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This iinvestigation iexpects ito iassess ithe ieffects iof iclimate iand iland-use ichange ion ithe ihydrology iof iRibb iwatersheds iusing ithe iSoil iand iWater iAssessment iTool i(SWAT). iRibb iwatershed iis ilocated iin ithe inorthwestern iEthiopia iRiver ibasin iwhich iextends ifrom i10.00ºN ito i11.00ºN ilatitude iand ifrom i35.00ºE ito i38.00ºE ilongitude. iThe iexamination idissected ithe ihydrologic ieffects iof iclimate iand iland-use ichanges iin itwo idifferent iways. iThe imain iperspective icomprises iof idescribing ihydrological ichanges itwo iverifiable iland iuse imaps i(Land iSat_8 i2001, i2017) iwere iutilized ito ispeak ito iland-use ichange ion ithe iwatershed, iand ihistorical iclimate idatasets i(1988-2017) iwas iutilized ito imake iSWAT imodels ifor iRibb iwatershed. iLand-use ichange irecognition iwas ifinished iusing iremote idetecting iprocedures iand ithe imaps iwere iprepared iusing iERDAS iImagine i14 iand iArc iGIS i10.3 isoftware. iClimate iand iLand iuse iis itwo iprimary ifactors istraightforwardly iimpacting ithe ihydrological iprocedures iof ithe iwatershed. iRCP i4.5 iand iRCP i8.5 iscenario iwere iused ito iproject ithe ifuture iclimate iof ithe i2050s, iand i2080's. iThe ianalysis iwas iperformed iin itwo ifuture iprojection, i2050 iand i2080 iconsidering ithe ireference ibaseline iperiod i1988-2017 iwith iboth iRCPs. iMaximum itemperature ichanges ifor iRCP i4.5 iraised iby i0.17°C ito i0.9°C iand i0.2°C ito i1.1°C, iand ifor iRCP8.5 i0.2°C ito i1.06°C iand i1.04°C ito i1.73°C iMean imonthly imaximum itemperature ichange ifor ithe i2050s iand i2080s. iand iMinimum itemperature ichanges ifor iRCP i4.5 iand iincrease iby i0.03°C ito i0.8°C iand i0.2°C ito i0.95°C iand ifor iRCP i8.5 i0.25°C ito i0.84°C iand i0.31°C ito i1.65°C ifor ithe i2050s iand i2080s itime iperiods iwith ireference ito ithe ibaseline iperiods irespectively. iAnd ialso, ithe imean imonthly iprecipitation ichange ishowed iincreasing i iby i4.25mm ito i6.25mm iand66.42mm ito i78.32mm ifor iboth iRCP4.5 iand iRCP8.5 iscenarios irespectively. iCombined iimpacts iof iland iuse iand iatmosphere ichanges iindicated ithat i88.15m3/s ifor ibaseline, i40.57 im3/s imore iin ithe i2050s, iand i38.48m3/s imore iin iThe i2080s ifor istream iflow icompared ito iclimate ichange iscenario. iThe icombination iof iclimate iand iland-use ichanges iwould ilead ito ia idecrease iin istream iflow i(73.55% ito i29% iin ithe i2050s iand i64.98% ito i14.67% iin ithe i2080s). iSWAT ioutput ito ibaseline irun i(1987-2017). iClimate iand ithe iland iuse iland/cover ichange iand iits imain iimpetus ion iRibb iwatershed iutilizing iLANDSAT_8 iimage ito icreate itwo ithe ihydrological imodel ioutcome ishows ithat ithe istream iwas itouchy ito iland icover ichange iby ilessening ibase istream iand iincrement itop istream ithis iis ibecause iof iincrement iagrarian iland iand ideforestation.
Keywords: iSWAT, iRIBB, iERDAS14, iSWATCUP, iRCP
xi
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Land iuse/cover iand iclimate ichanges ihave ia igreat iinfluence ion ithe ihydrological iresponse iof ia iwatershed iwarming i(Fischer, i2013). iThus, ithe iway iin iwhich ithe ifuture iclimate iwill iinteract iwith ithe iland iuse ichanges iand iaffect ithe iwater ibalance iin ithe iwatersheds irequires imore iattention. iLand iuse iand iclimate iare ikey ifactors ithat iinfluence ithe iglobal ienergy iand iwater icycle. iAt iglobal ilevel, iclimate ichange iimpacts ion ioverall iwater icycle i(evapotranspiration iand iprecipitation) iand iaffects ithe iavailability iand idemand iof iwater iresource i(Tesfaye, i2017).Climate ichange iis ithe ivariation iin iglobal ior iregional iclimates iover itime. iIt ireflects ichanges iin ithe ivariability ior iaverage istate iof ithe iatmosphere iover itime iscales iranging ifrom idecades ito imillions iof iyears. iThese ichanges ican ibe icaused iby iprocesses iinternal ito ithe iEarth, iexternal iforces i(e.g. ivariations iin isunlight iintensity) ior, imore irecently, ihuman iactivities i(Gillis, i2015). iIn irecent iusage, iespecially iin ithe icontext iof ienvironmental ipolicy, ithe iterm i"climate ichange" ioften irefers ionly ito ichanges iin imodern iclimate, iincluding ithe irise iin iaverage isurface itemperature iknown ias iglobal iwarming. iIn isome icases, ithe iterm iis ialso iused iwith ia ipresumption iof ihuman icausation, ias iin ithe iUnited iNations iFramework iConvention ion iClimate iChange i(UNFCCC). iThe iUNFCCC iuses i"climate ivariability" ifor inon-human icaused ivariations. i
According ito iIntergovernmental iPanel ion iClimate iChange i(IPCC), icarbon idioxide iand imethane ilevels ihave iincreased iby i35 i% iand i148 i% isince ithe iindustrial irevolution iof i1750. iGreenhouse igases iemissions ihave isigniﬁcantly iincreased isince ithe iindustrial irevolution iand iled ito iglobal iwarming. iAccording ito ithe iIntergovernmental iPanel ion iClimate iChange i(IPCC), ithe iatmospheric iconcentration iof iCO2 ihas iincreased ifrom i280 ippm iin i1750 ito i367 ippm iin i1999. iThe iconcentration iincreased ito iover i400 ippm iin i2015 iand iit iis iexpected ito ireach i463–623 ippm iby i2060 iand i470–1099 ippm iby i2100. i iScientiﬁc ievidence iindicates ithat iincreased igreenhouse igas iemissions iwill icause ian iincrease iin iaverage itemperature iof ithe iearth iby iup ito i1.4–5.8 i◦C iby ithe iend iof ithe icentury. iRecently, iseveral iplaces iacross ithe iworld ihave iexperienced irecord-breaking imeteorological iextremes isince imeasurements ibegan i(Abeyou, i2018).
Several istudies irelated ito iLULC ichanges iin iEthiopia ihave iindicated ithat ithe icountry ihas iexperienced irapid iand iincreasingly ipronounced iLULC ichanges isince ithe isecond ihalf iof ithe i20th icentury icentury i(Ariti, iA. i2015, iReid, iR i2000, iMuluneh, iA.2010, iKindu, iM. i2013, iBewket, iW i2013 iand iMinta, iM i2018).Unprecedented ichanges iat ithe ilocal, iregional, iand iglobal ilevel iin iecosystems iand ienvironmental iprocesses iare iprevailing idue ito ithis ichange. iThe idetection iof ichanges ibecome ia isignificant iprocess iin imanaging iand imonitoring inatural iresources iand iurban idevelopment idue ito iquantitative ianalyses iof ithe ispatial idistribution iinformation iduring idifferent iperiods iof itime i(Mejebi, i2008).
The iIPCC ifinding iindicates ithat ideveloping icountries, isuch ias iEthiopia iwill ibe imore ivulnerable ito iclimate ichange. iBecause iof ithe iless iflexibility ito iadjust ithe ieconomic istructure iand ibeing ilargely idependent ion iagriculture, ithe iimpact iof iclimate ichange ihas ifar ireach iimplication iin iEthiopia iin igeneral iand iBlue iNile iBasin iin iparticular (Habtom, 2009). iBlue iNile iBasin iis ione iof ithe ilargest ibasins iin iEthiopia iwith ihigh ipopulation ipressure, idegradation iof iland iand ihighly idependent ion iagricultural ieconomy i(Tsegaye, i2006).The iBasin iis igenerally idivided iin ito i14 iSub-basins ibased ion itheir iconfiguration iin itopology. iTana iSub-basin iis ithe ione iwhich icontribute ihigh iamount iof iwater ifor ithe iwhole iBlue iNile iand ihave isome iproposed iand iexisting iprojects.Ribb idam iis ione iof ithe iproposed iprojects iin iTana iSub-basin iin igeneral iand iRibb iwatershed iin iparticular. iHence, ianalyzing ithe iimpact iof iclimate iand iland iuse ichange iat iwatershed ilevel iand iknowing iits iimplication ion ithe iplanned ireservoir iis ivery iessential ifor ilong- iterm iplanning ifor iland iuse ito iprotect iwater iresource.
[bookmark: _Toc35521999][bookmark: _Toc43096858]Statement of Problem
Rapid ipopulation igrowth iand imismanagement iof ithe iland, iconversion iof ivegetation iinto iagricultural iland iis iincreasing. iTherefore, iit iis ia ichallenge ifor ifoodstuff irequirement iand iwater idemand iin ithe icoming iyears. iThe imajor iproblem ifacing ithe ienvironment ilies iin ithe iindifferences ibetween ipopulation iand inatural iresources i(land, iwater iwhich ihas ibeen ideteriorating isince idecades i(Petchprayoon iet ial., i2010).
Ethiopia ihas ia ilots iof iwater iresource iavailable inaturally. iRibb iRiver iwatershed iis ione iof ithe i i iimportant ifor ihuman iactivities ito iproduce ithe irequirement iof ipopulation; ithere iwere iseveral ireasons ito ijustify ithe ichoice iof ithe iRibb iRiver iwatershed. iIt iwas ibecoming imore iimportant ito iforecast ithe ieffect iof iland iuse/cover ichanges, iclimate ichange, iagricultural ipractices, iafforestation iand ideforestation iand irelated iactivities ion iwater iresources. iHydrological iresponses ilike iRun ioff iand iland idegradation iis ia iseries ithereat iin iEthiopia ihighlands iin igeneral iand iin iRibb iwatershed iin iparticular ireflected iin ithe iform iof iRunoff iand isoil ifertility idecline i(Tesfaye, i2017). i iThe iheavy ireliance iof isome i85 ipercent iof iEthiopia’s igrowing ipopulation ion ian iexploitative ikind iof isubsistence iagriculture iis ia imajor ireason ibehind ithe icurrent istate iof iland iand isoil idegradation. iRibb iwatershed iis ithe ione iof ithe iwatershed iin ithe iEthiopia i i ithat idischarges ito ithe iLake iTana. i
In igeneral, ithe iprevious idifferent iworks iof ithis istudy iarea; ifocused ifor iresearching ithe
impact iof iclimate ichange ion ithe ihydrology, iit icould inot ibe iable ito isee ithe ieffect iof icombined ieffect iland iuse/cover iand iclimate ichange. iTherefore, iin ithis istudy ithose iof igaps ihave ibeen iaddressed iby iintegrating ithe irelationship ibetween iland iuse iland icover iand iclimate iconditions iof ithe iwatershed. iSince iRibb iRiver iCatchment iis inot iexposed ito iintensive idevelopment, isignificant ipart iof ithe iarea iis icharacterized iby igreat ilevel iof ipervious isurface. iThe icatchment iremained iundisturbed iby ihuman iactivities ifor isome idecades. iBut inow idays iit istarted iexperiencing ihuge iamount iof iland iuse/land icover ichange ihaving igreat iimpact ion ithe ihydrological icondition ibut iless irecognized. iUnfortunately ithis ifact iwas inot igiven idue iattention.
Therefore, ithe ineed ifor ia iscientific iresearch iis iabsolute iso ias ito icontribute iin iexplaining ithe
relationship iof iland iuse i/land icover, iclimate iand ihydrological icondition iof ithe iarea. iSpecifically ithis iresearch iis iinitiated ito iunderstand ithe icombined ieffect iof iland iuse/land icover i(vegetation icover ireduction) iand iclimate ion ithe ihydrology, iwhich ihelps ifinally ifor ia ibetter iuse, iand imanagement iof ithe inatural iresources. iAnd ithe ioutcome iof ithe iresearch iassumed ialso ito icontribute ia ilot ito ithe iuse iof ithe iwater iresource iand imanagement iof ithe iwatershed ias iwell ias iinput ifor ifurther istudies. iSpecifically, ithis iresearch iattempts ito ianalyze iand iestimate ithe ieffect iof iland iuse i/
land icover iand iclimate ichanges ion ithe ihydrology iof iRibb iRiver ifor icontribute ia ilot ion ithe iway
toward iundertaking ithe iabove iproblems.

[bookmark: _Toc27170914][bookmark: _Toc35522000][bookmark: _Toc43096859]Objective of the study
The igeneral iobjective iof ithis iresearch iwas ito ievaluate ithe icombined iinfluence iof iclimate iand iland iuse iland icover ichange ion ithe ihydrology iof iRibb iRiver icatchment.
[bookmark: _Toc27170915][bookmark: _Toc35522001][bookmark: _Toc43096860] Specific objective
The ispecific iobjectives iof ithe iresearch iwere ito iconduct:
· Analysis ithe itrends iof ithe ipast iclimate idata.
· Assessment iof iland iuse iland icover ichange ion period of 2001 and 2017.
· Evaluation iof iclimate ichange iscenario ifor iminimum iand imaximum itemperature iand irainfall iusing iRCP iscenario.
· Quantification iof ipossible iimpact iof iclimate iand iLULC ichange ion ithe ihydrology iof iRibb iRiver iCatchment iusing iSWAT imodel.
[bookmark: _Toc27170917][bookmark: _Toc532318][bookmark: _Toc35522003][bookmark: _Toc43096861]Research question to address the objective of the study 
Questions ianswered iby ithis istudy iwere: 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 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 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 i i i i i i i i
· Is ithere iland iuse iland icover ichange iin iRibb iRiver icatchment? 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 i i i i i i i i i i i i i i i i i i i i i i i i
· Does ithe iland iuse ichange ihave iimpact ion ithe iriver iflow? 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 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 i i
· Is ithere ichange ion iclimate i(precipitation, itemperatures) iin ithe ipast? 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 i i i i i i i i i i i i i i i i i i ii i i i i i i i i i i i i
· Is ithere iclimate ichange iimpact ion iRibb iRiver iin ithe ifuture? 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 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 i i i i i i i i



[bookmark: _Toc43096862] Significance of the study
The imajor isignificant iof ithis istudy iis iit iallows ithe iplanners, idecision imakers iand iany iConcerned
persons ito iunderstand ithe iopportunities ito iinfluence iof iclimate iand iland iuse iland icover ichange ion ithe ihydrology iof isub ibasin iand iany iwater iresources. iEspecially iin iour icountry, iabove i80% iof ithe icommunities iincome iis idepends ion iagriculture (Deressa, 2011). iSo iit iis isensitive iissue ito istudy ion ithis ititle ibecause iclimates iand iLULC ihave ibig iinfluence ion ithe ihydrology iand iwater iresources. iAnd ithis istudy iwill ihelp ithe iEthiopian igovernment iand iall ithe iEthiopian icommunity ibe igiving isolution ihow iwe ican iprotect iour iwater iresource ifrom ithe ieffect iof iclimate ichange iand iLULC ichange. i i i i i i i















