i23 

iinches iby i2100 i(IPCC, i2014), iand ithis ichange iaccelerates idue ito ithe imassive irise iin itemperature 

i(Chandra iS. iP. iOjha iet ial., i2017; iLi iand iQian, i2018; iTimmerman, i2015; iYan iet ial., i2019). iThe 

irising iseawater ipushes ithe isaltwater ito ithe iagricultural iland ithat icauses iless iproduction iand 

iinfertility iof ithe iagricultural ilands. iA iprediction iis igiven iby iscientists ithat iwarmer itemperatures 
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iwill ilead ito imore istormwater irunoff, ilarge iwinter isteam iflow, iand ihotter, idrier isummers. iLarge 

istormwater irunoff iwill iincrease iurban iflooding, iand idrier isummers inegatively iimpact iplant 

igrowth iand ifood iproductivity iin ithe istudy iarea. iIn ithe imeantime, ithe iincreased itemperature iwill 

iresult iin ia iloss iof imoisture ifrom irivers, ilakes, iand ioceans ibecause iof ievapotranspiration. iThe 

ifundamental ichanges iin ilocal irivers iand ilakes isignificantly ireduce ifish iproductivity. iAs iwater iis ia 

ifundamental ineed ifor ithe ihuman ibeing, iand ithat iis iwhy iwater iis ibecoming ia iconflicting itopic 

iamong icompetitive iusers, iwhich iturns ito ithe iwater iwar iglobally. i 

 

 

3.6 IWRM iplan ifor isustainable iwater iresource idevelopment 

 

The iproblems irelated ito ithe iIWRM iin iBangladesh iare idiverse iand icomplex. iThere iis ia isevere 

ishortage iof igood iquality iwater iduring ithe idry iseason, iwhile iflood icauses iduring ithe imonsoon. 

iBesides, iriverbank ierosion, iiron icontamination iin ithe igroundwater ietc., iaggravate ithe iwater 

imanagement isituation iin ithe iRajshahi iregion. iTo iaddress ithese iissues, ia iholistic iand iIWRM 

iapproach iis iessential. iAlthough ithe iWater iResources iPlanning iOrganization i(WARPO) 

iestablished ithe iBangladesh iNational iWater iPolicy iand iManagement iPlan iwith ithe isupport ifrom 

ithe iGovernment iof iBangladesh i(GoB) ihas iformally irecognized ithe iconcept iof iIWRM, iwhich 

ineeds ito ibe iupdated ifor iensuring isustainability iin iwater iresource imanagement. iWith ithe ihelp iof 

iexperts isuch ias iurban iplanners, ienvironmental iengineers, ihydrologists, ipolicymakers, iand icity 

iofficials, iuseful irecommendations iare istated ibelow ito idevelop ia isustainable iIWRM iplan 

iapplicable ifor iall ideveloping icountries. i 

 

3.6.1 Management istrategies i 

 

Managing iwater iresources iis ione iof ithe iessential iparameters ifor iensuring ithe isuccessful 

iimplementation iof iIWRM iprojects. iTo iensure isustainable iwater iresource imanagement, iall 

iresponsible iauthorities, iincluding ilocal ito iregional iand iprivate isectors, ineed ito iwork 

icollaboratively ito imanage ithis iscarce iresource. iSome iof ithe imost iimportant imanagement 

istrategies iare imentioned ibelow isuggested iby ithe iexperts. i 

 

i. Need ito istrictly ifollow ithe irules iof ithe iBangladesh iWater iAct i(2013) iby iensuring ithe ibest 

iuse iof iwater iresources, ian ioptimal, iefficient iway iof iusing iscarce iwater iresources iand 

icontrol iof iunaccounted iabstraction, idiversion, iand ipollution iof iwater iresources. i 

ii. Need ito iaddress iall isources iof isurface iwater idevelopment, iconservation, iand imanagement 

iissues iin ithe ilocal ilevel idevelopment ischemes i 

iii. Institutional idevelopment iand istrengthening ithe icapacity iof ithe ilocal igovernment ion iwater 

iresource idevelopment iand imanagement i 

iv. Consultation iand iparticipation iwith ibeneficiaries ibefore ifinalizing iand ideveloping iwater 

iresource imanagement ischemes. i 

v. Accelerate ia isustainable ipublic iand iprivate iwater idelivery isystem iwith iappropriate ilegal 

iand ifinancial imeasures iand iincentives, iincluding idelineating iwater irights iand iwater 

ipricing. i 

vi. Develop ia ilegal iand iregulatory ienvironment iby ibringing iinstitutional ichanges ito icontrol 

igroundwater iuse iand iconserve ithe iexisting isurface iwater iresources ifor ienvironmental 
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imanagement iand iimprove ithe iinvestment iscenario ifor ithe iprivate isector iin iwater iresource 

idevelopment. i 

vii. New irules iand ilegislation, iparticularly ia ilocal ilevel iwater iresource iact iand ia iregulatory 

iframework ifor iprivate isector iparticipation. i 

viii. Decentralization iand idistribution iof iresponsibilities ito ilocal igovernment iand icommunity 

iwater imanagement igroups ito isuccessfully iimplement ithe iwater iresource imanagement 

ischemes. i 

ix. Private isector iparticipation iin ithe idevelopment, ifinancing, imanagement, iand ioperations iof 

ithe iwater ischemes iat ithe ilocal, icity, iand iregional ilevels. i 

 

