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ABSTRACT 

This istudy ihas ibeen iconducted ion iassessment iof iirrigation iwater iutilization ifor iChahar iAsyab 

idistrict, iwhich iis ilocated iin ithe idownstream iof iMaidan iriver ibasin iin iKabul iprovince, 

iAfghanistan. i 

Water iresources iof ithe iChahar iAsyab, ia isemi-arid idistrict iof iKabul, iAfghanistan, iare iextremely 

iscarce iand ilimited. iIt iis ihighly iimperative ithat ithese iresources ibe iused imost icarefully ito iensure 

isustainable iagriculture idevelopment iand iproductivity. iThis, ineed ito iin iturn, irequires 

iknowledge iof iirrigation iwater irequirements i(IWR) iin ithe iclimatic izone(s) iof ithe iChahar iAsyab. 

iLack iof ithis iinformation ioften iresults iin ifarmers iover ior iunder iirrigating itheir ifields iwith ia 

iconsequent iloss iin iyields iand iproduction. iVarious iagencies iin ithe icountry iof idetermined iIWR 

ivalues ifor ithe idifferent ibasin; ihowever, ifor iChahar iAsyab idistrict ior iMaidan iriver ibasin, ithe 

iwater irequirements iof ivarious ipopular icrops ihave inot ibeen iestimated. 

An iirrigation imanagement imodel, isimulated ithe icomplicated ion-farm i"crop, isoil, iand iclimate" 

iphenomena, iwill ifacilitate ithe iestimation ifor icrop ievapotranspiration, iirrigation ischedule, iand 

iagricultural iwater irequirements iwith idifferent icropping ipatterns ifor iirrigation iplanning. 

Although ithe iCROPWAT imodel iis iused ito iestimate iirrigation iwater irequirements ifor imany 

icountries, iit iis inot iused ifor ithe iChahar iAsyab idistrict. iThe imeteorological idata ifrom ithe iKabul 

iairport istation iof iKabul iprovince iin iAfghanistan iwere icollected iand ianalyzed, ithen iinput iwas 

iprepared ifor ithe iCROPWAT iirrigation imanagement imodel ithat iwas ideveloped iby ithe iFood 

iAgricultural iOrganization i(FAO). i 

Based ion ithe iliterature ireview, iit iis ifound ithat iit iis ithe ifirst iattempt ito imodel iexisting iavailable 

imeteorological idata ifor iestimating ithe iwater irequirement ifor iirrigation ifor ithe imost icommonly 

igrown icrops i(winter iwheat, ispring iwheat, ibarley, imaize, ipotato, ionion, itomato, igrapes, iclover, 

iand ialfalfa) iand icomparing ithe iresults iwith ithe ifarmers' iirrigation ipractices. iThe iresults iof ithe 

iCROPWAT imodel ishow ithat ithe iannual ireference ievapotranspiration iand ieffective irainfall iin 

iChahar iAsyab idistrict i1430 imm, iand i273.5 imm, irespectively. iAlso, ithe iirrigation irequirement 

iestimated ito ibe i(406.7, i673.2, i669.5, i734.8, i111.5, i863.5, i929.7, i339.7, i571.3, iand i681.9) 

imm/year ifor iwinter iwheat, ispring iwheat, ibarley, imaize, ipotato, ionion, itomato, igrapes, iclover, 

iand ialfalfa, irespectively. iOn ithe iother ihand, iresults ifrom iCROPWAT imodel ishow ithat ithe itotal 

iannual iirrigation i irequirements ifor iactual iarea iof ithe icropping ipatterns iare i5983.2 imm i(27.15 

iMCM/year), iand ithe ipeak iirrigation irequirements ioccurred iduring ithe imonths iof iJune, iJuly, 

iand iAugust iwhich iare iabout i1359, i1661, iand i1274 imm irespectively. 

Results iobtained ifrom iCROPWAT imodel ishow ithat ithe iannual iactual icrop iwater iuse i(ETc), 

igross iirrigation i(Gr. iIrr.), inet iirrigation i(Net iIrr.), iand iactual iirrigation irequirement i(A. iIrr. 

iReq.) iare i6922, i7722, i5405, iand i5872 imm, irespectively. iAlso, ithe imoist ideficit iat iharvest 
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iestimated ito ibe i458 imm itotally ifor iall icrops iat ia idifferent itime. iOn ithe iother ihand, ithe itotal iflow 

ifor iall icrops iis i78.5 il/s/ha. 

Based ion ithe iresults iof iirrigation iwater irequirements ifrom iCROPWAT imodel, iand iavailable 

iwater ifor iirrigation ifrom iobserved idischarge iin ithe ihydrological istation, iit iwas irevealed ithat 

i40.25 im3/sec iof iwater iwas imore iin ithe iChahar iAsyab idistrict iduring ithe iperiod i(2017-2018). 

iBut iaccording ito ithe iirrigation irequirement ifor iactual iarea iestimated i9.55 im3/sec, iwhen 

icompared iwith iirrigation iwater iavailable ifor i12 imonths, iit iwas iobserved ithat ithe ifirst i5 imonths 

i(January, iFebruary, iMarch, iApril, iand iMay), iand i3 imonths i(October, iNovember, iand 

iDecember) iend iof ithe iyear ireceived iexcess iwater, ibut i4 imonths i(June, iJuly, iAugust, iand 

iSeptember) iin ithe imiddle iof ithe iyear iwere iunder ideficient iwater icondition. 

The istudy ishows ithat ithe iirrigation imanagement imodel i(CROPWAT) ican ieffectively iand 

iefficiently iestimate ithe iirrigation iwater irequirements. iYet, iit istill ineeds ifurther istudy ito ifit ithe 

imodel ito ithe icomplicated isituation iof icropping ipatterns, ifor iupgrading ithe iability iof iirrigation 

imanagement iof iirrigation iassociation iin iAfghanistan. 
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CHAPTER I-1 

INTRODUCTION 

 

1.1. Background i 

1.1.1. Location iof iAfghanistan 

Afghanistan iis ia idry, imountainous iand ilandlocked icountry ilocated iwithin iSouth iAsia. 

iAfghanistan iis ibordered iin ithe isouth iand ieast iby iPakistan, iby iIran iin ithe iwest, iby iTurkmenistan 

iTajikistan iand iUzbekistan iin ithe inorth iand iby iChina iin ithe ifar inortheast. iThe itotal iarea icovers 

i652000 ikm2
 iand imost iof ithe iarea iis icovered iby ithe ihigh imountain irange iof ithe iHindu iKush, 

iwhich iexperiences ivery icold iweather iwith isnow iin ithe iwinters. iThe inorth iof ithe icountry 

iconsists iof ifertile iplains iwere ivery icold iin ithe iwinter, iwhilst ithe isouth-west ipart iis iconsisting iof 

ideserts, iwhich iis ivery ihot iin ithe isummers. 

1.1.2. Climate, iAgriculture, iand iIrrigation iof iAfghanistan 

Afghanistan ihas ian iarid, iand isemi-arid iclimate. iLiterally, iit ihas ithousands iof imicroclimates, 

iwhere ifrequently iconditions ichange ifrom ione ivalley ito ianother, iwithin ia ifairly ishort idistance. 

iAfghanistan ihas ia isloppy, ihigh ialtitude ihill ias iwell ias iflat iplains iin iother iregions iof ithe icountry. 

iThe ichange iin ialtitude iproduce ia iclimate iwith itemperate iand isemi-tropical icharacteristics, iwide 

ispreading itemperatures ivariations iare iusual ifrom iseason ito iseason iand ifrom iday ito inight. 

iSummer itemperatures iare ihigh iwith ihigh ievaporation irate iand iwinter iis icold iwith ithe ifreezing 

icondition. iAfghanistan iis ian iarid icountry, iwith imore ithan ihalf iof ithe iarea ireceiving i100 ito i300 

imm iprecipitation iper iyear, iwhich imostly ioccurs iin ithe iwinter iseason iwith ino iagricultural 

iactivities. 

The itotal icultivable iarea iof iAfghanistan iis iabout i8 imillion ihectares i[FAO, i2001], iwhich iis i12% 

iof ithe itotal iarea. iA iland iuse isurvey iwas iconducted ion ithe i1990s iand ireported ithat iabout i3.2 

imillion iha iwas iirrigated iand iother ilands iremain ibare i[FAO iand iICARDA i2008]. iAs 

iAfghanistan iis ilocated iin ithe iarid iand isemi-arid iregion, iagriculture irelies iheavily ion iirrigation. 

iAs ithe imajority iof ithe ipopulation iis ismall-scale ifarmers, ithey ihave ito iirrigate itheir ifields ito 

iproduce icrops. iHowever, ithe iirrigation iallocation imethod ihas ia isystematic iproblem. 

iAfghanistan’s icurrent imethod ifor iwater idistribution iis ia itraditional iirrigation ipractice iwhich 

ihas ibeen iset isince iover i300 iyears iago, iand ithe iamount iof iwater iis idetermined iaccording ito iland 

isize. iEach ifarmer ican iirrigate itheir iland iin ilimited ihours iby iway iof ia icirculation ischedule 

ibetween ithe iwater iusers, ibut ithe icrop itypes iand ivariation iof iwater iregime iare inot iconsidered. iIn 

itraditional iallocation isystem, iMirab i(water imaster), iwho iis iselected iby iwater iusers, ihas ithe 

iresponsibility ito icontrol iirrigation ihours iaccording ito itheir iland isize. iTherefore, iwhen iMirab 

ireleases iwater ifrom ithe imain icanal ito isecondary icanals, ithe iupstream icommand iarea ireceives 
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imuch iwater ithan inecessary ibecause iit idoesn’t ibe iconsidered ithe iactual icrop iwater irequirement, 

iIn ithis icase, ienough iirrigation iwater icouldn’t ireach ito idownstream iarea, iparticularly iduring 

isummer, iand ithus icrops icannot icomplete itheir ivegetation igrowth ibecause iof ia ideficit iof 

iirrigation iwater. iCanal iwater idecreases iduring isummer ibut ithe iamount iof iirrigation ifor ithe 

iupstream iarea idoesn’t ivary iso imuch. iHence, isome iparts iof iarable ilands iin idownstream iare ileft 

iwithout icultivation. i 

The iavailable iwater ito ithe iirrigation isystem, imostly inot iequal ito ithe iavailable iwater ifor 

iirrigation, iit iconsists iof itotal iwater irequirement ifor iall iirrigation iareas iin iaddition iwater iloss 

iduring iconveyance iand idivision iof iirrigation iwater. 

When ithe iavailable iwater ifor iirrigation iexceeds ithe icrop iwater irequirement, iplants imay iget 

imore iwater, iwhich ihas ia inegative ieffect ion itheir igrowth. iOr, ion ithe iother, icostly iwater imay ibe 

iwasted iand inot ivisible iinto ithe idrainage isystem. iWhen ithe iavailable iwater ifor iirrigation iis iless 

ithan ithe icrop iwater irequirement, ithe iirrigation ifield imay isuffer ifrom ia ideficit iof iirrigation 

i(drought) iand iplant iproduction iwill idecline. 

1.1.3. Water iResources iof iAfghanistan i 

Afghanistan iis istill irich iin iwater iresources imainly idue ito ithe iavailability iof ithe ihigh imountains 

iseries ilike iHindukush, iPamir, iand iBaba iwhich iare imostly icovered iby isnow. iThe iHindukush 

imountain iseries iat iheight iof iabove i2000 im iare ithe iorigin iof iover i80 ipercent iof icountry’s irivers 

iwhich iworked ias inatural istorage iof iwater iform iof isnow iduring iwinter iand ithus isupport 

ipermanent iflow iin iall irivers iby imelting isnow iduring isummer. iTotal iannual iwater icapacity iof 

iAfghanistan iis i75 ibillion icubic imeters. 

Table i1.1: iEstimated isurface iand iground iwater iresources iof iAfghanistan i(From iMoEW iof 

iAfghanistan, iand iWikipedia). 

 

 

Type iof iWater 

 iResource 

Total 

iRunoff 

 i(B. iCum) 

Present iSituation 

Used i(B.cum) 

Un-used 

  Total Agriculture Livestock 
Water 

iSupply 

Surface iwater 57 20 19.78 0.1 0.14 37 

Ground iwater 18 3 2.78 - 0.21 15 

Total 75 23 22.57 0.1 0.35 52 
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Figure i1.1: iBasin iand iwatershed iof iAfghanistan 

Afghanistan iis inot iindependence ifor iits iwater idue ito ilandlocked iand ishares iof ifour iout iof ifive 

irivers iwith ithe ineighboring icountries. iThe ifour imajor irivers iorigin istarts iin iAfghanistan iby 

imelting isnow iat ielevation iof iabove i2000 im, ifrom ithe iHindu iKush imountain, i(constitutes ithe 

ivolume iof iAfghanistan iwater iresource iand ikey iimportance ito ithe icountry ias ia inatural iwater 

istorage) ithen iflow iinto ithe ineighboring icountries, iwhilst ivery ismall iportion ionly ione ithird iof 

ithis ihuge iwater ibeing iused iin iAfghanistan. i 

Afghanistan iwater iflow iis idivided iinto ifive iriver ibasins i(Figure i1.1): 

(i) The iAmu iDarya iriver ibasin, 

(ii) The iHelmand iriver ibasin, 

(iii) The iKabul iriver ibasin, 

(iv) The iHarirod iriver ibasin, iand 

(v) The iNorthern iriver ibasin. 
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1.1.3.1. Amu iDarya iRiver iBasin 

The iAmu iDarya iriver ibasin igets iorigin ifrom iHigh iMountain iof iWakhan icorridor ilocated iin ithe 

inortheast iof ithe icountry iwhere ithat iarea iis ialso icalled ias iPamir iRiver. iIt iflows itoward ithe iwest 

iand iforming imost iof ithe iborder iwith iUnion iof iSoviet iSocialist iRepublics i(USSR). iMany ilarge 

itributaries iof iAmu iDarya ienter ifrom ithe inorth iside, iwhere iKokcha iand iKunduz iRivers iare 

imajor itributaries ifrom iAfghanistan. iAlso iduring imonsoon iseason ithe ihuge iflood, ithe iShirin 

iTagao, iSarepul, iBalkh, iand iKholem iRivers iare imay ialso iadd ias itributaries ito ithe iflow iof ithe 

iAmu iDarya. iFinally, ithe iAmu iDarya iempties iinto ithe iAral iSea. i i i i 

1.1.3.2. Kabul iRiver iBasin 

The iKabul iRiver iBasin iflows ieastward ifrom ithe ineighborhood iof iKabul icity iand ithen igoes iinto 

ito iPakistan iwhere ifinally ienters ito iIndus iRiver. iThe imajor itributary iof iKabul iRiver iis: iPanjshir 

iRiver ithat ienters inear ito iSarobi ito iKabul iRiver, ifrom ithe isouth iis iLogar iRiver. iKunar iRiver iis 

ithe imajor itributary iwhich igets istart ifrom ithe imountains iof iPakistan iand ienters ito iKabul inear 

iJalalabad. iThe ilast itributary iis iLaghman iRiver ienters iin iKabul inear iLaghman icity. i 

1.1.3.3. Helmand iRiver iBasin 

The iHelmand iRiver iBasin igets istart ijust inear iKabul icity imainly ifrom isouthern islopes iof ithe 

iHindu iKush iMountain. iIt iflows itoward ithe isouthwest iof ithe icountry iuntil iit icomes ito ian iend iin 

ithe iHuman iSistan iBasin ion ithe iIranian iborder iwhere iit iis ilost idue ito ievaporation. iThe imajor 

itributary ito iHelmand iis ithe iArghandab iRiver ithat idrains imost iof ithe iplaces iin isoutheastern 

iAfghanistan. iTirin iRiver iis ifrom ithe ieast. iMusa iQala, iKaj, iand iPanjao iare ithe itributaries ifrom 

ithe iwest. iMost ithe imentioned iflows ioriginate ifrom isnow imelting iin ithe ihigh iregain iof ithe 

imountain iand imost iof ithe itributaries ihave ipermanent iflow iduring ithe iyear iexpect iMusa iQala 

iand iKaj irivers. 

1.1.3.4. Harirod iRiver iBasin 

The iHari irod iRiver iBasin ioriginates ifrom ihigh icentral iPlateau iand istarts iflows itoward ithe iwest 

iof ithe icountry iforward ito ithe iIran iborder iwhere ithe idirection iof iits ichange itoward ithe inorth ito 

iform ia iborder iamong iAfghanistan iand iIran. iThe ionly imajor itributary iof iHarirod iRiver iis 

iKowgon iRiver iwhere ifor ilong idistance, iit itravels iparallel ito iHari iRiver iand ifinally ijoining inear 

iMarwa. iIn ithe inorth, iit iforms ithe iborder iwith iIran iand iat ithe iend idisappears iin ithe idesert iwastes 

iof iTurkmen i 

1.1.3.5. Northern iRiver iBasin i 

The iNorthern iRiver iBasin iis iconsisting iof iMurghab iin ithe inorthwest. iIts itributary iis iKushka iand 

ijoined ithe iMorghab iRiver iin iTurkmenistan. iThe iAdraskand iand iFarah iRivers iare itributaries 

ifrom ithe iwest iand iflows iparallel ito ieach iother iand ifinally ienters ito iHuman iSistan iBasin. 
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CHAPTER I-2 

LITERATURE IREVIEW 

 

This ichapter iconcentrates ion irelevant iliterature ireviewed ion ithe iestimation iof icrop iwater 

irequirement, iirrigation iwater irequirement, iirrigation ischeduling, iand ischeme iwater 

irequirement, iCROPWAT ialong iwith iGIS imapping imodel, iand ialso iassessment iof iirrigation 

iwater irequirement ibased ion iavailable idischarge iin ithe iriver i(available iwater ifor iirrigation iin ithe 

istudy iarea). i 

Inam iet ial. i(1998) iassessed ithe icrop iwater irequirement iand iirrigation iwater isupply iat iPabbi 

iminor iof iWarsak igravity icanal iand ithe iresearch istudy iwas iconducted ion iirrigation iwater isupply 

iand idemand iat iPabbi iminor iof iWarsak igravity icanal. 

Kuo iet ial. i(2001) ievaluated ithe icrop iwater irequirements iusing iCROPWAT imodel ito iestimate 

ithe icrop ievapotranspiration, iirrigation ischedule, iand iagricultural iwater irequirements iwith 

idifferent icropping ipatterns ifor iirrigation iplanning iin iChiaNan iirrigation iassociation iin iTaiwan. 

i 

Rees iet ial. i(2003) iassessed ithe ioptimum ior ireasonable iirrigation ineeds iof ia iwide irange iof 

ioutdoor icrops. iThe iresearch iunder ithe ioptimum iuse iof iwater ifor iagriculture istudy i(W6-056) 

iprovided ithe ienvironment iagency iwith ia iprocedure. iHowever, ithe iprocedure iwas ilimited iin 

iterms iof iits iapplicability ito iother iagricultural isectors, iincluding iirrigated iglasshouse 

iproduction, iornamentals iand inurseries, iturf iproduction iand ifrost iprotection. iThe iprocedure iwas 

ialso inot isuitable ifor iassessing ithe iirrigation ineeds iof inon-agricultural iabstractions, isuch ias igolf 

icourses iand iracecourses. 

Comejo i(2003) iestimated ithe iirrigation ipotential iof ithe iTrasvase isystem iin ithe iSanta iElena 

iPeninsula, iGuayas, iEcuador. iAvailable igeographic, iclimatic, iand isoils iand iland iuse idata iwere 

isummarized ifor ithe iSanta iElena iPeninsula iusing ia iGeographic iInformation iSystem. iThe itotal 

iarea ithat ican ibe iirrigated iwas icalculated ibased ion ithe ievapotranspiration iconcept iused iby 

iCROPWAT isoftware ifrom iUN/FAO. 

Asadi iet ial. i(2007) istudied ion ioptimum iutilization iof iwater iresource ifor ieffective iirrigation 

imanagement iusing iremote isensing iand iGIS, ito istudy ithe iexisting icropping ipatterns iand iwater 

iresources iavailability iin ithe idrought-prone iarea iof iNarsapuram iwatershed iof iAnantapur idistrict 

iin iIndia. iThe icrop iwater irequirements i(CWR) ifor ieach iof ithe iexisting icropping ipattern iis 

iestimated iusing ithe imodified iPenman imethod iand iinformation ion iexisting iwater iresources iis 

iobtained ifrom ithe ilocal igovernment iorganizations. iVarious ithematic imaps, iprepared ifrom iIRS-

1C-LISS-III isatellite iimagery iand iSOI itopo-sheet, iwere iintegrated ito iprepare ia icomposite imap 

ishowing ithe istatus iof igroundwater idevelopment iand ito iidentify isites ifor iconstruction iof 

iartificial irecharge istructures. iIt iis irecommended ithat igroundwater ipotential ibe iimproved 

ithrough ithis iartificial irecharging iof iwater ito ithe iaquifers iso ithat iit ican imeet ithe irequirement iof 

iwater ifor iexisting icropping ipatterns. i 
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Rabanizada iet ial. i(2008) ievaluated ia itraditional iwater iallocation imethod iof iAfghanistan iand ito 

ifind iways ito ioptimize ithe iuse iof iwater iin ithe icommand iarea ilevel, iestimation iof iirrigation iwater 

irequirement iin iZohrabi iCanal iCommand iArea iKhulm iWatershed, iAfghanistan. 