[bookmark: _Toc35522005][bookmark: _Toc43096863]LITERATURE REVIEW
[bookmark: _Toc43096864][bookmark: _Toc35522013]Concept on Land Use Land Cover Change
According ito ithe iInternational iGeosphere-Biosphere iProgram iand ithe iInternational iHuman iDimension iProgram i(IGBP-IHDP, i1999), iland icover irefers ito ithe iphysical iand ibiophysical icover iover ithe isurface iof iearth, iincluding idistribution iof ivegetation, iwater, ibare isoil iand iartificial istructures. iLand iuse irefers ito ithe iintended iuse ior imanagement iof ithe iland icover itype iby ihuman ibeings. iThus, iland iuse iinvolves iboth ithe imanner iin iwhich ithe ibiophysical iattributes iof iland iare imanipulated iand iintent iunderlining ithat imanipulation i(the ipurpose ifor iwhich ithe iland iis iused ie.g., iagriculture, igrazing, ietc), iwhich iare imore isubtle ichanges ithat iaffect ithe icharacter iof ithe iland icover iwithout ichanging iits ioverall iclassification. iDefinition iof iland iuse iin ithis iway iestablishes ia idirect ilink ibetween iland icover iand ithe iactions iof ipeople iin itheir ienvironment i(FAO, i1998a).
Land iuse iland icover ichange i(LUCC) iis icommonly igrouped iin ito itwo ibroad icategories: iconversion iand imodification i(Meyer iand iTurner, i1994).Conversion irefers ito ichange ifrom ione
cover ior iuse itype ito ianother i(e.g. ifrom iforest ito igrassland), ias iis ithe icase iin iagricultural iexpansion, ideforestation, ior ichange iin iurban iextent. iModification, ion ithe iother ihand irepresents ia ichange iwithin ione iland iuse ior iland icover icategory i(e.g. ifrom irain ifed icultivated iarea ito iirrigated icultivated iarea) idue ito ichanges iin iits iphysical ior ifunctional iattributes. iBoth iconversion iand imodifications iof iland iuse iland icover ihave iimportant ienvironmental iconsequences ithrough itheir iimpacts ion isoil iand iwater, ibiodiversity, iand imicroclimate, ihence, icontribute ito iwatershed idegradation i(Stolbovoi, i2002; iLambin iet ial., i2003).
Land iuse iland icover ichanges ihave ibeen iinfluenced iby iboth ithe iincrease iand idecrease iof ia igiven ipopulation i(Lambin iet ial., i2003). iIn imost ideveloping icountries ilike iEthiopia, ipopulation igrowth ihas ibeen ia idominant icause iof iland iuse iland icover ichange ithan iother iforces i(Sage, i1994). iThere iis ia isignificant istatistical icorrelation ibetween ipopulation igrowth iand iland icover iconversion iin imost iof iAfrican, iAsian, iand iLatin iAmerican icountries i(Meyer iand iTurner, i1994). i
[bookmark: bbb0590]Due ito ithe iincreasing idemands iof ifood iproduction, iagricultural ilands iare iexpanding iat ithe iexpense iof inatural ivegetation iand igrasslands i(Lambin iet ial., i2003).These ichanges iin iland iuse iland icover isystems ihave iimportant ienvironmental iconsequences ithrough itheir iimpacts ion isoil iand iwater, ibiodiversity, iand imicroclimate i(Lambin iet ial., i2003). iLand iuse icover i(LULC) ichanges ihave ibeen iidentified ias ithe imain idriving iforces iof ilocal, iregional, iand iglobal ienvironmental ichanges, iwhich ihave ibeen istressed iincreasingly iin ithe ievaluation iof ianthropogenic ieffects ion ithe ienvironment i(Verburg iet ial., i2015).
[bookmark: bbb0535][bookmark: bbb0465]LULC ichanges iare ithe iresults iof idynamic ihuman-environment iinteractions iin iprocesses ioperating iat idiffering ispatiotemporal iscales i(Aquilué iet ial., i2017; iNRC, i2014 i;). iLULC ichange imodels ihave ibecome iuseful iresearch itools iin iland imanagement, iexploration iof ifuture ilandscape ichanges, iand iextent ievaluation iof ipolicy iproposals ibecause iof itheir icapacity ito isupport ithe ianalyses iof iLULC idynamics' icauses iand ioutcomes i(Schulp iet ial., i2008).
Comprehensive iknowledge iof iLULC ichange iis iuseful ifor ireconstructing ipast iland iuse iland icover
changes iand ifor ipredicting ifuture ichanges, iand ithus imay ihelp iin ielaborating isustainable
management ipractices iaimed iat ipreserving iessential ilandscape ifunctions i(Hietel iet ial. i2004).
The iprimary idrivers iof iLULC ichange iand itheir iinterrelationship iwith ithe ihydrological iregimes ihas ito ibe iidentified ito idevelop iprojections iof ifuture iland iuse iand imanagement idecision ioutcomes
under ia irange iof ieconomic, ienvironmental, iand isocial iscenarios.
Generally, iknowing iof ithe iimpacts iof iland iuse iland icover ichange ion ithe inatural iresources ilike iwater iresources idepends ion ian iunderstanding iof ithe ipast iland iuse ipractices, icurrent iland iuse iland icover ipatterns, iand iprojection iof ifuture iland iuse iland icover, ias iaffected iby ipopulation isize iand idistribution, ieconomic idevelopment, itechnology, iand iother ifactors. iThe iland iuse iland icover ichange iassessment iis ian iimportant istep iin iplanning isustainable iland imanagement ithat ican ihelp ito iminimize iagro-biodiversity ilosses iand iland idegradation, iespecially iin ideveloping icountries ilike iEthiopia i(Hadgu, i2008).
[bookmark: _Toc43096865]Land Use Land Cover Change Studies in Ethiopia
In iEthiopia, ithe iland iis iused ito igrow icrops, itrees, ianimals ifor ifood, ias ibuilding isites ifor ihouses iand iroads, ior ifor irecreational ipurposes. iSmallholders, iwho ifarm ifor isubsistence, iare iusing imost iof ithe iland iin ithe icountry. iWith ithe irapid ipopulation igrowth iand iin ithe iabsence iof iagricultural iintensification, ismallholders irequire imore iland ito igrow icrops iand iearn ia iliving; iit iresults iin ideforestation iand iland iuse iconversions ifrom iother itypes iof iland icover ito icropland. iAs ipopulation iincreases ithe ineed ifor icultivated iland, igrazing iland, ifuel iwood iand isettlement iareas ialso iincrease ito imeet ithe igrowing ipopulation idemand ifor ifood iand ienergy, iand ilivestock ipopulation. iTherefore, ipopulation ipressures, ilack iof iunderstanding iand iweak imanagement iare iconsidered ias ithe imajor icauses ifor ithe ideforestation iand idegradation iof inatural iresources iin iEthiopia i(Kassa, i2009). iSoil ierosion iand iland idegradation iis ia imajor iwatershed iproblem iin imany ideveloping icountries iincluding iEthiopia. iBecause iof ithe irugged iterrain ior ithe itopographic iarea, ithe irates iof isoil ierosion iand iland idegradation iin iEthiopia iare ihigh. iFor imore ithan i34% iof ithe iland iarea iof iEthiopia ithe isoil idepth iis ialready iless ithan i35 icm i(SCRP, i1996). iEthiopia iloses iabout i1.3 ibillion imetric itons iof iproductive isoil ievery iyear iand ithe idegradation iof iland ithrough isoil ierosion iis iincreasing iat ia ihigh idegree i(Hurni, i1989).Ethiopia ihas iample iwater iresources, iwhich ican ibe iappropriately iutilized ito ienhance isocio-economic idevelopment iof iits ipeople. iDue ito iunder-development iof ithis iresource iamong iothers, ithe ipeople iof iEthiopia ihave ibeen iexposed ito imajor iproblems isuch ias iimpacts iof idrought iand iflood, iland iuse ichange, ishortage iof iclean iwater isupply iand iinadequate ienergy isupply i(Hailemariam, i1999).
Ethiopia iexperiences ipersistent iland, iwater, isoil iand ienvironmental idegradation idue ito ilocalized iand iglobal iclimatic ichanges. iMany iReservoirs iaround ithe iworld iare ilosing iaveragely iabout ione ipercent iof itheir istorage icapacity iannually icausing iserious iproblems ifor iHydropower, iirrigation, iwater isupply iand iflood icontrol idue ito isedimentation iproblems i(WCD, i2000). iMan-made ireservoirs iusually isatisfy imultiple iobjectives iincluding iflood icontrol, iirrigation, ihydropower igeneration, iwater isupply, iboating, ifishing iand irecreation. i iThe ireservoir isedimentation iis ia iserious ioffsite iconsequence iof isoil ierosion ithat ithreatens ithe isustainability iof idams ibuilt ifor ivarious ipurposes iin imany iparts iof ithe iworld ias iwell ias ithroughout iEthiopia iwith idifferent iclimatic iconditions. iIt idepends ion ithe iriver iregime, iflood ifrequencies, ireservoir igeometry iand ioperation, isediment iconsolidation, idensity icurrent, iand ipossible iland iuse ichange iover ithe ilife iexpectancy iof ireservoir. iThe iimpacts iof iland iuse ichange ion ithe ireservoir iand iwater iresources iare imainly ireflected iin ichanges iin ithe iwater icycle, iwater iquantity iand iwater iquality i(Shi, iet ial., i2000).
The imagnitude iof ichanges ion ithe istream iflow idue ito iland iuse ichanges ivaries iwith icatchments iand iother ifactors isuch ias iclimate ichange iand ihuman iactivities. iAlthough iLULC ichange iis iexpected ito ihave iadverse iimpacts ion iirrigation ireservoir iand isocio ieconomic idevelopment iglobally, ithe idegree iof ithe iimpact iwill ivary iacross inations. i iThe iLULC ichanges imay ihave ifar-reaching iimplications ito iEthiopia ifor ivarious ireasons, imainly ias iits ieconomy ilargely idepends ion iagriculture i(Hurni, i1990). iThus, ichanges iin iLULC ihave ioccurred iat iall itimes iin ithe ipast, iare ipresently iongoing, iand iare ilikely ito icontinue iin ithe ifuture i(FuC, i2003). iAccording ito ithe iconfiguration iin itopology iBlue iNile iBasin iis igenerally idivided iin ito i16 iSub-basins, iamong ithem iRibb iSub-basin iis ione iof ithe iprimary isub-basin iwhich iexperiences iLULC ichange iand ithe ilack iof iadvanced iwater iinfrastructure ito iuse ithe ifull ipotential iof iavailable iwater iresources. iTherefore, ithe istudy iof ithe ivarious iimpacts iof iLULC ichange ion ireservoirs iover ithe icoming icentury ihas ibecome ia ipriority, ifor iwatershed imanagement iand idevelopment istrategies.
The iimplementation iof ithis ireservoir igenerates ito iirrigate iland ifor irice iand iminimize ithe ifood iscarcity ifrom ithe isurrounding iarea iand iused ito iprevent ifloods iat ithe idownstream iof ithe ireservoir. iTherefore, iassessing ithe ipossible iimpact iof iLULC ichange ion ithe iirrigation ireservoir ievent iis iessential ifor ifuture idevelopment ias iwell ias ifor imanaging ithe icurrent ireservoir idevelopment. iIn igeneral, iLULC ichanges iare iaffected iby ihuman iinduced iactivities iand igrowth, isocioeconomic ifactors, ideterioration iof ivegetation icover, iagricultural iactivities, igovernment ipolicies iand ienvironmental ifactors i(Gol iet ial., i2010).
[bookmark: _Toc35522014][bookmark: _Toc43096866]Application of ERDAS on LULC change detection
Image iclassification: iBasically, ithere iare itwo-image iclassification itechniques, iwhich iare iemployed ifor iland icover iclassification. iSupervised iclassification iis ione iof; ia imethod iof iland icover itype iclassification iusing ithe isample ipolygons i(ground itruth ipoints) ifrom ithe iknown iland icover itypes. iThe iother itype iof iclassification iis; iUnsupervised iclassification; iwhich iis itype iof iland icover iclassification ifrom ithe isatellite iimage idata iwhen ithe iuser idoesn't iknow ihow imany iland icover itypes iare ipresent iin ithe ifield. iFor ithis istudy, isupervised itype iof iclassification iwas iused iusing ithe iknown iground itruth ipoints iand iby iconnecting iERDAS iImagine i2015 iwith iGoogle iEarth iand isynchronizing ithe iimages. iIn iSupervised iClassification, ithe iclassification iprocess ihas ibeen icontrolled iby icreating, imanaging, ievaluating, iand iediting isignatures iusing ithe iSignature iEditor. iSignatures iare ispecific iareas ito iwhich ithe inames iare iassigned ifor isupervised iclassification. iSignatures iare iused ito ibreak ithe idifferent iclasses ilike iforest, icultivated, iwater iand ithe ilike iclasses iinto ias imany isubclasses ias iper iclassification irequirement. iSome itools isuch ias ithe iSignature iEditor irequire iwere igrown iusing ian iAOI ilayer iwhich iwere icreated iin ithe ilayer icreation ioption. iTo iperform icomplex iclassifications iwith isignatures ithat iare iderived ifrom imore ithan ione itraining imethod i(supervised iand/or iunsupervised, iparametric iand inonparametric) imerge isignatures ioption iwas iemployed. iThe isupervised iclassification iis ithe imost icommon imethod iin iobtaining iland iuse/cover iinformation. iIn ithis istudy, iafter idata ipreprocessing, ia itraining isample iwas iselected iaccording ito ispectrum ifeatures. iUnlike ithe iconventional iclassifications iof iland iuse iland icover, ithe imaximum ilikelihood iclassification iwas iused ito imap ithe iland iuse iland icover iof iwatershed. iAfter iclassifying ithe iimage iusing isupervised iclassification, ithe iaccuracy iof iclassification iwas ichecked iusing iground icontrol ipoints.
[bookmark: _Toc35522015][bookmark: _Toc43096867]LULC Change Impacts on Hydrology 
Land iuse iand iland icover i(LULC) ichanges iinfluence ihydrological iprocesses iby ialtering iinterception irates, isoil iwater, ievapotranspiration i(ET), iinfiltration, iand igroundwater, ileading ito ichanges iin isurface irunoff iand istream iflow. iLand icover ichange irefers ito imodification iof ithe iexisting iland icover ior icomplete iconversion iof iland icover ito ia inew icover itype. iLand icover ichange, iassociated iwith ithe iintensification iof iagriculture, icattle irising iand iurbanization, icould ihave ia iprofound iimpudence ion ithe ihydrological iprocesses iin iSmall iwatersheds iand iat ithe iregional ilevel. iLand iuse/land icover ichanges ioccur iin ithe icountry, iEthiopia, ias ia iwhole iand iin ithe istudy iarea iin iparticular idue ito iincreasing ipopulation, iwhich ihas ialmost idoubled iin ithe icountry iover ithe ipast i40 iyear i(Fairweather iet ial., i1999). iIt iis ithus iessential ito ianalyze ithe ipossible iimpacts iof ithese ichanges iat ideferent iscales. iIn ithis istudy, idifferent iscenarios iof iland iuse ichange iwill ibe iused iin ithe iwatershed ito iassess ithe iimpact iof ithis ichange ion ithe iRain ifall-run ioff ihydrology iof ithe iRibb iwatershed. iThe ieffect iof iland iuse iland icover iespecially iin ithe imountainous ipart iof ithe iwatershed iwill ihave ia isignificant ieffect ion ithe irainfall-runoff iresponse iof ithe iwatershed.
[bookmark: _Toc35522016][bookmark: _Toc43096868]Types of Image Classification 
Land icover imaps iare icommonly icreated ifrom iremotely isensed idata ithrough iunsupervised ior isupervised iclassification itechniques i(Jensen, i1996).
[bookmark: _Toc35522017][bookmark: _Toc43096869]Unsupervised Classification
The iunsupervised iclassification iapproach iis ian iautomated iclassification imethod ithat icreates ia ithematic iraster ilayer ifrom ia iremotely isensed iimage iby iletting ithe isoftware iwhich iidentifies istatistical ipatterns iin ithe idata iwithout iusing iany iground itruth idata i(Lillesand iet ial., i2004).
This imethod icalculates iclass imeans ievenly idistributed iin ithe idata ispace iand ithen iiteratively iclusters ithe iremaining ipixels iusing iminimum idistance itechniques. iEach iiteration irecalculate imeans iand ireclassifies ipixels iwith irespect ito ithe inew imeans. iAll ipixels iare iclassified ito ithe inearest iclass iunless ia istandard ideviation ior idistance ithreshold iis ispecified. iThe ifinal iclusters iare iused ito iclassify ithe iimage iwith iclassifiers isuch ias ithe iminimum idistance ior imaximum ilikelihood. iThe ioutput ihowever irequires ipost iclassification ioperations ito imake ithe iresults imore imeaningful. iThe ibest iimage icombination iused ifor iland icover iidentification iand iLU/LC imapping iwere iprepared iusing ibands i4, i3, i2 i(RGB) ifor iboth iLandsat iTM isatellite iimageries. iThe idescription iof ithese iland icover iclasses ican ibe istated ias ifollows: i i iThe isix iland icover iclasses iwere iconsidered inamely; iwater ibody, ibare iland, iforest iland, ibush iland, icultivated iland iand isettlement i(urban). i
Water iBody: iArea iwhich iremains iwater ilogged ithroughout ithe iyear, icovered iby iopen iwater. iBare iLand: iArea iwhich iis icovered iwith igrass iis iused ifor igrazing iand ithat icovered ifor ia iconsiderable iperiod iof ithe iyear. iForest iLand: iArea iwith ihigh idensity iof itrees iwhich iinclude ideciduous iforest iland, iever igreen iforest iland imixed iforest iland iand iplantation iforests. iBush iLand: iAreas iwhich iare icovered iwith iboth ishrub iand iwoody iplants. iCultivated iLand: iArea iof iland iare iploughed ior iprepared ifor igrowing icrops iby itraditional iagriculture. iSettlement i(urban) iLand: iAreas iwhere ithere iis ia ipermanent iconcentration iof ipeople ibuilding, iand iother iman-made istructures iand iother iactivities.
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Supervised iclassification iis ibased ion ithe iidea ithat ia iuser ican iselect isample ipixels iin ian iimage ithat iare irepresentative iof ispecific iclasses iand ithen idirect ithe iimage iprocessing isoftware ito iuse ithese itraining isites ias ireferences ifor ithe iclassification iof iall iother ipixels iin ithe iimage. iTraining isites i(also iknown ias itesting isets ior iinput iclasses) iare iselected ibased ion ithe iknowledge iof ithe iuser. iThe iuser ialso isets ithe ibounds ifor ihow isimilar iother ipixels imust ibe ito igroup ithem itogether. iThese ibounds iare ioften iset ibased ion ithe ispectral icharacteristics iof ithe itraining iarea, iplus ior iminus ia icertain iincrement i(often ibased ion i"brightness" ior istrength iof ireflection iin ispecific ispectral ibands). iThe iuser ialso idesignates ithe inumber iof iclasses ithat ithe iimage iis iclassified iinto imaps i(Golmehr, i2009).
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Climate ichange iis ithe ivariation iin iglobal ior iregional iclimates iover itime. iIt ireflects ichanges iin ithe ivariability ior iaverage istate iof ithe iatmosphere iover itime iscales iranging ifrom idecades ito imillions iof iyears. iAccording ito ithe iIPCC, i(2007) ithe imanifestation iof iglobal iclimate ichange iis iincreasing iof iglobal iwarming, ithe irise iof iaverage itemperature, ichanging iin iprecipitation, iwidespread imelting iof isnow iand iglaciers, iand ithe irise iof ithe iearth’s isea ilevel, iwhich ihas ibeen iobserved ifor iat ileast ifor i30 iyears. iQuantitative iand iqualitative ifluctuations iof iwater iresources ihave ibeen iincreased ibecause iof ithe iimpacts iof iclimate ichange; ias ia iresult, idroughts iand ifloods ihave ibecome imore ifrequent ithroughout ithe iworld iand ialso iaggravate ihuman ipoverty iand imore iextreme inatural idisasters iare iexpected ito ioccur iin ithe ifuture i(Niang iet ial., i2007). iThe iIntergovernmental iPanel ion iClimate iChange ireport iin ithe ififth iassessment ireport i(IPCC, i2013) istrongly iconfirmed ithat iclimate iobservations ifrom idirect imeasurements iand iremote isensing iplatforms iare irevealed iunequivocal iwarming iof ithe iclimate isystem. iThe iatmosphere iand iocean ihave iwarmed, ithe iamount iof isnow iand iice ihave idiminished, isea ilevel ihas irisen, iand ithe iconcentrations iof igreenhouse igasses ihave iincreased. iThe iglobal iaverage isurface itemperature iincreased iby i0.85°c iover ithe iperiod i1880 ito i2012. iFor ithe ilongest iperiod iwhen ithe icalculation iof iregional itrends iis isufficiently icomplete i(1901 ito i2012), ialmost ithe ientire iglobe ihas iexperienced isurface iwarming. iAveraged iover ithe imid-latitude iland iareas iof ithe iNorthern iHemisphere, iprecipitation ihas iincreased isince i1901. iFor iother ilatitudes, iarea-averaged ilong-term ipositive ior inegative itrends ihave ilow iconfidence. iThe iglobal imean isea ilevel irise iby i0.19 im ibetween i1901 iand i2010. i(IPCC, i2014)The iincrease iof iglobal imean isurface itemperature iby ithe iend iof ithe i21st icentury i(2081 i–2100) irelative ito i1986–2005 iwill ibe iexpected ito iincrease ibetween i0.3°C ito i1.7°C iunder iRCP2.6, i1.1°C ito i2.6°C iunder iRCP4.5, i1.4°C ito i3.1°C iunder iRCP6.0 iand i2.6°C ito i4.8°C iUnder iRCP8.5.
Additionally, ithis ireport idictates ithat ichanges iin irainfall iwill inot ibe iuniform. iHigh ilatitudes iand ithe iequatorial iPacific iare ilikely ito iexperience ian iincrease iin iannual imean iprecipitation iunder ithe iRCP8.5 iemission iscenario. iIn imany imid-latitude iand isubtropical idry iregions, imean iprecipitation iwill ilikely idecrease iwhile iin imany imid-latitude iwet iregions, imean iprecipitation iwill ilikely iincrease iunder ithe iRCP8.5 iscenario. i
Yemsrach iBishaw i(2012) iinvestigated ithe iimpact iof iclimate ichange ion iOmo iGibe ibasin i(case iof iGilgel iGibe iIII ireservoir) iunder iA2 iand iB2 iscenario iusing iHBV ihydrological imodel. iThe iauthor isimulate ithe istream iflow ifor icalibration i(1971- i1986) ifor ivalidation i(1987-2001) iand icompare iwith ithe ibase iline iperiod. iThe iresult iindicates ithere iis ia isignificant ivariation iin iseasonal iand imonthly iflow. iFinally ihe iconcludes ithat ithe iOmo iGibe ibasin iis ihighly isensitive ito iclimate ichange idue ito ithe ivariation iin iseasonal iand imonthly iflow. i i i
Lijalem iZeray i(2006) iinvestigated ithe iimpact iof iclimate ichange iimpact ion iLake iZiway iWatershed iwater iavailability iin iEthiopia iunder iA2 iand iB2 iscenario iusing iSWAT ihydrological imodel. iThe iauthor isimulates ithe istream iflow ifor icalibration i(1981-1995) ifor ivalidation i(1996-2000) iand icompare iwith ithe ibase iline iperiod i(1981-2000). iThe iresult iindicates ithere iis ia isignificant ivariation iin iseasonal iand imonthly iflow iand ihe iestimate ithat ithe iaverage iannual iand imonthly iprecipitation imight iincrease iup ito i29% iand i9, i4% irespectively. iThe iaverage imaximum itemperature imay irise iup ito i3.60c iand i1.950c iand iminimum itemperature imay iraise i4.20c iand i20c irespectively. iFinally ihe iconcludes ithat ithe iLake iZiway iwatersheds irunoff iwill idecrease iin ithe ifeature iand iit iwill iinsufficient ifor ithe ipeople iwho ilive ithere.
Kirubel i(2011) ianalyzed ithe iimpact iof iland iuse iand iclimate ichanges ion irunoff iand istream iflow iin ithe iGilgel iAbbay iWatershed, iEthiopia. iLand iuse iscenarios iwere ialso iintegrated iwith i2011 i-2025 imeteorological idata ifrom iclimate ilocal imodel isimulation iand itheir icombined ieffects iwere ievaluated iand iquantified iby icomparing iSWAT ioutputs ito ibaseline irun i(1996-2010). iThe icombined ieffect iof itrend ibased iland iuse iand iclimate ichange iscenario ican iincrease ithe iaverage iannual iflow iby i5.2% iand isediment iyield iby i29% iand iwould iaffect iRunoff iand istream iflow imore isignificantly ithan iother iscenario iconditions ithe itrend ibased iland iuse iand iclimate ichange ialone iwill iincrease ithe iflow iby i1.7% iand i4.7%, iand isediment iyield iby i17.2% iand i2.4 i%, irespectively.
Shimelash iet ial. i(2018) iinvestigated iclimate ichange iimpact ion istream iflow iof iBaro-Akobo iRiver iBasin icase istudy iof iBaro icatchment iusing iRCP4.5 iand iRCP i8.5 iscenario iand iSWAT ihydrological imodel. iThe iauthor isimulates ithe istream iflow ifor icalibration ihe iuse isixteen iyears i(1990-2005) ifor ivalidation ihe iuse ieleven iyears i(2006-2015) iand icompare iwith ithe ibase iline iperiod iand ithe istudy ishows ithat ithe isensitivity iof istream iflow ito iclimate ivariability. iFor iexample ithe ichange iof iprecipitation ifrom i-20% ito i+20% ifor iconstant itemperature i200c iand ithe istream iflow idecreases iby i11%. iAnd ialso iby imaking iprecipitation iconstant i0% iand ichange ithe itemperature ifrom i200c ito i300c iand ithere iis ia ireduction iof iflow iby i12.7%. iThe iresult ishows ithat ithe iBaro icatchment iwill ibe imore isensitive ifor iaverage iincrease itemperature ithan ito iaverage idecrease irainfall. i
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According ito i(Brown, i2013) ithe iclimate isystem iis ia idetailed, iinteracted isystem. iIt iincludes ithe iatmosphere, iland isurface, isnow iand iice, ioceans iand iother ibodies iof iwater, iand iliving ithings. iThe iclimate isystem ievolves iin itime iunder ithe iinfluence iof iits iown iinternal idynamics iand idue ito ichanges iin iexternal ifactors ithat iare icalled iforcing. iExternal iforcing iincludes inatural iphenomena isuch ias ivolcanic ieruptions iand isolar ivariations, ias iwell ias ihuman-induced ichanges iin iatmospheric icomposition. iSolar ienergy ipowers ithe iclimate isystem. iThere iare ithree imain iways ito ichange ithe ienergy ibalance iof ithe iEarth: iBy idiverting ithe iincoming isolar ienergy, iby idiverting ithe ifraction iof isolar ienergy ithat iis ireflected iand iby ichanging ithe ienergy ithat ireturns ito ispace ifrom ithe iEarth. iIncoming isolar ienergy iis idiverted iby, ichanges iin ithe iEarth’s iorbit ior iin ithe isun iitself. iChanges iin icloud icover, ivegetation, iand iparticles iin ithe iair, ifor iexample, ican ichange ireflected ienergy. iEnergy ithat iis ireturned ito ispace ican ibe ialtered, ifor iexample, iby ichanges iin igreenhouse igas iconcentrations. iClimate, iin iturn, iresponds idirectly ito isuch ichanges, ias iwell ias iindirectly, ithrough ia ivariety iof ifeedback imechanisms i(Brown, i2013). i i i
Climate ichange isystem iscience isearches ito iunderstand ithe iphysical, ichemical, ibiological iand igeological iprocesses, iand ithe irelation iamong ithese iprocesses, ithat iproduce iclimate. iThe iscales iof iinterest irange ifrom ilocal ito iglobal iand ifrom iweeks ior imonths ito imillions iof iyears. iChanges iin iclimate, iboth itemporally iand ispatially, iare idetected iby iexamining iobservational ievidence ifrom iinstruments iand iindicators isuch ias itree irings, ifossils, iglaciers iand isea iice, iplant ipollen, iand isea ilevel i(Xu, i2000). iGoals iof ithe iscience iare ito ipredict ifuture iclimates ibased ion inatural iphenomena iand ito iproject ifuture iclimates ibased ion iassumptions iof ifuture ihuman iactivities. iThese ipredictions iand iprojections iare idetermined ifrom iclimate imodels iand imay ibe iused ito idevelop istrategies ifor imitigating ithe ieffects iof iclimate ichange iand ifor iadapting ito ithe iexpected ichanges i(Brown, i2013). i i i
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The ihydrological icycle icontinuously ireplenishes ithe iwater iresources ifor ihuman ikind iand iecosystem. iIt ihas ibeen ifound ithat iboth inatural ivariability iand ihuman iactivities ican iinfluences
the ihydrological icycle. iEven iif ithe iphysical ilink ibetween ithe ihydrological icycle iand ithe ilong iterm iclimate ichange iis istill inot iwell iunderstood, ithe iobserved ilong-term itrends iin iannual
precipitation iand iriver iflows ishow ithat iclimate ichange iis ichanging ithe ihydrological icycle i(Gebreyesus, i2014). iDetecting iplausible ilong-term iclimate ichange ifrom ihydrological iprocesses iis ithe ifirst istep ito iunderstand iand itackle ithe ivulnerability iof iwater iresources i(Xu iet ial., i2004). iUnder ithe iinfluence iof ichanging iclimatic iconditions, ia iflow iregime imight idestabilize iand iturn iover ito ianother ione iwith isometimes iquite idifferent iseasonal ipatterns iof ihigh iand ilow iwater, ithus idisturbing ithe iestablished ihydro-ecological iconditions iand iwater iuses. iThe iimportance iof isuch ia ichange iwill iclearly idepend ion ithe isensitivity iof ia icertain iregime ipattern ito ithe ichanging iclimate i(Krasovskaia, i2002).
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Climate iscenarios iare iplausible irepresentations iof ithe ifuture ithat iare iconsistent iwith
assumptions iabout ifuture iemissions iof igreenhouse igases iand iother ipollutants iand iwith iour
understanding iof ithe ieffect iof iincreased iatmospheric iconcentrations iof ithese igases ion iglobal
climate i(Carter iet ial.,1999).
Socio-economic iand iemission iscenarios iare iused iin iclimate iresearch ito iprovide iplausible
descriptions iof ihow ithe ifuture imay igrow iwith irespect ito ia irange iof ivariables iincluding isocio
economic ichange, itechnological ichange, ienergy iand iland iuse, iemissions iof igreenhouse igases
and iair ipollutants. iThey iare iused ias iinput ifor iclimate imodel iruns iand ias ia ibasis ifor iassessment
of ipossible iclimate iimpacts iand imitigation ioptions iand iassociated icosts. iFor ibetter icomparisons ibetween ivarious istudies ias iwell ias ieasier icommunication iof imodel iresults, iit iis ipreferable ito iuse
a icommon iset iof iscenarios iacross ithe iscientific icommunity i(Kassaw, i2018).
As ipointed iout iby i(Moss iet ial., i2010). iThe iresearch icommunity icurrently ineeds inew iscenarios.
First, imore idetailed iinformation iis ineeded ifor irunning ithe icurrent igeneration iof iclimate imodels
than ithat iprovided iby iany iprevious iscenario isets. iSecond, ithere iis ian iincreasing iinterest iin iscenarios ithat iexplicitly iexplore ithe iimpact iof idifferent iclimate ipolicies iin iaddition ito ithe
no-climate-policy iscenarios iexplored iso ifar i(e.g. iSRES). iSuch iscenarios iwould iallow ievaluating
the i“costs” iand i“benefits” iof ilong-term iclimate igoals. iFinally, ithere iis ialso ian iincreasing iinterest
in iexploring ithe irole iof iadaptation iin imore idetail. iThis irequires ifurther iintegration iof
information ifor iscenario idevelopment iacross ithe idifferent idisciplines iinvolved iin iclimate
research i(Kassaw, i2018).
The ineed ifor inew iscenarios iprompted ithe iIntergovernmental iPanel ion iClimate iChange i(IPCC)
to irequest ithe iscientific icommunities ito idevelop ia inew iset iof iscenarios ito ifacilitate ifuture
assessment iof iclimate ichange(Niang iet ial., i2007).iIPCC ialso idecided isuch iscenarios iwould inot ibe ideveloped ias ipart iof ithe iIPCC iprocess, ileaving inew iscenario idevelopment ito ithe iresearch
community. iThe icommunity isubsequently idesigned ia iprocess iof ithree iphases i(Moss R.H, 2010)
1) iDevelopment iof ia iscenario iset icontaining iemission, iconcentration iand iland-use itrajectories ireferred ito ias i“representative iconcentration ipathways” i(RCPs). i
2) iA iparallel idevelopment iphase iwith iclimate imodel iruns iand idevelopment iof inew
socio-economic iscenarios. i
3) iA ifinal iintegration iand idissemination iphase.
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To imodel iand ipredict ifuture iclimate iit iis inecessary ito imake iassumptions iabout ithe ieconomic, isocial iand iphysical ichanges ito iour ienvironment ithat iwill iinfluence iclimate ichange. iRepresentative iConcentration iPathways i(RCPs) iare ia imethod ifor icapturing ithose iassumptions iwithin ia iset iof iscenarios. iThe iconditions iof ieach iscenario iare iused iin ithe iprocess iof imodeling ipossible ifuture iclimate ievolution i(Charlton iet ial., i2014).
RCPs ispecify iconcentrations iof igreenhouse igases ithat iwill iresult iin itotal iradiative iforcing iincreasing iby ia itarget iamount iby i2100, irelative ito ipre-industrial ilevels. iTotal iradiative iforcing iis ithe idifference ibetween ithe iincoming iand ioutgoing iradiation iat ithe itop iof ithe iatmosphere. iRadiative iforcing itargets ifor i2100 ihave ibeen iset iat i2.6, i4.5, i6.0 iand i8.5 iwatts iper isquare imeter i(Wm2) ito ispan ia iwide irange iof iplausible ifuture iemissions iscenarios iand ithese itargets iare iincorporated iinto ithe inames iof ithe iRCPs; iRCP2.6, iRCP4.5, iRCP6.0 iand iRCP8.5. iEach ipathway iresults iin ia idifferent irange iof iglobal imean itemperature iincreases iover ithe i21st icentury i(Charlton iet ial., i2014). iThe iRCP ipathways irepresent ia ibroad irange iof iclimate ioutcomes iand iare ineither iforecasts inor ipolicy irecommendations. iThey iinclude ia iwide irange iof iassumptions iregarding ipopulation igrowth, ieconomic idevelopment, itechnological iinnovation iand iattitudes ito isocial iand ienvironmental isustainability. iEach ipathway ican ibe imet iby ia icombination iof idifferent isocioeconomic iassumptions. i
[bookmark: _Toc35522011][bookmark: _Toc43096876]How do RCPs differ from previous emissions scenarios? 
UKCP09 iused ian iearlier iset iof iemissions iscenarios ithat idid inot iinclude isuch ia icomprehensive irange iof ifactors ias iRCPs. iRCPs iwere iused iin ithe imost irecent iIntergovernmental iPanel ion iClimate iChange i(IPCC) iFifth iAssessment ireport. iThe iolder iSpecial iReport ion iEmission iScenarios i(SRES), iused iin ithe iUKCP09 iprojections, idid inot iinclude iany ipolicies ito ilimit iclimate ichange iand ithus idid inot iconsider iclimate ichange imitigation. iThe iincreasing irelevance iof imitigation iscenarios iled ithe iIPCC ito irequest ithe iclimate iresearch icommunity ito idevelop ia inew iset iof iscenarios, ior ipathways. iRCPs iwere iintroduced ito ibetter ifacilitate iinteractions ibetween ithe iscientific icommunities iworking ion iclimate ichange, iadaptation iand imitigation. iUnlike iwith iSRES, iRCPs ienable ithe icosts iand ibenefits iof ilong iterm iclimate igoals ito ibe ievaluated. iRCPs iare ireferred ito ias i‘pathways’ ito iemphasis ithey iare inot idefinitive iand icould ibe irealized ivia imore ithan ione iunderlying isocioeconomic iscenario. iAs ia iresult iof ithe idifferent imethods iused ito iconstruct ithe iSRES iscenarios iand ithe iRCPs, iit iis inot ipossible ito idirectly icompare ithe itwo isets. iTable iindicates ithe isimilarities iand idifference ibetween ithe iscenarios.
[bookmark: _Toc42196996]Table i2.1 iMain isimilarities iand idifferences ibetween itemperature iprojections ifor iSRES iand iRCPs iscenarios i(Abdrabbo, i2016)
	RCP
	SRES iScenario iwith isimilar imedian itemperature iincrease iby i2100
	Particular idifference i