3.6.2 Technical iStrategies i 

 

Applying itechnical istrategies iby iintegrating ithe iuse iof ilatest itechnologies iwill iensure ithe iproper 

imonitoring iand ieffective iutilization iof iavailable iwater iresources ifor ithe isuccessful 

iimplementation iof ithe iIWRM iplan iin iany ideveloping icity. iNowadays, ilocation iand ilogical 

ispecific iactivities, imodelling iusing iadvanced itechnologies ilike iGIS, iRS, iGlobal iPositioning 

iSystems, iand ivarious ilogic-based ialgorithms iare ithe isimplest iand ibest-known icategory ito 

iestimate ithe ibest iwater iresource imanagement iplan. iThere iare ino ispecific itechnical istrategies 

irelated ito ithe iuse iof imodern itechnology imentioned iin ithe iBangladesh iwater iact i– i2013. iBased ion 

ithe iexpert's isuggestion, isome iof ithe ieffective itechnical istrategies iare imentioned ibelow, iwhich iwill 

ihelp ito iachieve ithe iIWRM iplan ifor iRajshahi icity. i 

 

i. Modelling ipotential isurface iwater izones iand iflow idirections iof irunoff iwater iusing iGIS 

iand iRS itechnologies ifor iensuring iwater iavailability iduring ithe idry iseason 

ii. Increase iefficient iuse iof iavailable isurface iwater ibodies iby itreatment ifor iusing iin 

iirrigation iand isecondary ihousehold iactivities. i 

iii. Comprehensively idevelop iand imanage iPadma iriver iwater ifor imultiple ifunctions i 

iv. Wastewater itreatment iusing imodern itechnologies ifor iwatering ithe igreen icovers iand 

iplants iinstead iof ifresh iground ior isurface iwater. 

v. Smart iwatering isystems iand iwater iaudits iof ithe inon-revenue iwater ineed ito ibe 

iestablished ifor ireducing iwater ilosses iand ifulfill ithe iwater idemands iof ithe icitizens iby 

iutilizing itreated isurface iand ifresh igroundwater. 

vi. Identification iof ivulnerable iflood-affected izone iin ithe icity iareas iusing isatellite iimage 

iand iground-based idata iand idetermine isuitable ilocations ifor isurface iwater ibodies 

i(ponds, iwetlands ietc.) idevelopment ifor iensuing iproper irunoff iof ithe iflooded iwater. i 

vii. Identified iexisting ipotential isurface iwater ibodies iusing isatellite iimage imonitoring iand 

itook ieffective iactions ito iconserve ithem ito ireduce iurban iflooding iand iwater iscarcity iin 

ithe idry iseason. i i 

viii. Develop ihydropower iand irecreational ifacilities isuch ias iwalking ipaths, isitting 

iarrangements ietc., iin iand iaround ithe isurface iwater ibodies. i 

ix. Feasibility istudy ifor iusing itreated ifaecal isludge/wastewater iwater iin iwatering ithe itrees 

iand ipreparing ian ieffective isewerage/faecal isludge imanagement iplan ito ireduce istress 

iin ithe isurface iwater ibodies. 

x. Training iof ithe icity iofficials ion ieffective iwater iresources imanagement iusing imodern 

itechnologies iand iarranging ipeer-to-peer ilearning iworkshops ibetween idifferent icities 

ifor iexchanging iIWRM iplan-related iknowledge. i i 
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xi. Awareness ibuilding iprograms ifor ithe ilocal icommunity ipeople ito inotify ithe iimportance 

iof ithe iIWRM iplan, iwhich iwill ihelp ito ireduce itemperature, iunwanted iurban iflooding 

iand iensure iecological iand ienvironmental isustainability. i 

 

4 Conclusion i 

 