Knox iet ial. i(2008) iassessed ithe ioptimum ior ireasonable iirrigation ineeds iof ia inumber iof 

iadditional iagricultural iand inon-agricultural isectors idependent ion idirect iabstraction iand ito 

iprovide iguidelines ito ihelp ithe ienvironment iagency iassess iand iset iabstraction ilicenses ifor 

iirrigation ithe istudy ireviewed iand icombined iinformation ifrom idesk-based iresearch, iindustry 

isurveys, iwater iaudits, iand icomputer imodeling. 

Ahmad iet ial. i(2013) istudied ifor iefficient imanagement iof iirrigation inetworks iand ioptimum 

iutilization iof iirrigation ischemes ifor ithe isustainable iagriculture, ithe iapplication iof icutting-edge 

itechnologies isuch ias ispace itechnology iand igeographical iinformation isystem i(GIS) iare ivery 

imuch iessential. iGeospatial itechniques iwere iapplied ifor iselecting ioptimal imulti-purpose iriver 

iprojects iand imaximizing iirrigation ipotential ifor ian iimproved imethod iof isite iselection iand 

ibetter iplanning iof iwater isupply ischemes. 

Chowdhury iet ial. i(2013) istudied ithe iimplications iof iclimate ichange ion icrop iwater 

irequirements i(CWRs) ifrom i2011 ito i2050 iin iAl-Jouf, iSaudi iArabia. iCWR iwere ipredicted ifor 

ifour iscenarios: i(i) icurrent itemperature iand irainfall i(S1); i(ii) itemperature iin i2050 iand icurrent 

istate iof irainfall i(S2); i(iii) irainfall iin i2050 iand icurrent istate iof itemperature i(S3) iand i(iv) 

itemperature iand irainfall iin i2050 i(S4). 

Kumbhar iet ial. i(2014) iassessment iof ithe iirrigation iand iagriculture ipotential ifor iUjjani iRight 

iBank iCanal i(URBC) iof iBhima iirrigation iproject iusing iGeospatial iTechniques. iThe istudy 

iconcluded ithat ithe ihighest iagricultural ipotential ilays iin ithe inorth-central isection, iwhich iis imost 

iintensively iirrigated, ihas ithe ilowest iaridity iindex iscore, icharacterized iby ivery ilow islope iand 

ishallow, iclayey isoil. 

Rasooli iet ial. i(2015) iassessment iof ipotential idam isites iin ithe iKabul iRiver iBasin i(KRB) iused 

iArcGIS itools ifor iKRB ito ipresent ithe ihydrology ior idrainage inetwork, iirrigation, ipopulation, 

iclimate iand isurface ipattern iother inecessary ifeatures iof ithe ibasin iin iorder ito iinvest iand 

iimplement iinfrastructure iprojects. iHe iused iDigital iElevation iModel i(DEM) iand iGIS itools ito 

iextracted iwatershed iproperties iwhich iinvolve: iarea, islope ilength, istream iwork idensity, 

idelineating istream iand iwatersheds, ietc. iwhile iusually, ithis iwas i(and istill iis) ibeing idone 

imanually iby iusing itopographic/contour imaps. iThe ihandling iof iDEM ito idelineate iwatersheds iis 

ireferred ito ias iterrain ipre-processing. iMeanwhile, iit icreated ithe inecessary ithematic imaps, ibase 

imaps iand iother idetailed imaps ifor iillustrating ibasin icharacteristics iand ifeatures iGIS ibased. i 

Nithya iet ial. i(2016) istudied ithe icrop iwater irequirement iof iTarikere icommand iarea iusing 

iCROPWAT. iThe icrops iinclude iareca inut, icoconut, iand icotton, ibanana ifor itwo iseasons, isweet 

ipepper, ionion, ipotato, irice, ipulses, imango, iand icotton, isugarcane, iand imillet i(ragi). iCrop iwater 

irequirement ifor ieach icrop iwas idetermined iby iusing i30-year iclimatic idata iin iCROPWAT. 

iReference icrop ievapotranspiration i(ET0) iwas idetermined iusing ithe iFAO iPenman-Monteith 

https://www.sciencedirect.com/topics/engineering/climate-change
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imethod. iFor iall ithe icrops iconsidered, ithree idecades: idecades iI, iII, iand iIII iand iseven icrop 

igrowth istages: inursery, inursery/land ipreparation, iland ipreparation, iinitial istage, idevelopment 

istage, imid-season, iand ilate iseason istage iwere iconsidered. 

Shams iet ial. i(2016) istudied ieffective iutilization iof iirrigation iwater iin iAfghanistan. iThe ioverall 

iobjectives iof ithis iresearch iis ithe ishortage iof iwater ican ibe idetermined ias ithe ilosses iof 

iagricultural iyield ivia iseveral iactivities, isuch ias ihigh ion-farm idistribution ilosses, ihigh irunoff 

ihigh ievapotranspiration irate, ipoorly iland ileveled, iover iirrigation, ideep iinfiltration, ilow 

iknowledge iof ifarmers iabout icrop iwater irequirement i(CWR), iand ilack iof iagrometeorological 

idata. 

2.1. Research iGaps 

 i i iBased ion ithe iabove ireview iof ithe iliterature ithe ifollowing iresearch igaps iare ifound. 

(i) Study ibased ion ithe iCROPWAT imodel, iArcGIS isoftware ihas inot ibeen icarried iout ifor 

iChahar iAsyab idistrict iof iKabul iAfghanistan. 

(ii) The igeneral igaps iare ia ishortage iof iwater ithrough iwater ilosses isuch ias ihigh 

ievapotranspiration irate, ihigh ion-farm idistribution ilosses, ihigh irun-off, iover 

iirrigation, ipoorly ileveled iland, iand ideep ipercolation, ilow iknowledge iof ifarmers 

iabout icrop iwater irequirement, iand ilack iof iagrometeorological idata. 

(iii) There iis ia ineed ito idevelop ifurther imethods ifor iestablishing icrop iirrigation 

irequirements iwhich iare iaccurate iin iorder ito ienable ithe ioptimal iuse iof iwater 

iresources iin ifuture iwater iplanning iprocesses. 

(iv) The ilack iof iequipment ifor icollecting idata, ilike iclimate idata, iin ithe iarea, irequired idata 

icannot icollect ifor iassessment iand ianalysis. 

(v) Due ito ilack iof iexpert, iAfghanistan ifacing iproblem ito iimprove ithe iirrigation isystem, 

ias iwell. 

2.2. Objectives iof ithe iStudy i 

(i) Generation iof ivarious ithematic imaps iusing iArcGIS i& iRS ifor iChahar iAsyab idistrict. 

(ii) Estimation iof iCrop iWater iRequirements i(CWR) iand iIrrigation iWater iRequirement 

i(IWR) iusing iCROPWAT i8.0 imodel ifor iChahar iAsyab idistrict. 

(iii) Development iof iIrrigation iSchedule ifor idifferent imanagement iconditions iand 

icalculation iof iScheme iWater iRequirement ifor ivarying icrop ipatterns iusing 

iCROPWAT i8.0 imodel ifor iChahar iAsyab idistrict. 

(iv) Assessment iof ithe iIrrigation iWater iAvailability ifor iChahar iAsyab idistrict. 
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CHAPTER I-3 

STUDY IAREA 

 

3.1. General 

The istudy iarea iis iChahar iAsyab idistrict iwith i257 ikm2
 ione iof ithe iKabul idistricts, ilocated i34° i24' 

i35'' iN ilatitude iand i69° i10' i00'' iE ilongitude iin isouth ipart iabout i20 ikm ifar ifrom iKabul icity i(Figure 

i2.1). iChahar iAsyab idistrict isurrounded iin ithe inorth iby iKabul icity, iin ithe inorth-west iby 

iPaghman idistrict, iin ithe iwest iby iMusayi iand iBagram idistrict, iin ithe isouth iby iLogar iprovince. i 

 Figure i3.1: iLocation iof ithe iStudy iArea. 

The idistrict ihas i85 ivillages iand iaround i55,000 ipeople ipopulation. iChahar iAsyab idistrict ihas 

ifour iseasons iof ithe idry iclimate, iand iannual irainfall ilevels iin ithe imonth iof iMarch iand iApril i300 

imm. iIn iwinter iseason ithe itemperature iis ibetween i-15 iand i-20 i°C, iwhile iin ithe isummer iseason iit 

ireaches ibetween i+15 iand i+ i38 i°C. iThe imonth iof iDecember ithe icoldest imonth iwith ian iaverage 

itemperature iof i-12 i°C, iand ialso iJuly ithe iwarmest imonth iof iduring ithe iyear, iwith iaverage 

itemperature ireaching i35 i°C. iThe ispring iseason ibegins ifrom ithe imonth iof iMarch iand icontinues 

iuntil ithe imonth iof iJune. 
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Chahar iAsyab idistrict icomposed ifrom i7,187 ihouseholder iand iall ihouseholders ihave iagriculture 

iand ilivestock ioccupation iand ialso ieach ihousehold iowns iof iland iranges ifrom i2-35 ijeribs i(1 ijerib 

i= i1/5 ihectare) iand iminimum ione icow, ia icalf, ichickens iand isometimes ia ifew igoats ior isheep. 

iWith ieach igeneration, ilands iare idecreasing iin isize ibecause iit's idivided iup iamong isons. iFor 

iagriculture iand ilivestock ithey iare iusing isurface iwater, irainwater. iAgriculture iis ithe imain 

isource iof iincome. i 

Table i3.1: iMain icrops iwith iirrigated iarea ifrom iChahar iAsyab idistrict i(From iNAIS/ASAP 

i2008, iUSAID-Afghanistan, iand iMAIL) 

 i 

Figure i3.2: iCrops ipercentage iin iChahar iAsyab idistrict. 

No. Main iCrops Hectares 

1 Winter iWheat 1,500 

2 Spring iWheat 500 

3 Barley 500 

4 Maize i(Corn) 550 

5 Potato 750 

6 Onion 500 

7 Tomato 400 

8 Table igrapes 150 

9 Clover 100 

10 Alfalfa 50 

Total 5,000 

61%

33%

3% 3%

Grians Vegetables Fruits Animal fodder & Industrial
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Figure i3.3: iViews iof iirrigation ilands iin iChahar iAsyab idistrict 

3.2. Available iWater ifor iIrrigation 

In ithe iarid iand isemi-arid iregions iof ithe iworld, ifor iexample, iAfghanistan, iwith itheir 

icharacteristic ilow irainfall, iwhere iagriculture iis imainly idependent ion iirrigation. iThe imajor 

isource iof iirrigation iwater iin ithese iareas iis irivers. iThese irivers ihave iextensive icatchments iwhich 

icontribute irunoff ifrom irainfall iand/or isnow-melt. iIf inecessary, ia ipart iof ithe iwater isupply ifor 

iirrigation iis ifrom igroundwater. 

The iMaidan iRiver iis ione iimportant iriver ienters ithe iChahar iAsyab idistrict iand ihave ito ibe itaken 

iinto iaccount iin ithe iwater ibalance. iThe iriver idischarges istart iincreasing iin iOctober. iThe ifirst 

irain iand isnow ionly iappear iin iNovember iand iDecember iin ithe iKabul iPlain. iThe irise iin ithe iriver 

idischarges ifor ithis iperiod icould ibe iexplained iby ithe ifact ithat ithe iriver imay ibe ifed iby iother imore 

iimportant irain ievents iin iupper izones iof ithe icatchment ibasin. i 

The ihighest iwater iflows ioccur ibetween iMarch iand iMay, iwhich iare ialso ithe imonths iwith ithe 

imost iimportant irainfall. iIt iis ialso ia ipossible iperiod ifor ithe ibeginning iof isnow-melt ias ithe 

imonthly imean itemperature irises irapidly ifrom iFebruary. iThe idischarges istart ito idecrease iin 

iApril ior iMay iand iremain isignificant iuntil iJune ior iJuly iin ithe iMaidan iRiver. 

The iupper icatchment ibasin iof ithe iMaidan iriver iis ia ismall ibasin iwith ihigh ielevated imountains 

i(parts iof ithe iPaghman irange) iwhere ithe iriver imainly iflows ithrough inarrow igorges ibefore 

ireaching ithe imain ipart iof ithe ivalley iin ithe iDarulaman iBasin. iThis icould iexplain ithe ifact ithat iif 

irain ioccurs iin iOctober iit imay ibe idirectly istored ias isnow icover ithat imelts iin ispring iand irapidly 

ibut icontinuously ifeeds ithe iMaidan iRiver iwhose idischarge idiminishes islowly iuntil iJuly. 
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Table i3.2: iThe ipossible ihydrological iyear iand ivalues iused ifor isimulations iproposed ia 

ihydrological iyear i(From ihydrology iof ithe iKabul iRiver ibasin ipart iIII: iModeling iapproach 

iconceptual iand inumerical igroundwater imodels). 

The idischarge iof ithe iMaidan iRiver iis imonitored iat ithe iTangi iSaidan ihydrological igauging 

istation isituated ibefore ithe iconfluence iwith ithe iPaghman iRiver. iThe idrainage iarea iabove ithe 

istation iis iestimated ito ibe iabout i1625 ikm². iThe iannual imean idischarge ifor ithe iperiod iOctober 

i2008 ito iSeptember i2017 ivaried ibetween i2.47 ito i5.67 im3/sec. iMinimum imonthly imean 

idischarges iunder i1 im3/sec iwere iobserved iduring isix imonths iof ithe iyear iin i2015, i4 imonths iin 

i2016 iand isix imonths iin i2017. iThe iminimum idaily idischarge iobserved iwas i0.05 im3/sec ifor i11 

idays iin iJuly i2016. iIn ithe iIntegrated iWater iResources iManagement iin iKabul iRiver iBasin, ithe 

iriver ibasin iis idivided iinto ihydrological iunits ibased ion ithe ilocation iof ithe ikey ihydrological 

istation. 

 iIn ithe ipresent istudy, ithe ihydrological iunit iwould ibe iutilized ias ia ibase iunit ito ifind ithe iriver 

idischarge iin iupstream iof ithe istudy iarea. 

In igeneral, ithe iobserved idischarge idata iat ithe ihydrological istation iis idisturbed iby ihuman 

iimpacts isuch ias iintake iand iuse iof ithe iwater iin ithe icatchment. iIn ithis isection, ithe icharacteristics 

iof ithe idisturbed idischarge i(observed idischarge) iare isummarized. i 

Based ion ithe icompleted imonthly idischarge idata ifor i2008-2017 ithe iaverage idischarge iin ithe 

iTangi iSaidan ihydrological istation iis icalculated iand ishown iin i(Table i3.3), itogether iwith ithe 

iaverage iprecipitation iin ithe iupstream icatchment iarea, ispecific idischarge, iand irunoff irate. iThe 

idepth iof irunoff iis, iin igeneral, iless ithan i80mm iin ithe iupper iKabul iriver ibasin. i 

 

Month Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov 

Eff. irainfall 

ioccurrence 
            

Snowfall 

ioccurrence 
            

Snowmelt 

ioccurrence 
            

Operation-

Irrigation i 
            

High- i i 

igroundwater 
            

Low- 

groundwater 
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Table i3.3: iTangi iSaidan ihydrometric istation iin iKabul iRiver ibasin i(From iibid. i(*Existing 

icondition i(2015) ibased ion iIntegrated iWater iResources iManagement iin iKabul iRiver iBasin, 

i2015, iVol. i1, iSec. i2). i(**based ion iWORLDCLIM idata; i***Integrated iWater iResources 

iManagement iin iKabul iRiver iBasin, iVol.3. iAnd ifrom iAfghanistan, iemergency iirrigation 

irehabilitation iproject, iTechnical iannex, i2016. iType: iA=Automatic; i**** iKabul iriver ivalley 

idevelopment iproject; i*****JICA istudy iteam). 

 

3.2.1. Monthly iMean iWater iDischarge 

This idataset iis iprepared ibased iupon i"Completed imonthly idischarge idata ifor i2008 i– i2017 iby 

ifilling ithe igap iof iobservation iusing icorrelation iamong ithe ihydrological istations, iwhich iis 

ishown iin i"Integrated iWater iResources iManagement iin iKabul iRiver iBasin, iVol.3". 

In ithe ipresent istudy, ithese icompleted imonthly idischarge idata ihave ibeen ichecked iwith ithe 

ioriginal idata iin ithe iHydrological iYear iBooks iand iwould ibe ibasically iutilized ifor ifurther 

ianalysis. iWhen ithere iare idifferences ibetween ithe ivalues iin ithe iHydrological iYear iBooks iand 

iones iprepared iby i"Integrated iWater iResources iManagement iin iKabul iRiver iBasin, iVol.3", ithe 

ivalues iin ithe iHydrological iYear iBooks iwould ibe iused. 

Hydrological iUnit ior i iHydrometric i iStation Tangi iSaidan 

River Maidan 

Type A 

Longitude i 69.28868330 iE 

Latitude i 34.40897500 iN 

Elevation i(m) 1,870 

Upstream idrainage iarea i(DA) i(km2) 1,625 

Total ipopulation* 55,000 

Average itemperature i(°C) 12 

Average iprecipitation iin iupstream iDA i(mm)** 300 

Monthly imean idischarge iin i(m3/sec) 4.15 

Annual iAverage iDischarge ivolume i(MCM)*** 130.67 

The idepth iof iRun-off i(mm) 77.5 

Run-off irate i(%) 16 

Irrigation iBypass**** Yes 

Capacity iBypass iChannel**** Estimated iaverage ibypass i( i1.56 im3/sec i) 

Data iAvailable***** i(Start iYear i- iEnd iYear) 2008 i- i2017 
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The iTangi iSaidan ihydrometric istation iis ione iof ithe imost iimportant istations ithat iare iunder istudy 

iin ithe iregion. iThis istation iis iat ia idistance iof ia ifew ikilometers iin ithe idownstream iof ithe iShatoot 

iDam iaxis. iOn icondition ithat iits idata irefers iwell ito ithe inatural iconditions iof ithe iriver. 

Figure i3.4: iMaidan iRiver iand iTangi iSaidan ihydrometric istation iin ithe iStudy iArea 
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Table i3.4: iMonthly imean iwater idischarge ifrom iTangi iSaidan ihydrometric istation iin iChahar iAsyab idistrict i(From iMoEW).