	RCP2.6
	None
	The iratio ibetween itemperature iincrease iand inet iradiative iforcing iin i2100 iis i0.88 io iC i(Wm-2)-1 ifor iRCP3-PD, iwhereas iall iother iscenarios ishow ia iratio iof iabout i0.62 ioC i(Wm-2)-1; ithat iis, iRCP3-PD i(PD istands ifor iPeak iand iDecline) i

	RCP4.5
	SRES iB1
	Median itemperatures iin iRCP4.5 irise ifaster ithan iin iSRES iB1 iuntil imidcentury iand islower iafterwards.

	RCP6.0
	SRES iB2
	Median itemperatures iin iRCP6 irise ifaster ithan iin iSRES iB2 iduring ithe ithree idecades ibetween i2060 iand i2090, iand islower iduring iother iperiods iof ithe itwenty-first icentury.

	RCP8.5
	SRES iA1F1
	Median itemperatures iin iRCP8.5 irise islower ithan iin iSRES iA1FI iduring ithe iperiod ibetween i2035 iand i2080, iand ifaster iduring iother iperiods iof ithe itwenty-first icentury.
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Both iGlobal iand iRegional iClimate imodels i(GCM, iRCM) ihave isystematic ierrors i(biases) iin itheir ioutput. iFor iexample iclimate imodels ioften ihave itoo imany irainy idays iand itend ito iunderestimate irainfall iextremes. iThere ican ibe ierrors iin ithe itiming iof ithe imonsoon ior ithe iamount iof iseasonal irainfall, ior itemperatures ican ibe iconsistently itoo ihigh ior itoo ilow. iErrors iin iclimate imodels ican ibe icaused iby ia irange iof ifactors. iErrors ior ibiases iare idue ito ilimited ispatial iresolution i(large igrid isizes), isimplified ithermodynamic iprocesses iand iphysics ior iincomplete iunderstanding iof ithe iglobal iclimate isystem. iThus, ithe iuse iof iuncorrected ioutputs iin iimpact imodels ior iclimate iimpact iassessments ican ioften igive iunrealistic iresults i(Charlton iet ial., i2014)
To iovercome ithe ilarge ibiases iin iclimate imodels, ia irange iof ibias icorrection imethods ihave ibeen ideveloped. iFor iall imethods iit iis iimportant ito irealize ithat ithe iquality iof ithe iobservational idatasets idetermines ithe iquality iof ithe ibias icorrection. iTo ido ia igood ibias icorrection, iit iis iimportant ito ihave ia igood idataset iof iobservations. iIf icorrecting iextreme iprecipitation, ithen ilong-term idata isets iare ineeded. iThe isimplest iapproach iis ithe iDelta ichange imethod, iwhich iis ioften iused iin iclimate iimpact iresearch. iThis iapproach iuses ithe iGCM ior iRCM iresponse ito iclimate ichange ito imodify iobservations. iE.g. iif ithe iclimate imodel ipredicts i3°C ihigher itemperatures, i3°C iis iadded ito iall ihistoric iobservations ito iconstruct ia inew itime iseries ifor ithe ifuture iclimate. iFor irainfall iusually ia ipercentage ichange iis icalculated. iIf ithe iclimate imodel ipredicts ia i20% iincrease iin irainfall, ia inew itime-series iwill ibe imade iby imultiplying ithe ihistoric irainfall iby i1.2. iFor idifferent imonths ior iseasons idifferent idelta ifactors ican ibe idefined. iNote: ithis imethod idoes inot itake iinto iaccount ichanges iin iclimate ivariability isuch ias iincreasing iextreme irainfall ior ilonger idry ispells i(http://climateservice-global.eu/wp-content/uploads/What-is-bias-correction.pdf).
Another ipopular imethod iis i(Multiple) ilinear iregressions. iA iregression ianalysis iis imade, iusing ihistoric iobservations iand iclimate imodel ioutput ifor ithe isame iperiod. iUsing ithe iregression iparameters, ibias iadjusted ifuture itime iseries iare iconstructed. iThe iregression ican ibe imade ias isimple ior icomplex ias ineeded. i(http://climateservice-global.eu/wp-content/uploads/What-is-bias-correction.pdf).
Both ithe idelta ichange iand ilinear iregression imethod iare isuitable ito ibias iadjust irelative ihumidity, ihumidity, iwind ispeed iand iradiation. iCurrently, ithe iQuintile imapping iapproach iis ioften iused ifor ithe icorrection iof iclimate idata ithat iare iused ias iinput ifor iclimate iimpact imodels. iThis imethod iis ialso iused i(e.g. ifor ihydrological ior icrop imodels) ior isome ivariant iof iit iis iperhaps ithe imost iwidely iaccepted. iAll ithese imethods ican ialso ibe iapplied ito iseasonal iforecasts.
[bookmark: _Toc35522019][bookmark: _Toc43096878][bookmark: _Toc23929019]Model Selection 
There iare iranges iof ipossible imodel istructures iwithin ieach iclass iof imodels. iHence, ichoosing ia iparticular imodel istructure ifor ia iparticular iapplication iis ione iof ithe ichallenges iof ithe imodel iuser icommunity. iBeven i(2000) isuggested ifour icriterions ifor iselecting imodel istructures ias ibelow. ia) iConsider imodels iwhich iare ireadily iavailable iand iwhose iinvestment iof itime iand imoney iappeared iworthwhile. ib) iDecide iwhether ithe imodel iunder iconsideration iwill iproduce ithe ioutputs ineeded ito imeet ithe iaims iof ia iparticular iproject. ic) iPrepare ia ilist iof iassumptions imade iby ithe imodel iand ichecks ithe iassumptions ilikely ito ibe ilimiting iin iterms iof iwhat iknown iabout ithe iresponse iof ithe iwatershed. iThis iassessment iwill igenerally ibe ia irelative ione, ior iat ibest, ia iscreen ito ireject ithose imodels ithat iobviously ibased ion iincorrect irepresentations iof ithe iwatershed iprocesses.
[bookmark: _Toc35522020][bookmark: _Toc43096879]Hydrological Model and its classification 
A ihydrologic imodel iis ia isimplification iof ia ireal-world isystem i(e.g., isurface iwater, isoil iwater, iwetland, igroundwater, iand iestuary) ithat iaids iin iunderstanding, ipredicting, iand imanaging iwater iresources. iBoth ithe iflow iand iquality iof iwater iare icommonly istudied iusing ihydrologic imodels i(https://en.wikipedia.org/wiki/Hydrological_model).
A ihydrological imodel iinvolves ithe iapplication iof imathematical iequations ito imodel ithe iphysical
response iof ia iwatershed ito imeteorological ievents iin ia icatchment iarea i(Rwigi, i2014).For ithe
purpose iof ihydrological imodeling, ithe iriver ibasin iis ithe imost iappropriate iscale ito ifocus ion ifor
analysis iof iwater imanagement iissues iusing ihydrological imodels. iStream iflow iand irunoff iare
interplays iof imany iphysical iprocesses ithat iinclude: ithe ihydrological, imeteorological, i
topographical, ihuman iactivity iand isoil icharacteristics. iHydrological imodel irelates istream iflow
and ithese iparameters iand iare iprimarily iused ifor ihydrological iprediction ias iwell ias ifor
understanding ithe ihydrologic iprocess iin ithe icatchment iarea i(Rwigi, i2014). iSome iof ithe imodel iis ilisted ibelow.
Lumped ihydrologic imodels. iParameters iof ilumped ihydrologic imodels ido inot ivary ispatially iwithin ithe ibasin iand ithus, ibasin iresponse iis ievaluated ionly iat ithe ioutlet, iwithout iexplicitly iaccounting ifor ithe iresponse iof iindividual isub-basins. iHence, ido inot irepresent iphysical ifeatures iof ihydrologic iprocesses iand iusually iinvolve icertain idegree iof iempiricism. iThe iimpact iof ispatial ivariability iof imodel iparameters iis ievaluated iby iusing icertain iprocedures ifor icalculating ieffective ivalues ifor ithe ientire ibasin. iThe imost icommonly iemployed iprocedure iis ian iarea-weighted iaverage. iExample iof isuch imodels iare iHBV, iIHAC-RES, iSRM, iand iWATBAL ietc.
Distributed ihydrological imodels: iSuch imodels irequire iinput idata iconcerning ithe ispatial idistribution iof iparameter ivariations itogether iwith icomputational ialgorithms ito ievaluate ithe iinfluence iof ithis idistribution ion isimulated iprecipitation-runoff ibehavior iso ias ito imodel ithe iphysical iprocess iin idetail ifor ihighest idegree iof iaccuracy iin ithe ioutput iExample iof isuch itype iof imodels iare iMIKE-SHE, iVIC ietc.
Semi-distributed ihydrological imodels. iThese imodels iare isimplified iform iof idistributed imodels iwhere iparameters iare ipartially iallowed ito ivary iin ispace iby idividing ithe ibasin iinto ia inumber iof
smaller isub-basins. iSub idivision iof isub-catchments iin ito ia inumber iof idifferent ihomogeneous- izones ican ibe iaccomplished ibased ion ivarious icatchments icharacteristics i(topographic ielevation, isoil itype iand iland iuse). iExamples iof isuch itype iof imodels iare iSWAT, iHEC-HMS ietc.
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Many iresearches ihave ibeen icarried iout ito iaddress ithe icurrent iand ifuture iimpacts iof iclimate iand iLULC ichange ion ithe iupper iBlue iNile ibasin iand iLake iTana iBasin iusing iGCMs/CMIP3 ilarge iset iof iSRES iemission iscenarios iand ialso iLULC ichange. iThe istudies imainly ifocus ion ihydrology, iwater iresources iand iagriculture iwhich iare irelated ito ithis istudy idirectly ior iindirectly. iSome iof ithe istudies ihave ibeen itried ito idescribe ishortly ias ifollows.
Sirak iTekleab i(2008) imodeled ithe iwatershed iof iLake iTana ibasin iby iusing iSWAT ihydrological imodel. iThe imodel iwas icalibrated iand ivalidate ion idifferent iwatershed iof iLake iTana isub ibasin. iThe iauthor isimulates ithe istream iflow ion idifferent iperiod: ifor icalibration i(1996-2001) iand ifor ivalidation i(2002-2004). iHe ialso iidentify ithat icurve inumber iis ithe imost isensitive iparameter iwith iin ithe ibasin.
Emiru i(2009) iassess ithe ieffect iof iland icover ichange ion istream iflow iof iGilgel-Abbay iwatershed iwith ian iarea iof i1656 ikm2. iLANDSAT iimages iwere iused ifor iland icover iclassification. iThe iHBV-96 imodels iwere iused ito isimulate istream iflow iunder idifferent iland icover iscenarios. iThe iimage iclassification iindicates ithat ithe iforest icover idecreased iby i1.38% ibetween ithe iyear i1973- i1986, iwhile iit iwas i0.92% ithe iyear i1986-2011.Result ifrom iHBV iindicate ithat istream iflow iincreased iby i0.762 im3/s iwhile ibase iflow idecreased iby i0.069m3/s. iThe ioverall iresult ishows iflow iin ithe iwet iseason iincreased, iwhile iflow iin idry iseason idecrease. iThe ilimitation iof ithis ipaper iis iDirection iof ichange iwas inot idetermined iwith ipossible iconfidence iusing ithe ipast igeneration iof iGCMs iand ialso inew iclimate iscenarios iof iclimate iprojection iand ihigh iresolution iRCMs iwas inot iconsidered. iThis iauthor idid inot iinclude ifuture iwater iresources idevelopments.
Gizachew iKassa i(2016) iinvestigated ithe iimpact iof iclimate ichange ion istream iflow iof iupper iBlue iNile ibasin: ibased ion iCMIP5 iclimate imodel ioutputs ior iunder iRCP4.5 iand iRCP i8.5. iTo iestimate iimpact iof iclimate ichange iHEC-HMS ihydrologic imodel iwas iused. iGenerally ithe iaverage irunoff ivolume iwill iincrease iup ito i39.3% iand i45.9% iduring isummer iseason ifor ifeature iperiod iunder iRCP i4.5 iand iRCP i8.5 irespectively. iAverage iannual irunoff ivolume ibecomes idecrease iin ithe ibasin iand ihe ididn’t iconsider iLake iTana iof ibasn
Teferi iDemissie i(2016) iinvestigated ithe iimpact iof iclimate ichange ion ithe iHydrology iof iUpper iBlue iNile iBasin i(Case istudy ion iMegech iWatershed) iunder iA2 iand iB2 iscenario iand iSWAT ihydrologic imodel. iThe iSWAT imodel iresult ishows idecreasing iflow iof iMegech idue ito iclimate ichange ifrom inear ito iend iof ithe icentury. iFrom ithe i ianalysis ithere iwill ibe ia ireduction iof iMegech iRiver iannual iflow iin i- i5.19 i%, i- i19.71 i%, i- i12.57 i% iand i- i4.54 i%,- i7.90 i%,- i11.06 i% ifor i2020s, i2050s iand i2080s ifor iA2 iand iB2 iemission iscenarios.
Abdo iet ial., i2009 iStudied iin ithe iGilgel iAbay icatchment iin ithe ibasin iindicates ithat irainfall imay iincrease iduring ithe iKiremit iseason ithat imay ihave ipositive iimplication ifor ithe irain ifeed iagriculture isector ieven iif ithe iincrease iin itemperature ihas ia icontradictory ieffect iby iincreasing ievapotranspiration ishowing iuncertain iincrement iof iannual irainfall.
Zelalem i(2012) istudied itrends iin irainfall iand irunoff iin ithe iupper iBlue iNile ibasin. iThe iobjective iof ithe istudy iwas ito iimprove iunderstanding iof ifuture iconditions iby ianalyzing ihistorical itrends. iThey iused i1965 ito2003 iperiod iaverage imonthly ibasin iwide iprecipitation iand imonthly idischarge ito ianalyze istatistically ifor itwo istations iupper i(Bahirdar iand iKessie) iand ione istation iin ithe iSudan-Ethiopia iborder. iBoth ithe iMann iKendall iand iSen‘s iT iindicated ithat ithere iwas ino isignificant iprecipitation itrend ilevel iin ifor ithe iBlue iNile ibasin ifor ithe iperiod i(1963 i-2004). iThese itest istatistics ialso iindicated ithat ithere iwas ino isignificant itrend iin ithe iobserved iannual irunoff ias ithe istream iflow iwas icomputed iby iMann iKendal itrend itest. iThey ialso ireport ithat idespite ithe
15 idifference iin iannual itrends, iall ithe ithree istations ishowed isignificant iincreasing idischarge iover itime iduring ithe ilong iwet iseason i(June ito iSeptember). i
Gebre iSL, i(2015) iStudy iupper iblue iNile iriver ibasin i(Tana ibasin) iusing ifive iGCMs iof itwo iscenarios i(RCP4.5 iand iRCP8.5) iinputs ito iHEC-HMS imodel, ithe iobjective iof ithis istudy iwas iassessing ithe ihydrologic iresponse iof iclimate ichange ifour icatchments i(Gilgel iAbay, iGumera, iRibb iand iMegech) iof iupper iblue iNile iriver ibasin iusing iclimate iscenarios iof iIPCC ififth iassessment ireport i(AR5). iThe istudy iindicates ithat iclimate ichange iimpacts ion iprecipitation iand itemperature ihas iproduced ia isignificant ichange ion irunoff iin ithe ibasin. iThe istudy ishowed ithat iin ithe ifuture iaverage iannual irunoff iincrease idue ito iclimate ichange iat ithe ioutlet iof ieach icatchment ithat ifeeding ithe igreat iLake iTana ion iupper iBlue iNile iriver ibasin. iThere iis iconsiderable iaverage imonthly iand iseasonal iprecipitation ichange ivariability iin imagnitude iand idirection.
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[image: C:\Users\user\Desktop\all research\LULC ERDAS\TRIAL sub.jpg]Ribb iWatershed iis ilocated iin inorthwestern iEthiopia iand iIt ilies ibetween ilatitude i10°43’and i11° i53’ iNorth iand ilongitude i350-37° i47’ iEast. iThe iriver ioriginates ifrom ithe iGuna iMountains, ireaching ian ielevation iof i4000 im ia.s.l., iand idischarge iinto iLake iTana, iat ian ielevation iof i1787 im ia.s.l. iThe imost ielevated iareas iare ifound iin ithe ieastern ipart iof ithe iwatershed iand ideclines iwestwards. iAccording ito iCSA i(Authority, i2007) ithe inumber iof ipopulation ithat ishares ithe iwatershed iwas i878,261 iand iabout i89.7% iof ithe ipopulation ilive iin irural iareas iand ithe imainly idepend ion iagriculture i(Mekuriaw, i2014). iThe irelative ilocation iof iRibb iRiver iwatershed iin irespect ito ithe ifour idistricts iincluded iin ithe iwatershed, iAmhara iRegion iand iEthiopia iis ishown iin iFigure ibelow.
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Figure i3.1 iLocation imap iof ithe istudy iarea
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There iis ihigh ispatial iand itemporal ivariation iof irainfall iin ithe istudy iarea. iThe imain
rainfall iseason iwhich iaccounts iaround i60-85% iof ithe iannual irainfall ioccurs ifrom iJune ito iSeptember, iwhile ismall irains ialso ioccurs iduring iDecember ito iMarch. iThe imonthly irainfall idistributions iof ithe istudy iarea iindicate ithat iJuly iand iAugust iare ithe iwettest imonths iof ithe iyear iin iall ithe iselected istations. iThe imean imonthly irainfall iof iAddis iZemene, iDebre iTabor, iGassay iand iWereta istations ifor ithe itime iperiod iof i1988-2017 iis ishown iin iFigure3.2. iRibb iwatershed iis icharacterized iwith iHigh iwurch i(on isouthern iedges), iwet idega iand iWet iWoyna iDega i(northern iarea) iagro-climatic izones, iwith ialtitude iranges ifrom i1788m ia.s.l inear iLake iTana ito i4112m ia.s.l iat iGunna iMountain. iThe iwatershed iarea irepresents ihumid, iwith imoderately icool ito ihigh ifrost, iagro-climate. iMean iannual irainfall iover ithe iRibb isite iwatershed iis ilarger ithan i1400 imm. iRainfall iover ithe iRibb iwatershed iis imono-modal; inearly i80% iof ithe iannual irainfall ioccurs ifrom iJune ito iSeptember. iThe imaximum iand iminimum iyearly iprecipitation iand itemperature iwere i10646mm, i28.20c, i13.4mm iand i8.2oc, irespectively.