This istudy iaims ito iidentify ithe imost iinfluential iLC/LU iparameters ithat isignificantly ireduce ithe 

isurface iwater ibodies iand iidentify isustainable istrategies ifor ithe iIWRM iplan ifor iRajshahi icity 

ibased ion ithe iexpert's iopinions. iThe iIWRM iplan iis istrongly iassociated iwith ithe idistribution iof 

iLC/LU ichange. iIn ithe ilast ifew idecades, ithe iLC/LU idistribution iis ichanging irapidly, iespecially 

ifrom iwater ibodies ito ibuilt-up iareas. iResults isuggest ithat, ifrom i1989-2019, ialmost i8% iof ithe iwater 

ibodies ihave ibeen ireduced iand ifrom ithis i5% idue ito ian iincrease iin ibuilt-up iareas. iThe 

iinfrastructural idevelopment iby ireducing isurface iwater ibodies iincreases ithe iprobability iof iurban 

iflooding idue ito ithe iobstacles itaking iplace iduring isurface irunoff iand ialtering ithe istream inetwork 

iflow idirections. iReduction iin isurface iwater ibodies ialso idamages ithe ilandscape idynamics 

iassociated iwith iecosystem iservices, iclimate ichange, iand ienvironmental isustainability iby ireducing 

iplant ihealth, iincrease itemperature, iand iirregular irainfall. iEffective imanagement istrategies, 

iincluding icollaboration ibetween ilocal-regional-private isectors, iconsultation iwith ithe 

ibeneficiaries, iand iensuring icommunity iparticipation iduring ifinalizing iwater iresource 

imanagement iprojects iand istrengthening ithe iinstitutional icapacity iof ithe ilocal igovernment, ineed ito 

ibe itaken ito ireduce iwater imanagement-related iissues. iTechnical istrategies isuch ias imodelling 

ipotential isurface iwater izones, iflow idirections iof irunoff iwater iusing iGIS iand iRS itechnologies, 

iwastewater itreatment ifor ithe iuse iof iwatering itrees iand igreen iareas, ismart iwatering isystem ifor 

ireducing iwater iwastage, iestablished irecreational ifacilities iaround iwater ibodies, itrain icity iofficials 

iabout ithe ieffective imanagement iof iwater iresources iand iawareness-building iprogram ifor 

icommunity ipeople idescribing ithe iimportance iof ithe isurface iwater ibodies iwill iensure ithe 

isuccessful iimplementation iof iIWRM iplan ifor iany ideveloping icountries. iTo iaccomplish ithese 

itechnical iand imanagement istrategies irecommendations, igovernment, ipolicymakers, icity imayors, 

ilocal iand icommunity ileaders ineed ito itake iproper iactions iwith iclose icollaboration ibetween iBWDB 

iand ilocal igovernment iactors ito idevelop ilong iterm iplanning imechanisms, iidentify ivarious 

iinvestment ichannels iand ilow-cost itreatment ifacilities ifor ipromoting ieffective iwater igovernance 

ithrough ithe idevelopment iof iIWRM. 
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Annexe iI: iList iof iKey iInformant iInterviews i(KIIs) 
 

 

 

No Key iInformants i Organization Total 

1 Chief iEngineer Rajshahi iCity iCorporation, iRajshahi, iBangladesh 1 

2 Superintending iEngineer i Rajshahi iCity iCorporation, iRajshahi, iBangladesh 1 

3 Assistant iEngineer i Rajshahi iCity iCorporation, iRajshahi, iBangladesh 3 

4 Town iPlanner i Rajshahi iCity iCorporation, iRajshahi, iBangladesh 1 

5 Environmental iDevelopment iOfficer i Rajshahi iCity iCorporation, iRajshahi, iBangladesh 1 

6 Urban iPlanner Rajshahi iDevelopment iAuthority, iRajshahi, iBangladesh 3 

7 Secretary i(Incharge) i Barind iMultipurpose iDevelopment iAuthority, iRajshahi, iBangladesh 1 

8 Executive iEngineer Barind iMultipurpose iDevelopment iAuthority, iRajshahi, iBangladesh 2 

9 Professor i(Environmentalist) University iof iRajshahi, iRajshahi, iBangladesh 1 

10 Professor i(Geology iand iMining) University iof iRajshahi, iRajshahi, iBangladesh 1 

11 Professor i(Civil iEngineer) Rajshahi iUniversity iof iEngineering i& iTechnology, iRajshahi, iBangladesh 1 

12 Assistant iProfessor i(Urban iPlanner) i Rajshahi iUniversity iof iEngineering i& iTechnology, iRajshahi, iBangladesh 1 

13 Executive iEngineer Rajshahi iWater iSupply iand iSewerage iAuthority i(RWASA) 3 

14 Additional iChief iEngineer Bangladesh iWater iDevelopment iBoard 3 

15 Superintending iEngineer Bangladesh iWater iDevelopment iBoard 2 

16 Assistant iDirector Department iof iEnvironment i(DoE) 1 

17 Research iOfficer Department iof iEnvironment i(DoE) 1 

18 NGO iRepresentatives i BRAC iand iUNDP 3 
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