Monthly iMean iWater iDischarge i(m3/sec i) 

River ibasin Kabul Code 1-0.000 Water iyear 2008 i- i2017 

River Maidan Code 1-0.000 Elevation 1870 im iMSL 

Station Tangi i iSaidan Code 1-0.000-8 Drainage iarea 1625 iKm2 

Gage Staff/Recorder Latitude 34.40897500 iN Longitude 69.28868330 iE 

Year 

Monthly iMean iWater iDischarge i(m3/sec) Yearly isummary 

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Min Mean Max 
Run-off 

i(Mm3) 

2008 0.00 1.26 0.77 2.60 5.14 6.32 8.25 6.01 0.46 0.00 0.00 0.00 0.00 2.57 11.46 81.3 

2009 0.00 0.00 0.71 2.96 4.48 8.75 19.56 16.52 10.73 0.90 0.00 0.07 0.00 5.39 24.20 169.5 

2010 0.07 1.14 3.34 2.89 3.24 5.48 23.29 5.58 0.00 0.08 3.11 0.00 0.00 4.02 56.00 126.2 

2011 0.02 0.10 1.51 1.88 1.72 4.97 14.67 3.74 1.07 0.00 0.00 0.00 0.00 2.47 45.00 77.7 

2012 0.02 0.31 0.27 0.55 1.22 12.01 34.36 13.60 1.65 0.00 0.00 0.00 0.00 5.33 78.00 168.1 

2013 0.00 0.53 2.36 2.75 3.23 6.70 25.24 6.10 3.19 0.26 0.08 0.25 0.00 4.22 52.00 132.4 

2014 0.23 2.29 2.64 2.99 2.98 4.65 15.19 13.35 6.12 0.91 0.37 0.41 0.10 4.34 55.00 136.8 

2015 0.00 0.18 1.13 2.71 2.86 10.78 24.01 6.67 0.28 0.48 0.37 0.08 0.00 4.13 36.50 129.9 

2016 0.42 1.79 2.70 2.50 1.87 11.89 28.60 15.25 2.12 0.05 0.55 0.46 0.00 5.68 45.70 179.5 

2017 0.13 0.75 2.50 2.31 3.40 12.26 13.48 5.07 0.01 0.07 0.03 0.04 0.00 3.34 26.00 105.5 

Mean 0.09 0.84 1.79 2.41 3.01 8.38 20.67 9.19 2.56 0.28 0.45 0.13 0.00 4.15 78.0 130.67 
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CHAPTER-4 

GENERATION IOF IVARIOUS ITHEMATIC IMAPS 

 

4.1. Introduction i 

4.1.1. Thematic iMaps i(GIS iand iSpatial iAnalysis) 

A ithematic imap iis ia ivisual irepresentation iof ithe ifeatures iof ia iparticular igeographic ilocation. 

iThe ifeatures ishown ion ithe imap imay ibe ifrom ia iwide irange iof iproperties iof iinterest ito ithe 

iresearcher. iThese iinclude ia ifew igeographic ifeatures isuch ias iagricultural iinformation iand iwater 

iinformation, ias iwell ias iqualitative ifeatures isuch ias idescriptive iinformation iabout ispecific itypes 

iof iwater iresources iin ithe iregion. iData ifor iuse iin ia isubject imap imay ibe ifrom ian iexisting isource, 

isuch ias isatellite iimagery ior iofficial idata, imaybe ithe ioriginal idata icollected iby ithe iresearcher ior 

ia icombination iof iboth. i 

Recent iadvancements iin icomputer itechnology ihave ioffered imany ibenefits iin ithe ifield iof iwater 

iresources. iGeographic iInformation iSystems i(GIS) iis isuch ia itool iwith idiverse iapplications. 

The ianalysis iof ithe iperspective iof ithe idevelopment iof iremote isensing imethods ifor ithe istudy iof 

inatural iresources isuggests ithat iin iaddition ito ithe ifurther idevelopment iof imathematical imethods 

iand ithe iautomated iprocessing iof ispace iimages, ia igreat ideal iof iattention iis ipaid ito ithe 

igeographic iinformation iapproach iwith ithe iaim iof ispatial ianalysis iof iremote isensing idata iIn 

iGIS. iTo icreate ithe iintellectual iGIS, ithe iautomatic iinterpretation iof ithese idata ican ibe imodeled 

iby ienvironmental ichanges iin ithe iuse iof inatural iresources, ithe iacquisition iof iquantitative 

iestimates iof inatural iresource ichanges iand idecision imaking iusing iRS idata ias iinput iinformation. 

iIn iGIS, imore ieffective iorganization iof iRS idata iis irepresented ias ia iset iof ithematic imaps. iHence, 

ian iimmediate itask iis idevelopment iGeographic iInformation iTechnology i(GIS) iprovides ithe 

ipossibility ito icarry iout ithematic idesign imaps iusing iRS idata. i 

4.1.2. Remote iSensing iTechniques i 

Remote isensing iis ithe iattainment iof iinformation ion ian iobject ior iphenomenon iwithout imaking 

iphysical icontact iwith ithe iobject iand ithus iin icontrast ito ion-site iobservation, iespecially ithe iEarth. 

iRemote isensing iis iused iin inumerous ifields, iincluding igeography, iland isurveying, iand imost 

iEarth iScience idisciplines i(for iexample, ihydrology, iecology, imeteorology, ioceanography, 

iglaciology, igeology, ietc); iit ialso ihas imilitary, iintelligence, ieconomic, icommercial iplanning, 

iand ihumanitarian iapplications. 

Remote isensing iis ithe iscience iof iobtaining iinformation iabout iobjects ior iareas ifrom ia idistance, 

itypically ifrom iaircraft ior isatellites. iRemote isensors icollect idata iby idetecting ithe ienergy ithat iis 

ireflected ifrom iEarth. iThese isensors ican ibe ion isatellites ior imounted ion iaircraft. i 
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Classification iof isatellite iimage iinto idifferent iobjects iis imodeled ias ithe itask iof iclustering ibased 

ion ithe iintensity iof iR-G-B ivalues iof ipixels. iResults iobtained iare ipresented iand icompared iwith 

ithe iSurvey iof idata iTopo isheets. i 

Remote isensing iis ithe iprocess iof idetecting iand imonitoring ithe iphysical icharacteristics iof ian 

iarea iby imeasuring iits ireflected iand iemitted iradiation iat ia idistance ifrom ithe itargeted iarea. 

iSpecial icameras icollect iremotely isensed iimages iof ithe iEarth, iwhich ihelp iresearchers i"sense" 

ithings iabout ithe iEarth. iSome iexamples iare: i 

(i) Cameras ion isatellites iand iairplanes itake iimages iof ilarge iareas ion ithe iEarth's isurface, 

iallowing ius ito isee imuch imore ithan iwe ican istand ion ithe iground. 

(ii) Sonar isystems ion iships ican ibe iused ito icreate iimages iof ithe iocean ifloor iwithout 

ineeding ito itravel ito ithe ibottom iof ithe iocean. 

(iii) Cameras ion isatellites ican ibe iused ito imake iimages iof itemperature ichanges iin ithe 

ioceans. i 

Some ispecific iuses iof iremotely isensed iimages iof ithe iEarth iinclude: i 

(i) Large iforest ifires ican ibe imapped ifrom ispace, iallowing irangers ito isee ia imuch ilarger 

iarea ithan ifrom ithe iground. 

(ii) Tracking iclouds ito ihelp ipredict ithe iweather ior iwatch ierupting ivolcanos, iand ihelp 

iwatch ifor idust istorms. 

(iii) Tracking ithe igrowth iof ia icity iand ichanges iin ifarmland ior iforests iover iseveral iyears 

ior ieven idecades. 

(iv) Mapping ithe iocean ibottom i- iDiscovery iand imapping iof ithe irugged itopography iof ithe 

iocean ifloor i(e.g., ihuge imountain iranges, ideep icanyons, iand ithe i“magnetic istriping” 

ion ithe iocean ifloor). i 

4.1.3. Geographic iInformation iSystems i(GIS) i 

Geographic iInformation iSystem i(GIS) iis ia idigital idatabase imanagement isystem idesigned ito 

imanage ilarge ivolumes iof inon-spatial iand iespecially idistributed idata ifrom ia ivariety iof isources 

ithat iare ithen igeo-referenced iby ilatitude iand ilongitude. i 

Geographic iinformation isystem ilink iland icover idata ito itopographic idata iand itwo iother ipieces iof 

iinformation iconcerning iprocesses iand iproperties irelated ito igeography ilocation. iWhen iapplied 

ito ia ihydrological isystem, ithe iimage iinformation imay inot iinclude ia idescription iof igroundwater-

surface icoverage igroundwater iconditions iand ithe isurface ior ibelow iman-made isystems iand itheir 

icharacteristics. iTerrain idescription iis icalled iterrain imodeling. iThe idownward iflow iof isurface 

iwater icontributes ito ithe ihydrological iimportance iof iterrain imodeling. iAlthough imaps ihave 

ialways ibeen ithe imost icommon iform iof ihistorical irepresentation iof iterrain, ithe iemergence iof 
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idigital imaps iin iGIS iprovides ianother iway ito istore iand iretrieve ithis iinformation. iThe iamount iof 

idigital idata ineeded ito iactually idescribe ithe iterrain iof ieven ia ismall igeographic iarea imakes iit ia 

imemory-intensive iand icomputationally iintensive isystem. i 

The icharacteristics ithat idifferentiate idays ifrom igeneral icomputing imapping ia idrawing isystem 

iis ithe ilink ito ithe iinformation idatabase. iOnce ia idatabase iis iestablished, ithe iassociation ibetween 

idifferent ipieces iof iinformation ican ibe ieasily ichecked iby icomputer- igenerated ioverlays. iFor ithe 

ihydrological isimulation iprocess, iadditional isteps iare iusually irequired ito igenerate ihydrological 

iparameters ithat idepend ion ithe idatabase iinformation. iThis ihydrological iGIS ilink iis ian iimportant 

icomplication ibecause iit iinvolves icomplex imiracles ior iphysics-based irelationships. iThe 

igeographic iinformation isystem iprovides ia idigital irepresentation iof iwatershed icharacteristics 

iused iin ihydrological imodeling. i 

4.1.4. Advantages iof iusing iArcGIS i 

It iis iideal ifor ipreliminary isite iresearch ibecause iit ican iefficiently ianalyze iand idisplay 

iinformation ibased ion iuser-specified ispecifications. iOnce ia iGIS idatabase ihas ibeen ideveloped, iit 

ican iprovide ian iefficient iand icost-effective imethod ifor ianalyzing iattributes. iHowever, iGIS imay 

ibe ilimited idue ito ithe ilack iof iup-to-date idata iavailable. i 

Secondly, iGIS ieliminates ithe itedious iprocess iof ipaper imapping ifacilities iin imany icases ithe icost 

iof isuch imapping ialone ican ijustify ia iGIS iimplementation. iSince ithe imanual iintegration iand 

icorrelation iof ithe iinformation irelated ito ithe ifactors ito ibe iconsidered iare ivery itedious iand 

icomplex ithe ilatest icomputing iand idecision imaking itechnologies ioffered iin ithe iform iof iversatile 

iGIS imust ibe iused. iIt iis ieasy ito iintegrate ithe idata iof ivarious inatures. iRemote iSensing idata 

iproducts ican ialso ibe iused ieffectively iin iGIS. iGeo-coded isatellite iimagery ican ibe iused idirectly 

ifor ion-screen idigitization ifor ipreparation iof idifferent iclimatic imap ias iland iuse igeology, istream 

inetwork imap ietc. i 

Geographic iinformation isystem ihelps iin icreating iappropriate iin iofficial imanagement iof inatural 

iresources iand ienvironment. iRemote isensing isystems iare iused ito iobserve ithe iEarth’s isurface 

ifrom idifferent iplatforms, isuch ias isatellites iand iaircraft, iand ito icollect iand ianalyze ilarge iareas iof 

iresources iand ienvironmental iinformation. iGIS itechniques ihave ibeen iextensively iused iin 

ivarious iareas iof iwater iresources idevelopment iand imanagement isuch ias ihydrologic imodeling 

icommand iarea istudies ifloodplain imanagement iwaterlogging iand isoil isalinity istudies. i 

In iearly idays iGIS iwere imainly iused ias ihydrological imapping itools. iNowadays ithey iplay ia imore 

iimportant irole iin ihydrological imodeling istudies. iTheir iapplications iand ia iwide irange iof 

isophisticated ianalysis iand imodeling iof ispatial idata ito isimple iinventory iare imanagement itools. 

iDistributed irainfall-runoff imodeling irequires ia ilarge inumber iof iparameters ito idescribe ilocal 

iGeography isoil itype iland iuse iand ican ibe isubstantially ifacilitated iby ithe iuse iof iGIS. 
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GIS ihas iannounced ithe icapacity iof imodels iin idata imanagement iparameter iestimation iand 

ipresentation iof imodel iresults ibut iGIS icannot ireplace ihydrologic imodels iin isolving 

ihydrological iproblems. iThe iuses iof icomputer iin ithe ihydrologic ianalysis ihave ibecome iso 

iwidespread ithat iit iprovides ithe ipreliminary isource iof idata ifor idecision imaking ifor ithe ipurpose 

iof imany ihydrologic iengineers. 

4.2.  iWatershed iDelineation 

The ifirst istep iin iany ikind iof ihydrological isimulation iis ito idivide ithe irivers iand ibasins iand iobtain 

isome ibasic iwatershed icharacteristics isuch ias iarea, islope, iflow ilength, iriver inetwork idensity, 

iand iso ion. iThe iprocess iof iusing iDEM ito idivide ia ibasin iis icalled iterrain ipre-processing. 

Watershed iis ia ipiece iof iland iand iall ithe iwater iis idischarged iout iin ia isingle icommon iexit. iIn ihilly 

iareas, imountain iridges iseparate iriver ibasins ifrom ieach iother. iThe itopographic imaps iand idigital 

ielevation imodels i(DEM) ican iuse ito idivide ithe ibasin iarea. i 

The imanual idelimitation iof ia iwatershed iusing itopographic imaps iis itime-consuming, irequires 

icartography iknowledge iand iit iis idifficult ito iperform irigorous ianalysis ion iit. iWhereas ithe iuse iof 

iDEM iof iwatersheds i(Figure i4.1) iin iGeographic iInformation iSystems i(GIS) iprovides ibetter 

ivisualization iand ianalysis icapabilities ito iunderstand ithe icontext iof ivarious iparameters iin ithe 

ibasin. iBy idividing ithe iwatershed, iit imeans ito icreate ia iborder ithat ishows ithe icontribution iregion 

iof ia ispecific icontrol ipoint/exit. i 

Figure i4.1: iDEM imap iof iChahar iAsyab idistrict 
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4.2.1. Fill iSink 

It iis ivery iimportant ito iuse ia iDEM ithat ihas ino idents ior idepressions ibecause ithe iflow idirection 

icannot ibe ispecified ifor ithe isink. iWater iis itrapped iin ithe isink iso iit icannot iflow iout. iThe isink iin 

ithe ialtitude idata iis imainly idue ito ierrors iin ithe idata iand iis iusually icaused iby ithe isampling ieffect 

iand ithe irounding iof ithe ialtitude ito ian iinteger. iAs ithe icell isize iincreases, ithe inumber iof isinks iin 

ia idataset ialso iincreases. iTherefore, ito icreate ian iaccurate irepresentation iof iflow idirection iand 

iaccumulated iflow, iit iis inecessary ito iuse iDEM idevoid iof isinks. 

4.2.2. Flow iDirection iMap 

The iflow idirection iof ieach icell imust ibe iknown ibecause iit idetermines ithe ifinal idestination iof ithe 

iwater iflowing ifrom ieach icell iin ithe igrid. iThis iis idone ithrough ithe iFlow iDirection itool. iThe itool 

ioutput ishows ithe igrid ifor ithe ioutflow idirection iof ieach icell. iThere iare ieight ioutput idirections 

iassociated iwith ieight iadjacent icells, iand ithe iflow ican ipass ithrough ithese ieight icells. iFigure i4.2 

ibelow ishows iflow idirection iand iflow iaccumulation imap. 

Figure i4.2: iFlow idirection imap iof iChahar iAsyab idistrict 
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4.2.3. Flow iAccumulation iMap 

The itool icalculates ithe icumulative inumber iof iupstream iunits iof icells ithat iflow iinto ieach ilower 

itilt iunit iin ithe ioutput iraster. iHigh-flow iaccumulations iof icells iare ilocated iin idrains irather ithan 

ion ihillsides ior iridges. iFigure i4.3 ibelow ishows ia iflow iaccumulation imap iof ithe ibasin. 

Figure i4.3: iFlow iaccumulation imap iof iChahar iAsyab idistrict 

 

4.2.4. Snap iPour iPoint 

This itool iis iused ito iensure ithat ihigh icumulative iflow ipoints iare iselected iwhen ibasins iare iused ito 

idivide ithe ibasin. iIt ialigns ithe ipour ipoint iwith ithe ihighest iflow iaccumulation iunit iwithin ithe 

ispecified idistance. iFigure i4.4 ishows ithe iwatershed iof ithe ibasin. 
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Figure i4.4: iWatershed imap iof iChahar iAsyab idistrict 

4.3. Land iUse i/ iLand iCover i(LULC) iMap 

 

Land icover i(LC) iis ithe iphysical imaterial iat ithe isurface iof ithe iearth. iLand icovers iinclude igrass, 

iasphalt, itrees, ibare iground, iwater, ietc. iEarth icover iis ithe iexpression iused iby iecologist 

iFrederick iEdward iClements ithat ihas iits iclosest imodern iequivalent ibeing ivegetation. i 

 

There iare itwo iprimary imethods ifor icapturing iinformation ion ithe iland icover: 

(i) Field isurvey, iand 

(ii) Analysis iof iremotely isensed iimagery. 

A isatellite iimage ioften icontains iinformation ithat ican ireadily ibe ianalyzed ivisually. iIn imost 

icases, iit iis ipossible ito iget ian iidea iabout ithe irelative iimportance iof iurban iareas, iforest, 

iagriculture, ietc. ijust iby ilooking iat ithe iimage. iNevertheless, iit iis iin isome icases inecessary ito 

iconvert ithe isatellite iimage ito ia ithematic imap iof idifferent iland icover ior iland iuse itypes. iThis iwill 

imake iit ipossible ito iwork iquantitatively iwith ithe icharacteristics iof ithe iarea iand ito ianalyzed iand 

iunderstand ithe idistribution iof idifferent iland icover itypes. 
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When iconverting ia isatellite iimage ito ia ithematic imap iof iland icover iclasses, iit iis ipossible ito 

iperform isimple icalculations ilike ithe ioverall iarea iof ieach iclass. iHowever, imore idetailed 

ianalyses ican igenerate ia ideeper iunderstanding iof ithe iarea, ii.e. iby ilooking iat ithe idegree iof 

ifragmentation iof ithe iarea ior ithe idistance ifrom ia ispecific iclass ito ia ispecific ifeature. iWith ithis 

iinformation, iit iis ithen ipossible ito ianalyze ihow ifar ideforested ipatches iin ia itropical iforest iarea 

iare ilocated ifrom iroads ior isettlements, ior ito ianalyze iwhich iagricultural icrops iare igrown ion ithe 

isteepest islopes. 

Classification iand ilegend: iClassification iis ian iabstract irepresentation iof ithe isituation iin ithe 

ifield iusing iwell idefined idiagnostic icriteria. iA iclassification idescribes ithe isystematic 

iframework iwith ithe inames iof ithe iclasses iand ithe icriteria iused ito idistinguish ithem iand ithe 

irelation ibetween iclasses. iClassification ithus inecessarily iinvolves ithe idefinition iof iclass 

iboundaries ithat ishould ibe iclear, iprecise, ipossibly iquantitative, iand ibased iupon iobjective 

icriteria. 

Land iuse/land icover imaps iare iprepared ifor ithe iChahar iAsyab idistrict iby iusing iArcGIS ifrom 

iLandsat-8 idata i(2017), ishowing idifferent ifeatures ilike iwater ibody, iagricultural iarea, 

iresidential, iand ibarren iland i(Figure i4.5). i 

Figure i4.5: iLand iUse/Land iCover imap iof iChahar iAsyab idistrict 
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4.4.  iSoil iMap 

A iSoil imap iis ia igeographical irepresentation ishowing ithe idiversity iof isoil itypes iand/or isoil 

iproperties i(soil ipH, itextures, iorganic imatter, idepths iof ihorizons, ietc.) iin ithe iarea iof iinterest. iIt 

iis itypically ithe iend iresult iof ia isoil isurvey iinventory, ii.e. isoil isurvey. iSoil imaps iare imost 

icommonly iused ifor iland ievaluation, ispatial iplanning, iagricultural iextension, ienvironmental 

iprotection, iand isimilar iprojects. 

Traditional isoil imaps itypically ishow ithe ionly igeneral idistribution iof isoils, iaccompanied iby ithe 

isoil isurvey ireport. iMany inew isoil imaps iare iderived iusing idigital isoil imapping itechniques. iSuch 

imaps iare itypically iricher iin icontext iand ishow ihigher ispatial idetail ithan itraditional isoil imaps. 

iSoil imaps iproduced iusing i(geo) istatistical itechniques ialso iinclude ian iestimate iof ithe imodel 

iuncertainty. 

A isoil imap iis iprepared ifor ithe istudy iarea iwith ithe ihelp iof iArcGIS i10.2 iusing iUSDA iglobal isoil 

idata iand iit iis iclassified iwith ivarious itype iof isoil i(Figure i4.6). 