[bookmark: _Toc42331731]Figure i3.2 iLong-term imean imonthly irainfall idistribution iof ithe istudy iarea i(1988-2017)











[bookmark: _Toc41546261][bookmark: _Toc42331732]Figure i3.3 iLong i-term itemperature idistribution iof istudy iarea i(1988-2017)
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The iwatershed iconsists iof irugged itopographies iwith idifferent iridges, ivalleys iand isteep islopes iwhich ivary ifrom i1787 iup ito i4000 imasl iand iwith ia imean ielevation iof i2268.77 imasl. iThe itopography iof ithe iarea ihas ian iimportant icontribution ifor isurface irunoff iand isoil ierosion iprocesses. iThe iarea ihas ia isteep islope i(greater ithan i20%) iin ithe ihigh imountainous iregion iin ithe ieast iwhich irises iabove i1500 imasl ielevation, iand iof ilower islope i(below i10%) itowards iLake iTana, ithe iarea ithat iranges ifrom i1700-1900 imask ialtitude. iThe ilower iplain ireaches, inear ithe iconfluence iof iRibb iwith iLake iTana, iis isubject ito iinundation iin iwet iseasons. iThis iis ibecause iof ithe iflat islopes, ifurther iworsened iby ibackwater ieffects iof ithe iLake, iwhich iis iat ihigher ilevels iduring ithe ifloods. iTopography iof ithe istudy iarea iis ishown iin iFigure3.4 ibelow
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[bookmark: _Toc42331733]Figure i3.4 iTopography iof ithe istudy iarea
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The icatchment iis idominated iby ichromic iluvisols iand iEutric ileptosols irespectively. iThe itwo isoil itypes icover iabove i60% iof ithe iarea. iEutric iFluvisols iare ianother itype iof isoils iwhich idominated ithe icatchment. iThe iwatershed iis icharacterized iby imajor isoil igroups: iEutric ileptosols, ichromic iluvisols, iEutric iFluvisols, iHaplic iLuvisols, iHaplic iNitisols iand iUrban icovers i38.54%, i34.74%, i26.02 i%, i0.35%, i0.28 iand i0.07% irespectively. iSoil imap iof iRibb iWatersheds iis ishown iFigure ibelow.
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[bookmark: _Toc42331734]Figure i3.5 iSoil iMaps iof iRibb iWatersheds
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The i30 iyear’s(1988-2017) imeteorological idata icollected ifrom iEthiopian iNational iMeteorological iAgency i(NMA) ifor ithe istations ithat iexist iin iand iaround ithe istudy icatchment. iThis iincludes idaily
rainfall, iminimum, imaximum itemperature, isunshine, iwind ispeed iand ihumidity idata iof ivarious iduration. iThe istations iwere iselected ibased ion ithe ilength iof ia irecord iperiod iand ithe irelative icompleteness iof ithe idata. iThe iworld imeteorological iorganization ihas irecommended i30 iyears ias ia iminimum idata irequired ifor isearching ievidence iof iclimatic iand iLULC ichange iin ihydro iclimatic itime iseries. iBased ion ithese icriteria, ifour istations iwere iidentified i(Addis iZemen, iWereta, iGassay iand iDebre iTabor). i i
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 iStream iflow iof iRibb iRiver iwatershed iwas iused ifor icalibrates iand ivalidates ithe imodel iis iRibb iwatershed ion iNr.Adis iZemen iis igauged i.Gauged istation iNr.Addis iZemen iwas iused ifor icalibrates iand ivalidates ithe imodel. iThose idata iwas icollected ifrom iMinistry iof iWater, iIrrigation iand iEnergy, iHydrology idepartment ibranch. i
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Regional iclimate idata iwas iused ito iquantify ithe irelative ichange iof iclimate ivariables ibetween ithe icurrent iand ifeature itime ihorizon iwhich iin iturn iwas iused ias iinput ito ihydrological imodel ifor iassessment iof ihydrological iimpact. iThe iregional iclimate idata iused ifor ibias icorrection itechnique iwas iobtained ifrom ithe iinternational iwater imanagement iinstitute. i i
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[image: ]Topography iis idefied iby ia iDigital iElevation iModel i(DEM), iwhich idescribes ithe ielevation iof iany ipoint iin ia igiven iarea iat ia ispecific ispatial iresolution ias ia idigital ifile. i iDigital ielevation imodel iis ione iof ithe iessential iinputs irequired iby iSWAT ito idelineate ithe iwatershed iin ito ia inumber iof isub iwatershed ior isub ibasins. iDEM iis iused ito ianalyze ithe idrainage ipattern iof ithat iwatershed, islope, istream ilength, iwidth iof ichannel iwith iin ithe iwatershed i(Sirak, 2008). iThe idigital ielevation imodel iused iin ithis istudy iwas iobtained ifrom ithe iNASA iShutter iRadar iTopographic iMission i(SRTM) iwith ia iresolution iof i20m*20m. iThe iraw iDEM iwas iprocessed i& iprojected iusing iARGIS i10.3 i& iArc iMap i10.3 iversion isoftware ipackage. i i
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It iis ispatial idataset iin ithe imodel idefines ithe idensities iand itypes iof iland iuse ifound iwithin ia igiven
area. iLand iuse iis ione iof ithe imost iimportant ifactors ithat iaffect irunoff, iEvapotranspiration iand isurface ierosion iin ia iwatershed. iLand iuse iland icover idata iwhich iis ivery iessential ifor iSWAT iinput ifor idetermining ithe iwatershed icharacteristics, iand ialso iused ifor icomparison iof iimpacts ion istream iflow iof ithe iwatershed. iThe iland iuse imap iof ithe istudy iarea iwas iobtained ifrom iU.S. iGeological iSurvey i(USGS) iwebsite isatellite iimages. iAccording ito ithe iprepared iland iuse/cover imap iof ithe istudy iarea ithe imain iland iuse iof ithe iwatershed iare iagricultural iland i(perennial i& iannual icrop), ishrub iland, igrass iland, ibare iland, iforest iand iwet iland, iamong iwhich ithe iformer itwo ioccupy ithe ihigher ipercentage iof ithe itotal iland iarea.
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Material ithat iare iused iduring ithe iwork iof ithe ithesis ior ito imeet ithe iobjective iof ithe ithesis iare;-
[bookmark: _Toc42196997] iTable i3.1 iMaterial iused iduring istudy
	Name  of the Matrial
	
	

	ARC GIS 10.3 
	Used for analysis of hydrological and special data.

	Arc SWAT 2012
	Is an interface of ARC GIS and is used to delineate the watershed and to simulate the future.

	SWAT CUP
	Is an interface of Arc SWAT and is used for calibration, validation and determination of sensitive parameter with in the watershed.

	ERDAS
	Used to classify the image.
	

	CMhyd
	Used to correct the bias of the climate data
	

	DAM (20x20)
	Use an input for SWAT for delineation of watershed.

	Spatial Data
	Used to estimate or to determine the HRU(soil and LULC data)

	Hydrological data
	Used For calibration and validation of the model.

	Metrological data
	Used as in put for weather generator and arc SWAT. 

	LULC and Soil map
	Used to obtain downscaled climate data of the watershed.
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Missing idata iis ia icommon iproblem iin ihydro-meteorology. iFilling iin imissing idata iis ivery ivital ito iperform ihydro-meteorology ianalysis iand isimulation iusing idata iof ilong itime iseries. iIt imay iso ihappen ithat ia iparticular irain-gauge iand igauged ihydrological istation iwere inot ioperative ifor ia ipart iof ia iyear, ihence, iit ibecomes inecessary ito isupplement ithe imissing irecords. iIn ithis iresearch, ithe iarithmetic imean iof ithe ientire iperiod iwas iused ito ifill ithe imissed irecords ifor ithe istations iwith iless ithan i10 ipercent imissed irecords. i
1. Arithmetic iMean iMethod
 iAre iexpressed iby ithe ifollowing irelationship:-


Where, iPx i=Estimated idaily iprecipitation iat istation ix, iPA, iPB, iPC iand iPN iare idaily iprecipitation idepth iat ithe iadjacent istations iA, iB, iC iand iN iadjacent istations.
The iarithmetic imean imethod iis iusually iapplied iwhen ithe irainfall imeasured ifor ivarious istations ishow ilittle ivariation iabout ithe imean ior iless ithan i10% iof ithe itotal irainfall istation. iIt igives ia ivery isatisfactory imeasure iof ithe iareal irainfall iunder ifollowing iconditions: i
(i) The icatchment iarea iis isampled iby imany iuniformly ispaced irain igauges. i
(ii) The iarea ihas ino imarked idiversity iin itopography, iso ithat ithe irange iin ialtitude iis ismall iand ihence ivariation iin irainfall iamounts iis iminimal. iThe iarithmetic imean iis ireadily iused iwhen ishort-duration irainfall ievents ispread iover ithe iwhole iarea iunder istudy.
[bookmark: _Toc42196998]Table i3.2 iPercentage iof imissing iand imethod iof ifilling
	SN
	Station
	% iof imissing idata
	Filling imethod

	1
	Addis iZemen
	1.548
	Arithmetic imean

	2
	Wereta
	4.654
	Arithmetic imean

	3
	Gassay
	9.43
	Arithmetic imean

	4
	Debre iTabor
	1.87
	Arithmetic imean


2. Areal iPrecipitation
The iaverage irainfall iover ithe ibasin ihas ito ibe idetermined ifrom ithe ipoint imeasurements ifor iuse
in ipractical ihydrological iapplications. iIn iorder ito iachieve iaccurate iestimation iof ithe ispatial
distribution iof irainfall, iit iis inecessary ito iuse iinterpolation imethods, ifor ithis, ithe iThiessen
polygon imethod iis iconsidered ias ithe imost iimportant iin iengineering ipractice. iThis imethod
assigns iweight iat ieach igauge istation iin iproportion ito ithe icatchment iarea ithat iis iclosest ito ithat
gauge. iThiessen ipolygon iwas iused ialso ifor ithis istudy ifor iits isound itheoretical ibasis iand
availability iof icomputational itools. iAlthough iit iis iwidely iused iin iengineering ipractice, ithis
method ihas ialso iits ishortcomings. iFor iexample, iin imountainous iareas, ian iirregular ispatial
distribution iof iprecipitation ican ibe iformed iover ismall idistances, iand ifor isuch icircumstances,
the iThiessen ipolygon imethod ican iyield iinaccurate iresults. iA iwatershed iof iThiessen ipolygon iwith ifour imeasuring istations ias idrawn ias ishown iin iFigure i3.7
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[bookmark: _Toc42331736]Figure i3.7 iThiessen iPolygons ifor iestimating iareal irainfall
[bookmark: _Toc35522038][bookmark: _Toc43096896]Data Quality Assessment
Any ihydrological istudy ineeds iaccurate idata iof ihydrological iand imeteorology idata iof ithe istudy iarea. iThose idata imust ibe, iconsistent iand ihomogeneous iwhen ithey iare iused ifor ifrequency ianalysis ior ito isimulate ia ihydrological isystem. iSo, iin ithis istudy, iI ihave imade ithe idata iquality iassurance iby iusing ihomogeneity iand iconsistency itest iof ieach istation.
[bookmark: _Toc35522039][bookmark: _Toc43096897] Consistency and homogeneity analysis of rainfall data 
There iare idifferent itypes iof idata iconsistence ichecking itechnique. iAmong ithose isingle imass icurves iand idouble imass icurve iconsistency ichecking iare imentioned. iFrom ithe itwo iI iprefer ito iuse idouble imass icurve iconsistency ichecking itechnique, ibecause iit ishows iclearly ithe iconsistency iof iindividual istation icumulative idata iwith icumulative iaverage iin ione igraph i(Demisse, i i2015). i
The iprinciple iof idouble imass icurve ianalysis iis ito iplot iaccumulated ivalue iof ithe istation, iunder iinvestigation iagainst iaccumulated ivalue iof ianother istation, ior iaccumulated ivalues iof ithe iaverage istation, iover ithe isame iperiod iof itime. iThough ithe idouble imass icurves iin-homogeneities iin ithe itime iseries i(in iparticular ijumps) ican ibe iinvestigated ifor iexample ioriginating ifrom ia ichange iobserver iin irain igauge itype, ietc. ithis iis iindicated iin idouble imass icurve iplot, ishowing ian iinflection ipoint iin ithe istraight iline. iThe idata iseries iwhich iis iconsistent ican ibe iadjusted ito iconsistent ivalue iby iproportionality.
[bookmark: _Toc42331737]Figure i3.8 iConsistency iTest iSelected iStations iof iRibb iRiver
[bookmark: _Toc35522040][bookmark: _Toc43096898]Homogeneity Test
Precipitation irecords iat igauging istations iare iexaggerated iby ithe ilocation iof ithe istation, ithe itool iand imethod iof idata irecording iand icollection iand ithe iobservation iquality iand ithe itime iseries imight ihave iin ihomogeneity. iIt iis idifficult ito icorrect ifor isuch ierrors, ibut iby ihomogenizing ithe iprecipitation iseries i(i.e. itesting iand icorrecting ifor ieventual iin ihomogeneities) iavoid isystematic ivariation iof ithe ierrors ithroughout ithe iseries iThe imethods ifor itesting ithe ihomogeneity iof ithe iseries iclassified iinto itwo igroups ias iabsolute imethod iand irelative imethod(Karabork iet ial., i20007). iIn ithe irelative imethod, ithe ineighboring i(reference) istations iare iused ifor ithe itesting iprocess. iFor ithis istudy ithe igraphical irelative ihomogeneity i(Non-dimensional iplot) ianalysis iapplied.
The inon-dimensional imonthly ivalue iwas iobtained ias:


Where: ipi iis ithe iNon-dimensional ivalue iof irainfall ifor imonth ii, ipi iis ithe iover iyear-averaged imonthly irainfall iat ithe istation ii iand ip iis ithe iover iyearly irainfall iof ithe istation
[bookmark: _Toc42331738]Figure i3.9 iHomogeneity itest ifor istudy iarea irainfall istations
[bookmark: _Toc35522041][bookmark: _Toc43096899]Methodology 
The imethodology iadopted ito iobtain ithe iresearch iobjectives iincluded ithe ifollowing isteps:
· Select ithe imodel ifrom idifferent iclimate imodel.
· Correct ithe ibaseline iHadGEM2-ES imodel idata iusing idifferent ibias icorrection imethod. i
· Performance ievaluation iof ibias icorrection imethod iusing imean, istandard ideviation, i90th ipercentile iand i10th ipercentile iafter idividing ithe ibias icorrected ibaseline imodel idata iinto icalibration iand ivalidation iperiods. i
· Bias icorrection iof ifuture imodel idata iusing icorrection ifactors iobtained iin istep i2. i
· Comparison iof ibaseline iand ifuture iclimate iprojections ion imonthly itime istep. i
· Classify ithe iimage iin itwo ibase iperiods i(2001 iand i2017). i
· Hydrological isimulation iof iRibb iRiver iwatershed iin iSWAT imodel iusing iobserved iclimate idata iAnd iLULC ithat iyou ihave iclassify iusing iERDAS. i
· Calibration, ivalidation, isensitivity ianalysis iand iuncertainty ianalysis ifor ithe iSWAT imodel iusing iSequential iUncertainty iFitting iversion-2 i(SUFI-2) iin iSWAT iCalibration iand iUncertainty iProgram i(SWAT-CUP). i
· Hydrological isimulation iusing icalibrated iSWAT imodel ifor ibaseline iand ifuture iclimate iprojections iby iincorporating ithe ieffect iof ichange iin ithe ilevel iof icarbon idioxide iunder iboth iemissions iscenarios; iRCP i4.5 iand iRCP i8.5 i
[bookmark: _Toc35522042][bookmark: _Toc43096900]Formwork of the Research 


[bookmark: _Toc42331739]Figure i3.10 iFormwork iof ithe iresearch



[bookmark: _Toc35522044][bookmark: _Toc43096901]Bias Correction
Bias icorrection iis ian iadjustment iof imodeled ivalues ito ireflect ithe iobserved idistribution iand
statistics. iWhile iperforming iclimate ichange iimpact istudies, ibias iassociated iwith iclimate imodel
data ican ibe iroughly ibut isafely, idefined ias ithe itime iindependent icomponent iof imodel ierror ior ithe
component iof imodel ierror, iwhich iremains iconstant ithroughout ithe ilength iof idatasets i(Emiru iet ial., i2012). i
[bookmark: _Toc35522045][bookmark: _Toc43096902]Precipitation

Bias iin iprecipitation iand itemperature ifound ito ivary ispatially, ibias icorrections icarried iout ifor ithe isub-basin. iLeander iand iBuishand i(2007) iused ia ipower itransformation, iwhich icorrects ithe iCV ias iwell ias ithe imean. iIn ithis inonlinear icorrection, ieach idaily iprecipitation iamount iP itransformed ito ia icorrected iP∗ iusing: i i
In ithis istudy iwe idetermined ithe iparameters ia i& ib ifor ievery imonth iof ithe iyear, iincluding idata ifrom iall iyears iavailable. i iThe idetermination iof ib iparameter iis idone iiteratively. iIt iwas idetermined isuch ithat ithe iCV iof ithe icorrected idaily iprecipitation imatches ithe iCV iof ithe iobserved idaily iprecipitation. iIn ithis iway, ithe iCV iis ionly ia ifunction iof iparameter ib iaccording ito iCV i(P) i= if i(b).and ithe idetermination iof ithe iparameter iis idone iiteratively.it iwas idetermined isuch ithat ithe imean iof ithe icorrected idaily iprecipitation imatches ithe imean iof ithe iobserved idaily iprecipitation. i
[bookmark: _Toc35522046][bookmark: _Toc43096903]Temperature
Temperature icannot icorrected iusing ia isimilar ipower ilaw ias iwas iused ifor icorrecting iprecipitation,
because itemperature iknown ito ibe iapproximately inormally idistributed. iCorrecting ia inormally
distributed idata iset iwith ia ipower ilaw ifunction iresults iin ia idata iset, ithat iis inot inormally
distributed. iTherefore, iwe iused ia idifferent itechnique ifor icorrecting itemperature. iThe icorrection iof itemperature ionly iinvolves ishifting iand iscaling ito iadjust ithe imean iand ivariance iLeander iand
Buishand, i2007. iFor ieach isub-basin, ithe icorrected idaily iTemperature i𝑇∗ iobtained ias:
Tcorr i= iOBSmean+RCPSTD i(RCP-RCPmean)……………………………………….eq3.3
Where; iTcorr i= icorrected idaily itemperature
OBSmean= iobserved imean itemperature
RCPstd=standard ideviation iRCP
RCPmean= iAverage iRCP i

Trend analysis 
For this study, trend analysis was done using non-parametric Mann-Kendall (MK) test, Seasonal Mann-Kendall Test and Regional Mann-Kendall Test. This is a statistical test widely used for the analysis of the trend in climatological variables (Mavromatis and Stathis, 2011) and in hydrologic time series analysis (Yue and Wang, 2004). There are two advantages of MK test. First, it is a non-parametric test and does not require the data to be normally distributed. Second, the test has low sensitivity to abrupt breaks due to inhomogeneous time series (Tabari et al., 2011). Any data reported as non-detects are included by assigning them a common value that is smaller than the smallest measured value in the data set (Karmeshu, 2012). According to this test, the null hypothesis Ho assumes that there is no trend (the data is independent and randomly ordered) and this is tested against the alternative hypothesis H, which assumes that there is a trend (Onoz and Bayazit, 2012)
[bookmark: _Toc33594839] Mann-Kendall Tests for Trends
Mann-Kendall describes a nonparametric test for looking at trends in time series which is robust even for highly skewed hydro meteorological data. This test was later proven by Kendall as a special case for testing of correlation between two data series (Y, X) using Kendall’s 0. For this reason, it is called the Mann-Kendall test and it measures whether data value (Y) tends to increase or decrease with time (T).
The original Mann-Kendall test assumes that the time series has no seasonal pattern. Later on (Hirsch et al. 1982) developed an extension of the Mann-Kendall test to allow for seasonal variations as they are existent in most hydro-meteorological time series.
[bookmark: _Toc33594840] Non-seasonal Mann-Kendall Test 
The null hypothesis (Ho) and the alternative hypothesis (H) are stated as: 
 H: No trend exists i.e. the variation of the data is random
Ho: A trend exists that can be either positive or negative
No assumption of normality is required but the data must not be serially correlated for the computed p value to be taken as correct. This test is also invariant (monotonic) to any power transformation (such as, square roots and logarithms) which are often made to transform highly skewed data to more normally looking distributions.
To perform the test, Kendall’s S statistic is computed from (T, Y) data pairs.
							[3-1]
 
It can be simplified 

Where:
              Tj>Ti 
P= the number of times the Y’s increase Yj>Yi
M= the number of times the Y’s decrease Yj>Yi
For all i=1, n-1 and j= i+1, n. Hence, there will be n(n-1)/2 possible comparisons to be made along the n data pairs. 
If Y increases as T increases, S= + of n(n-1)/2 then the correlation τ =+1.
If Y decreases as T increases, S= - of n(n-1)/2 then the correlation τ =-1
It can be shown that S is asymptotically normally distributed Hipel and McLeod, (1993) with mean E(S) = 0 and standard deviation (= (variance1/2) F given by (Helsel and Hirsch, 2002; Helsel and Frans, 2006):  
δs=		           [3-2]
Where:
g is the number of tied groups and ti is the number of ties of extent i.
The normality distribution of S is even guaranteed for small numbers of data points (n<10) if one -use the standardized variable Z defined as
									[3-3]
For n ≤ 10, given the level of significance (α) determine the critical Z directly from the table of any standard statistical book. But for n > 10 and with the presence of ties, since the tied values of Yi and Yj produces 0 instead of +1 or -1 hence ties do not contribute to either P or M.  Kendall’s τ can be defined as: 
τ = S/D										 [3-4]
where: D is the maximum possible value of S, when all data points are monotonically increasing and is given in (Hipel and McLeod, 1993).   When no ties exist, D is a constant, so that the statistics of S and τ are the same.
The null hypothesis H stated above (no trend exists) is tested through the significance of S or 0, being significantly different from zero, i.e. the null hypothesis is rejected at a significant level X (significant trend exist in the time series) if the computed value |ZS|>Z1-α/2
Where: 
Z1-α/2 is the value of the standard normal distribution with the probability of exceedance of α/2.  For 5% significance level, the critical Z1-α/2 value which is computed from any standard normal distribution table is 1.96
[bookmark: _Toc33594841]Seasonal Mann-Kendall Test 
The seasonal Mann-Kendall trend test avoids the shortcomings of the regular Mann-Kendall test in the presence of seasonal data. (Hirsch et al,1982) developed this test which consists mainly by computing the regular Mann-Kendall test separately for each season and to combine the results to get Kendall’s 0 test statistic. Of course, depending on the nature of the time series a season could be a month or quarter of a year, a year or any combination of these. So for monthly “seasons”, January data are compared only with January, February only with February, etc... so that, overall, there are m=12 seasons. No comparisons are made across season boundaries. Here, S’ is the sum of Kendall’s S, computed as discussed in the previous section for each season g.  
	
Regional Mann-Kendall (RMK) Test
The Regional Kendall test extends this concept to spatial locations rather than seasons. A Mann-Kendall test is computed for individual locations and results are combined into one overall test for consistent regional trend (Helsel and Frans,2006). The test is applicable to data where observations have been made annually at numerous locations, such as at water wells, and one overall test is desired to determine whether the same trend is evident across those locations.
In order to assess trends at a regional scale, the regional MK test was employed by to quantitatively combine results of the MK test for individual stations and to evaluate the regional trends (Hirsch et al,1982). In the regional MK test, the Sr of regional data is calculated as: -
										[3-6]
Where Sr is Kendall’s S for the “ith” station in a region with m stations within the region. If Sr is estimated using independent identically distributed data, Sr is approximately normally distributed for large m with mean equal to 0 and the variance as noted below 
								 [3-7}
	





[bookmark: _Toc35522047][bookmark: _Toc43096904]Image Classification and Accuracy Assessment
Digital iimage iclassification iis ithe ipopular iand ichallenging iapproach iof iremotely isensed iimage ianalysis iprocess. iPixels iin ithe iimage iare isorted ito iobtain imeaningful iinformation iof ithe ireal iworld ias iderived iin ithe ithematic imaps ibearing ithe iinformation isuch ias iland icover itype; ivegetation itype, ietc.
Image iclassification iis ithe iprocess iof iassigning iof ipixels iof icontinuous iraster iimage ito ithe ipredefined iland icover iclasses. iIt iis ialways ia idifficult iand itime iconsuming itask. iDifferent iissues iare ikept iin imind ito iavoid ioverlapping ifeatures iand ifinish iwith ieffective iclassification iless iparallel iwith ithe iground itruth. iThe iresult iof ithe iclassification iis imostly iaffected iby ivarious ifactors isuch ias iclassification imethods. iAfter ithe iimages iwere igeo-referenced iand igeometrically irectified, iimage iclipping iwas iperformed. iThis ipre-process iwas iperformed iusing ispatial ianalyst itool ion ia isub-scene ifrom ithe ifull iimage ion ithe ibasis iof ia iframe icovering iof ithe iwatershed. iThese ipreprocessing itasks iallowed iexporting ithe isatellite iimages ito ithe iERDAS iImagine ifor iclassification iand iextracting iland icover iinformation.
Accuracy iassessment iis ian iimportant istep iin ithe iimage iclassification iprocess. iThe iobjective iof ithis iprocess iis ito iquantitatively idetermine ihow ieffectively ipixels iwere igrouped iin ito ithe icorrect ifeatures iclasses iin ithe iarea iunder iinvestigation. iIt iis ia iprocess iused ito iestimate ithe iaccuracy iof iimage iclassification iby icomparing ithe iclassified imap iwith ia ireference imap. iThe imost iwidely iused iclassification iaccuracy iis iin ithe iform iof ierror imatrix iwhich ican ibe iused ito iderive ia iseries iof idescriptive iand ianalytical istatistic i(Manandhar iet ial., i2009).The icolumns iof ithe imatrix idepict ithe inumber iof ipixels iper iclass ifor ithe ireference idata, iand ithe irows ishow ithe inumber iof ipixels iper iclass ifor ithe iclassified iimage. i
The iland icover iclassification iaccuracy iassessment iwas ibased ion imany istratified irandom isampling ipoints, icomparison ibetween ieach iclassified iimages, iand icomparison iwith ia isuite iof iortho-photos iexisting iland icover imaps. iAfter iaccuracy iassessment, iall iimages iwere ivectored iinto ipolygons. iThis ipolygon icoverage iwas ithen ipre-processed ito ieliminate iareas iless ithan i1 iha ias ia iMinimum iMapping iUnit ifor ispatial ilandscape ianalysis. iThe iLand iuse iand iland icover ichange istudies iusually ineed ithe idevelopment iand ithe idefinition iof ihomogeneous iland iuse iand iland icover iunits ibefore ithe ianalysis istarted. iThese ihave ito ibe idifferentiated iusing ithe iavailable idata isource isuch ias iArcGIS itechniques, iother irelevant iinformation iand ithe iprevious ilocal iknowledge. iIn ithis istudy, itotally, isix idifferent itypes iof iland iuse iand iland icover ihave ibeen iidentified.
[bookmark: _Toc35522048][bookmark: _Toc43096905]Method of image classification
The iresearcher iuse iLandsat iTM iimages iat itwo idifferent itime iperiod ii.e. i2001 iand 2017 ito iprepare iand ianalyze iland icover ichange iin ia i18 iyears iinterval. iThose iimages iwere downloaded ifrom iUSGS iweb isite iand icorrected iusing idifferent iimage icorrection itechniques like iNoise ireduction, iHistogram iequalization iand ihaze ireduction iin iERDAS iImagine isoftware. iAfter icorrecting iimageries ia isupervised iimage iclassification iwere iemployed ito igenerate land icover imap iof ithe istudy iarea iat idifferent itime. iFinally iby iusing ithe iclassification iresults obtained iin ia idifferent itime ithe iresearcher ianalyzed ichanges iobserved iat idifferent itime iand displays iit iin ithe iform iof imap iof ifellow ichart ibelow iin ithe idiscussion ipart.
[bookmark: _Toc43096906]Ground Verification 
Ground itruth iis ifactual idata ithat ihas ibeen iobserved ior imeasured, iand ican ibe ianalyzed iobjectively iit ishould inot ibe isecondary. iTraditionally, ithe iaccuracy iis idetermined iempirically iby icomparing iwith icorresponding ireference ior iground idata iwherein ithe iresults iare itabulated iin ithe iform iof isquare imatrix iknown ias iconfusion imatrix. i i i i
Source iof iClassification iError
In imanual iinterpretation, ierrors iare icaused iby:
· Misidentification iof iparcels
· Errors iin iregistration i
· Excessive igeneralization
· Variations iin idetail iof iinterpretation, iand iother ifactors
[bookmark: _Toc43096907]Data Requirements, Sampling Approach and Sampling Size
Since iit iis iimpractical ito ihave ia icomplex ipixel-by-pixel i“ground itruth” imap iadequate isubset ior isample inumber iof ipoints i(pixels) iis ineeded ifor ithere ito ibe ia irigorous iaccuracy iassessment iof iclassification. iOne imust iuse ian iappropriate isampling itechnique ithat imeets istatistical irequirements. iA istratified irandom isample iis ia imultinomial isampling imethods, iand itherefore iis ian iappropriate isampling imethod ito ibe iused iwith ithe ikappa istatistic. iWith ithe istratified irandom iapproach, ipoints iare istratified iby imap icategory, iand isimple irandom isampling iis iemployed iwith ieach istratum. i
Once ithe isampling idesign ihas ibeen idetermined, ithe inumber iof isample ipoints imust ibe idetermined. iThe inumber iof ireference ipixels irequired ifor iaccuracy iassessment idepends ion ithe iminimum ilevel iof iaccuracy. i
[bookmark: _Toc43096908]Kappa Coefficient (K) 
Kappa iis ia imeasure iof ithe idifference ibetween ithe iobserved iagreements ibetween itwo imaps ias ireported iby ithe idiagonal ientries iin ithe ierror imatrix. i
......................................................................eq3.4
Where: iTS=Total inumber iof isample
 i i i i i i i i i i i i iCT=Column itotal
 i i i i i i i i i i i i iRT=Raw itotal
 i i i i i i i i i i i i iTCS=Total icorrected isample
The iresulting ikappa imeasures icompensates ifor ichance iagreement iin ithe iclassification iand iprovides ia imeasure iof ihow imuch ibetter ithe iclassification iperformed iin icomparison ito ithe iprobability iof irandom iassigning iof ipixels ito itheir icorrect icategories. iAccuracy iassessment iwas idone ito iunderstand ithe irepresentation iof ithe iclassified iimages ion ithe iground i(Congalton i1991; iCongalton iand iGreen i1999; iCongalton i2005; iTemesgen iet ial. i2014a; iMosammam iet ial. i2016). i
Any iclassified iimage iwithout iaccuracy iassessment ilimits ithe iconfidence iof ithe iresult i(Congalton i1991; iCongalton iand iGreen i1999). iAccuracy iassessment iwas icommonly i i ireference ito iother iimages i(Congalton i1991; iCongalton iand iGreen i1999; iFoody i2002; iCongalton i2005; iMekuria i2005; iGessesse iand iKleman i2007; iSchulz iet ial.2010; iTeferi iet ial. i2010). iTo ido iaccuracy iassessment ifor ithe iclassified iimages, imore ithan i300 irandom isample ipoints iin iArc iGIS iwas icreated. iReference ipoints iwere icollected ifor ithe i2001 iand i2017 iclassified iimages ifrom ithe icorresponding iGoogle iEarth iimages i(i.e. i20 iFebruary i2001 iand i14 iJanuary i2017, irespectively). iThen, ithe iclassified iimages iwere icompared iwith ithe ireference iimages iby imeans iof ierror imatrix i(Foody i2002; iSchulz iet ial. i2010; iRientjes iet ial. i2011; iAriti iet ial. i2015). iVarious imeasures iof iaccuracy iassessment isuch ias iproducer iaccuracy, iuser iaccuracy i(Congalton i1991), ioverall iaccuracy iand iKappa icoefficient iwere idone. i

[bookmark: _Toc35522050][bookmark: _Toc43096909]Hydrological Model Selection Criteria 
There iare ia inumber iof icriteria iwhich ican ibe iused ifor iselecting ithe iright imodel ifor ia ispecific iengineering iproblem. iThese icriteria iare ialways iproject idependent, isince ievery iproject ihas iits iown ispecific irequirements iand ineeds. iFurther, isome icriteria iare ialso iuser-depended i(and itherefore isubjective). iAmong ithe ivarious iproject-dependent iselection icriteria, ithere iare ifour icommon, ifundamental iones ithat imust ibe ialways ianswered i(Cunderlik, i2003): i
· Required imodel ioutputs iimportant ito ithe iproject iand itherefore ito ibe iestimated iby ithe imodel.
· Hydrologic iprocesses ithat ineed ito ibe imodeled ito iestimate ithe idesired ioutputs iadequately.
· The iminimum iinput idata irequirements ifor ithe imodel imust ibe iavailable ior ican ibe imet iwith isome iefforts ithrough igathering idata.
· It iis ireadily iand ifreely iavailable.
Make ia ilist iof ithe iinputs irequired iby ithe imodel iand idecide iwhether iall ithe iinformation irequired iby ithe imodel iprovided iwithin ithe itime iand icost iconstraints iof ithe iproject ithe iSWAT imodel iis iselected irather ithan ithe iother imodel ifor ithis ihydrological icomponent irelationship iis ifor ithe ifollowing ireasons: i
· Uses ireadily iavailable iinputs ifor iweather, isoil, iland, iand itopography. i
· Allows iconsiderable ispatial idetail ifor ibasin iscale imodeling. i
· It iis icapable iof isimulating ichange iin iwatershed icharacteristics iusing idifferent iscenarios iCapability ifor iapplication ito ilarge iscale iwatersheds i(>100km2). i
· Capability ifor iinterface iwith ia igeographical iinformation isystem i(GIS). i
· The imodel isimulates ithe imajor ihydrological iprocess iin ithe iwatersheds.
[bookmark: _Toc35522051][bookmark: _Toc43096910]SWAT Model 
SWAT iis ia idistributed ihydrological imodel, ican ibe iused ito ipredict iland imanagement ipractices, isediment iand iagricultural iyield. iTo ipredict ithese iSWAT imodel irequire ithe ifollowing iclimate idata ias iinput, isuch ias iprecipitation, itemperature(minimum iand imaximum), isolar iradiation, irelative ihumidity iand iwind ispeed. iIn iaddition ito iclimate idata, ithe imodel ialso ineed isome iphysiographic idata isuch ias iDEM, isoil iproperties, iand iland iuse ipractices iof ithe iwatershed. iTo istart iup ithe iSWAT imodel, ithe iDEM iof ithe iwatershed, iland iuse/land icover iand isoil imap imust ibe iprojected iinto ia istandard iprojection isystem i(WGS i1984 iUTM iZone i37N). iThe iSWAT imodel idelineates ithe iDEM iinto ibasin iand idivided iinto isub-basins. iThe ilayers iof iland iuse iland icover; isoil imap iand islopes icategories iwere ioverlaid iand ireclassified iinto ihydrological iresponse iunit i(HRUs). iHydrological iresponse iunits ihave ibeen idefined ias ithe iunique icombination iof ispecific iland iuse, isoil islope icharacteristics. iThe imodel iestimates ivarious ihydrological icomponents isuch ias ievapotranspiration, ipeak irate iof irunoff, isurface irunoff iand iother ihydrological icomponents iby ieach iHRU iunit. iThe imodel icalculates ithe ihydrologic icycle iat ieach iHRU iusing iwater ibalance iequation ias ifollows.


Where iSWt iis ithe ifinal isoil iwater icontent iin imm iH2O, iSW0 iis ithe iinitial isoil iwater icontent ion iday ii iin imm iH2O, it iis ithe itime iof idays, iRday iis ithe iamount iof iprecipitation ion iday ii iin imm iH2O, iQsurf iis ithe iamount iof isurface irunoff ion iday ii iin imm iH2O, iEa iis ithe iamount iof ievapotranspiration ion iday ii iin imm iH2O, iseep iis ithe iamount iof iwater ientering ithe ivadose izone ifrom isoil iprofile ion iday ii iin imm iH2O, iQgw iis ithe iamount iof ireturn iflow ion ithe iday ii iin imm.
[bookmark: _Toc35522052][bookmark: _Toc43096911]SWAT Model Input Data 
The irequired iinput idata ifor ithis istudy iwere iDigital iElevation iModel i(DEM), iland iuse/land icover imap, isoil iand ihydro-meteorological idata. iThe imodel iallows ithe iinput ivalues ifor idaily iprecipitation, imaximum/minimum itemperature; isolar iradiation, iwind ispeed iand irelative ihumidity ifrom irecords iof iobserved idata. iThis idata iwere iavailable ifrom iMinistry iof iWater, iIrrigation iand iEnergy i(MoWIE), iNational iMeteorology iservice iAgency. iNational iMeteorology iservice iAgency iprovided ithe irequired iweather idata iwhereas iMinistry iof iWater, iIrrigation iand iEnergy i(MoWIE) iprovided istream iflow idata. i iSoil iand iWater iAssessment iTool i(SWAT) iwas iapplied iin ithe iRibb iwatershed ito iassess ithe iimpacts iof iclimate iand iLULC ichanges ion ihydrological icomponents. iThe icriterion iused ito iselect ithis imodel iis ibased ion ibenefits iit iprovides ito imeet ithe iobjectives iof ithe istudy iarea.
[bookmark: _Toc35522053][bookmark: _Toc43096912]Hydrological Water Balance
Water ibalance iis ithe idriving iforce ibehind ieverything ithat ihappens iin ithe iwatershed. iIn iSWAT isimulation iof ihydrology iof ithe iwatershed ican ibe iseparated iin ito itwo imajor idivisions. iThe ifirst idivision iis ithe iland iphase iof ihydro ilogic icycle icontrols ithe iamount iof iwater, isediment, inutrient iand ipesticide iloadings iin ito ithe imain ichannel iin ieach isub ibasin. iThe isecond idivision iis ithe irouting iphase iof ihydrological icycle iwhich ican ibe idefied ias ithe imovement iof iwater, isediments, ietc. i(Sirak, i2008). iThrough ithe ichannel inetwork iof ithe iwatershed ito ithe ioutlet. iAs ifar ias ithis iresearch iwork iis iconcerned ithe ihydrologic icycle imainly ifocused ion ionly ion ithe imovement iof iwater, iwhich iis ithe irunoff igeneration.
[bookmark: _Toc43096913] Weather Data
The iSWAT imodel ihas ia ibuilt-in iweather igenerator ito igenerate iclimate idata ifor ithe iwhole ibasin iusing itime iseries idata iof ia isingle igauging istation, iwhich iwas iused iby i(Schoul i& iAbbaspour, i2006). iWeather idata iis ineeded iby ithe iSWAT imodel ito isimulate ithe ihydrological iprocess. iThe idata irequired ifor ithis istudy iwas icollected ifrom ifour istations iwithin iand iaround ithe istudy iarea: iAddis iZemen, iDebre iTabor, iGassy iand iWoreta. iSWAT irequires idaily iprecipitation, imaximum iand iminimum itemperature, isolar iradiation, iwind ispeed, iand irelative ihumidity ias iinputs. i iThe iavailable iweather idata iwere iobtained ifrom iEthiopian iNational iMeteorological iService iAgency. iAfter isub-basin idiscretization iwriting iup iof ithe iprepared iweather idata ito ithe imodel iwere idone. i iFrom ithe ifour iweather istations, iDebre iTabor iwas iselected ias ia isynoptic istation ifor ithe iweather igenerator. iMissing ivalues iof iclimatic ivariables iwere isupplied ias ithe imodel iinput. iThese imissed
weather idata iwere igenerated iby imodel iitself. iSWAT iuses ithe iweather igenerator iprogram i
(WXGEN) ito igenerate iweather idata. iIt iis iused iin iSWAT imodel ito igenerate iclimatic idata
or ito ifill imissing idata iusing imonthly istatistics iwhich iis icalculated ifrom iexisting idaily idata. iWXGEN iparameter iand ilocation itable iof iclimate idata i(daily iprecipitation idata ifiles,
maximum iand iminimum itemperatures, iwind ispeed, irelative ihumidity iand isolar iradiation iwhich iwas icalculated ifrom ithe idaily iavailable isunshine ihours idata) iwere iloaded iwith ithe imissing idata ifilled iwith ia imissing idata iidentifier iof i-99 ito ilink ithem iup iwith ithe irequired ifiles ialready icreated ifor ithe ipurpose. iAfter iloading iall ithe iinput idata iand igenerating ithe irequired idatabase ifiles, iSWAT imodel iwas iinitially irun ion idaily ibasis iusing idefault iparameter ivalues. iThe ientire isimulation iperiod iis ifrom i1988 ito i2017.
[bookmark: _Toc35522055][bookmark: _Toc43096914] Calibration and validation of the model
[bookmark: _Toc35522056][bookmark: _Toc43096915]SWAT-CUP 
SWAT-CUP iis ian iinterface ithat iwas ideveloped ifor iSWAT. iUsing ithis igeneric iinterface, iwe ican icalibrate ivalidate iand ialso iwe ican iidentify ithe isensitive iparameter iwith iin ithe iwatershed. i
[bookmark: _Toc35522057][bookmark: _Toc43096916]Model calibration and validation
Model icalibration iis ia imean iadjusting iby ifine ituning imodel iparameters ito imatch iwith iobserved idata ias imuch ias ipossible, iwith ilimited irange iof iVariation iis iaccepted. iSimilarly, imodel ivalidation iis itesting iof icalibration imodel iresults iwith iindependent idata iset iwithout iany ifurther iadjustment iat idifferent ispatial iand itemporal iscale. iAlso iparameter iestimation ifor icalibration iis itechnique idesigned ito ireduce ithe iuncertainty iin ithe iestimation iof iprocess iparameters. iTypical iapproach iis ito iselect ian iinitial iestimate ifor ithe iparameters, iinside ithe iranges ipreviously ispecified. iThe iparameter ivalues iare ithen iadjusted imore iclosely ito imatch imodel ibehavior iof ithe iwatershed. i i iMoriasi iet ial. i(2007) idescribed ithere iare ithree itypes iof icalibration iprocedures ithat ican ibe idifferentiated ias: iManually icalibration, iAutomatic icalibration iand ia icombination iof ithe itwo
Manual icalibration iis imost icommon iand iespecially irecommended ifor ithe iapplication iof imore icomplicated imodels iwhen igood igraphical irepresentation iis ineeded. iIt ichecks iwater ibalance icontribution, ithen icalibrate istream iflow. iThe iminimum irecommended ivalues iare iembraced iby ithe imodel ithat iis iR² i> i0.6, iNSE i> i0.5 iand iPBIAS i< i±25 i(Moriasi iet ial., i2007). i
For ithis istudy, ithe imanual icalibration iwas iapplied idue ito iits isimplicity. iAfter ieach iparameter iadjustment iis imade, ithe isimulated iand iobserved ihydrographs iwere ivisually icompared ito isee iif ithe imatch iis iimproved. iThe imatch iis ichecked iby ithe iR2, iNSE iand iPBIAS ivalues. iIn isimulation iof ithe iRibb iRiver iflow idone iat ithe ioutlet iof ithe iRibb iwatershed i(83 isub-basin) ithe iobserved iperiod iis idivided iin ito ithree izones, ithe ifirst iis ifor iwarm iup ithe imodel i(1988-1989 iand ithe isecond iis ito icalibration i(1990-2001) iand ithe ilast iis ivalidation i( i2002-2008). iIn ithis iprocess, imodel iparameters ivaried iuntil irecorded iflow ipatterns iwere iaccurately isimulated.
[bookmark: _Toc35522058][bookmark: _Toc43096917]Performance Assessment of the Model
To iexamine ithe imodel iperformance ia icoefficient iof idetermination i(R2), iNash iSutcliffe i(NSE), iand iroot imean isquare ierror i(RMSE) iare iapplied. iThe iaccuracy iof ithe isimulated ivalue iwhen icompared iwith ithe iobserved ivalue iis ievaluated iby iR2, iwhereas ithe iNSE imeasures ithe igoodness iof ifit iand idescribes ithe ivariance ibetween ithe isimulated iand iobserved ivalues. iIt idepicts ithe istrength ibetween ithe isimulated iand iobserved idata iand ithe idirection iof ithe ilinear irelation i(X.Zhang iet ial., i2007).Generally, ithe icalibration iand ivalidation iof ithe iSWAT imodel iare iconsidered ito ibe iacceptable ior isatisfactory iperformance iwhen iNSE iis iwithin ithe irange iof ithe irecommended ivalue iwhich iare ishown iin ithe itable ibelow. i i
[bookmark: _Toc42196999]Table i3.3 iPerformance irating iof iThe iModel
	Performance irating
	R2
	NSE
	PBIAS