Figure i4.6: iSoil imap iof iChahar iAsyab idistrict 
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4.5.  iSlope iMap 

A imap iindicating ithe itopography iof ian iarea ialong iwith ian ianalysis iof itopographic ifeatures ias 

ithey ihave iinfluenced iand imay icontinue ito iinfluence iland idevelopment. iIn iGIS imapping islope 

ican ibe ivery iimportant ifor ia ivariety iof ireasons iincluding isuitability ianalysis, ipredictive 

imodeling, iand ipredicting ipotential ihazards. iAnalyzing ithe iterrain islope iof ia igiven ilocation 

iplays ian iimportant ipart iin ifields isuch ias ihydrology, isite iplanning, iconservation, iand 

iinfrastructure idevelopment. iThe islope ican ibe icalculated ifrom ia iDigital iElevation iModel 

iwhich iform ian iimportant ipart iof imany iGIS idatasets; iequally iimportant iare ithe iparameters iand 

itechniques iused ito icalculate iterrain islope ias iwell ias iother ianalyses iperformed iwith ia iDEM. iIn 

isuitability ianalysis ior ipredictive imodeling, iby icalculating ithe islope iwithin ia iGIS, iareas ican ibe 

ieliminated ithat iaren't isuitable ior ithat idon't ifit iwithin ithe imodel. iIn ipredicting ipotential 

ihazards, iareas ican ibe iseen ias idangerous idue ito ithe isteepness iof ia islope. iThe islope iis icalculated 

iin ia iGIS iby icomparing ia icertain ipoint iwithin ia iraster ito ithat ipoint's ineighbors. iUsually, ia ipoint 

iis icompared iwith ieight iof iits ineighbors ito iderive iits islope, ibut ithe iexact imethod ivaries 

idepending ion ithe ispecific islope ianalysis idesired. iSlope imap ifor iChahar iAsyab idistrict iis 

iprepared iwith ithe ihelp iof iArcGIS i10.2 ifrom iSRTM idata i(Figure i4.7). iIt iis iclearly iseen ion ithe 

imap ithat ithe ioverall islope iof ithe iarea ivaried ifrom i0% ito imore ithan i40% iland islope iand 

imaximum iarea iis iflat iin inature. 

Figure i4.7: iSlope imap iof iChahar iAsyab idistrict 



25 i| iP .  
 

4.6.  iRainfall iMap 

In ithis iwork, ia irainfall imap iof ithe istudy iarea i(Figure i4.8) iwas iprepared ifrom ithe imonthly 

irainfall idata itaken ifrom ithe i8 istations inear ito ithe iChahar iAsyab idistrict i(Table i4.1). iThis imap 

ishows irainfall, iusually icalled iisohyet, iusing iInverse iDistance iWeighting i(IDW) imethod. iAs 

iGIS ican ieasily ihandle, istore, ianalyze, imanipulate iand iretrieve ispatial idata, imap ipreparation ican 

ibe ieasily iimplemented iusing ithe iArcGIS ienvironment. iThe iwork iwas iexecuted iusing iArcGIS. 

Table i4.1: iStatistical iparameters iof iaverage iprecipitation iin ithe irainfall igauging istations i(mm) 

(From imeteorological ireport ipackage iNo. iMoEW/1210/QCBS) 

Figure i4.8: iRainfall imap iof iChahar iAsyab idistrict 

Station Lon. Lat. Elev. J F M A M J J A S O N D Year 

Paghman 68.98 34.58 2114 61 66 81 77 33 3 9 4 5 5 24 39 407 

Karizimir 69.05 34.63 1905 34 68 90 84 24 3 5 2 3 8 20 29 370 

Jabul- iS 69.25 35.13 1630 61 105 98 84 32 2 3 2 4 17 18 42 468 

Salang-N 69.02 35.31 3366 107 128 176 191 119 14 6 10 10 22 59 93 935 

Salang-S 69.07 35.30 3172 105 158 220 196 88 6 4 2 4 21 72 106 982 

Kabul-A 69.02 34.55 1791 34 54 73 64 20 1 6 3 2 4 11 25 297 

Gazni 68.42 33.53 2183 41 54 64 50 18 2 14 7 1 2 12 26 291 

Gardiz 69.23 33.62 2350 40 61 65 44 23 4 12 7 1 4 12 31 304 
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CHAPTER-5 

IRRIGATION IREQUIREMENTS IAND IIRRIGATION ISCHEDULING 

 

5.1. Introduction 

Crop iwater irequirement iis idefined ias ithe idepth iof iwater ineeded iat ithe iroot izone iof ithe iplant ito 

imeet ithe iwater iloss ithrough ievapotranspiration iof icrop ifor ithe iphysiological igrowth iin ilarge 

ifields iunder inon-restricting isoils, iwater, iand inutrient iavailability iand iachieving ifull iproduction 

ipotential iunder ithe igiven igrowing ienvironment. iThe isuccess iof ithis iobjective idepends ion 

imatching ithe iwater iavailability iat iriver isource iwith ithe iquantum iof iwater irequired ifor ivarious 

icrops iin ithe icommand iarea ifor isustainable iagricultural iproduction. iBased ion ithe ipast ipractices 

ifor iplanning ithe iirrigation ischemes, iestimation iof icrop iwater irequirements iand iirrigation 

irequirements iare imainly ibased ion iclimatological imethodology ipresented iin iFAO iirrigation iand 

iDrainage ipapers iNo. i56 i“Crop iWater iRequirements” iadopting ithe iapproach iof iModified 

iPenman-Monteith iformula. 

Irrigation ischeduling iis ithe iprocess iof idetermining ithe itime ito iirrigate iand ihow imuch iwater iis ito 

ibe iapplied i(irrigation idepth) iin ieach iirrigation. iProper ischeduling iis iessential ifor ithe iefficient 

iuse iof iwater iand iother iinputs iin icrop iproduction. iIrrigation ischedules iare iplanned ito ieither ifully 

ior ipartially iprovide ithe iestimated iwater irequirement iof ithe icrop. i 

5.2. Methodology i 

The iCROPWAT imodel iwas ioriginally ideveloped iby ithe iFAO iin i1990 ifor iplanning iand 

imanagement iof iirrigation iprojects. iThe inewest iversion, inamely iCROPWAT4W iunder 

iwindows iinterface, iwas ijointly iformulated iby ithe iFAO, iSouthampton iUniversity iof iUK, iand 

iNational iWater iResearch iCenter i(NWRC) iof iEgypt. iFigure i5.1 ishows ithe iflowchart iof ithe 

iCROPWAT imodel. 

In iFigure i5.1, iit ican ibe iseen ithat ithe iinput idata icover icrop, imeteorology, iand isoil. iThe 

imeteorology idata iinclude i(1) imaximum iand iminimum itemperature; i(2) iwind ispeed; i(3) 

isunshine ihours; i(4) irelativity ihumidity; iand i(5) irainfall. iThe iPenman-Monteith iexplicit 

iequation iwas iused ito icalculate ithe ireference ievapotranspiration i(ETo). 
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Figure i5.1. iFlow ichart iof ithe imethodology ifor iCROPWAT i8.0 iModel i 

There iare ifour icommon iempirical imethods ifor icalculating ieffective irainfalls i(Smith i1991) ias 

ifollows: i(i) ifixed ipercentage iof irainfall; i(ii) idependable irainfall; i(iii) iempirical iformula; i(iv) 

iUSDA iSoil iConservation iService iMethod. iThe iUSDA iSoil iConservation iService imethod iwas 

iused iin ithis istudy. iThese i4 iempirical iequations iare iabbreviated ias ifollows i(Smith i1991): i 

(i) Fixed iPercentage iof iRainfall: 

Pe = a × Ptot  𝑖 … … … … … (5.1) 

Where, i 

Pe: iEffective irainfall, 

Start
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 ia: iFixed ipercentage icoefficient i(specified iby ithe imodel iuser), iwith ia itypical irange iof 

ivalues ifrom i0.7 ito i0.9, iand 

Ptot: iMeasured i(or igenerated) itotal idaily irainfall. 

(ii) Dependable irainfall: iThis iempirical iformula iwas ideveloped iby ithe iFAO ito iestimate 

idependable irainfall. iThis imethod imay ibe iused ifor idesign ipurposes iwhere i80% 

iprobability iof iexceedance iis irequired. 

For iPtot < 70 imm, i iPe = 0.6 iPtot − 10 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 

For iPtot > 70 imm, i iPe = 0.8 iPtot − 24 i … … … … … (5.2) 

(iii) Empirical iformula: iThis iformula iwill idetermine ithe ieffective irainfalls ibased ion ianalysis 

iof ilocal iclimatic irecords. 

For iPtot < z imm, i iPe = a iPtot + b 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 

For iPtot > z imm, i iPe = c iPtot + d i … … … … … (5.3) 

Where, 

a, ib, ic, id, iz: iempirically iderived icorrection icoefficients. 

(iv) USDA iSoil iConservation iService imethod: 

For i iPtot ≤ 250 imm i i i i i i iPe = [Ptot × (125 − 0.2 × Ptot)] ÷ 125 i i i i i i i i i i i 

For iPtot ≤ 250 imm i i i i i i iPe = 125 + 0.1 × Ptot  i i … … … … … (5.4) 

Where, 

Pe: iEffective irainfall i(mm), iand 

Ptot: iTotal irainfall i(mm). 

Given ithe iinput iof ithe irequired idata, ithe iCROPWAT imodel ican ibe iused ito icalculate icrop-

related idata iin ieach idecade iof ia imonth, isuch ias: i(i) icrop icoefficient, i(ii) icrop ileaf iindex, i(iii) icrop 

ievapotranspiration, i(iv) ipercolation, i(v) ieffective irainfall, iand i(vi) icrop iwater irequirements. 

iAlso, ithe imodel ican ibe iapplied ito iestimate ithe iirrigation ischedule ifor ieach icrop iwith i5 idifferent 

ioptions: i(i) ieach iirrigation idefined iby iirrigation imanager, i(ii) iirrigation iat ibelow ior iabove 

icritical isoil idepletion i(% iRAM), i(iii) iirrigation iat ifixed iinterval iper icrop igrowth istage, i(iv) 

ideficit iirrigation, iand i(v) ino iirrigation. iAfterward, ithe iCROPWAT imodel ican isimulate ithe ion-

farm icrop iwater ibalance, iincluding i(i) iirrigation itimes, idates iand idepths, i(ii) isoil imoisture 

idepletion, i(iii) iamount iof ipercolation, i(iv) iactual icrop ievapotranspiration, iand i(v) icrop iyield. 

iThe ion-farm iwater ibalance iwas ibased ion ithe itheory iof iEquation i(5.5) ibelow: 
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SMDt = SMDt−1 + ETc − Pe − Ir + Ro + Dp … … … … … (5.5) 

Where, 

t: iTime i(decade iof ithe imonth), 

SMDt i
, 𝑖SMDt−1: iSoil imoisture idepletion iat it iand it-1 idecade i(mm), 

ETc  i: iActual icrop ievapotranspiration i(mm), 

Pe  i: iEffective irainfall i(mm), 

Ir: iIrrigation idepth i(mm), 

Ro: iRunoff i(mm), iand 

Dp: iDeep ipercolation i(mm). 

The icrop iyield ireduction iin ieach istage iwas ievaluated ibased ion ithe idegree iof isoil imoisture 

idepletion idue ito ithe isupply iof ithe icrop ievapotranspiration irequirements. iEq. i(5.6) icalculates ithe 

icrop iyield ireduction iin ieach istage iand ithe icumulative icrop iyield ireduction irepresented iby iEq. 

i(5.7). 

(1 −
Ya

Ymax
) = Ky (1 −

ETa

ETmax
)  𝑖 𝑖 … … … … … . (5.6) 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 

(1 −
Ya

Ymax
) = 1 − (

Ya

Ym
)

1

× (
Ya

Ym
)

2

× … … … .× (
Ya

Ym
)

i

 i i … … … … … (5.7) 

Where, 

i: iCrop igrowth istage, 

Ky  i: iCrop iyield ireduction ifactor, 

Ka: iCrop iactual iyield, 

ETa: iActual ievapotranspiration, i 

Ymax: iMaximum icrop iyield, iand 

ETmax: 𝑖Potential ior imaximum ievapotranspiration. 

After ifinishing ithe isimulation iof iirrigation ischedule ifor ieach icrop, ithe iCROPWAT imodel icould 

ifurthermore ibe iused ito iestimate ithe imonthly iagricultural iwater irequirements iof ian iirrigation 

ischeme, ibased ion idifferent icropping ipatterns ias iexpressed iin ithe iequation ibelow: 

Qgross =
1

ep × t
× [0.116 × As × ∑(ETc − Pe) ×

Ac

As

n

i=1

] … … … … … (5.8) 

Where, 

Qgross: iMonthly iagricultural iwater irequirement iof iirrigation ischeme i(l/s), 

ep  i: iIrrigation iefficiency i(<=1, idimensionless), 

t i: iTime ioperational ifactor i(<=1, idimensionless), 
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i: iCrop iindex iof ithe icropping ipattern ifor ian iirrigation ischeme, 

Ac: iCrop iplanted iarea i(ha), 

As: iTotal iarea iof iirrigation ischeme i(ha), 

ETc: iCrop ievapotranspiration i(mm/day), iand 

Pe: iEffective irainfall i(mm/day). 

5.3. Meteorological iData 

Crop iwater irequirement iis ibasically iinfluenced iby isurface imeteorological idata iincluding 

itemperature, isunshine iduration, iwind ispeed, irelative ihumidity, iand irainfall. iIt imay ibe 

iworthwhile ito imention ihere ithat ithe ivariation iof iclimatological iparameters isuch ias ia isunshine 

ihour, irelative ihumidity, imaximum iand iminimum itemperature iover ithe iarea iis imuch iless ithan 

ivariation irainfall. 

5.3.1. Collection iof iMeteorological iData 

In ithis istudy, ithe imeteorological idata isuch ias imaximum, iminimum itemperatures, irelative 

ihumidity, iwind ispeed, isunshine ihours ihave ibeen itaken ifrom ithe iFAO iCLIMWAT i2.0 isoftware. 

iThe iCLIMWAT-database iprovides imonthly imeteorology idata ifor iCROPWAT ion i144 

icountries i(FAO, i1993). iThis iyields ithe iaverage iof ithe itime iseries imeteorology idata iof 

imeteorological istation iinside iAfghanistan. i iThese imeteorological idata iare icollected ifrom ithe 

imeteorological istation inamely iKabul iairport i(34.55 iN, i69.21E). 

Table i5.1: iMonthly imeteorological idata ifor iChahar iAsyab idistrict i(From iKabul iairport 

imeteorological istation) 

Months 
Min. iTemp Max. iTemp Humidity Wind ispeed Sunshine Radiation 

°C °C % km/day hours MJ/m²/day 

Jan -7.1 4.5 93 86 4.7 9.1 

Feb -5.7 5.5 86 86 5.6 11.9 

Mar 0.7 12.5 61 173 5.2 14 

Apr 6 19.2 50 173 6.3 17.8 

May 8.8 24.4 52 259 8.9 22.8 

Jun 12.4 30.2 38 346 10.8 26 

Jul 15.3 32.1 36 346 10.5 25.3 

Aug 14.3 32 38 259 10.4 23.9 

Sep 9.4 28.5 32 173 9.3 20.1 

Oct 3.9 22.4 39 173 8.6 16 

Nov -1.2 15 59 173 7.3 11.9 

Dec -4.7 8.3 86 86 5.5 9.1 

Average 4.3 19.6 56 194 7.7 17.3 
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Figure i5.2: iMonthly iminimum iand imaximum itemperature i(°C) 

 

Figure i5.3: iMonthly ihumidity iin ipercentage i(%) 

Figure i5.4: iMonthly iwind ispeed i(km iper iday) 
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 Figure i5.5: iMonthly isunshine i(hours) 

  Figure i5.6: iMonthly isolar iradiation i(MJ/m²/day) 

Table i5.2: iMonthly irainfall i(mm) idata ifor iChahar iAsyab idistrict i(From iKabul iairport 

imeteorological istation) 

5.4. Soil iData 

The isoil iis ia igranular iporous imedium. iIt iis ia inatural ibody iof imineral iand iorganic iconstituents 

idifferentiated iinto ihorizons iof ivariable idepths. iIt idiffers ifrom ithe imaterial ibelow iin 

imorphology, iphysical imake-up, ichemical iproperties, iand icomposition ias iwell ias ibiological 

icharacteristics. iIn iagricultural iscience, ithe iterm isoil iis iapplied ionly ito ithe iupper ipart iof ithe 

iweathered irock ipenetrated iby ithe iroots iof ithe iplants. i 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

Rainfall 34 54 73 64 20 1 6 3 2 4 11 25 297 
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The isoil iis ia istorehouse iof iplant inutrients, ia ihabitat ifor isoil imicro-organisms, ian ianchorage ifor 

iplants, iand ia ireservoir ithat iholds ithe iwater ineeded ifor iplant igrowth. iThe isoil iis ia inatural ibody 

iof imineral iand iorganic iconstituents. iIn ithe itraditional iconcepts, ithe isoil iis iconsidered ias ia 

inatural imedium ifor iplant igrowth. iThe iconcept iof isoil ias ian iindependent inatural ibody iwas 

iintroduced itowards ithe iend iof ithe i19th icentury. iAccordingly, ithe isoil iis idefined ias ian 

iindependent inatural ibody idifferentiated iinto ihorizons iof ilayers iof ivarious idepths, ieach iwith ia 

iunique imorphology iresulting ifrom ithe icombination iof iclimate, iliving imatter, iparent irock 

imaterial, irelief iand itime. i 

The imodern iscientific idefinition iof isoil iis ithat iit iis ia icollection iof inatural ibodies ion ithe iearth’s 

isurface icontaining iliving imatter iand isupporting ior icapable iof isupporting iplants. iThe iword 

ihorizon iis inot iincluded iin ithe imodern iconcept iof isoil ibecause iall isoils ido inot ihave idistinct 

ihorizons. iHowever, ithe ipresence ior iabsence iof ithe ihorizons iis iimportant iin isoil iclassification. 

iThe inature, ikind iand iarrangement iof isoil ihorizons iin ia iprofile ihave ia isignificant iinfluence ion 

isoil-water-plant irelationships. 

5.4.1. Collection iof iSoil iData i 

Information ifrom ithe isoil isurveys icarried iout iin ithe iChahar iAsyab idistrict ishow ifollowing isoil 

icharacteristics: i i 

a. Soil iname ior isoil itype: iSandy iLoam 

b. General isoil idata: 

Total iavailable isoil imoisture i(FC i– iWP)  160.0 mm/meter 

Maximum irain iinfiltration irate  40 mm/day 

Maximum irooting idepth  900 centimeters 

Initial isoil imoisture idepletion i(as i% iTAM) i  0 % 

Initially iavailable isoil imoisture  160.0 mm/meter 

5.5. Cropping iPattern i 

Cropping ipattern iis ia idynamic iconcept ibecause iit ichanges iover ispace iand itime. iIt ican ibe 

idefined ias ithe iproportion iof iarea iunder ivarious icrops iat ia ipoint iof itime. iIn iother iwords, iit iis ia 

iyearly isequence iand ispatial iarrangement iof isowing iand ifallow iin ia igiven iarea. iIn ithis istudy 

iarea, ithe icropping ipattern iis idetermined iby iclimatological idata iand isoil itype. 
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Table i5.3: iCropping ipattern ior icommon icrop iin iChahar iAsyab idistrict i(From iNAIS/ASAP 

i2008 ifrom iUSAID-Afghanistan ifor iMAIL) 

 

5.6. Selection iof ithe iCrop iCoefficient 

The icrop icoefficient i(Kc) iis ispecified ias ithe icanopy icoverage ifactor, iwhich iis iinfluenced iby 

ithe ifollowing ifactors: 

(i) Type iof icrop 

(ii) Growth istages iof ithe icrop 

(iii) Climate, iand 

(iv) Surface imoisture icondition iof ithe ifield 

For ithe ipresent icase, ithe icrop icoefficient iis iconsidered ias iper ithe istandard icrops iare igiven iin 

i(Table i5.4), iand ithe iFAO ifolder ifor istandard icrops iin ithe iCROPWAT i8.0 isoftware. 

5.6.1. Crop iCoefficient iCurve 

The icrop ico-efficient iKc iis ispecified ias ithe iETc iproportion iof ithe ispecial icrop ito ithe iETo iof ithe 

ireference icrop. iThe icrop ico-efficient icurve irepresents ithe ichanges iin iKc iduring ithe igrowing 

iseason, idepending ion ichanges iin ivegetation iand iphysiology. iIn ithe iinitial iperiod, iimmediately 

iafter iplanting iannually ior ibefore ithe iintroduction iof inew ileaves ifor iseveral iyears, ithe ismall 

iamount iof iKc iis ioften iless ithan i0.4. iA isimple ilinear iapproximation iof iKc ibetween icritical 

igrowth ipoints iwas iproposed iby iFAO iin i(Doorenbos iand iPruitt i1977, iand iAllen iet ial. i1998). 

iThis imethod iis istill iwidely iused iand igenerally iprovides ia idetailed idescription iof ithe iannual iKc 

icurve ifor imost iapplications. iDefinitions iFor ithe ithree iKc ivalues, ithe icriteria iused ito iconstruct 

ithe icurve iand ithe idefinitions ifor ithe igrowth istages iand irelative iland icover iare ishown iin iFigure 

i5.7. 