	Very igood
	0.75 i< iR2 i< i1.0
	0.75 i< iNSE i< i1.0
	PBIAS<10

	Good
	0.65 i< iR2 i< i0.75
	0.65 i< iNSE i< i0.75
	10<PBIAS<15

	Satisfactory
	0.50 i< iR2 i< i0.65
	0.50 i< iNSE i< i0.65
	15<PBIAS<25

	Unsatisfactory
	R2 i< i0.50
	NSE i< i0.50
	PBAIS<25


[bookmark: _Toc43096918]Impact of climate and LULC change
To iquantify ithe iimpact iof iclimate ichange ion istream iflow, ithe istudy ifirst icomputed iwhether ithere iwas ia itrend ior inot iin irainfall, imaximum iand iminimum itemperature iand irainfall irecords iusing iMann–Kendall itrend itest. iAfter ithe itrend ihas ibeen ianalyzed iusing ithe iMK itest, iindividual iand icombined, ithe iimpact iof iclimate iand iLU/LC ion ihydrological idynamics iof iRibb iwatershed iwere ievaluated iby icomparing ithe isimulated iflow igenerated iby iclimate idata iof i2021-2050 iand i2051-2080 iand iLU/LC idata iof i2001 iand i2017. iTo iperform icomparison ito istudy ichange ithe imodels
was icalibrated iusing imost isensitive i9 iparameters iand ivalidated iusing ithe isame ibest ifitting iparameters ivalues. iTo ievaluate ithe iimpact ithe imodel isimulated ifour itimes iusing iconstant iparameter ivalues iin iall isimulations. iThe ifirst istream iflow isimulation iwas idone iusing i2017 iLU/LC iand i1988–2017 iclimate idata iwhich iwas iconsidered ias ithe ibase iline ifor ichange istudy. iIn ithe isecond isimulation, istream iflow iwas igenerated iusing i2001 iLU/LC iand i2021–2050 iclimate data. iThe ithird isimulation, istream iflow iwas isimulated iby i2001 iLU/LC iand i2051-2080 iclimate idata. iThe ifourth isimulation iis i2017 iLU/LC iand i2021–2050 iclimate idata iwere iconsidered. iThe ilast isimulation iwas iby iLULC iof i2017 iand i2051-2080.Once ithe istream iflows iwere isimulated ifive itimes iusing iSWAT imodel ithe iimpact iwas icomputed iby icomparing ieach iflow itogether. iImpact iof iclimate ichange iis ithe iresult iof ithe idifference ibetween isimulation ione iand isimulation itwo. iImpact iof iLU/LC ichange iis ialso iquantified ias ithe idifference ibetween isimulation ione iand ithree. iFinally ithe icombined iimpact iof iclimate iand iLU/LC ichange iis imeasured iby idifferencing isimulation ione iwith isimulation ifive.


[bookmark: _Toc32381052][bookmark: _Toc35522059][bookmark: _Toc43096919]RESULTS AND DISCUSSION
[bookmark: _Toc33594865][bookmark: _Toc35522061][bookmark: _Toc43096920] Results of the trend analyses
The itrend itest iresult ishows ithat iamong ithe ifoure istations iof ithe iwatershed ionly ione istations ishow ithe ipresence iof ia istatistically isignificant itrend iin ithe iprecipitation. iSimilarly, itwo istations ishow ia istatistically isignificant itrend iin ithe imaximum itemperature. iHowever, ithe iminimum itemperature ione istations ishow istatistically isignificant itrend, ifinally, ione istations ishow isignificant ia itrend iin ithe iminimum itemperature iis iobserved.
[bookmark: _Toc42197000] iTable i4.1 iMann-Kendall itrend itest iof iprecipitation, imaximum iand iminimum itemperature
	SN
	Station
	PCP
	Tmax
	Tmnm

	1
	Addis iZemen
	NO
	NO
	Sign(+)

	2
	Wereta
	NO
	NO
	NO

	3
	Gassay
	Sign(+)
	Sign(+)
	NO

	4
	Debre iTabor
	NO
	Sign(+)
	NO


[bookmark: _Toc42197001]Table i4.2 iSeasonal iMann-Kendall itest iresults iof iprecipitation, imaximum iand iminimum itemperature
	SN
	Station
	PCP
	Tmax
	Tmnm

	1
	Addis iZemen
	NO
	NO
	Sign(+)

	2
	Wereta
	NO
	NO
	NO

	3
	Gassay
	NO
	NO
	NO

	4
	Debre iTabor
	Sign(+)
	Sign(+)
	NO


No” iimplies ithere iis ino istatically isignificant itrend, i“Sign” irepresents ithe ipresence iof istatically isignificant itrend, iand i(+) iincreasing itrend iand i(-) idecreasing itrend iwith ithe ivalues iof iY iwhich iis ithe itime iseries. iThe iannual iobserved itime iseries iof iprecipitation, imaximum iand iminimum itemperature iconstructed ifor ithe iRibb iWatershed iare ishown iin ithe iAppendix. I

















Result of Regional Mann-Kendall Test
The test is applicable to data where observations have been made annually at numerous locations. To determine whether to reject or not the null hypothesis of no trend, and test statistic Zr is assessed against the critical value Zcrit corresponding to the specific significance level α of the test. For the two-tailed test, the critical value is defined as , where Φ is cumulative distribution function of standard normal distribution, Helsel and Hirsch, (2002). The null hypothesis is rejected and the trend is considered significant statistically if the value of |Zr|≥ Zcrit. When the |Zr|≥1.96 there was a trend either increasing or decreasing but if |Zr|< 1.96 the trend analysis was rejected. In this study used 9 stations to analysis the regional Mann-Kendall test. The table below shown the result of the test of precipitation, minimum and maximum temperature. 
[bookmark: _Toc33531087]Table 4. 3: Regional Mann-Kendall test results of precipitation, minimum and maximum temperature
	Precipitation
	Minimum Temperature
	Maximum Temperature

	S
	522
	S
	909
	S
	1787

	Z
	3.098
	Z
	5.401
	Z
	10.624

	P
	0.0019
	P
	0.000
	P
	0.000



Climate Model Performance Evaluation
[bookmark: _Toc32844238]Climate data performance evaluation is needed earlier to use in different hydrological models for any climate data when it was dynamically or statically downscaled from climate data set. The RCP data performance evaluation indicates how far adjustment should be care to secure the variation in estimated precipitation data by using bias correction method.
[bookmark: _Toc35522062][bookmark: _Toc43096921]Scenarios Developed for the Base Period 
In ithis istudy ifor iRibb iwatershed, ibias icorrected iRCP iemission iscenario iwith ia igrid iresolution iof i0.50*0.50 iused ifor ianalysis. iThe ibase iline iPeriod itaken ias ifrom i1988-2017 iwhile ithe itime iperiods ifrom i2021-2050 iand i2051-2080 iare iconsidered ifor iimpact istudy. iBase iperiod iScenarios iare igenerated ito icompare ithe iobserved, iRCP ibias icorrected iand iRCP ibias iuncorrected.
[bookmark: _Toc35522063][bookmark: _Toc43096922]RCM climate model data with observed in baseline period (1988-2017)
[bookmark: _Toc35522064][bookmark: _Toc43096923]Maximum Temperature
Monthly imaximum itemperature iof iselected iclimate imodel iunderestimates imaximum itemperature iat imonth iof i(January, iFebruary, iMarch, iApril, iNovember iand iDecember) iand ioverestimate iat imonth iof iMay, iJune, iJuly, iSeptember, iOctober iand iAugust ibefore ibias iadjustment iwas iapplied iand iafter ibias iwas imade ion iclimate imodel, ithe igraph ishows isimilar ipattern iwith iobserved imaximum itemperature ias ishown iin ithe iFigure i4.3 i. i
This iresult iindicates ithat iusing ithe iRCP i4.5 iand i8.5 ioutputs iwithout idoing ibias icorrection imay ilead ito ienormous iuncertainty iof ihydrological ianalysis. iWe ido inot iuse ia iRCP idirectly ifirst ido ibias icorrection. i
[bookmark: _Toc42331740]Figure i4.1 iAverage imaximum itemperature iof iobserved, ibias iuncorrected iand ibias icorrected iof iselected iclimate imodel ioutput iin ibase iline iperiod i(1988-2017)
The itemperature ichange ivarying ifrom i(-2.3oc ito i-1.3oc) iand i(+0.2668oc ito i+0.15oc) ifor ibias iuncorrected iand ibias icorrected irespectively ias ishown iin iFigure i4.2. iThe ichange iof imaximum itemperature iwas iobserved ifrom iMay ito iJune ibefore icorrection. iHowever, ithis ivariation iin ipercentage ichange iwas ihighly ireduced iafter iadjustment iwas imade.







[bookmark: _Toc42331741]Figure i4.2 iMean imonthly imaximum itemperature ichange iof ibias icorrected iand ibias iuncorrected iof iselected iclimate imodel icompared ito iobserved iunder ibaseline iperiod i(1988-2017)
[bookmark: _Toc35522065][bookmark: _Toc43096924]Minimum Temperature 
Monthly iminimum itemperature iof iselected iclimate imodel iunderestimates imaximum itemperature iat imonth iof iJanuary, iFebruary iand iDecember iand ioverestimate iat imonth iof iMarch, iApril, iMay, iJune, iJuly, iSeptember, iOctober, iNovember iand iAugust. iBefore ibias iadjustment iand iafter ibias iwas imade ion iclimate imodel, ithe igraph ishows isimilar ipattern iwith iobserved iminimum itemperature ias ishown iin ithe iFigure. iThe iresult iof ibias icorrection iindicates ithat, ithere iis ia igood iagreement ibetween iobserved iand isimulated imaximum itemperature.
[bookmark: _Toc41546237]


[bookmark: _Toc42331742]Figure i4.3 iMean imonthly iminimum itemperature iof iobserved, ibias iuncorrected iand ibias icorrected iof iselected iclimate imodel ioutput iin ibase iline iperiod i(1988-2017)
The iunderestimation iof iminimum itemperature iwas ivarying ifrom i(-1.8 ito i-0.23) icompared ito iobserved iminimum itemperature ibefore ibias iadjustment. iHowever, iafter ibias iadjustment iwas iapplied ithe ipercentage ivariation iwas i(-0.002 ito i+0.42). iThe iresult ishows ithat, iafter ibias iadjustment iwas iapplied, iobserved iand isimulated iminimum itemperature ivariation iis ihighly ireduced.






[bookmark: _Toc42331743]Figure i4.4 iMean imonthly iminimum itemperature ichange iin ipercentage iof ibias icorrected iand ibias iuncorrected iof iselected iclimate imodel ioutput icompared ito iobserved iunder ibaseline iperiod i(1988-2017)
[bookmark: _Toc35522066][bookmark: _Toc43096925]Precipitation 
The isum iof imonthly iprecipitation ifor ibaseline iperiod i(1988-2017) iof iobserved, ibias iuncorrected iand ibias icorrected iof iselected iclimate imodel iare ishown iin iFigure i4.5. iThe imodel iunderstates imonthly iobserved iprecipitation iduring ithe imonths iof iFebruary, iJuly, iMarch, iApril, iMay, iJune, iNovember iand iOctober iwhile ioverestimate iduring ithe imonths iof iSeptember iand iAugust. iHowever, iduring ithe imonths iof iJanuary ithe imodel isimulates ialmost isimilar irainfall ivalues iwith iobserved. iAs iit iis iclearly iindicated iby ithe iFigure i4.5, ithe idifference ibetween iobserved iand isimulated irainfall iis ilarge ibefore ibias icorrection iwas iapplied. iHowever, iafter ibias icorrection iwas iapplied, ithe igraph iof ibias icorrected irainfall iand iobserved irainfall ivalues iare ishows isimilar ipatterns iand iclose ito ieach iother.
[bookmark: _Toc41546239][bookmark: _Toc42331744]Figure i4.5 iObserved, ibias icorrected iand ibias iuncorrected iof imean imonthly iprecipitation ifor iselected iclimate imodel iin ibaseline iperiod i(1988-2017).
Mean imonthly ichange iin iprecipitations ivarying ifrom i(+61.37mm ito i+57.01) ibefore ibias icorrection iwas iapplied. iThe imaximum ipositive ichange iwas iobserved iin ithe imonth iof iJune iwhich iis i+61.3mm iand imaximum inegative i(reduction) iwas iobserved iin ithe imonth iof iAugust i(-40mm). iThe iminimum ipositive ichange iwas iat iJanuary i(0.2mm) iand inegative ichange iwas iat iMarch i(-4.33%). iHowever after ibias icorrection iwas iapplied, ithe ipercentage ichange iwas ivary ifrom i(-4.65 ito i+ i12.72). iThe ipercentage ichange ivariation iwas ireduced iaround ifour itimes iafter ibias icorrection iwas iapplied,






[bookmark: _Toc41546240]

[bookmark: _Toc42331745]Figure i4.6 iMonthly isum iof irainfall ichange iin ipercentage iof ibias icorrected iand ibias iuncorrected iof iselected iclimate imodel icompared ito iobserved iperiod i(1988-2017)
[bookmark: _Toc35522067][bookmark: _Toc43096926]Scenarios Developed for Future (2021-2080) 
The ifuture iclimate ichange ipattern iincludes iprecipitation, itemperature i(minimum iand imaximum), iwas ianalyzed iunder iRCP i4.5 iand iRCP i8.5 iscenario’s ifor iRibb iwatershed. iTo isimulate ithe ifuture iflow, ithe ifuture iclimate iprojection icarried iout iwith idown iscaled iand ibias icorrected iRCP iprecipitation. iThe iComparison iwas imade ibetween ithe ibaseline i(1988-2017) iperiod iand itwo iconsecutive i30 iyears ifuture iperiods: i2050s i(2021-2050) iand i2080s i(2051-2080) irespectively.
[bookmark: _Toc35522069][bookmark: _Toc43096927]Precipitation projection 
Projected ichanges iin imonthly irainfall idata iare ivital imeans iof ievaluating ithe icharacteristics iof irainfall iat ithe istudy iarea. iChange iwas icalculated ias ithe idifference ifrom ibaseline iperiod iaverage iareal iperiodic iprecipitation ito ifuture imonthly iaverage iareal iprecipitation ivalue. i
The iprojected iareal iprecipitation iexperiences ia imean iannual iincrease iof i6.25mm iin iApril iand idecrease iof i58.35mm iin iJuly, iother imonth iare islightly idecrease iat iRCP4.5 iscenario iat i(2021-2050) iand iRCP i4.5 iscenario iat i(2051-2080) iare iincrease iof i4.32mm iin iApril iand i66.42mm idecrease iin iJuly i. iAlso, ithe iareal iprecipitation iexhibits ia imean iannual idecrease iof i65.23mm iin iAugust iand i7.35mm iincrease iin iApril ifor iRCP i8.5 iscenario iat i(2021-2050) iand idecrease i78.32mm iin iAugust iand iincrease i7.32mm iin iApril ifor iRCP i8.5 iscenario iat i(2051-2080). iAs ican ibe ishown ifrom iFigure ibelow, iin iall iperiods ithere imay ibe ian iincrease iin iprecipitation ifor imonths iNovember, iDecember iand iJanuary ifor iboth iRCP i4.5 iand iRCP i8.5 iscenario iand idecrease iin iall iother imonths ifor iRCP i8.5 iscenario. iGenerally, ifor ithe iboth iprojection iperiod imonths iNovember, iDecember iand iJanuary ithe irainfall iexhibits ia irelative iincrease ifrom ithe ibaseline iperiod ifor iboth iRCP i4.5 iand iRCP i8.5 iscenario iin iall ifuture itime ihorizons. i

[bookmark: _Toc42331746]Figure i4.7 iChange iin imonthly iPCP iin ithe ifuture iperiod ifrom ithe ibaseline ifor iRCP i4.5
[bookmark: _Toc42331747] iFigure i4.8 iChange iin imonthly iPCP iin ithe ifuture iperiod ifrom ibaseline ifor iRCP i8.5 is




[bookmark: _Toc35522070][bookmark: _Toc43096928]Maximum temperature projection
The iprojected imaximum itemperature ihas igenerally ishown ian iincreasing ifor iboth ithe ifuture itime iperiods i2021-2050 iand i2051-2080 ias icompared ito ithe ibase iperiods i1988-2017 ifor iRCP4.5 iand iRCP8.5 iscenarios. iMaximum itemperature ichanges ifor iRCP i4.5 ishown iin ithe ifigure ibelow iincreases iby i0.17°C ito i0.9°C iand i0.2°C ito i1.1°C i imean imonthly imaximum itemperature ichange ifor i2021-2050 iand i2051-2080 itime iperiods iwith ireference ito ithe ibaseline iperiods irespectively. iFor iRCP i8.5 ithe imaximum itemperature ishows iincrement ibetween i0.2 i°C ito i1.06°C iand i1.04°C ito i1.73°C iof imean imonthly imaximum itemperature ichange ifor i2021-2050 iand i2051-2080 itime iperiods ias icompared ito ithe ibaseline iperiods irespectively. iFigure i4.11 ibelow ipresents ithe ifuture imean imonthly imaximum itemperature ifluxes ias icompared ito ithe ibaseline iperiods iunder iboth iRCP iscenarios ifor ifuture iperiods.
[bookmark: _Toc42331748]Figure i4.9 iChange iin imonthly iTmax iin ithe ifuture iperiod ifrom ithe ibaseline ifor iRCP i4.5

[bookmark: _Toc42331749]Figure i4.10 iChange iin imonthly iTmax iin ithe ifuture iperiod ifrom ibaseline ifor iRCP i8.5 is

[bookmark: _Toc35522071][bookmark: _Toc43096929]Minimum temperature projection 
Like ito imaximum itemperature imean imonthly iminimum itemperature ishown ian iincreasing ifrom ibaseline ito ithe ifuture iclimate iprojection ifor iboth iRCP iscenarios i(RCP4.5 iand iRCP8.5). iMinimum itemperature ichanges ifor iRCP i4.5 ishows iincrement iby i0.03°C ito i0.826°C iand i0.2°C ito i0.957°C imean imonthly iminimum itemperature ichange ifor i2021-2050 iand i2051-2080 itime iperiods iwith irespect ito ithe ibaseline iperiods irespectively. iFor iRCP i8.5 ithe iminimum itemperature ishows iincreasing iby i0.25°C ito i0.84°C iand i0.31°C ito i1.65°C imean imonthly iminimum itemperature ichange ifor i2020-2050 iand i2051-2080 itime iperiods ias irelated ito ithe ibaseline iperiods irespectively. i i
[bookmark: _Toc41546245][bookmark: _Toc42331750]Figure i4.11 iChange iin imonthly iTmin iin ithe ifuture iperiod ifrom ibaseline ifor iRCP i4.5 is
[bookmark: _Toc42331751]Figure i4.12 iChange iin imonthly iTmin iin ithe ifuture iperiod ifrom ibaseline ifor iRCP i8.5 is
[bookmark: _Toc35522072][bookmark: _Toc43096930]Land Use Land Cover Change Classification
[bookmark: _Toc35522073][bookmark: _Toc43096931]Accuracy Assessment
The iaccuracy iassessment iwas iused ito idetermine ithe icorrectness iof ithe iclassified iimage. iIt iwas iperformed iusing iconfusion imatrix. iUsing ithe ioriginal iimage iand ithe iGoogle iEarth iImage ias ia ireference, irandomly iselected ipoints iwere icompared iwith ithe icorresponding iclassification.
· Overall iaccuracy i
The ioverall iaccuracy igives ithe ioverall iresults iof ithe iconfusion imatrix. iIt iwas icalculated iby idividing ithe itotal inumber iof icorrect ipixels i(diagonals) iby ithe itotal inumber iof ipixels iin ithe iconfusion imatrix. iThe iresult ishown ithat ithe ioverall iaccuracy ifor ithe imaps iof i2001 iand i2017 iwere i84.45% iand i86% irespectively. iAccording ito i(Anderson iet ial., i1976), ithe iminimum iaccuracy ivalue ifor ireliable iland iuse iland icover iclassification iis i85 i%. iThe iother iauthors i(eg. iBedru, i2006), iexplains ithat ithe iexpected iaccuracy iis idetermined iby ithe iusers ithemselves idepending ion ithe itype iof iapplication ithe imap iproduct iwould ibe iused ilater. iAccuracy ilevels iare iaccepted iby iusers imay inot iacceptable iby iother iusers ifor icertain itask i(Bedru, i2006). iTherefore, ibased ion itable i4.3 iand ithe itable iin ithe iappendix’s ithe iclassification icarried iout iin ithis istudy iproduces ian ioverall iaccuracy ithat ifulfills ithe iminimum iaccuracy ilevel idefined iby iAnderson ifor iboth iland icover imaps iof iRibb iwatershed.

· Producer’s iAccuracy i
The iproducer’s iaccuracy itells ius ihow iwell ia icertain iarea icould ibe iclassified. iIt iis iobtained iby idividing ithe inumber iof icorrectly iclassified ipixels iin ithe icategory iby ithe itotal inumber iof ipixels iof ithe icategory iin ithe ireference idata. iThe iproducer’s iaccuracy iis ialso iknown ias ian iOmission iError, iwhich iis ithe iprobability iof ia ireference ipixels ibeing iclassified icorrectly. iIt igives ionly ithe iproportion iof icorrectly iclassified ipixels. iThe ioverall iresult iof ithe iproducer’s iaccuracy iranges ifrom i82 i% ito i89%. iThe ilowest ivalues iwere imisclassified idue ito isimilar ispectral ivalue iof idifferent iland icover iclasses. iFor iinstance, iAgriculture iwith iBare iland, iwater iwith ibare iland, iforest iwith ishrub iland, ietc. isomehow iaffects ithe ilevel iof iclassification. i

· User’s iAccuracy i
It iis ithe iratio ibetween ithe itotal inumber iof ipixels icorrectly ibelonging ito ia iclass i(diagonal ielements) iand ithe itotal inumber iof ipixels iassigned ito ithe isame iclass iby ithe iclassification iprocedure i(row itotal). iThis iquantity iexplains ithe iprobability ithat ia ipixel iof ithe iclassified iimage itruly icorresponds ito ithe iclass ito iwhich iit ihas ibeen iassigned. iIn ithis istudy, ithe iuser’s iaccuracy iranges ifrom i82% ito i89%. iThe ilowest ivalue i“shrub iland iand iAgriculture” iwere, ito isome iextent, imisclassified ibecause iof ithe isimilarity ispectral iproperties iof ishrub iland iand iAgriculture.



· Kappa icoefficient i
[bookmark: _Toc41546526]A ikappa icoefficient iof i0.86 iand i0.86 iwere iobtained ifor iof i2001 iand i2017 iLULC imaps irespectively. iAccording ito iMonserud i(1990), ia ikappa ivalues igreater ithan i0.85 iare irated ias ivery igood iindicators iof ithe iclassified iimage iin ireporting ithe iground itruths.
[bookmark: _Toc42197002]Table i4.3 iConfusion imatrix ifor ithe iclassification iof i2017 iLULC
	Reference
	Classified iData
	Producer

	Data
	BL
	WA
	ST
	SL
	MF
	AG
	Total
	Accuracy

	BL
	22
	0
	2
	0
	1
	0
	25
	88%

	WA
	1
	21
	0
	2
	0
	0
	24
	88%

	ST
	0
	1
	20
	0
	1
	1
	23
	87%

	SL
	1
	2
	0
	23
	1
	0
	27
	85%

	MF
	0
	1
	2
	1
	25
	1
	30
	83%

	AG
	1
	0
	0
	1
	1
	18
	21
	86%

	Total
	25
	25
	24
	27
	29
	20
	
	

	User's iAccuracy i i
	88%
	84%
	83%
	85%
	86%
	89%
	
	

	
	Overall iAccuracy i=86%
	
	
	

	
	Kappa iCoefficient=85.5%
	
	
	

	
	Note:- iAg=Agriculture iWA=Water iBL= iBare iLand i

	
	ST=Settlement iMF= iMixed iForest iSL= iShrub iLand


[bookmark: _Toc43096932]Land Use/Land Cover Map of 2001and 2017
The iland icover imap iof i2001 iin ifigure i4.13 iindicates ithat i67.5% iof ithe iRibb iwatershed iwas icovered iby iAgriculture, i5.3% iby imixed iforest iland, i1.99% iby isettlement, i1.14 i% iby iwater, i13.23% iby ibare iland iand i11.3% iby iShrub iland. iThe idistribution iof iland icover iclass ias iit iis ishown iin ithe ifigure i4.13, iAgricultural iland icover iwas ifound iin imost iparts iof ithe iwatershed. i
The iland icover imap iof i2017 iin ifigure i4.14 iindicates ithat i74.5% iof ithe iRibb iwatershed iwas icovered iby iAgriculture, i2.3% iby imixed iforest iland, i4.56% iby isettlement, i1.45 i% iby iwater, i9.23% iby ibare iland iand i8.3% iby iShrub iland. iThe idistribution iof iland icover iclass ias iit iis ishown iin ithe ifigure i4.14, iAgricultural iland icover iwas ifound iin imost iparts iof ithe iwatershed. i
[image: C:\Users\user\Desktop\all research\LULC ERDAS\2017EDTIED.jpg][image: C:\Users\user\Desktop\all research\LULC ERDAS\LULC 2001 EDITED.jpg]
[bookmark: _Toc42331752]
Figure i4.13 iLand iuse iland icover imap iof iRibb iwatershed iduring i2001and 2017
[bookmark: _Toc43096933]Land use land cover change analysis
Analysis iof iLULC ipatterns iin ithe istudied iwatershed iindicated ithe igrowth iof icultivated iland iand ibuilt iup iarea iat ithe iexpense iof ivegetative icover itypes iover ithe ilast itwo idecades. iDuring ithese iperiods, iAgriculture iland ihas iexpanded ifrom i67.5% iin i2001 ito i74.53% iin i2017.Between i2001-2017 iperiods, iit iwas iincreased iby i7.66 i%. iThe irate iof iincrement iduring i2001-2017 iperiods iwere i650.915 iha/year. iSimilarly, isettlement iarea ihad ialso iincreased iby i2.47% ifrom i2001-2017 iperiods. iDuring i2001-2017periods, isettlement iarea iincreased iby i162.611 iha/year. iThe irapid ipercent ichange itaken iplace iin isettlement iarea iduring ithese iperiods iis iassociated iwithin iDebre iTabor itown ito ithe istudy isite ias ihad ibeen iseen imost iof ithe iincreased iin isettlement iarea ioccurred iin ithe isouth ieastern iareas iof ithe istudied iwatershed. iThis ireason iwas ialso imentioned iduring ifocus igroup idiscussions iof iagricultural idevelopment iagents. iIn icontrast, iforest, ishrub iland, ibare iland iand iwater ibody ihad idecreased iin ithe iwhole istudy iperiods iexcept iafter iconstruction iof ithe idam. iFor iexample, imixed iforest icoverage idecreased iby i3% ifrom i2001 ito i2017. iSimilarly, ishrub iland iand ibare iland ialso idecreased iat ia irate iof i412.868 iand i227.651 iha/year, irespectively, ibetween i2001 iand i2017 iperiods. iBut ithe iwater ibody iincreased iat ia irate iof i1.793 iha/year ibetween i2001 iand i2017. i
The ifinding iof ithis iresearch iis iconsistent iwith iother istudies icarried iout iby iGete iand iHurni i(2001) iin iDembecha iarea iof inorthwestern iEthiopia; iGessesse iand iKleman i(2007) iin iSouth iCentral iRift iValley iRegion iof iEthiopia; iRientjes iet ial. i(2011) iin iUpper iGilgel iAbbay icatchment i iof iBlue iNile ibasin; iGebremicael iet ial. i(2013) iin iBlue iNile ibasin; iTemesgen iet ial. i(2014a) iin iDera iDistrict iof inorthwestern iEthiopia; iSolomon iet ial. i(2014) iin iBirr iand iUpper-Didesa iwatersheds iof iBlue iNile ibasin, iwhere ithe iagricultural iland iincreased isignificantly iwhere iforest iland iwas ishrinking. iA istudy iin iShomba iand iMichity icatchments iof iKefa izone i(Mekuria i2005) ialso iindicated ithe iconversion iof ivegetative ilands iinto inon-vegetative ilands ibetween i1987 ito i2001 iperiods imainly ifor ithe iexpansion iof icultivated iland iand isettlement. iStudies iby iEbrahim iand iMohamed i(2017) iin iGeleda icatchment iand iSolomon iet ial. i(2010) iin iKoga iwatershed ialso ireported ithe igrowth iof icultivated ilands iat ithe ireduction iof iforest icover iin ithe irespective istudy iperiods.The iresults iof ithe iprevious istudies ishowed ithat ithe isame ifact. iFor iexample, iDenboba i(2005) ireports i75 i% iof ithe iShomba icatchment iin ithe isouth iwestern ipart iof iEthiopia iwas iconverted ito ifarmlands iand isettlements ifrom iother iland iuses ibetween ithe iyears i1967 ito i2001. iZeleke iand iHurni i(2001) ireported ithat i99 i% iof ithe iforest icovers iwas iconverted ito iagricultural iland iat iDembecha iarea iin ithe inorthern ipart iof ithe icountry ibetween i1957 iand i1995. iBewket i(2003) iidentifies iagricultural iconversion iof i79 i% iof ithe iRiverine iforests iof ithe iChemoga iwatershed iwithin ithe iBlue iNile ibasin iin iabout i40 iyears i(1957-1998).
[bookmark: _Toc42197003] iTable i4.4 iArea iand iPercent iof iLULC iclass ifrom i2001 ito i2017 iperiods iin ithe iRibb iwatershed
	LULC iType
	Land iuse iLand icove
	Land iuse iLand icover

	
	2001
	2017
	2001-2017
	2001-2017

	
	Area i(%)
	Area i(%)
	%
	Rate(ha/year)

	Agriculture
	67.5
	74.53
	7.66
	650.915

	Mixed iForest
	5.3
	2.3
	-3
	-114.505

	Settlement
	1.99
	4.46
	2.47
	162.61

	Water
	1.13
	1.45
	0.32
	1.793

	Shurb iland
	11.31
	8.3
	-3.01
	-412.868

	Bare iland
	13.04
	9.3
	-3.74
	-227.651


[bookmark: _Toc35522074][bookmark: _Toc43096934]Sensitivity Analysis
The iaim iof ithe isensitivity ianalysis iis ito iestimate ithe irate iof ichange iin ithe ioutput iof ia imodel iwith
respect ito ichanges iin iwatersheds ithat iresult iin ia iclear idifference iin ihydrologic isensitivity i
(Reungsang iet.al, i2005). iSensitivity ianalysis iwere iconducted ifor ithe iRibb iwatershed
hydrology ito idetermine ithe iparameters ineeded ito iimprove isimulation iresults iand ithus ito ibetter
understand ithe ibehavior iof ithe ihydrologic isystem iand ito ievaluate ithe iapplicability iof ithe imodel.
Sensitivity ianalysis ifrom iSUFI-2 iprovided ipartial iinformation iabout ithe isensitivity iof ithe
objective ifunction ito imodel iparameters. iDifferent iwater-related iparameters i(global iparameters),
with iabsolute iminimum iand imaximum iranges iin ithe iSWAT imodel idocuments iwere iselected ito
do isensitivity ianalysis. iThe isensitivity iranking iand iT-stat iprovides ia imeasure iof isensitivity i
(larger iabsolute ivalues iare imore isensitive), iand ip ivalues idetermine ithe isignificance iof ithe
sensitivity i(a ivalue iclose ito izero ihas imore isignificance)
Sensitivity ianalysis iof iSWAT isimulation iusing i23 iyears iof irecorded istreamflow i(1986-2008)
was idone iusing imonthly iobserved iflow ifor iidentifying ithe imost isensitive iparameters iusing iSWAT-CUP2019. iThe ianalysis iwas icarried iout ifor ialmost iall iflow iparameters. iThe iresult iof ithe ianalysis iindicate ithat inine iparameters inamely; icurve inumber i(CN), isoil iavailable iwater icapacity i(SOL_AWC), isoil idepth i(SOL_Z), isoil ievaporation icompensation ifactor i(ESCO), iSaturated ihydraulic iconductivity i(SOL_K), ithreshold idepth iof iwater iin ithe ishallow iaquifer i(GWQMN), ibase iflow ialpha ifactors i(ALPHA i-BF), iground iwater idelay i(GW-Delay, idays), ichannel ieffective ihydraulic iconductivity i(CH-K2, imm/h) iand i), ithreshold idepth iof iwater iin ithe ishallow iaquifer ifor i“revap” ior ipercolation ito ithe ideep iaquifer ito ioccur i(REVAPMN, imm),are ithe imost iimportant iparameters ifor ithe istudied iwatershed i(Table i4.5) iFrom ithose inine iparameters ithe itwo i(CN2, ipercolation ito ithe ideep iaquifer ito ioccur i(REVAPMN, imm)) iand isoil iavailable iwater icapacity i(SOL_AWC) iand igiven ito ihigh ipriority ifor icalibration.
[bookmark: _Toc43096935]Flow Calibration
The imain iobjective iof ithis icalibration iprocess iis ito icreate iagreement ibetween ithe isub ibasins isimulated iflow iversus iobserved iflow iby iadjusting ithe iflow iparameters iin ithe irecommended irange. iBefore iproceed ito icalibration iprocess, ithe iperformance iof ithe imodel iwas ievaluated ibased ion ithe iSWAT isimulation idefault iresults. iAll ithese istatistical iperformance iindicators iwere inot iin ithe iacceptable ilimit iwhich irequires ian iadjustment ifor ithose imost isensitive iparameters ithrough imanual icalibration. iThe imodel icalibration iwas irun ifor ia iperiod iof i14 iyears ifrom1988 ito2001. iOf ithese iperiods iof isimulation, ithe ifirst itwo iyear i(1988 iand i1989) iwas iset ias ia iworm iup iperiod. iTherefore, ithe icalibration iperformed ifor i12 iyears ifrom1990 ito2001. iThe icalibration iprocess iwas idone imanually iuntil ithe iacceptable iagreement ihappen ibetween iobserved iand isimulated iflow idata. iThis iactivity idetermined iin ithe imonthly itime ibasis. iMoreover, ithe ifit ibetween iobserved iand isimulated iflow idata ichecked igraphically iby ithe iflow ion ithe iY-axis iand ithe imonthly iduration ion ithe iX-axis. iAfter iso imany iiterations, ithe ifinal iresult ishows ithat ithe isimulated iflow iagreed iwith ithe iobserved iflow iin ia igood imanner.
Statistical imodel iperformance ievaluators iof iflow icalibration iresulted iin iR2 iof i0.87, iNSE iof i0.7, iand iPBIAS iof i-10.5% iwhich ishows ia igood iagreement ibetween ithe iobserved iand isimulated iflows iof imonthly itime ibasis. iTherefore, ithe imodel iis iapplicable iin ithe iRibb iwatershed iat ithis imodel iperformance iindicator iand ithe iflow iparameters. iIn igeneral, ithe icalibrated iresult iargued ithe iSWAT imodel ihas ian iability ito ipredict iflow. iThe ifollowing ifigure ishows ithe igraph iof iobserved iand isimulated iaverage imonthly iflows iat ithe iRibb igauging istation ifor ithe icalibration iperiod iof i1988 ito i2001. iAs ishown ion ithis igraph ithe imodel isimulated iresult islightly ioverestimated iin isome imonths iof ithe iyears. iThis iindicates ithat ithe imodel ioverestimates isome iof ithe imonthly ipeak iflows iof ithe isimulated iperiod. iOn ithe iother ihand, ithe isimulated iresult iis iless ithan ithat iof ithe imeasured iflow ifor ithis icalibration iperiod. iThis iwas ias ia iresult iof ihigh irain ifall iand ioccurrence iof irunoff iwhich ihas ihigh irecord iperiod. iBut ithe itime iseries itrend iof ithe igauged iflow iwas iwell ifitted ifor imonthly itime isteps.
[bookmark: _Toc42197004] iTable i4.5 iSelected iflow iparameters
	Flow iParameter
	Fitted ivalue
	Minimum
	Maximum

	CN2
	0.01
	-0.2
	1

	ALPHA_BF
	1.85
	0
	2

	GW_DELAY
	62.5
	0
	500

	SOL_AWC
	1.85
	0
	2

	GW_REVAP
	1.35
	0
	2

	REVAPMN
	185
	0
	200

	SOL_Z
	1.05
	0
	2

	CH_K2
	42.5
	30
	100

	GWQMN
	0.25
	0
	2


[bookmark: _Toc43096936]Flow Validation
The imodel iwas ivalidated iby iusing ian iindependent iset iof iobserved iflow idata ithat iwas inot iused ifor imodel icalibration. iValidation ishows ithat ionce ithe isimulated ivariable isuccessful iwith icorresponding iobservation, ithe imodel iand iits iparameters iare iconsidered ias ithe irepresentative iof ithe isystem iof ithe istudy iwatershed. iThe ivalidation iperiod iof ithis istudy iwas ifrom i2002 ito i2008 iand iit iis ia itotal iof iseven iyears i(Figure i4.15).
Validation iinvolves imodel irun iwith iunchanged iflow iparameters iwhich iwas iadjusted iduring icalibration iprocess. iBased ion ithe ivalidation iagreement ibetween iobserved iand isimulated iflow idata ion ithe imonthly ibasis, ithe imodel iperformance iindicator iwhich iwas idetermined iduring icalibration iprocess ialso idetermined iin ithis ivalidation istep. iAs ia iresult, ithe imodel iperformance iindicators iR2 iof i0.89, iNSE iof i0.74 iand iPBIAS iof i-6.53% iand iall ithese ishows ithere iwas ia igood iagreement ibetween isimulated iand iobserved iflows.
In igeneral, ithe imodel iin ithe ivalidation iperiod iindicates ithat ithe istatistical iperformance iindicators ithat ifitted iduring icalibration iperiod iare ithe irepresentative iset iof iflow iparameters ifor iRibb iwatershed ifor ifurther istudy iusing ithe iSWAT imodel.
 i
[bookmark: _Toc42331754]Figure i4.15 iCalibration iand iValidation iof iflow idata
[bookmark: _Toc43096937]LULC change impact on monthly stream flow of the Watershed 
Stream iflow iwas isimulated ifor ithe itwo iland iuse/covers iof i2001 iand i2017. iThe imean iannual istream iflow ifor ithe itwo iperiods iwas icalculated ifrom ithe imean imonthly istream iflow idata simulated ifor iland iuse/cover imaps iof i2001 iand i2017.
[bookmark: _Toc42197005]Table i4.6 iAverage istream iflow iin ithe icatchments
	Year
	