No. Name iof iCrop Date iof iPlanting Date iof iHarvesting Area i(%) 

1  i i iWinter iWheat 01/11 28/06 30 

2 Spring iWheat 15/04 22/08 10 

3  i i i iBarley 15/04 22/08 10 

4  iMaize i(Corn) 03/06 05/10 11 

5  i i i iPotato 01/01 10/05 15 

6  i i i iOnion 01/04 28/08 10 

7  i i i iTomato 01/05 22/09 8 

8 Table igrapes 01/04 31/03 3 

9 Clover 01/07 28/10 2 

10 Alfalfa-perennial 01/07 30/06 1 
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Figure i5.7: iLinearized icrop icoefficient icurve iwith i4 icrop istages iand i3 iKc ivalues irelevant ito ithe 

igeneric iground-cover i(From iFAO). 

The ilineal iKc isimilarity icurve iis imade iby ithe ifollowing isteps: 

(i) Divide ithe igrowing itime iinto i4 ipublic igrowth istages iexplain icrop icanopy idevelopment 

iand iphenology ifor ia iregional ispecial idevelopmental icrop icalendar i(Figure i5.7). 

The i4 ipublic igrowth istages iare: i(i) iInitial itime i(planting/green iup itill iaround i10% iground-

cover), i(ii) iCrop idevelopment itime, ifrom i10% iground-cover itill iaround i70% iground-

cover, i(iii) iMid-Season itime, ifrom i70% iground-cover ito ithe istart iof ithe ilate iseason itime 

i(the ibeginning iof isenility), iand i(iv) iLate iSeason itime i(start iof isenility, imid-grain, ifruit ifill 

itill iharvest, icrop-death, ifrost-kill, ior ifull isenility). 

(ii) Determine ithe ithree iKc ivalues icommensurate iwith iKc iinitial, iKc imid, iand iKc iend, 

iwhere iKc iinitial ishows ithe imean iKc iduring ithe iinitial itime, iKc imid ishows ithe imean iKc 

iduring ithe imid-season itime, iand iKc iend ishow ithe iKc iat ithe iend iof ithe ilate iseason itime. 

(iii) Join idirect iline isections ivia ieach iof ithe i4 igrowth istage itimes, iwith ihorizontal ilines 

idrawn ithrough iKc iinitial iduring ithe iinitial itime iand ithrough iKc imid iduring ithe imid-

season itime. iDiagonal ilines iare idrawn ifrom iKc iinitial ito iKc imid iwithin ithe iamplitude iof 

ithe idevelopment itime iand ifrom iKc imid ito iKc iend iwithin ithe iamplitude iof ithe ilate-

season itime. iTable i5.4 ishown ithe ilists iof iKc iinitial, iKc imid, iand iKc iend ifor ia ilarge 

inumber iof icrops. iThe ithree iKc icolumns ishow itypical iirrigation imanagement iand 

iprecipitation iperiodicities. i 
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Kc i(Table i5.4) i 

Kc i(Table i5.4) 

  

Rooting 

idepth ifrom 

iTable i5.6 

Crop-deve. Mid-season  i i i i i i i ilate-season 

C
ro

p
 i
co

ef
fi

ci
en

t i
(K

c)
 

Initial-stage 



36 i| iP .  
 

Table i5.4: iMean icrop icoefficient i(Kc) ifor iwell-managed icrops iin isemi-arid iclimate i(From 

ibased ion iDoorenbos iand iKassam, i1997, iDoorenbos iand iPruitt iUNFAO-1977, iAllen iet ial., 

iUNFAO-1988, iPruitt-1986, iWright-1981 i& i1982). 

5.6.2. Single iCrop iCoefficient i(Kc) i i 

In ithis iapproach, ithe ieffect iof icrop itranspiration iand isoil ievaporation iare icombined iinto ia isingle 

icoefficient i(Kc). iThe icoefficient iintegrates idifferences iin ithe isoil ievaporation iand icrop 

itranspiration irate ibetween ithe icrop iand ithe igrass ireference isurface. iAs isoil ievaporation 

ifluctuates ialmost idaily ias ia iresult iof irainfall ior iirrigation, ithe isingle icoefficient i(Kc) iexpresses 

ionly itime-averaged i(multi-day) ieffects iof icrop ievapotranspiration. iThe iapproach iis iused ito 

icompute iETc ifor iweekly ior ilonger iperiods. iThe itime-averaged isingle icoefficient i(Kc) iis ivalid 

ifor iirrigation imanagement, iespecially ifor isurface iand isprinkler iirrigation imethods iof iwater 

iapplication. 

 

5.7. Growth iStages iof ithe iCrop 

The igrowth istage iof ia icrop iprofoundly iinfluences iKc ivalues. iThe icrop igrowing iperiod ican ibe 

idivided iinto ifour idistinct igrowth istages: i 

(i) Initial istage i(from isowing ito iabout i10 i% iground icover), 

(ii) Crop idevelopment istage i(from i10 i% ito iabout i70 i% iground icover), 

(iii) Mid-season istage i(including iflowering iand igrain isetting iand iyield iformation istage), 

(iv) Late iseason istage i(including iripening iand iharvest). 

In igeneral, iout iof ithe ifour igrowth istages i(Figure i5.2), ithe imid-season istage iis ithe imost isensitive 

ito iwater ishortages, ias iit iis ithe iperiod iof ithe ihighest icrop iwater irequirement. iWater ishortage 

iduring ithe imid-season iwill ireduce icrop iyields isubstantially. 

Crop 
 i i iK i i i i i i i i i i i i i i i i i i i i i i iK i i i i i i i i i i i i i i i i i i i i i iK 

 iOnion i- idry 0.70 1.05 0.75 

 iTomato 0.60 1.15 0.70–0.90 

 iPotato 0.50 1.15 0.75 

Barley 0.30 1.15 0.25 

Spring i- iWheat 0.30 1.15 0.25–0.40 

Winter i- iWheat i– i(with ifrozen isoils) 0.40 1.15 0.25–0.40 

Maize i(Corn) 0.30 1.20 0.35 

Alfalfa i– iperennial i 0.40 0.95 0.90 

Clover i 0.40 0.90 0.85 

Table i- iGrapes i 0.27 0.58 0.48 

C iinitial i C iend C imid 
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Table i5.5 ipresents ithe icommonly iobserved ivalues iof ithe iduration iof idifferent igrowth istages iin 

icrops iat ivarious iexperiment istations iin idifferent iclimatic/ igeographic iregions ialong iwith ithe 

imonths iof iplanting. iThe idata iare iindicative iof ithe igeneral iconditions ibut ivariations iin iagro-

climatic iconditions iwill iresult iin isimilar ivariations iin iKc ivalues. iHence, ithe idata ipresented iin 

iTable i5.5 icould ibe iused ionly iunder isituations iwhen imore ireliable idata iare inot iavailable. 

Table i5.5: iLengths iof icrop idevelopment istages ifor ivarious iplanting iperiods iand isemi-arid 

iregions i(days) i(From ivalues iare iprimarily ifrom iFAO-56, iAllen iet ial. i1998, iwith imodification 

ito iperiod ilengths ifor isome itree icrops) 

5.8. Rooting iDepth iof ithe iCrop 
 

If ithe iwater ithat igoes iup iover ithe igroundwater ilevel ivia icapillary iact ireaches ithe ieffective iroot 

izone iof ithe iirrigated icrop, ithe icrop imay iuse ithis iwater. iHence, iindent ito icalculate ithe icapillary 

ishare iof iwater, iit irequire iinformation ion ithe ieffective irooting idepth iof ithe icrops iin ithe iregion. 

iFor ithis, ithe i4 iphase i(stages) iof icrop igrowth i(development) iare idiscussed ias ifollows: 

(i) In ithe iinitial igrowth iphase i(development istage), ithe icrop ionly ihas ibeen iseeded ior 

iimplanted. iFor iall icrops, iwe iconsider ian iinitial irooting idepth i(0.05 im). iTherefore, 

icapillary iwater imust ibe ipractically itransported ito ithe isurface iof ithe isoil ito ibecome ia 

iwater isource. iFor ithis icapillary iwater inot ito ireason isalinity, iwell-drained isoil iand 

iadequate irainfall iin ithe iseason iare irequired. 

(ii) In ithe icrop igrowth iphase i(development istage), ithe iupper iground ibiomass iproduction 

igrows iin iratio iwith ithe iroot isystem. iThe idepth iwhich iis ithe iroots ipenetrate iinto ithe 

isoil ifirstly idepends ion ithe icrop. iSecondly, iroot idepth idepends ion ithe ieasiness iof isoil 

ipenetration i(a itype iof isoil iand isoil itexture) iand ithe idepth iof ioxygen iin ithe isoil i(most 

iof ithe icrop iwithout iroot iunder ithe igroundwater ilevel) iand ithe irequirement ifor iwater 

isearch iat ia ibigger idepth i(shallow iroots iwith isuperior iirrigation ifrequency). iAt ithe 

iend iof ithe igrowth iphase i(development istage), ian ieffective iroot isystem ican ioften ibe 

iderived ilike ia itotally igrown icrop. 

Crop  i i i i i i i(Lini.) i i i i i i(Ldev.) i i i i(Lmid) i i i i(Llate) i i i iTotal Plant idate Region 

Onion, idry 15 25 70 40 150  iApril Semi-Arid 

Tomato 30 40 45 30 145  iApril Semi-Arid 

Potato 25 30 45 30 130  iJanuary Semi-Arid 

Barley 15 25 50 30 120  iNovember Semi-Arid 

Spring i- iWheat 40 30 40 20 130  iApril Semi-Arid 

Winter i- iWheat 30 140 40 30 240  iNovember Semi-Arid 

Maize i(Corn) 30 35 40 30 125  iJune Semi-Arid 

Alfalfa i– iperenn. 150 30 150 35 365  iJuly Semi-Arid 

Clover 10 25 50 35 120  iJuly Semi-Arid 

Table iGrapes 150 50 125 40 365  iApril Semi-Arid 
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(iii) In ithe imid-season iand ilate-season igrowth iphase, ifor ithe iefficient irooting idepth iof ithe 

icrop ican ibe iused ifrom iTable i5.6. 

Table i5.6: iTypical icrop iheight, iranges iof imaximum ieffective irooting idepth ifor icommon icrops 

i(From iFAO-56, iAllen iet ial. i1998) 

 i iBarley 1.00 1.00–1.50 

 i iSpring i- iWheat 1.15 1.00–1.50 

 i iWinter i- iWheat i– i(with ifrozen isoils) 1.00 1.50–1.80 

 i iMaize i i(Corn) 1.25 0.80–1.20 

 i iAlfalfa i– iPerennial i 0.7 1.0–2.0 

 i i iClover i 0.6 0.6–0.9 

 i iTable i- iGrapes i 2 1.0–2.0 

The ibigger iamounts iare ifor isoils ihaving ino iconsiderable ilayering ior iother ispecifications ithat 

ican ilimit irooting idepth. iThe ismaller iamounts ifor ithe irooting idepth imay ibe iused ifor iirrigation 

ischeduling iand ithe ibigger iamounts ifor imodeling isoil iwater ipressure ior ifor irain ifed isituation. 

Figure i5.8: iPlant irooting idepths ivary 

Crop Maximum icrop i iheight i(m) Effective iroot i idepth i(m) 

Onion i– idry 0.40 0.30–0.60 

Tomato 0.60 0.70–1.50 

 i i iPotato 0.60 0.40–0.60 
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5.9. Evapotranspiration i(ET) i 

In idesignating iwater iuse iby icrops, ievaporation iand itranspiration iare icombined iinto ione iterm 

icalled ievapotranspiration i(ET), ias iit iis idifficult ito iseparate ithese itwo ilosses iin icropped ifields. 

iThe irelative iamounts iof idirect ievaporation ifrom iland iand iwater isurfaces iand itranspiration 

idepend ion ithe iamount iof iground icovered iof itranspiration iby icrops. iFor imost icrops icovering ithe 

iwhole isoil isurface ionly ia ismall iamount iof iwater iis ilost ifrom ithe iground isurface. 

Evaporation i+ iTranspiration i= iEvapotranspiration i(ET) 

Figure i5.9: iTerminology 

5.9.1. Reference iEvapotranspiration i(ETo) 

Reference ievapotranspiration i(ETo) iis ione iof ithe iimportant iconcepts iin ithe iequilibrium 

i(balance) iof iwater iin ia iregion. iIrrigation iengineers irequirement ito iknow ia ilarge iamount iof 

iirrigation iwater iconsumed iby ithe iproduct ito ibe iconsumed; ionly ithen ican ithey icalculate, ior 

iestimate, ithe iremaining icomponents iof ithe iwater ibalance. iFarmers, ion ithe iother ihand, ithe 

irequirement ito iknow ithe iwater irequirement ifor ia iparticular icrop iso ithat ithey ican iget igood 

iproduct, iand ithey ialso ineed ito iknow iif ithese iwater irequirements iare iunder ithe idominant 

iirrigation iregion. 

For ithe ipresent istudy, iused ithe iPenman-Monteith iMethod i(Combination iformula) ito iestimate 

ireference ievapotranspiration i(ETo). 

The icombination iformula irecommended iby ithe iconsultation ion iFAO imethodologies ifor iCWR 

iderived iby icombining ithe iEq. iof iaerodynamic iresistance i& isurface iresistance iis istated ibelow: 

i 

𝐄𝐓𝐨 =
𝟎. 𝟒𝟎𝟖∆(𝐑𝐧 − 𝐆) + 𝛄

𝟗𝟎𝟎

𝐓+𝟐𝟕𝟑
𝐮𝟐(𝐞𝐬 − 𝐞𝐚)

∆ + 𝛄(𝟏 + 𝟎. 𝟑𝟒𝐮𝟐)
… … … … (𝟓. 𝟗) 

Effective 

iroot izone 
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In ithis iEq., iETo iis ireference ievapotranspiration, iRn  iis inet iradiation iat ithe icrop isurface, iG iis isoil 

iheat iflux idensity, iT iis iaverage idaily itemperature, i∆ iis ithe islope iof ithe ivapor ipressure icurve, iγ iis 

ipsychrometric iconstant, iu2  iis iwind ispeed iat i2m iheight, ies  iis isaturation ivapor ipressure, iea  iis 

iactual ivapor ipressure, ies − ea  iis isaturation ivapor ipressure ideficit. 

Table i5.7: iCalculation ireference ievapotranspiration ifor iChahar iAsyab idistrict iusing iPenman-

Monteith i(PM). 

 

 

Figure i5.10: iMonthly ireference ievapotranspiration i(mm iper iday) 

Month 
Min. iTem Max. iTem Humidity Wind Sun Rad. ETo 

°C °C % km/day hours MJ/m²/day mm/day 

Jan -7.1 4.5 93 86 4.7 9.1 0.74 

Feb -5.7 5.5 86 86 5.6 11.9 1.02 

Mar 0.7 12.5 61 173 5.2 14 2.17 

Apr 6 19.2 50 173 6.3 17.8 3.53 

May 8.8 24.4 52 259 8.9 22.8 5.15 

Jun 12.4 30.2 38 346 10.8 26 7.54 

Jul 15.3 32.1 36 346 10.5 25.3 7.98 

Aug 14.3 32 38 259 10.4 23.9 6.94 

Sep 9.4 28.5 32 173 9.3 20.1 5.15 

Oct 3.9 22.4 39 173 8.6 16 3.64 

Nov -1.2 15 59 173 7.3 11.9 2.07 

Dec -4.7 8.3 86 86 5.5 9.1 0.9 

Av. 4.3 19.6 56 194 7.7 17.3 3.9 
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5.10. Effective iRainfall i(Pe) 

The ientire iwater ireceived ifrom irainfall iis inot iutilized iby ithe igrowing icrop; isome ipart iof iit imay 

ibe ilost idue ito isurface irun-off, ipenetration, ior ievaporation. iOnly ione ipart iof ithe iheavy iand imore 

irains ican ibe ientered iand istored iin ithe iroot izone. iA ipart iof istored iwater iis iutilized iby ithe icrop ito 

imeet iits ievapotranspiration. iIn ithe ipresent icase, i“effective irainfall” ihas ibeen icomputed iusing 

ithe iUnited iStates iDepartment iof iAgriculture iSoil iConservation i(USDA iSC) imethod. 

Table i5.8: iCalculation ieffective irainfall ifor iChahar iAsyab idistrict iusing iUSDA iS.C. iMethod. 

 

Figure i5.11: iMonthly irainfall iand ieffective irainfall i(mm) 

5.11. Water iRequirements iand iIrrigation iRequirement ifor iCropping iPattern i 

Water irequirement iof icrops ivaries iwith itheir itype iand ivariety iand istage iof igrowth, iproperties iof 

ithe isoil iand ithe iclimate. iThe itolerance iof ithe icrop ito isoil imoisture istress iis iinfluenced iby ithe 

igenetic imake-up iof ithe icrop, ior ithe irooting icharacteristics iand ithe iproperties iof ithe istomata. 

iWater imanagement ifor iefficient iwater iuse iis iprofoundly iinfluenced iby ithe iselection iof isuitable 

icrops iand itheir ivarieties ibased ion ithe iamount iof iwater iavailable iin ithe iarea iduring idifferent 

iperiods iof ithe icrop igrowing iseason. 
 

For iestimation iwater irequirement iand iirrigation irequirement ifor icropping ipattern iusing 

iCROPWAT i8.0 imodel. iAnd ialso, iclimatological iparameters ihave ibeen itaken ifrom ithe iFAO 

iCLIMWAT i2.0 isoftware. i 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

Rainfall 34 54 73 64 20 1 6 3 2 4 11 25 297 

Eff. irain 32.2 49.3 64.5 57.4 19.4 1 5.9 3 2 4 10.8 24 273.5 
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5.11.1. Cereal iCrops 

Cereal iCrops iare imembers iof ithe igrass ifamily igrown ifor itheir iedible istarchy iseeds. iThe 

iimportant icereal icrops iproduced iin iChahar iAsyab idistrict iare iwheat, ibarley, imaize i(corn). 

5.11.1.1. Wheat iCrop i 

Wheat iis imost iwidely igrown iof iall ithe icereal icrops iin ithe iworld. iWheat iis igrown iin ialmost iall 

itemperate iand imost iof ithe isub-tropical izone iworldwide. iIt iis ialso igrown iin isome itropical 

icountries iat ia ihigher ielevation. iWheat ivarieties ican ibe ibroadly igrouped iinto iwinter iwheat iand 

ispring iwheat. iWinter iwheat irequires ia icold iperiod iduring iearly igrowth. iWheat iis igrown iunder 

iirrigation iin ithe itropical izones ior iin ithe ihighlands inear ithe iequator iand iin ithe ilow-lands iaway 

ifrom ithe iequator. iIn ithe isub-tropics, iwith isummer irainfall ithe icrop iis igrown iunder iirrigation iin 

ithe iwinter imonths. iIn ithe isubtropics iwith iwinter irainfall, iit iis igrown iunder isupplemental 

iirrigation. iThe ilength iof ithe itotal igrowing iperiod iof ispring iwheat iranges ifrom i100 ito i130 idays 

iwhile iwinter iwheat ineeds iabout i180 ito i250 idays ito imature. iDay ilength iand itemperature 

irequirements iare ikey ifactors iin ivariety iselection. iWinter-wheat iin iits iearly istages iof 

idevelopment iexhibits istrong iresistance ito ifrost, idown ito i- i20°C. iThe iresistance iis ilost iin ithe 

iactive igrowth iperiod iin ispring iand iduring ihead idevelopment iand iflowering iperiods, ifrost imay 

ilead ito ihead isterility i(infertility). iBecause iof ithis isometimes imore idamage iis idone ito ithe iwinter 

icrop iby ispring ifrost ithan iby iwinter ifrost. iFigure i(5.12 i& i5.15) iin ithe ibelow idepicts ithe istages iof 

ithe icrop iof iboth ithe iwinter iwheat iand ithe ispring-wheat. i i 

Figure i5.12: iThe icrop icoefficients iof iwinter iwheat iat idifferent igrowth istages. 
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Table i5.9: iEstimation iof iwater irequirement iand iirrigation irequirement ifor iW-wheat icrop 

Figure i5.13: iWater ireq. iand iirrigation ireq. ifor iW-wheat icrop i(mm/dec) 

Month Decade Stage Kc ETc ETc Eff. irain Irr. iReq. 

 i  i  i Co-eff. mm/day mm/dec mm/dec mm/dec 

Nov 1 Init 0.4 1.04 10.4 2.7 7.7 

Nov 2 Init 0.4 0.83 8.3 3.4 4.9 

Nov 3 Init 0.4 0.67 6.7 4.9 1.8 

Dec 1 Deve 0.43 0.53 5.3 6.7 0 

Dec 2 Deve 0.49 0.39 3.9 8.2 0 

Dec 3 Deve 0.55 0.43 4.7 9 0 

Jan 1 Deve 0.61 0.48 4.8 9.5 0 

Jan 2 Deve 0.66 0.49 4.9 10.3 0 

Jan 3 Deve 0.72 0.6 6.6 12.4 0 

Feb 1 Deve 0.78 0.72 7.2 14.6 0 

Feb 2 Deve 0.84 0.86 8.6 16.5 0 

Feb 3 Deve 0.89 1.25 10 18.2 0 

Mar 1 Deve 0.94 1.68 16.8 20.5 0 

Mar 2 Deve 1 2.16 21.6 22.5 0 

Mar 3 Deve 1.05 2.77 30.4 21.4 9 

Apr 1 Deve 1.11 3.43 34.3 20.9 13.4 

Apr 2 Mid 1.17 4.13 41.3 20.6 20.7 

Apr 3 Mid 1.19 4.84 48.4 15.9 32.5 

May 1 Mid 1.19 5.49 54.9 10.1 44.8 

May 2 Mid 1.19 6.13 61.3 5.6 55.7 

May 3 Late 1.18 7.03 77.3 3.8 73.5 

Jun 1 Late 0.97 6.65 66.5 0.8 65.7 

Jun 2 Late 0.67 5.19 51.9 0 51.9 

Jun 3 Late 0.4 3.16 25.3 0.2 25 

 i  i  i  i  i 611.3 258.5 406.7 
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Table i5.10: iIrrigation ischedule ifor iwinter iwheat icrop 

 

 
 

Figure i5.14: iIrrigation ischedule igraph ifor iW-wheat icrop i 

 

Date Day Stage Rain Ks Eta Depl Net. iIrr. Loss Gr. iIrr. Flow 

  i  i mm frac. % % mm mm mm l/s/ha 

15-May 196 Mid 0 1 100 61 146.8 0 209.7 0.12 

13-Jun 225 End 0 1 100 76 182.7 0 261 1.04 

28-Jun End End 0 1 0 24  i  i  i  i 

Totals:  

 i i i i i iTotal gross iirrigation 470.7 mm Total irainfall 282.0 mm 

 i i i i i iTotal net iirrigation 329.5 mm Effective irainfall 220.4 mm 

 i i i i iTotal irrigation ilosses 0.0 mm Total irain iloss 61.6 mm 

Actual iwater iuse iby icrop 608.1 mm Moist ideficit iat iharvest 58.2 mm 

Potential iwater iuse iby icrop 608.1 mm  i i i iActual iirrigation ireq. 387.7 mm 

Efficiency iirrigation ischedule 100.0 % Efficiency irain 78.2 % 

Deficiency iirrigation ischedule 0.0 %    



45 i| iP .  
 