	LULC2001
	LULC2017
	Change

	Stream iflow(m3/s)
	43.32
	44.83
	1.51


From ithe iresult iobtained iit‘s inoted ithat ithere iwas ian iincrement iof i1.51 im3/s i2001-2017 irespectively.The ianalyses iof ilong iterm imean iannual isimulated istream iflow ishows ithat ian iincreasing itrend iin ithe iperiod i2001-2017.Annual isimulated idischarges icorresponding ito i2001 iand i2017 iland iuse/covers ishow iincreasing irate iof ichange iin idischarge ifor ieach iyear iin ithe istudy iperiod. iThis irate iof ichange iis idue ito ithe iLUCM ichange iobserved iin ithe iperiod i2001-2017. iHere, ithe irate iof ichange iin istream iflow idoesn‘t iconsider ithe iweather iforcing ivariables i(mainly irainfall iand itemperature). iTo ireduce ithe iimpact iof iweather ivariables ion istream iflow, ionly iland iuse/cover iparameters iwere ichanged iwhile ithe iother iforcing ivariables ilike irainfall iand itemperature iwere iheld iconstant iduring icalibration iand ivalidation iof ithe imodel. iIn iaddition, istudy idone iin ithe iupper iAbay ibasin iby i(Sirak iTekleab, iUhlenbrook, iSavenije, iMohamed, i& iWenninger, i2015), i(S iTekleab iet ial., i2011) iindicated ithat iprecipitation idid inot ishow istatistically isignificant iincreasing ior idecreasing itrends iat iannual, imonthly ior iseasonal itime iscales iin ithe iBlue iNile ibasin. iSo ithat, ithe ichange iin iland iuse/cover ior iagricultural imanagement ipractices ihave inoticeable ieffect ithan ithe iclimate ichange ieffect iwithin ithese ishort iperiods ifor ithe icatchment ihydrological icomponent ichange iin iRibb icatchment. iIt iis itherefore, ithe iimpact iis idue ito iland iuse/cover iand imanagement ipractices iin ithe istudy iarea.
[bookmark: _Toc33594877][bookmark: _Toc43096938]Climate change impact on the stream flow
The ikey iobjective iof idownscaling iis ito igenerate ia ireliable iestimation iof imeteorological ivariables icorresponding ito igiven iscenario iof ithe ifuture iclimate iconsequently ithese imeteorological ivariables iwill ibe iused ias ibasis ifor idifferent itypes iof iimpact istudies. iTherefore, iafter icalibration iand ivalidation iof ihydrological imodels iwith ihistorical irecord, ithe inext istep iis ito isimulate istream iflows iin ithe ibasin icorresponding ito ifuture iclimate iconditions iby iusing ithe idownscaled idaily iprecipitation iand itemperature iin ito iSWAT imodel. iSuch isimulation isupports ito iidentify ithe ihydrological iresponse iimpacts iaffected iby iclimate ichange. iThe ifuture iclimate ivariables ithat iare idownscaled iprecipitation iand itemperature ioriginated ias ian ioutput ifrom ithe iRCPs iscenarios’ iand icorrected iRCPs iwere igiven ias ian iinput ito ithe iSWAT imodel. iThen isimulation iresults icorresponding ito ieach iof idownscaling iscenario itime iperiod i(baseline i1988-2017, iand ifuture i2021-2050 iand i2051-2080 iwere ianalyzed ifor iall iRCP4.5 iand iRCP8.5 iscenarios.
[bookmark: _Toc43096939]Climate change impact on monthly stream flow of the Watershed 
Climate ichange iimpact ion imonthly istream iflow iwas ievaluated iby irelating ibase iperiod istream iflow iwith ithe ifuture iflows ifor ithe i2021-2050 iand i2051- i2080 ifor iboth iRCP4.5 iand iRCP8.5 iscenarios. iAs ishown iin ithe iFigure ibelow ithe ifuture istream iflow ishows idecrement itrends ifor iboth iRCP4.5 iand iRCP8.5 iscenarios. iFor iRCP i4.5 iin i2021-2050 ithe ifuture istream iflow i1.488 ito i-36.178mm iin ithe imonths iof iJanuary iand iJuly iand i2051-2080 ithe ifuture istream iflow iis i1.8 ito i-34.73mm iin ithe imonths iof iJanuary iand iJuly irespectively. i i iIn ithe iperiods i2021-2050 i& i2051-2080 ifor ithe iRCP8.5 iscenarios, iin i2021-2050 ithe ifuture istream iflow i1.98 ito i-mm iin-44.65 ithe imonths iof iDecember iand iAugust iand i2051-2080 ithe ifuture istream iflow iis i0.8 ito i-46.5mm iin ithe imonths iof iJanuary iand iJuly irespectively. i iAnd ialso, ithe isimulated istream iflow iwill idecrease i2.84 ito i-40.34mm iin ithe iperiods iof i2021-2050 iin ithe imonths iof iMay iand iDecember iand i0.98 ito i46.887mm iin ithe iperiods iof i2051-2080 iin ithe imonths iof iNovember iand iDecember irespectively.
[bookmark: _Toc41546251][bookmark: _Toc42331755]Figure i4.16 iMonthly iObserved iand iSimulated ifuture istream iflow ichange iof iRCP i4.5
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[bookmark: _Toc42331756]Figure i4.17 iiMonthly iObserved iand iSimulated ifuture istream iflow ichange iof iRCP i8.5
Generally, ithe ipattern iof isteam iflow iprojection iin ithe iwatershed ifollows idecreasing ias icompared ito ibaseline iperiod ishown iin ithe ifigure iabove. iThose idecreasing ifuture istream iflows iwill ihave iaffected ithe iexisting iand ithe ifuture iprojects iin ithe istudy iarea. iTherefore, ito ireduce ithe iimpact iclimate ichange ion ihydrology iof ithe istudy iarea iof ifuture istream iflow idifferent imeasurements imust ibe itaken. iThe iprojected istream iflow iof iRibb iwatershed iwill ibe idecreased iin iboth ifuture itime iperiods iunder iboth iRCP iscenarios. iTherefore, iwater iresource iplanners iand iusers ishould ibe iconnected ithe iexisting iwater iresource ifor idevelopmental ipurpose ilike iirrigation iproject iand iothers itaking iinto iaccount imitigation iand iadaptation istrategies idue ito ichanging iclimate iprojected iover ithe istudy iarea.
[bookmark: _Toc43096940]Combined impact of climate and LU/LC change on stream flow 
To ianalyze ithe icombined ieffects iof ipotential iland iuse iand iclimate ichanges, imonthly istream iflow
under ithe iRCP i4.5 iand iRCP i8.5 ifuture iscenarios ifor i2021-2050 iand i2051-2080 iwere icompared ito ithe ibaseline i(1988-2017).the icombination iof iclimate iand iland iuse ichanges iwould ilead ito ian iincrease iin istream iflow iCombined iland iuse iand iclimate ichange iscenarios ishowed ithat ithe idecrease iin istream iflow icaused iby iclimate ichanges iwas iintensified iby ithe iincrease icaused iby iland iuse ichanges. iThe icombined ieffects iof iland iuse iand iclimate ichanges ishowed i88.15 im3/s ifor ibaseline iperiod i(1988-2017), i40.57 im3/s iin i2021-2050 iand i38.48 im3/s iin i2051-2080 ifor iRCP i4.5 iand i37.98m3/s iin i2021-2050 iand i35.73m3/s iin i2051-2080 ifor iRCP i8.5 ifor istream iflow icompared ito iclimate ichange iscenarios.
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There iare idifferent iwellsprings iof ivulnerabilities, iwhich iemerge ifrom idata iquality, irelated iwith imodel ipresumptions iand ilevel iof iseeing iparticularly iin ithe iclimate isystem. iIn ithe ihydrological imodel, ithe ieffect iof iclimate ichange idone ijust ithinking iabout ithe iadjustments iin ithe iprecipitation, imaximum iand iminimum itemperature. iBe ithat ias iit imay, iin igenuine iworld, iother iclimatic ifactors iwill ilikewise ichange. iIn iaddition, ithe iextent iof ithis iinvestigation iwas irestricted ito ichange iin iatmosphere iaccepting iarea iuse idesign ikeeps ithe iequivalent ilater ion. i i i i i i i i i i
The iresolution iof ithe isoil idata iwas iso icoarse ithat iit ialso iadds iuncertainty iwith ithe ihydrological imodel iestimation. iThis iexamination iis ifinished iwith iclimate idata iwhich iis iexcessively ishort ialso, ihaving inumerous iholes. iOther ithan ithe iRCP iforecast iexpect ithat ithe irelationships icreated iamong iforesee iand iindicators iat irecorded iclimatic iconditions iwill ihold ithe iequivalent ilater ion. iIn iany icase, ithis isupposition imay inot ibe ivalid. iThe icommutative isuspicions iand ipoor iinformation iquality iexpressed iabove iwill isurely ilessen ithe idependability iof ithe ioutcomes. iThis iclearly iseen iin ithe iRCP i(4.5, i8.5) idownscaling iresult iof iprecipitation iprojection iAs iprecipitation iis ione iof ithe imain iinputs iof ithe iSWAT imodel, iit iwill iresult iin iuncertainty iin ithe iestimations iof iflow ivolumes iin ithe iend.
[bookmark: _Toc43096942]CONCLUSIONS AND RECOMMENDATION
The ihydrologic ireactions ito iland iuse iand iclimate ichanges iwere iassessed iusing iSWAT iin ithe iRibb iwatershed. iPotential iland iuse iand iclimate ichange iconditions iwere ianalyzed iunder iRCP i4.5 iand iRCP i8.5 iemission iscenarios ifor ithe i(2021-2050) iand i(2051-2080). iClimate iand iLand iuse ichanges ican ipossibly imodify ithe ihydrological ibehavior iof ithe iwatersheds. iThe iSoil iand iWater iAssessment iTool i(SWAT) imodel iis iutilized ito iinspect ithe ieffect iof idifferent iclimate iand iland iuse ichange iscenarios ion iHydrology iand istream iflow iin ithe iRibb iWatershed. iPlausible iland iuse ichange iwith itheir itemporal iand ispatial ivariations ihave ibeen iused ito idevelop idifferent iscenario iin ithe iforeseeable ifuture i(2021-2050) iand i(2051-2080) iand iCurrent icircumstance isituation i(1988 i2017).
SWAT iend iup ibeing ia ivaluable idevice ifor isurveying ithe iimpacts iof iclimate iand iland iuse ichanges ion ihydrology. iThe iNash iSutcliff ieffectiveness i(NSE), iCoefficient iof iassurance i(R2) ifor imonth ito imonth istream iwas i0.7, i0.87 ifor iCalibration iperiod iand i0.74, i0.89 ifor iapproval iperiod iseparately. iThis ishows ithe iSWAT imodel iexecution iin ithe iRibb iWatershed iwas iexcellent iin ipredicting iflow. iThe iland iuse ichanges ievaluated iamong ithe idiverse iland icover iclasses iof iland iuse iduring ithe ianticipated iperiod ifrom i(2021-2050) iand ithere iis ia igeneral iexpanding ipattern iin iyearly itemperature iand icritical ivariety iof imonth ito imonth iand ioccasional iprecipitation, iCompared iwith ithe ibase iline iclimate i(1988-2017), ithe iannual imean iprecipitation. i
Combined iland iuse iand iclimate ichange iscenario idemonstrated ithat ithe iabatement iin istream icaused iby iatmosphere ichanges iwas iescalated iby ithe iexpansion ibrought iabout ivia iland iuse ichanges. iFor iinstance, ithe i iconsolidated iimpacts iof iland iuse iand iatmosphere ichanges iindicated i88.15 im3/s ifor ipattern, i41.23 im3/s iin i i2021-2050, iand i38 i.48m3/s iin i2051-2080 ifor istream icontrasted iwith ienvironmental ichange isituations i ias iit iwere. iReproduction iunder ivarious isituation iconditions idemonstrated ithat ithe iconsolidated iimpact iof iatmosphere iand iland iuse ichange ihas iextensively iadjusts ithe ihydrological iconduct iof iRibb iWatershed. iAs ia irule, ithe ifinding iof ithis iexamination iexhibits ithat ithe istream iis itouchier ito iclimate ichanges ithan iland iuse ichanges. iHowever,, iRunoff iis ilikely imore iinfluenced ivia iland iuse ichanges iinstead iof iclimate ichanges idespite ithe ifact ithat ithe ijoined iimpact iof iland iuse iand iclimate ichange iwould iinfluences iRunoff iand istream ieverywhere iduring ithe ianticipated iperiod ifrom i1988-2017. iAccordingly, iin ithe iarranging iof iadjustment isystems ito iatmosphere iand iland iuse ichange iimpacts ion iwatershed ihydrology, iit iis iimportant ito iconsider ithe ijoined iimpacts iof iclimate iand iland iuse ichange ias iopposed ito isimulate itheir ieffects iindependently.
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Depending ion ithe ianalysis iundertaken iin ithis istudy, ithe ifollowing iis irecommended.
· Further icontemplates iwhich ifuse ithe iassociation iand icriticism iof iclimate iand iland icover ichanges iought ito ibe iattempted iutilizing ia igenuinely icirculated ihydrological idemonstrating iand iother ienvironmental ichange imodel.
·  iFor ifurther idetail iinvestigation iof iland iuse/land ispread ichange iin ithe iwatershed ithe igeneral iprecision iof ithe icharacterized ipicture ican ibe iimproved iby itaking iall ithe imore iuniformly icirculate iground itruth iGPS iinformation icoordinated iwith iaeronautical iphotograph iand ihigh igoals ispot ipicture.
· Climate ichange iimpact ianalysis ialso ishowed ireduction iof iriver iflow. iThis iwill ialso iaffect ithe iareas inear ithe iriver iby idrought. iTherefore, imeasures ishould ihave ito ibe itaken ito iavoid ithreat iof iclimate ichange iimpact ion ithis icatchment iand iLake iTana iwater iquantity.
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Appendix iA.1 iConfusion imatrix ifor ithe iclassification iof i2001 iLULC
	Reference
	Classified iData
	
	
	
	
	
	Producer

	Data
	BL
	WA
	ST
	SL
	MF
	AG
	Total
	Accuracy

	BL
	20
	1
	0
	1
	0
	1
	23
	87%

	WA
	0
	23
	2
	1
	0
	1
	27
	85%

	ST
	1
	0
	24
	1
	2
	0
	28
	86%

	SL
	1
	2
	0
	21
	1
	0
	25
	84%

	MF
	1
	0
	2
	1
	23
	1
	28
	82%

	AG
	0
	2
	0
	1
	1
	20
	24
	83%

	Total
	23
	28
	28
	26
	27
	23
	
	

	User's iAccuracy i i
	87%
	82%
	86%
	81%
	85%
	87%
	
	

	
	Overall iAccuracy i=84.45%
	
	
	
	
	

	
	Kappa iCoefficient=86%
	
	
	
	
	

	
	Note:- iAg=Agriculture iWA=Water iBL= iBare iLand i
	
	

	
	ST=Settlement iMF= iMixed iForest iSL= iShurb iLand
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Adisszemene	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	3.0052108053149101E-2	0.23782358702780251	0.35212210999999999	1.2213238307092176	2.6014883068345402	5.8962329748299247	13.532111331999999	12.932123211	4.0946027357998833	2.1362866944790202	0.66860557398267462	5.7832134E-2	Debre Tabor	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	0.11006326299620019	9.4983649811236012E-2	0.48490873448170613	1.3140555555555555	3.552672811059908	6.1959474708171207	12.43211223	12.43211123	5.1372683521780091	3.0158715405722907	0.52134443200000002	0.10516129032258065	Gassay	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	0.15150537634408598	0.13841954022988504	1.027741935483871	1.2021111111111111	3.130537634408602	5.6755555555555572	13.673548387096799	13.968853046594999	5.0932130000000004	2.2677419354838713	1.0912329999999999	0.12580645161290324	Woreta	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	1.6344086021505378E-2	6.1022167487684735E-2	0.18225806451612903	0.73244444444444445	2.238387096774193	6.0374923611111102	13.914341511255644	13.871323812580121	6.8361385602318929	2.2537634408602156	0.32338888888888889	8.3612903225806445E-2	Month

Non dimentional parameter(%) i




Gassay PCP
Gassay PCP	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	1498.3	1201.1000000000001	1533.8999999999999	1614.7333333333333	1509.2	1622.0999999999997	1549.4999999999998	1399.9	1429.8	1671.9	1956.6999999999998	1904.8000000000002	1069.9999999999998	1587.3000000000002	1683.7000000000003	1483.8	1005.6999999999999	1366.6999999999998	1454.0000000000002	1700.3000000000002	1587.4999999999998	1186.3000000000002	1576.1000000000001	1344.6999999999998	1331.2	1736.6999999999998	1616.9	1394.2	1379.3	1091.0999999999999	Debre Tabor Tmnm
Debre Tabor Tmnm	Year	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	10.266484763459873	9.262103026901416	9.7063111239119291	9.0905139528929837	9.6412798388681313	9.3566391449052748	9.568289810547876	9.9077252944188423	9.6083980348535398	9.6806388888888879	9.9337647209421416	9.3683832953187807	9.3248118202323571	9.5323835125448042	9.3558090117767545	9.4169582053251393	9.3749061302681991	9.393394777265744	9.5880414746543785	9.5780056323604708	9.4513939184828146	9.8660912698412684	8.372103494623655	8.7776350486431145	9.3213473612656035	9.2898244335314235	9.5709767025089594	9.9728091397849461	9.4127863057718439	9.4451536098310296	Wereta PCP
Wereta PCP	year	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	1732.0000000000002	1573.5	1096.7000000000003	1638.81	1660.8	989.3	1557.7	1062.2999999999997	1468.7999999999997	1058.1825000000001	1509.6000000000001	1540.6	1443.6	1130.9000000000001	1142	1263.5	1227.5999999999999	1411.9	1508.3999999999999	1238	1602.3000000000002	1167.1000000000001	1458.2	1183.3000000000002	1241	1297.5999999999999	1233.4000000000001	1121.7934553759601	1305.5606249999998	1105.8000000000002	Wereta Tmnm
Wereta Tmnm	Year	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	8.9011021505376338	5.6898572708653354	7.218436379928316	12.455500000000001	13.75176328969637	12.284290194572455	12.253974654377879	12.064458525345621	12.550223297491037	11.832566436251922	10.095093940092164	9.0295199692780326	11.01144419725621	9.4534472606246798	12.849392601126473	13.315757808499745	12.604313743665804	12.328466528673836	12.226874679979518	13.276561059907834	13.391117908787544	13.909340117767536	12.821052611367127	12.135541474654399	13.3352366827339	12.9118164362519	12.72473886328725	12.299405094726101	13.768759234691514	13.836561359105565	Addis Zemen Tmnm
Addis Zemen Tmnm	Year	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	8.6644018044741067	8.1445748770345556	8.9368926447656296	8.4378498968176388	7.7851765612476553	10.636696108550945	12.739481566820276	12.008909156852708	12.458047521937958	12.07725806451613	10.511660290501018	9.9721786024608594	10.557417191941664	11.506439452124937	13.003129854642586	7.12502962881688	7.7219507234669917	6.8717236303123386	10.972764336917562	12.373025473630312	12.044316215548138	12.422686251920121	13.759034178187406	13.100668842805939	12.196990483252996	12.548095878136202	12.820394905273936	12.046643625192011	10.186486604973119	9.228724107433786	Gassay Tmnm
Gassay Tmnm	Year	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	9.1811667809912247	8.6237380504352288	9.1009342037890431	8.9202755376344083	9.1202499969101485	8.8280202636968763	8.5989900409626241	9.3441129160266261	9.4741863737486085	9.5280103558627758	9.8207031105990765	8.875074475166409	8.9474578420467186	9.3852824628776244	9.6758953469022035	9.7754899577572942	9.4863663607712265	9.4710019393241165	9.6468584037378395	9.4595917434715826	9.2479669787418128	9.6216528033794173	10.022212570404507	8.4192288338453665	8.2196585156346575	8.6461182923707138	6.010345622119817	5.8043977214541727	7.5174224446916327	6.8950318740399394	Addis Zemen PCP
Addis Zemen PCP	Year	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	1093.1642857142858	1052.919230769231	843.8	1078.7595820574379	920.3	1131.2	990.30000000000007	904.2	1694.7961538461539	1336.8061605197249	1084.3	1058.9000000000001	1193.3	1194.8501264900094	1059.5275736631681	820.09999999999991	1004.9000000000002	989.92641287821107	1172.6232922892227	1150.7742331912682	955.14898187885592	839.47842476524261	867.56275743646052	1034.5300325194351	942.1	1048.7995836140387	1366.0287408810445	1478.580869660057	1400.2484604894287	1031.8	Debre Tabor Station
Debre Tabor PCP	Year	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	1346.9265910324243	1263.7000000000003	1008.9973684210527	1138.7274725274726	1011.9	1395.3650516771718	1126.6000000000001	1154.7925969342764	1108.2999999999997	1301.5999999999999	1228.0999999999999	1333.9	1290.0185081585082	1270.0999999999999	1092.3999999999999	911.5	1010.6	978.6	1403.9421679197994	1245.6999999999998	1245.1312951639802	1247.9000000000001	1009.4	1128.1000000000001	1284.5999999999999	1078.1999999999998	1243.8	1178.8999999999999	1234.1999999999998	1205.0000000000002	  Observed	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	22.73621491411814	24.296683149226251	24.695967741935487	24.62737962962963	23.739139784946243	22.161287037037042	19.051030465949818	19.028189964157704	20.363453703703705	21.449462365591398	21.978333333333332	22.092175557417491	 Bias Corrcted	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	22.757612903225802	24.285984811165843	24.5290860215054	24.675566666666665	23.617623655913977	22.379544444444448	19.034344999999998	19.0105376344086	20.245922222222216	21.515236559139783	22.048611111111118	21.940870967741937	Bias Uncorrcted	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	21.962643574357909	23.225031102445712	24.23456595	24.492382419123	25.05965040331462	24.469097870035533	19.658514483626554	19.156688112942064	20.966317036472635	21.725162095685555	21.488440148766028	21.088658714081763	Month
Avarage Maximum Temperature (0 iC)


Bias Corrcted	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	-2.1397989107661886E-2	1.0698338060407764E-2	0.26688172043010994	-4.8187037037035196E-2	0.1215161290322655	-0.21825740740740684	0.26661111111111424	1.7652329749104467E-2	0.11753148148148895	-6.577419354838554E-2	-7.0277777777786099E-2	0.15130458967555427	Bias Uncorrcted	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	0.77357133976023107	1.0716520467805388	0.79859849482365419	0.13499721050662927	-1.3205106183683775	-2.3078108329984914	-0.60748401767673599	-0.1284981487843595	-0.60286333276892989	-0.27569973009415705	0.48989318456730402	1.0035168433357278	Month
Tmax 
Observed	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	8.0819630370525513	9.1328870996819287	10.36951989247312	10.949800000000002	10.964341397849463	10.407915873015872	10.077956989247314	9.998086021505376	9.3770555555555557	8.7109855482032916	7.9959444444444436	7.7075296388199597	  Bias Corrected	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	8.1601075268817187	9.0128765000000008	10.332225806451612	10.954665	10.899247311828001	10.3823111111111	10.121389343000001	9.9713429999999992	9.3132446000000009	8.7568064516129027	7.98576	7.6942339999999998	Bias Uncorrcted	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	7.1268401610792571	8.0752723953167909	10.716228836543571	11.608990691815871	12.129097555063076	11.254519848817701	10.990357562233401	11.756130297070762	10.317748604717613	9.5064869063971642	8.3165482169306557	7.2843707188360751	Months
Mean monthly minimum temerature(0 C)


   Bias Corrected	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	-7.8144489829167441E-2	0.32601353646353637	3.7294086021507411E-2	0.14364444444444224	0.12509408602150707	0.22560476190475853	0.17244086021505645	0.1288494623655918	0.29307777777777844	-4.5820903409611091E-2	0.45824444444444179	0.17783071408877493	Bias uncorrcted	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	0.95512287597329415	1.0576147043651378	-0.34670894407045161	-0.6591906918158692	-1.1647561572136134	-1.8466039758018375	-1.9124005729860727	-1.7580442755653856	-0.94069304916205709	-0.79550135819387258	-0.32060377248621208	0.42315891998388455	Months
Minimum Temprature Change
Obsorved	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	0.93161534964762205	6.6986745582891434	29.5	36.639714921276529	80.579804178537415	176.70767890006999	306.07141538461502	256.50736801678579	156.78793229999999	66.224887528849621	12.65764587	5.9843454600000001	 Bias Uncorrected	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	0.61482647272727886	1.3110145356060741	24.227353605397983	19.269271705966119	23.562906850852528	115.329177028126	303.42596489119637	296.87629241610165	150.65938845322131	14.910359732575914	2.4953682426136621	2.4913236955492684	Bias corrected	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	0.73386340000000005	5.8725899999999998	30.627666666666663	35.765543000000001	79.545278499999995	175.876135	307.32154875999998	255.7194235	158.54432467000001	65.546666666666681	11.69633333333333	6.0836666666666668	Months
Precipitation(mm)


Bias UnCorrected	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	0.31678887692034319	5.3876600226830691	-4.4274383361283576	17.370443215310409	57.016897327684887	61.378501871943996	2.6454504934186502	-40.368924399315858	-27.821306379224822	51.314527796273708	17.562798976866578	5.7755163257419904	Bias corected	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	0.4322820163142887	1.4606745582891429	-10.827751397397037	7.9847149212765309	4.8368041785374061	8.4106789000699962	-4.2479179487179977	12.274034683452413	-12.075251259336838	0.67822086218293975	8.3618338861469095	2.1831733546245919	Month
Change in Preciptation (mm)
RCP4.5(2021-2050)	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	2.4	-18.123213	-49.625320000000002	6.1230000000000002	-9.3454999999999995	-21.434999999999999	-58.352345999999997	-33.879800000000003	-36.465000000000003	-18.456	4.7685599999999999	2.4356399999999998	RCP4.5(2051-2080)	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	3.5	-19.334544999999999	-58.436399999999999	5.4533500000000004	-11.665760000000001	-26.546569999999999	-65.764319999999998	-59.567500000000003	-34.767000000000003	-17.350000000000001	3.8765000000000001	4.6340000000000003	Month
Change of preciptation in (mm)
 RCP8.5(2021-2050)	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	6.5423419999999997	-22.542999999999999	-20.543199999999999	7.3542430000000003	-29.473240000000001	-38.132566359999998	-60.253100000000003	-65.234999999999999	-28.43	-32.344366729999997	3.1211199999999999	2.4442213000000002	RCP8.5(2051-2080)	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	5.2347000000000001	-32.235599999999998	-39.367472851999999	6.9542339999999996	-39.256100000000004	-46.236649999999997	-72.263540000000006	-78.326573199999999	-34.65	-48.216340000000002	2.8736999999999999	1.6748632000000001	Month
Change of preciptation in i(mm)
RCP4.5(2021-2050)	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	0.28410738723637863	0.27981861720654067	0.69535483870968662	0.62430185185182907	0.53286021505377335	0.77423148148148258	0.75178315412186336	0.31116845878135635	0.36098703703703805	0.1746236559139831	0.95450000000003143	0.26661641763254451	RCP4.5(2051-2080)	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	0.86021491411809947	0.20374394922625072	1.0175377419354881	1.0843796296296304	0.98313978494624266	1.0362870370370416	0.8275994659498167	0.68258996415770312	0.36565370370370331	0.44777236559139766	1.1030655555556308	0.41352555741748986	Month
Change of Tmax in (0c)
RCP8.5(2051-2080)	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	1.6162149141180997	1.0803358585858582	1.2679892473118315	1.1899685185185227	1.1856774193548496	1.0402870370370429	1.6160304659498195	1.7281899641577034	1.350320370370369	1.2869784946236607	1.123700000000003	1.3374443746217892	 RCP8.5(2021-2050)	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	0.39121491411810183	0.75668314922625157	1.0413677419354883	0.66197962962963075	1.0611397849462421	0.82128703703704176	1.0390304659498177	0.46818996415770542	1.0100537037037043	0.80446236559139805	0.19233333333333036	0.54717555741748924	Month
Change of Tmax in (0c)
RCP4.5(2021-2050)	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	0.16196303705255133	0.24588709968192823	0.30767365591397899	0.82640000000000136	0.62034139784946341	0.26341587301587199	0.46875268817204202	0.36264516129032198	0.51851111111111203	3.2985548203290804E-2	0.164155555555558	0.36173963881995963	RCP4.5(2050-2080)	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	0.95734339999999996	0.65677450000000004	0.88248639784946203	0.30586666666666673	0.50065322580645244	0.61972698412698257	0.29786021505376503	0.20225806451612627	0.25817777777777451	0.56192103207425781	0.31294444444444469	0.56857264957265041	Month
Change iof iTmin iin i(0c)
 RCP8.5(2021-2050)	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	0.73996303705255162	0.25688709968192924	0.82451989247311996	0.27199999999998598	0.84094139784946265	0.76184126984128098	0.26704301075268699	0.43586021505375	0.55144444444444196	0.25498554820329211	0.65475444444444397	0.7835296388199593	RCP8.5(2051-2080)	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	0.80696303705255101	1.2673870996819288	0.4375198924731194	1.5239822222222199	1.2434575962539007	1.65	0.31295698924731319	0.78463602150537604	0.83655555555556005	0.60778554820329234	1.2496744444444436	1.1465684872417432	Month
Change of Tmin in (0c)
Calibration (1990-2001) & Validation(2002-2008)
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