Figure i5.15: iThe icrop icoefficients iof ispring iwheat iat idifferent igrowth istages 

 

Table i5.11: iEstimation iof iwater irequirement iand iirrigation irequirement ifor iS-wheat icrop 

 

 

 

 

 

Month Decade Stage Kc ETc ETc Eff. irain Irr. iReq. 

 i  i  i Co-eff. mm/day mm/dec mm/dec mm/dec 

Apr 2 Init 0.3 1.06 6.4 12.4 0 

Apr 3 Init 0.3 1.22 12.2 15.9 0 

May 1 Init 0.3 1.38 13.8 10.1 3.7 

May 2 Init 0.3 1.55 15.5 5.6 9.9 

May 3 Deve 0.38 2.26 24.8 3.8 21 

Jun 1 Deve 0.69 4.74 47.4 0.8 46.5 

Jun 2 Deve 1 7.74 77.4 0 77.4 

Jun 3 Mid 1.22 9.57 95.7 0.3 95.5 

Jul 1 Mid 1.23 9.75 97.5 1.7 95.8 

Jul 2 Mid 1.23 9.97 99.7 2.3 97.4 

Jul 3 Mid 1.23 9.5 104.5 1.9 102.6 

Aug 1 Late 1.06 7.76 77.6 1.3 76.3 

Aug 2 Late 0.6 4.19 41.9 0.9 40.9 

Aug 3 Late 0.32 2.05 4.1 0.2 4.1 

 i  i  i  i  i 718.3 57.1 671.1 
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Figure i5.16: iWater ireq. iand iirrigation ireq. ifor iS-wheat icrop i(mm/dec) 

Table i5.12: iIrrigation ischedule ifor ispring iwheat icrop 

 

 

Date Day Stage Rain Ks Eta Depl Net iIrr. Loss Gr. iIrr. Flow 

 i  i  i mm fract. % % mm mm mm l/s/ha 

10-Jun 57 Dev 0 1 100 52 85.4 0 122 0.25 

22-Jun 69 Dev 0 1 100 51 96.5 0 137.9 1.33 

3-Jul 80 Mid 0.8 1 100 55 104.8 0 149.8 1.58 

13-Jul 90 Mid 1.2 1 100 50 96.1 0 137.3 1.59 

23-Jul 100 Mid 0.9 1 100 50 96.2 0 137.4 1.59 

4-Aug 112 End 0 1 100 55 105.4 0 150.6 1.45 

22-Aug End End 0 1 0 46  i  i  i  i 

Totals:  

 i iTotal gross iirrigation 835.0 mm Total irainfall 58.4 mm 

 i iTotal net iirrigation 584.5 mm Effective irainfall 42.9 mm 

 i iTotal irrigation ilosses 0.0 mm Total irain iloss 15.5 mm 

Actual iwater iuse iby icrop 716.3 mm  i i i iMoist ideficit iat iharvest 88.9 mm 

Potential iwater iuse iby icrop 716.3 mm  i i i iActual iirrigation ireq. 673.3 mm 

Efficiency iirrigation ischedule 100.0 % Efficiency irain 73.5 % 

Deficiency iirrigation ischedule 0.0 %    
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Figure i5.17: iIrrigation ischedule ifor iS-wheat icrop 

 

5.11.1.2. Barley iCrop 

Barley ineeds iless iwater ithan iwheat ifor iits igrowth. iIt iis igrown ias ia irain-fed icrop iin iareas ihaving 

irainfall iof i200-400 imm iin ithe igrowing iseason. iFigure i(5.18) iin ithe ibelow idepicts ithe istages iof 

ithe icrop iof ibarley. i 

Figure i5.18: iThe icrop icoefficients iof ibarley iat idifferent igrowth istages. 
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Table i5.13: iEstimation iof iwater irequirement iand iirrigation irequirement ifor ibarley icrop 

 

Figure i5.19: iWater ireq. iand iirrigation ireq. ifor ibarley icrop i(mm/dec) 
 

 

 

Month Decade Stage Kc ETc ETc Eff. irain Irr. iReq. 

 i  i  i Co-eff. mm/day mm/dec mm/dec mm/dec 

Apr 2 Init 0.3 1.06 6.4 12.4 0 

Apr 3 Init 0.3 1.22 12.2 15.9 0 

May 1 Init 0.3 1.38 13.8 10.1 3.7 

May 2 Init 0.3 1.55 15.5 5.6 9.9 

May 3 Deve 0.38 2.26 24.8 3.8 21 

Jun 1 Deve 0.69 4.74 47.4 0.8 46.5 

Jun 2 Deve 1 7.74 77.4 0 77.4 

Jun 3 Mid 1.22 9.57 95.7 0.3 95.5 

Jul 1 Mid 1.23 9.75 97.5 1.7 95.8 

Jul 2 Mid 1.23 9.97 99.7 2.3 97.4 

Jul 3 Mid 1.23 9.5 104.5 1.9 102.6 

Aug 1 Late 1.06 7.7 77 1.3 75.7 

Aug 2 Late 0.57 3.95 39.5 0.9 38.6 

Aug 3 Late 0.27 1.74 3.5 0.2 3.5 

 i  i  i  i  i 714.7 57.1 667.5 
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Table i5.14: iIrrigation ischedule ifor ibarley icrop 

 

Totals:  

Total gross iirrigation 877.6 mm Total irainfall 58.4 mm 

Total net iirrigation 614.3 mm Effective irainfall 42.9 mm 

Total irrigation ilosses 0.0 mm Total irain iloss 15.5 mm 

Actual iwater iuse iby icrop 713.0 mm Moist ideficit iat iharvest 55.7 mm 

Potential iwater iuse iby icrop 713.0 mm  i i i iActual iirrigation ireq. 670.0 mm 

Efficiency iirrigation ischedule 100.0 % Efficiency irain 73.5 % 

Deficiency iirrigation ischedule 0.0 %    

  

Figure i5.20: iIrrigation ischedule igraph ifor ibarley icrop 

 

 

Date Day Stage Rain Ks Eta Depl Net iIrr. Loss Gr. iIrr. Flow 

   mm fract. % % mm mm mm l/s/ha 

10-Jun 57 Dev 0 1 100 56 85.4 0 122 0.25 

22-Jun 69 Dev 0 1 100 55 96.5 0 137.9 1.33 

3-Jul 80 Mid 0.8 1 100 60 104.8 0 149.8 1.58 

14-Jul 91 Mid 0 1 100 60 106.1 0 151.5 1.59 

25-Jul 102 Mid 0 1 100 60 105.2 0 150.3 1.58 

8-Aug 116 End 0 1 100 66 116.3 0 166.1 1.37 

22-Aug End End 0 1 0 32     
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5.11.1.3. Maize i(Corn) iCrop 

Maize ialso icalled icorn, iis ian iimportant icereal icrop igrown iin iclimates iranging ifrom itemperate ito 

itropical iduring ithe iperiod iwhen imeaning idaily itemperatures iare iabove i15°C iand ifrost-free. 

iAbout ihalf iof imaize iproduction iin ithe iworld iis ifrom ithe iUSA. iMaize iis igrown ialmost iall iover 

iAfghanistan iunder ivaried isoil iand iclimate iconditions. iHowever, iit iis iessentially ia iwarm iand 

ihumid iseason icrop iand iareas iof imild iclimate iit ican ibe igrown ithroughout ithe iyear. iIn iChahar 

iAsyab idistrict imaize iis igrown imostly iduring ithe imonths iof iJuly-October iunder irain-fed iand 

iirrigation iconditions. iMost iof ithe iimproved ivarieties iof imaize irequire i100-130 idays ito imature. 

iFigure i(5.21) iin ithe ibelow idepicts ithe icrop istages iof ithe imaize icrop. 

Figure i5.21: iThe icrop icoefficients iof imaize iat idifferent igrowth istages. 

Table i5.15: iEstimation iof iwater irequirement iand iirrigation irequirement ifor imaize icrop. 

Month Decade Stage Kc ETc ETc Eff. irain Irr. iReq. 

 i  i  i Co-eff. mm/day mm/dec mm/dec mm/dec 

Jun 1 Init 0.3 2.06 16.5 0.7 15.7 

Jun 2 Init 0.3 2.32 23.2 0 23.2 

Jun 3 Deve 0.4 3.13 31.3 0.3 31 

Jul 1 Deve 0.68 5.34 53.4 1.7 51.7 

Jul 2 Deve 0.95 7.71 77.1 2.3 74.8 

Jul 3 Mid 1.22 9.4 103.4 1.9 101.5 

Aug 1 Mid 1.27 9.28 92.8 1.3 91.5 

Aug 2 Mid 1.27 8.84 88.4 0.9 87.4 

Aug 3 Mid 1.27 8.08 88.8 0.9 88 

Sep 1 Late 1.23 7.05 70.5 0.7 69.8 

Sep 2 Late 0.95 4.89 48.9 0.6 48.3 

Sep 3 Late 0.64 2.98 29.8 0.8 29 

Oct 1 Late 0.41 1.71 8.5 0.5 8 

 i  i  i  i  i 732.8 12.5 720.2 
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Figure i5.22: iWater ireq. iand iirrigation ireq. ifor imaize icrop i(mm/dec) 

Table i5.16: iIrrigation ischedule ifor imaize icrop 

 

Totals:  

Total gross iirrigation 989.1 mm Total irainfall 12.8 mm 

Total net iirrigation 692.3 mm Effective irainfall 12.0 mm 

Total irrigation ilosses 0.0 mm Total irain iloss 0.8 mm 

Actual iwater iuse iby icrop 731.1 mm Moist ideficit iat iharvest 26.8 mm 

Potential iwater iuse iby icrop 731.1 mm  i i iActual iIrrigation ireq. 719.2 mm 

Efficiency iirrigation ischedule 100.0 % Efficiency irain 93.8 % 

Deficiency iirrigation ischedule 0.0 %    

Date  Day Stage Rain Ks Eta Depl Net iIrr. Loss Gr. iIrr. Flow 

 i   i  i mm fract. % % mm mm mm l/s/ha 

24-Jun  22 Dev 0 1 100 56 51.7 0 73.9 0.39 

10-Jul  38 Dev 0 1 100 56 70.4 0 100.5 0.73 

21-Jul  49 Dev 0 1 100 57 84.2 0 120.3 1.27 

31-Jul  59 Mid 0 1 100 58 92.1 0 131.6 1.52 

10-Aug  69 Mid 0 1 100 57 91.5 0 130.8 1.51 

21-Aug  80 Mid 0 1 100 60 95.5 0 136.4 1.44 

2-Sep  92 Mid 0 1 100 59 94 0 134.3 1.3 

23-Sep  113 End 0.4 1 100 71 112.9 0 161.3 0.89 

5-Oct  End End 0 1 0 17  i  i  i  i 
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Figure i5.23: iIrrigation ischedule igraph ifor imaize icrop 

5.11.2. Vegetable iCrops 

Vegetables iform ian iimportant icomponent iof ithe ihuman idiet, isupplying imajor iamounts iof 

ivitamins iA iand iC iand inumerous inutrients, iprotein, iand ifat. iVegetable icrops iare igrown iover ia 

iwide ivariety iof isoils iand iclimatic iconditions. iOne ior ithe iother ivegetable icrop iis igrown iat iany 

itime iof ithe iyear, idepending iupon ithe iavailability iof iirrigation iwater. iThe iimportant ispring iand 

isummer iseason ivegetable icrops iare ipotato, ionion, iand itomato iin iChahar iAsyab idistrict. iMost iof 

ithe ivegetable icrops iare iof ishort iduration iand iquick igrowing iinhabit iand ineed ifrequent 

iirrigations ifor itheir imaximum iproduction. iThe iirrigation irequirements iwill ivary, idepending 

iupon ithe iduration iof ithe icrop iand ithe iseason iwhen igrown. iSolanaceous ivegetable icrops iinclude 

itomatoes iwhich iare ideep-rooted iwith ihigh iwater irequirements iand ihigh iyields. i 

Adequate isoil imoisture iavailability iin ithe iroot izone iis iof iprime iimportance iin ithe icultivation iof 

ivegetable icrops. iIn iarid iand isemi-arid iclimates iirrigation iis ia ibasic irequirement iin ithe 

icultivation iof ivegetable icrops. 

The iwater irequirement iof ivegetable icrops iand ithe ifrequency iof iirrigation ivary iwith ithe itype iof 

icrop, isoil, iand iclimatic iconditions. iHowever, ias ia igeneral irule, iapplicable ito imost iof ithe 

ivegetable icrops, ithe iavailable isoil imoisture iin ithe icrop iroot izone ishould ibe ireplenished iwhen 

i50% iof iit ihas ibeen idepleted. i 

5.11.2.1. Potato iCrop 

Potato i(Solanum ituberosum) iis igrown iin imost iregions ithroughout ithe iworld ibut iis iparticularly 

iimportant iin ithe itemperate iclimates. iThe ioptimum imean itemperatures iare iaround i15 ito i20°C. 

iNight itemperatures ibelow i15°C, iare idesirable ifor ituber iinitiation. iTemperatures ibelow i10°C 

iand iabove i30°C iadversely iaffect igrowth. iPotato ivariety ican ibe igrouped iinto iearly i(90 ito i120 

idays), imedium i(120 ito i150 idays), iand ilate i(150 ito i180 idays). iEarly ivarieties iare ibred ifor 
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itemperature iclimates iwith ilong iday ilengths i15 ito i17 ihrs., iwhile ilate ivarieties iresult iin igood 

iyields iunder ilong iand ishort iday iconditions. iFor itropical iclimates ivarieties itolerant ito ishort idays 

iare irequired. 

Potato iis igrown iin i3 ior imore iyear irotations iwith iother icrops isuch ias imaize iand ialfalfa ito 

imaintain isoil iproductivity, ito icheck iweed igrowth iand iprevent icrop idamage idue ito iinsects, ipests 

iand idiseases, iparticularly isoil-borne idiseases. i 

Potato irequires iadequate isoil imoisture ifor ioptimum igrowth. iThe iavailable isoil imoisture ishould 

inot ibe idepleted ibeyond i30 ito i50%. iSoil imoisture idepletion imore ithan i50% ireduces ithe iyield iof 

ithe icrop. iPotato ihas ia ishallow iroot isystem iand iabout i70% iof ithe itotal imoisture iuptake iis ifrom 

ithe itop i30 icm iof ithe iroot izone iand inearly i100% ifrom ithe itop i40 ito i60 icm iof ithe iroot izone. 

iUnder iirrigation iconditions, iirrigation ischeduling ishould ibe ibased ion iavoiding isoil imoisture 

ideficits iduring ithe iperiods iof icolonization iand iyield iformation. i 

Figure i5.24: iThe icrop icoefficients iof ipotato iat idifferent igrowth istages. 
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Table i5.17: iEstimation iof iwater irequirement iand iirrigation irequirement ifor ipotato icrop 

 

Figure i5.25: iWater ireq. iand iirrigation ireq. ifor ipotato icrop i(mm/dec) 

 

 

 

 

Month Decade Stage Kc ETc ETc Eff. irain Irr. iReq. 

 i  i  i Co-eff. mm/day mm/dec mm/dec mm/dec 

Jan 1 Init 0.5 0.4 4 9.5 0 

Jan 2 Init 0.5 0.37 3.7 10.3 0 

Jan 3 Deve 0.54 0.45 4.9 12.4 0 

Feb 1 Deve 0.75 0.69 6.9 14.6 0 

Feb 2 Deve 0.97 0.99 9.9 16.5 0 

Feb 3 Mid 1.13 1.59 12.8 18.2 0 

Mar 1 Mid 1.15 2.06 20.6 20.5 0.1 

Mar 2 Mid 1.15 2.5 25 22.5 2.5 

Mar 3 Mid 1.15 3.02 33.2 21.4 11.8 

Apr 1 Mid 1.15 3.54 35.4 20.9 14.5 

Apr 2 Late 1.08 3.82 38.2 20.6 17.6 

Apr 3 Late 0.95 3.88 38.8 15.9 22.9 

May 1 Late 0.83 3.81 38.1 10.1 28 

 i  i  i  i  i 271.4 213.3 97.4 
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Table i5.18: iIrrigation ischedule ifor ipotato icrop 

 

 

Figure i5.26: iIrrigation ischedule igraph ifor ipotato icrop i 

5.11.2.2. Onion iCrop 

Onion iis ithe imost iimportant ibulb icrop igrown iunder ia ivariety iof iclimates ifrom itemperature ito 

itropical. iThe icrop iflourishes iin imild iclimates iwithout iextremes iof itemperature iand iwithout 

iexcessive irainfall. iDuring ithe iinitial igrowth iperiod, icool iweather iand iadequate isoil imoisture 

iare iadvantageous ifor ithe iproper iestablishment iof ithe icrop. iDuring ithe icrop iripening iperiod, 

iwarm, idry iweather iis idesirable ifor ihigh iyields iof igood iquality ibulbs. iThe imean idaily 

itemperature ifor ithe ioptimum igrowth iof ithe icrop iranges ifrom i15 ito i20°C. i 

Date Day Stage Rain Ks Eta Depl Net iIrr. Loss Gr. iIrr. Flow 

 i  i  i mm fract. % % mm mm mm l/s/ha 

10-Apr 100 Mid 0 1 100 32 31 0 44.2 0.05 

1-May 121 End 0 1 100 46 44.1 0 63 0.35 

10-May End End 0 1 0 22  i  i  i  i 

Totals:  

Total gross iirrigation 107.3 mm Total irainfall 235.6 mm 

Total net iirrigation 75.1 mm Effective irainfall 171.2 mm 

Total irrigation ilosses 0.0 mm Total irain iloss 64.4 mm 

Actual iwater iuse iby icrop 267.6 mm Moist ideficit iat iharvest 21.3 mm 

Potential iwater iuse iby icrop 267.6 mm  i i i iActual iirrigation ireq. 96.4 mm 

Efficiency iirrigation ischedule 100.0 % Efficiency irain 72.7 % 

Deficiency iirrigation ischedule 0.0 %    
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The ilength iof ithe igrowing iperiod ivaries iwith ithe iclimate ibut iusually iranges ifrom i150 ito i175 

idays, ifrom isowing ito iharvest. iThe icrop iis iusually igrown iin ithe inursery iand itransplanted iafter 

i30 ito i35 idays. iOnion-like imost iother ivegetable icrops iare isensitive ito isoil imoisture ideficits. iThe 

icrop iis ishallow irooted iwith iroots iconcentrated iin ithe itop i30 icm iof ithe isoil, irequiring ifrequent 

iand ilight iirrigations. iFigure i(5.27) iin ithe ibelow idepicts ithe icrop istages iof ionion. 

Figure i5.27: iThe icrop icoefficients iof ionion iat idifferent igrowth istages. 

Table i5.19: iEstimation iof iwater irequirement iand iirrigation irequirement ifor ionion icrop 

Month Decade Stage Kc ETc ETc Eff. irain Irr. iReq. 

 i  i  i Co-eff. mm/day mm/dec mm/dec mm/dec 

Apr 1 Init 0.7 2.15 21.5 20.9 0.6 

Apr 2 Deve 0.72 2.56 25.6 20.6 5 

Apr 3 Deve 0.87 3.55 35.5 15.9 19.6 

May 1 Deve 1.03 4.77 47.7 10.1 37.6 

May 2 Mid 1.11 5.71 57.1 5.6 51.5 

May 3 Mid 1.11 6.59 72.5 3.8 68.7 

Jun 1 Mid 1.11 7.62 76.2 0.8 75.4 

Jun 2 Mid 1.11 8.58 85.8 0 85.8 

Jun 3 Mid 1.11 8.67 86.7 0.3 86.4 

Jul 1 Mid 1.11 8.76 87.6 1.7 86 

Jul 2 Late 1.11 8.96 89.6 2.3 87.2 

Jul 3 Late 1.05 8.12 89.4 1.9 87.5 

Aug 1 Late 0.97 7.1 71 1.3 69.7 

Aug 2 Late 0.9 6.22 62.2 0.9 61.3 

Aug 3 Late 0.83 5.25 42 0.6 41.1 

 i  i  i  i  i 950.4 86.7 863.4 
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Figure i5.28: iWater irequirement ifor ionion i(mm/dec) 

Table i5.20: iIrrigation ischedule ifor ionion icrop 

 

Date Day Stage Rain Ks Eta Depl Net iIrr. Loss Gr. iIrr. Flow 

 i  i  i mm fract. % % mm mm mm l/s/ha 

30-Apr 30 Dev 0 1 100 42 29.1 0 41.6 0.16 

10-May 40 Dev 0 1 100 46 36.9 0 52.7 0.61 

18-May 48 Mid 0 1 100 50 40.1 0 57.3 0.83 

25-May 55 Mid 0 1 100 53 42.5 0 60.7 1 

31-May 61 Mid 0 1 100 47 37.7 0 53.8 1.04 

5-Jun 66 Mid 0 1 100 47 37.7 0 53.8 1.25 

10-Jun 71 Mid 0 1 100 47 37.7 0 53.8 1.25 

15-Jun 76 Mid 0 1 100 54 42.9 0 61.3 1.42 

20-Jun 81 Mid 0 1 100 54 42.9 0 61.3 1.42 

25-Jun 86 Mid 0 1 100 54 43.2 0 61.7 1.43 

30-Jun 91 Mid 0 1 100 54 43.2 0 61.7 1.43 

5-Jul 96 Mid 0 1 100 54 43 0 61.4 1.42 

10-Jul 101 Mid 0 1 100 54 43 0 61.4 1.42 

15-Jul 106 Mid 0 1 100 55 43.6 0 62.3 1.44 

20-Jul 111 End 0 1 100 55 43.6 0 62.3 1.44 

25-Jul 116 End 0 1 100 50 39.7 0 56.7 1.31 

30-Jul 121 End 0 1 100 50 39.7 0 56.7 1.31 

5-Aug 127 End 0 1 100 54 43 0 61.4 1.18 

11-Aug 133 End 0 1 100 51 41.1 0 58.6 1.13 

18-Aug 140 End 0 1 100 53 42.6 0 60.9 1.01 

26-Aug 148 End 0 1 100 54 43.5 0 62.1 0.9 

28-Aug End End 0 1 0 7  i  i  i  i 
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Totals:  

Total gross iirrigation 1223.7 mm Total irainfall 94.2 mm 

Total net iirrigation 856.6 mm Effective irainfall 83.3 mm 

Total irrigation ilosses  i i i i0.0 mm Total irain iloss 10.9 mm 

Actual iwater iuse iby icrop 945.1 mm Moist ideficit iat iharvest 5.2 mm 

Potential iwater iuse iby icrop 945.1 mm  i i i iActual iirrigation ireq. 861.8 mm 

Efficiency iirrigation ischedule 100.0 % Efficiency irain 88.4 % 

Deficiency iirrigation ischedule 0.0 %    

 

Figure i5.29: iIrrigation ischedule igraph ifor ionion icrop i 

5.11.2.3. Tomato iCrop i i i i i i 

Tomato i(Lycopersicon iesculentum) iis ithe isecond imost iimportant ivegetable, inext ionly ito 

ipotato. iIt iis ia irapidly igrowing icrop iwith ia igrowing iperiod iof i90 ito i150 idays. iThe icrop iis inatural 

ito iday ilength ioptimum imean idaily itemperature iis iin ithe irange iof i18 ito i25°C iwith inight 

itemperature ibetween i10 iand i20°C. iThe igrowth iperiod iof itomatoes iare irecognized ias ifollows: 

inursery istage i(25 ito i35 idays), iflowering istage i(20 ito i30 idays), iyield iformation istage i(20 ito i30 

idays) iand iripening istage i(15 ito i20 idays). iTomato iis imost isensitive ito isoil imoisture istress iduring 

iand iimmediately iafter itransplanting, iduring iflowering iand iyield iformation. iTomato ihas ia ifairly 

ideep iroot isystem. iIn ideep isoils, iroots imay ipenetrate iup ito i1.5m. iAbout i80% iof ithe isoil imoisture 

iuptake iis ifrom ithe itop i50 ito i60 icm iof ithe iroot izone isoil. iFor ihigh iyields iof igood iquality, itomato 

ineeds ia icontrolled isupply iof iwater ithroughout ithe igrowing iperiod. i 
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Figure i5.30: iThe icrop icoefficients iof itomato iat idifferent igrowth istages. 

Table i5.21: iEstimation iof iwater irequirement iand iirrigation irequirement ifor itomato icrop 

 

Month Decade Stage Kc ETc ETc Eff. irain Irr. iReq. 

 i  i  i Co-eff. mm/day mm/dec mm/dec mm/dec 

May 1 Init 0.6 2.77 27.7 10.1 17.6 

May 2 Init 0.6 3.09 30.9 5.6 25.3 

May 3 Deve 0.6 3.58 39.3 3.8 35.5 

Jun 1 Deve 0.7 4.81 48.1 0.8 47.3 

Jun 2 Deve 0.85 6.6 66 0 66 

Jun 3 Deve 1 7.86 78.6 0.3 78.3 

Jul 1 Mid 1.16 9.14 91.4 1.7 89.7 

Jul 2 Mid 1.21 9.79 97.9 2.3 95.6 

Jul 3 Mid 1.21 9.33 102.6 1.9 100.7 

Aug 1 Mid 1.21 8.82 88.2 1.3 87 

Aug 2 Mid 1.21 8.4 84 0.9 83.1 

Aug 3 Late 1.17 7.42 81.6 0.9 80.8 

Sep 1 Late 1.04 6 60 0.7 59.3 

Sep 2 Late 0.92 4.74 47.4 0.6 46.8 

Sep 3 Late 0.85 3.93 7.9 0.2 7.9 

 i  i  i  i  i 951.6 31 920.8 
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Figure i5.31: iWater irequirement ifor itomato i(mm/dec) 

Table i5.22: iIrrigation ischedule ifor itomato icrop 

 

 

Date Day Stage Rain Ks Eta Depl Net iIrr. Loss Gr. iIrr. Flow 

 i  i  i mm fract. % % mm mm mm l/s/ha 

11-May 11 Init 0 1 100 34 20 0 28.5 0.3 

20-May 20 Init 0 1 100 30 22.3 0 31.8 0.41 

29-May 29 Init 0 1 100 32 28.4 0 40.6 0.52 

6-Jun 37 Dev 0 1 100 34 35.6 0 50.8 0.74 

13-Jun 44 Dev 0 1 100 34 39 0 55.8 0.92 

20-Jun 51 Dev 0 1 100 36 46.2 0 66 1.09 

27-Jun 58 Dev 0.1 1 100 39 54.8 0 78.2 1.29 

4-Jul 65 Dev 0 1 100 39 59.3 0 84.7 1.4 

12-Jul 73 Mid 0 1 100 46 73.6 0 105.1 1.52 

19-Jul 80 Mid 0 1 100 42 67.4 0 96.2 1.59 

26-Jul 87 Mid 0 1 100 41 64.8 0 92.6 1.53 

2-Aug 94 Mid 0 1 100 40 64.3 0 91.8 1.52 

10-Aug 102 Mid 0 1 100 44 69.9 0 99.9 1.45 

18-Aug 110 Mid 0 1 100 41 66.3 0 94.7 1.37 

27-Aug 119 End 0.4 1 100 42 67.9 0 97 1.25 

8-Sep 131 End 0 1 100 48 76.9 0 109.9 1.06 

22-Sep End End 0 1 0 39  i  i  i  i 
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Total: 

  

 

  

Figure i5.32: iIrrigation ischedule igraph ifor itomato icrop i 

5.11.3. Fruits iCrops 

Fruit icrops imay ibe iof ian ievergreen itype ior ideciduous itype. iThe ideciduous itrees ished itheir 

ileaves iduring iwinter iand iremain idormant ifor i3-4 imonths. iA itypical iexample iis ia igrapevine. iAll 

ifruit icrops irequire iadequate isoil imoisture iduring itheir iestablishment iperiod iof ithree ito ifour 

iyears. iSoil imoisture ishould ibe imaintained iabove i50% iavailability iin ithe isurface i1m idepth iof 

isoil. iAt iother iperiods iand iduring idormancy iin ithe icase iof ideciduous itrees, iirrigations imay ibe 

iapplied iwhen ithe isoil imoisture idepletion ireaches ibelow i30% iof ithe iavailable isoil imoisture iin 

ithe iroot izone. i 

5.11.3.1.  i i i iGrapes iCrop 

Grapes iare ian iimportant ifruit icrop irequiring ia ilong, iwarm, idry isummer iand icool iwinter. iGrapes 

iare iadapted ito ia iwide irange iof iwell-drained isoils. iLargest ivines iand ihigh iyields iare iobtained iin 

ideep, ifertile isoil. iMost igrape ivarieties iare ipropagated iby icuttings igrown iin inurseries ito iproduce 

iroots. 

Total gross iirrigation 1223.7 mm Total irainfall 31.5 mm 

Total net iirrigation 856.6 mm Effective irainfall 28.3 mm 

Total irrigation ilosses  i i i i0.0 mm Total irain iloss 3.2 mm 

Actual iwater iuse iby icrop 947.7 mm Moist ideficit iat iharvest 62.7 mm 

Potential iwater iuse iby icrop 947.7 mm  i i i iActual iirrigation ireq. 919.3 mm 

Efficiency iirrigation ischedule 100.0 % Efficiency irain 89.8 % 

Deficiency iirrigation ischedule 0.0 %    
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Grape ivines iare ideep-rooted iwith iroots ipenetrating ito ia idepth iof i2 ito i3 im. igrapes ican iadjust 

imoderately ito ilimit iwater isupply. i 

Prior ito iand iduring iflowering iadequate isoil imoisture iis iessential ifor iflower idevelopment. 

iDuring ithe ivegetative iperiod, iflowering iand iearly iyield iformation istage isoil imoisture idepletion 

ishould inot iexceed i0.35 ito i0.45 iwhen ithe iETc iis i5 ito i6 imm/day. iLater iin ithe igrowth iperiod, 

imoisture idepletion ican ibe iat ia ihigher ilevel, iwhile itowards iand iafter iharvest ia ihigh ilevel iof isoil 

imoisture idepletion iis irequired. 

Figure i5.33: iThe icrop icoefficients iof igrape iat idifferent igrowth istages. 

Table i5.23: iEstimation iof iwater irequirement iand iirrigation irequirement ifor igrapes icrop 

Month Decade Stage Kc ETc ETc Eff. irain Irr. iReq. 

 i  i  i Co-eff. mm/day mm/dec mm/dec mm/dec 

Apr 1 Init 0.27 0.83 8.3 20.9 0 

Apr 2 Init 0.27 0.95 9.5 20.6 0 

Apr 3 Init 0.27 1.1 11 15.9 0 

May 1 Init 0.27 1.24 12.4 10.1 2.4 

May 2 Init 0.27 1.39 13.9 5.6 8.4 

May 3 Init 0.27 1.61 17.7 3.8 13.9 

Jun 1 Init 0.27 1.86 18.6 0.8 17.7 

Jun 2 Init 0.27 2.09 20.9 0 20.9 

Jun 3 Init 0.27 2.11 21.1 0.3 20.9 

Jul 1 Init 0.27 2.13 21.3 1.7 19.7 

Jul 2 Init 0.27 2.18 21.8 2.3 19.5 

Jul 3 Init 0.27 2.08 22.9 1.9 21 

Aug 1 Init 0.27 1.97 19.7 1.3 18.4 

Aug 2 Init 0.27 1.87 18.7 0.9 17.8 



63 i| iP .  
 

Table i5.23: iConteniou i 

 i 

 

Figure i5.34: iWater ireq. iand iirrigation ireq. ifor ithe igrapes icrop i(mm/dec) 

Aug 3 Deve 0.27 1.73 19.1 0.9 18.2 

Sep 1 Deve 0.32 1.85 18.5 0.7 17.8 

Sep 2 Deve 0.39 1.98 19.8 0.6 19.2 

Sep 3 Deve 0.45 2.08 20.8 0.8 20 

Oct 1 Deve 0.51 2.11 21.1 1 20.1 

Oct 2 Mid 0.57 2.07 20.7 1.1 19.6 

Oct 3 Mid 0.58 1.81 19.9 2 18 

Nov 1 Mid 0.58 1.51 15.1 2.7 12.4 

Nov 2 Mid 0.58 1.2 12 3.4 8.7 

Nov 3 Mid 0.58 0.98 9.8 4.9 4.9 

Dec 1 Mid 0.58 0.71 7.1 6.7 0.4 

Dec 2 Mid 0.58 0.47 4.7 8.2 0 

Dec 3 Mid 0.58 0.45 5 9 0 

Jan 1 Mid 0.58 0.46 4.6 9.5 0 

Jan 2 Mid 0.58 0.43 4.3 10.3 0 

Jan 3 Mid 0.58 0.48 5.3 12.4 0 

Feb 1 Mid 0.58 0.54 5.4 14.6 0 

Feb 2 Late 0.58 0.59 5.9 16.5 0 

Feb 3 Late 0.57 0.8 6.4 18.2 0 

Mar 1 Late 0.54 0.97 9.7 20.5 0 

Mar 2 Late 0.52 1.12 11.2 22.5 0 

Mar 3 Late 0.49 1.28 14.1 21.4 0 

 i  i  i  i  i 498.3 273.7 339.8 
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Table i5.24: iIrrigation ischedule ifor igrapes icrop 

 

Totals:  

Total gross iirrigation 486.4 mm Total irainfall 297.3 mm 

Total net iirrigation 340.5 mm Effective irainfall 151.5 mm 

Total irrigation ilosses  i i i i0.0 mm Total irain iloss 145.8 mm 

Actual iwater iuse iby icrop 497.1 mm Moist ideficit iat iharvest 5.1 mm 

Potential iwater iuse iby icrop 497.1 mm  i i i iActual iirrigation ireq. 345.6 mm 

Efficiency iirrigation ischedule 100.0 % Efficiency irain 51.0 % 

Deficiency iirrigation ischedule 0.0 %    
 

Figure i5.35: iIrrigation ischedule igraph ifor igrapes i 

5.11.4. Fodder iCrops 

The iimportant isummer iseason ifodders iare iclover iand ialfalfa. iSome ifodder icrop ilike ialfalfa 

igrown ias ia iperennial icrop. i iThe iobjective iin ithe iirrigation iof ifodder icrops igenerally iis ioptimum 

ivegetative igrowth iof ia icertain iquality. i iSince iseed iproduction iis inot igenerally ithe iobjective, ithe 

Date Day Stage Rain Ks Eta Depl Net iIrr. Loss Gr. iIrr. Flow 

 i  i  i mm fract. % % mm mm mm l/s/ha 

29-Jun 90 Init 0 1 100 36 85.7 0 122.4 0.16 

12-Aug 134 Init 0 1 100 35 84.4 0 120.5 0.32 

28-Sep 181 Dev 0 1 100 36 85.6 0 122.3 0.3 

22-Nov 236 Mid 0 1 100 35 84.8 0 121.1 0.25 

31-Mar End End 0 1 0 2  i  i  i  i 
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itiming iof iirrigation iwith irespect ito igrain iyields idoes inot iapply. iFor iexample, iin imaize igrain 

iyield iis inot iappreciably iaffected iby iearly iseason istress i(prior ito ibloom) iif ithere iis ion isevere 

iwilting. iSuch istress iwill ihave ia imarked ieffect ion ivegetative igrowth iand ifodder iyield. i 

Alfalfa iunder imoisture istress. iAs ia igeneral irule, ioptimum iforage iproduction iis ipossible ionly 

iwith ia icontinuous ihigh imoisture ilevel. iA isafe irule ito ifollow iis ito iirrigate iso ias ito ikeep ithe 

iavailable isoil imoisture ilevel iabove i50 ipercent iat iall itimes. i 

Figure i5.36: iThe icrop icoefficients iof iclover iat idifferent igrowth istages. 

Table i5.25: iEstimation iof iwater irequirement iand iirrigation irequirement ifor iclover icrop 

 

Month Decade Stage Kc ETc ETc Eff. irain Irr. iReq. 

 i  i  i Co-eff. mm/day mm/dec mm/dec mm/dec 

Jul 1 Init 0.4 3.16 31.6 1.7 30 

Jul 2 Deve 0.52 4.2 42 2.3 39.7 

Jul 3 Deve 0.75 5.77 63.4 1.9 61.5 

Aug 1 Mid 0.93 6.79 67.9 1.3 66.6 

Aug 2 Mid 0.94 6.55 65.5 0.9 64.6 

Aug 3 Mid 0.94 5.99 65.9 0.9 65 

Sep 1 Mid 0.94 5.42 54.2 0.7 53.5 

Sep 2 Mid 0.94 4.86 48.6 0.6 48 

Sep 3 Late 0.94 4.37 43.7 0.8 42.8 

Oct 1 Late 0.92 3.83 38.3 1 37.3 

Oct 2 Late 0.91 3.31 33.1 1.1 32 

Oct 3 Late 0.89 2.79 22.3 1.4 20.3 

 i  i  i  i  i 576.5 14.6 561.4 
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Figure i5.37: i iWater ireq. iand iirrigation ireq. ifor iclover icrop i(mm/dec) 

Table i5.26: iIrrigation ischedule ifor iclover icrop 

 

Total: 

Total gross iirrigation 740.5 mm Total irainfall 15.2 mm 

Total net iirrigation 518.4 mm Effective irainfall 14.6 mm 

Total irrigation ilosses  i i i i0.0 mm Total irain iloss 0.6 mm 

Actual iwater iuse iby icrop 573.7 mm Moist ideficit iat iharvest 40.6 mm 

Potential iwater iuse iby icrop 573.7 mm  i i i iActual iirrigation ireq. 559.1 mm 

Efficiency iirrigation ischedule 100.0 % Efficiency irain 100.0 % 

Deficiency iirrigation ischedule 0.0 %    
 

 

Date Day Stage Rain Ks Eta Depl Net iIrr. Loss Gr. iIrr. Flow 

 i  i  i mm fract. % % mm mm mm l/s/ha 

23-Jul 23 Dev 0.9 1 100 57 86 0 122.8 0.62 

4-Aug 35 Dev 0 1 100 56 71.7 0 102.4 0.99 

15-Aug 46 Mid 0 1 100 57 72.4 0 103.4 1.09 

27-Aug 58 Mid 0.4 1 100 57 73.4 0 104.8 1.01 

9-Sep 71 Mid 0 1 100 56 72.1 0 102.9 0.92 

24-Sep 86 End 0 1 100 55 70.5 0 100.7 0.78 

13-Oct 105 End 0.6 1 100 57 72.5 0 103.5 0.63 

28-Oct End End 0 1 0 31  i  i  i  i 
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Figure i5.38: iIrrigation ischedule igraph ifor iclover icrop i 

5.11.4.2. Alfalfa i(Lucerne) iCrop 

Alfalfa iis ian iimportant ifodder icrop iof ihigh inutritive ivalue, iand ialso iimportant ifodder icrop iof 

ithe ispring iseason. iIt iis ia iperennial icrop iplanted ifrom iseed iand ireaches iits imaturity iin ithe ifirst 

iyear. iThe ihighest iyields iare iobtained iin ithe isecond iyear iof igrowth. iIt iis ia ilegume iwhich igrows 

iwell ion ia ivariety iof iwell-drained isoils iwith ipH ivalues iabove i7. iAlfalfa iis imoderately isensitive 

ito isoil isalinity. iWhen iproperly iinoculated iit idevelops initrogen-fixing ibacteria iin ithe iroot inodes. 

iIt iis ia idense icrop igrown iin iclosely ispaced irows. iIt iis icut ifor ifodder iseveral itimes iduring ieach 

igrowing iseason iand imay iremain iproductive ifor i3 ito i7 iyears ior imore. iAlfalfa iis ialso igrown ias ia 

ishort iseason iannual icrop. iAn iimportant ifeature iof ithe icrop ifrom ithe ipoint iof iview iof iirrigation 

iis ithe iwell-developed itap iroot isystem. iThe itaproot ipenetrates iup ito i4m iin ideep isoils. i 

Figure i5.39: iThe icrop icoefficients iof ialfalfa iat idifferent igrowth istages. 
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To ipromote igrowth, iirrigation iis iand inormally iapplied ijust iafter ieach icutting. iAdequate isoil 

imoisture iis imaintained iin ithe iroot izone ithroughout ithe igrowing iperiod iby iirrigation iwhen ithe 

irainfall iis iinadequate. iHowever, iexcess iirrigation imay icause ireduced isoil iaeration iwhich iis 

iharmful ito ithe icrop. iFigure i(5.39) iin ithe iabove idepicts ithe icrop istages iof ialfalfa. 

Table i5.27: iEstimation iof iwater irequirement iand iirrigation irequirement ifor ialfalfa icrop 

Month Decade Stage Kc ETc ETc Eff. irain Irr. iReq. 

 i  i  i Co-eff. mm/day mm/dec mm/dec mm/dec 

Jul 1 Init 0.4 3.16 31.6 1.7 30 

Jul 2 Init 0.4 3.23 32.3 2.3 30 

Jul 3 Init 0.4 3.08 33.9 1.9 32 

Aug 1 Init 0.4 2.92 29.2 1.3 27.9 

Aug 2 Init 0.4 2.78 27.8 0.9 26.8 

Aug 3 Init 0.4 2.54 27.9 0.9 27.1 

Sep 1 Init 0.4 2.3 23 0.7 22.3 

Sep 2 Init 0.4 2.06 20.6 0.6 20 

Sep 3 Init 0.4 1.86 18.6 0.8 17.8 

Oct 1 Init 0.4 1.66 16.6 1 15.6 

Oct 2 Init 0.4 1.46 14.6 1.1 13.5 

Oct 3 Init 0.4 1.25 13.7 2 11.8 

Nov 1 Init 0.4 1.04 10.4 2.7 7.7 

Nov 2 Init 0.4 0.83 8.3 3.4 4.9 

Nov 3 Deve 0.41 0.69 6.9 4.9 2 

Dec 1 Deve 0.56 0.68 6.8 6.7 0.1 

Dec 2 Deve 0.74 0.59 5.9 8.2 0 

Dec 3 Mid 0.92 0.71 7.9 9 0 

Jan 1 Mid 0.95 0.75 7.5 9.5 0 

Jan 2 Mid 0.95 0.7 7 10.3 0 

Jan 3 Mid 0.95 0.79 8.7 12.4 0 

Feb 1 Mid 0.95 0.88 8.8 14.6 0 

Feb 2 Mid 0.95 0.97 9.7 16.5 0 

Feb 3 Mid 0.95 1.34 10.7 18.2 0 

Mar 1 Mid 0.95 1.7 17 20.5 0 

Mar 2 Mid 0.95 2.06 20.6 22.5 0 

Mar 3 Mid 0.95 2.5 27.4 21.4 6.1 

Apr 1 Mid 0.95 2.93 29.3 20.9 8.4 

Apr 2 Mid 0.95 3.36 33.6 20.6 13 

Apr 3 Mid 0.95 3.87 38.7 15.9 22.8 

May 1 Mid 0.95 4.38 43.8 10.1 33.8 

May 2 Mid 0.95 4.9 49 5.6 43.4 

May 3 Late 0.96 5.73 63 3.8 59.2 

Jun 1 Late 0.98 6.72 67.2 0.8 66.3 

Jun 2 Late 0.98 7.56 75.6 0 75.6 

Jun 3 Late 0.98 7.64 76.4 0.3 76.1 
 i  i  i  i  i 930 274 694.2 



69 i| iP .  
 

Figure i5.40: i iWater ireq. iand iirrigation ireq. ifor ialfalfa icrop i(mm/dec) 

Table i5.28: iIrrigation ischedule ifor ialfalfa icrop 

 

 

 

Date Day Stage Rain Ks Eta Depl Net iIrr. Loss Gr. iIrr. Flow 

 i  i  i mm fract. % % mm mm mm l/s/ha 

5-Aug 36 Init 0 1 100 55 105.9 0 151.3 0.49 

18-Sep 80 Init 0 1 100 55 105.9 0 151.4 0.4 

12-May 316 Mid 0 1 100 57 110 0 157.1 0.08 

2-Jun 337 End 0 1 100 57 109.1 0 155.8 0.86 

17-Jun 352 End 0 1 100 55 106.2 0 151.8 1.17 

30-Jun End End 0 1 0 47  i  i  i  i 

Totals:  

Total gross iirrigation 767.2 mm Total irainfall 297.3 mm 

Total net iirrigation 537.1 mm Effective irainfall 294.1 mm 

Total irrigation ilosses  i i i i0.0 mm Total irain iloss 3.2 mm 

Actual iwater iuse iby icrop 922.3 mm Moist ideficit iat iharvest 91.2 mm 

Potential iwater iuse iby icrop 922.3 mm  i i i iActual iirrigation ireq. 628.2 mm 

Efficiency iirrigation ischedule 100.0 % Efficiency irain 98.9 % 

Deficiency iirrigation ischedule 0.0 %    
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Figure i5.41: iIrrigation ischedule igraph ifor ialfalfa icrop 

5.12. Scheme iWater iRequirements i 

The iirrigation isupply ito iany iirrigation ischeme ior icanal icommand iarea ican ibe icalculated iby 

iadding iup ithe irequirements iof ieach icropped iarea. iAny ichanges iin icropping ipattern ican ibe 

iconveniently icalculated iby imodifying ithe iarea isize iof ithe idifferent icrops. iSimilarly, ithe 

iirrigation isupply ifor ieach icanal iunit ican ibe idetermined ithrough iCROPWAT i8.0. 

5.12.1. iInput iand iOutput iData ifor iScheme iWater iRequirements 

Data ion iclimate/ iETo, irainfall, isoil, iand icropping ipattern iare irequired. iThe ischeme imodule 

iincludes icalculations, iproducing: 

(i) Irrigation irequirement ifor ieach icrop iof ithe ischeme 

(ii) The inet ischeme iirrigation irequirement 

(iii) Irrigated iarea ias ia ipercentage iof ithe itotal iarea 

(iv) Irrigation irequirement ifor ithe iactual iarea.
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Table i5.29: iEstimation iof imonthly iirrigation irequirements iof ian iirrigation ischeme iwith ideferent icropping ipatterns.

 i Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Precipitation ideficit  i  i  i  i  i  i  i  i  i  i  i  i 

1. iWinter iWheat i i i i i i 0 0 9.1 67 174.6 143 0 0 0 0 14.4 0 

2. iSpring iWheat i i i i i i 0 0 0 0 34.7 220.1 296.7 121.7 0 0 0 0 

3. iBarley i i i i i i i i i i i i 0 0 0 0 34.7 220.1 296.7 118 0 0 0 0 

4. iMaize i i(Corn) i i i i i 0 0 0 0 0 70.2 233 273.3 150.2 8.1 0 0 

5. iPotato i i i i i i i i i i i i 0 0 19.3 61.9 30.3 0 0 0 0 0 0 0 

6. iOnion i i i i i i i i i i i i i 0 0 0 25.2 157.8 247.7 260.7 172.1 0 0 0 0 

7. iTomato i i i i i i i i i i i i 0 0 0 0 78.5 192.8 289.2 253.6 115.6 0 0 0 

8. iTable igrapes i i i i i i 0 0 0 0 24.6 59.5 60.2 54.4 57 57.7 25.9 0.4 

9. iClover i i i i i i i i i i i i 0 0 0 0 0 0 132.4 199.6 146.9 92.4 0 0 

10. iAlfalfa 0 0 6.2 44.6 136.1 205.7 92 81.7 60 40.8 14.6 0.2 

 i  i  i  i  i  i  i  i  i  i  i  i  i 

Net ischeme iIrr. ireq.  i  i  i  i  i  i  i  i  i  i  i  i 

in imm/day 0 0 0.2 1.1 2.8 4.6 4.5 3.2 1 0.2 0.2 0 

in imm/month 0 0 5.7 32.3 88 138.7 139.5 98 31 4.9 5.3 0 

in il/s/h 0 0 0.02 0.12 0.33 0.53 0.52 0.37 0.12 0.02 0.02 0 

 i  i  i  i  i  i  i  i  i  i  i  i  i 

Irrigated iarea 0 0 46 56 87 83 55 55 25 17 34 4 

(% iof itotal iarea)  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 

Irr. ireq. ifor iactual iarea 0 0 0.05 0.22 0.38 0.64 0.95 0.67 0.48 0.11 0.06 0 

(l/s/h)  i  i  i  i  i  i  i  i  i  i  i  i 
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RESULTS 

I. Generation iof iVarious iThematic iMaps 

All imaps iare igenerated ifor iChahar iAsyab idistrict i(study iarea) iwith ithe ihelp iof iArcGIS iand iRS 

itechniques. i 

For igenerating ithe iLand iuse/land icover imap, ithe iLandsat-8 iimage iwas iused ito ishow idifferent 

ifeatures ilike iwater ibodies, ian iagricultural iarea, iresidential iarea, iand ibarren iland. 

For igenerating ithe isoil imap, idata iused ifrom iUSDA iglobal isoil idata iand iit iis iclassified iwith 

ivarious itype iof isoil. iThis imap ishows ithree itypes iof isoil ifor iChahar iAsyab idistrict. 

For igenerating ithe islope imap, ithe iSRTM iimage iused, iit iis iclearly iseen ion ithe imap ithat ithe 

ioverall islope iof ithe iarea ivaried ifrom i0% ito imore ithan i40% iland islope iand imaximum iarea iis iflat 

iin inature. 

For igenerating ithe irainfall imap, ithe iannual iaverage irainfall idata iused iform i8 istations, iit iis 

iclearly iobserved ithat ithe irainfall iis ivaried ifrom i380.12 ito i322.92 imm. 

Figure ii: iLULC iMap iof ithe istudy iarea i i i i i i i i i i i i i i i iFigure iii: iSoil iMap iof ithe istudy iarea 

Figure iiii: iRainfall iMap iof ithe istudy iarea i i i i i i i iFigure iiv: iSlope iMap iof ithe istudy iarea 
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Generating ithe iflow iaccumulation imap ito icalculates ithe icumulative inumber iof iupstream iunits 

iof icells ithat iflow iinto ieach ilower itilt iunit iin ithe ioutput iraster. iHigh-flow iaccumulations iof icells 

iare ilocated iin idrains irather ithan ion ihillsides ior iridges. i 

For igenerating ithe iwatershed imap, ithe itopographic imaps iand idigital ielevation imodels i(DEM) 

iused ito idivide ithe ibasin iarea. iAnd ishow iwater icommon iexit ipoint iin ithe istudy iarea ito ifind iout 

ithe iwater idischarged ifor ia iselected iarea. 

 i iFigure iv: iFlow iAccu. iMap iof ithe istudy iarea i i i i i iFigure ivi: iWatershed iMap iof ithe istudy iarea 

II. Reference iEvapotranspiration i(ETo) 

The ireference ievapotranspiration iof ithe iChahar iAsyab idistrict iis icalculated iby iusing ithe 

iPenman-Monteith imethod iand iit iis ishown iin ithe ifigure ivii. 

Figure ivii: iETo iof ithe iChahar iAsyab idistrict 



74 i| iP .  
 

It iis iobserved ithat ifrom ithe iabove ifigure ivii, ithe ireference ievapotranspiration i(ETo) iwas ihigh iin 

ithe imonth iof iJuly i7.99 imm/day iand iwhich iis idue ito ihigh itemperature i(average ihigh 

itemperature ifor ithe imonth iJuly iis i32.1°C) iand iminimum ihumidity i(36% iof ithe iaverage ifor ithe 

imonth iof iJuly). iAnd ialso ithe iminimum iETo iwas iin ithe imonth iof iNovember i0.73 imm/day. iThe 

iannual iaverage ireference ievapotranspiration i(ETo) iis i3.90 imm/day. 

III. Effective iRainfall i(Pe) 

The ieffective irainfall iis ithe irainfall iultimately iused ito idetermine ithe icrop iirrigation 

irequirements iand ito idetermine ithe ieffective irainfall iused ithe iaverage irainfall idata ifrom i2008 ito 

i2017. iIn ithis icase, i“effective irainfall” ihas ibeen icomputed iusing ithe iUnited iStates iDepartment 

iof iAgriculture iSoil iConservation i(USDA iSC) imethod iwith ithe ihelp iof iCROPWAT i8.0 imodel. 

iIt iis iobserved ithat ifrom ithe iflowing ifigure ithe ieffective irainfall iwas ihigh iin ithe imonth iof iMarch 

i64.5mm iand iwhich iis idue ito ihigh irainfall. iAnd ialso ithe iminimum ieffective irainfall iwas iin ithe 

imonth iof iJune i1mm. iThe iannual ieffective irainfall iis i273.5mm. 

Figure iix: iEffective irainfall iin ithe iChahar iAsyab idistrict 

IV. Irrigation iWater iRequirement i(IWR) 

It iis idefined ias ithe iamount iof iirrigation iwater ithat iis irequired ito imeet ithe ievapotranspiration 

ineeds iof ia icrop iduring iits ifull igrowth. iHowever, iif iduring ithe igrowth iperiod iof ia icrop, irain 

ioccurs, ia ipart iof iit iwill ibe iretained iby ithe isoil iin ithe iroot izone iand ithen isome iwill ibe iavailable 

ito imeet ia ipart iof ithe ievapotranspiration irequirements iof ithe icrop iand ihence ithe iquantity iof 

iirrigation iwater irequired ito ibe iapplied iwill ibe icorrespondingly ireduced. iThus, iif iETc i(ETc= 

iETo ix iKc) iis ithe iactual ievapotranspiration ior iconsumptive iuse iof iwater ifor ia icrop iand iPe iis ithe 

ieffective irainfall iduring ithe igrowth iperiod iof ithe icrop ithen, i i i i iIWR i=ETc- iPe 
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Figure ix: iCWR iand iIWR ifor iWinter iWheat i 

Table ii: iEstimation iof iirrigation iwater irequirements ifor iall icropping ipattern 

 

From ithe i(Table ii), iit ican iobserve ithat ithe imonthly iIWR ifor idifferent icrops iare ishown iand ithe 

imaximum iirrigation iwas irequired iin ithe imonths iof iJune iand iJuly i(1359 imm iand i1661 imm iof 

Crop 
Monthly iIWR i(mm/month) 

Total 

iIWR 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec (mm/year) 

W-Wheat 0 0 9.1 67 175 143 0 0 0 0 14.4 0 406.7 

S-Wheat 0 0 0 0 34.7 220 297 122 0 0 0 0 673.2 

Barley 0 0 0 0 34.7 220 297 118 0 0 0 0 669.5 

Maize i 0 0 0 0 0 70.2 233 273 150 8.1 0 0 734.8 

Potato 0 0 19.3 61.9 30.3 0 0 0 0 0 0 0 111.5 

Onion 0 0 0 25.2 158 248 261 172 0 0 0 0 863.5 

Tomato 0 0 0 0 78.5 193 289 254 116 0 0 0 929.7 

Grape 0 0 0 0 24.6 59.5 60.2 54.4 57 57.7 25.9 0.4 339.7 

Clover 0 0 0 0 0 0 132 200 147 92.4 0 0 571.3 

Alfalfa 0 0 6.2 44.6 136 206 92 81.7 60 40.8 14.6 0.2 681.9 

Total 0 0 34.6 199 671 1359 1661 1274 530 199 54.9 0.6 5983.2 
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iwater) ifor iall icrops igrown iand iwhich iis iminimum iin ithe imonths iof iJanuary, iFebruary, iand 

iDecember ibecause ithe iis ionly ia ifew icrops iwere iirrigated ilike iwinter-wheat, ipotato, igrapes, iand 

ialfalfa- iperennial. 

Figure ii, ishowing ithe iresult iof itotal iIWR ifrom ithe iplating ito iharvesting iand ialso ishowing ithat 

itomato iwas ithe ihighest iwater-consuming icrop iwith i929.7 imm, iand ipotato iis ithe ilowest iwater-

consuming icrop iwith i111.5 imm iin ithe istudy iarea. i 

Figure ivi: iIrrigation iwater irequirement iin iChahar iAsyab idistrict. 

Table iii: iEstimation iof iirrigation iwater irequirements ifor iall icrops iin ithe iChahar iAsyab idistrict. 

The iabove itable ishowing ithe iIWR ifor iactual iarea iwith iten imajor icrops iduring ithe istudy iperiod 

i(2017) iwas iestimated ias i27.15 iMCM/year i(0.86 im3/sec). i 

No. Crop 
Irrigated iArea i IWR i 

IWR ifor 

iActual iArea 

 i(Ha) (mm/year) (MCM/year) 

1 W-Wheat 1,500 406.7 6.10 

2 S-Wheat 500 673.2 3.37 

3 Barley 500 669.5 3.35 

4 Maize i 550 734.8 4.04 

5 Potato 750 111.5 0.84 

6 Onion 500 863.5 4.32 

7 Tomato 400 929.7 3.72 

8 Grapes 150 339.7 0.51 

9 Clover 100 571.3 0.57 

10 Alfalfa 50 681.9 0.34 

Total 5,000 5983.2 27.15 
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V. Irrigation iScheduling 

A icalculation iof iirrigation ischeduling iwith ithe ihelp iof iCROPWAT i8.0 imodel ion ithe ibasis iof 

iinput idata ifrom ithe istudy iarea i(Climatic idata, irainfall, icrops, iand isoil idata). i 

 Figure ixii: iIrrigation iSchedule ifor iWinter iWheat i 

Figure ixiii: iIrrigation ischeduling igraph ifor iWinter iWheat 
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The iirrigation ischeduling iis idone iby itaking ithe inet iirrigation iwater irequirement ifor iall icrops 

iwith iirrigation ischeduling igraph iin isandy iloam isoil ifrom ithe istudy iarea. iCROPWAT itakes ifield 

iirrigation iefficiency i70% ias iits idefault ivalue ito icalculate igross iirrigation iwater. iWhich ithis 

ipercentage ialso imatches iwith ithe istudy iarea. 

Table iiii: iDevelopment iof iirrigation ischeduling ifor icropping ipattern iin iChahar iAsyab idistrict. i 

Note: iETc i(Actual iwater iuse iby icrop), iEff. i(Effective), iGr. iIrr. i(Gross iirrigation), iNet iIrr. i(Net 

iirrigation), iM.D.H. i(Moist ideficit iat iharvest), iA. iIrr. iReq. i(Actual iirrigation irequirement). 

From ithe iabove itable, iit ican iobserve ithat ithe iannual iactual icrop iwater iuse i(ETc), igross 

iirrigation i(Gr. iIrr.), inet iirrigation i(Net iIrr.), iand iactual iirrigation irequirement i(A. iIrr. iReq.) iare 

i6922, i7722, i5405, iand i5872 imm, irespectively. iAlso, ithe imoist ideficit iat iharvest iestimated ito ibe 

i58.2, i88.9, i55.7, i26.8, i21.3, i5.2, i62.7, i5.1, i40.6, iand i91.2 imm ifor iwinter iwheat, ispring iwheat, 

ibarley, imaize, ipotato, ionion, itomato, igrapes, iclover, iand ialfalfa, irespectively. iOn ithe iother 

ihand, ithe itotal iflow ifor iall icrops iis i78.5 il/s/ha. 

VI. Scheme iWater iRequirement 

Irrigation irequirements iof iirrigation ischeme ito iestimate ithe imonthly iirrigation irequirements iof 

ian iirrigation ischeme iwith idifferent icropping ipatterns iwith ithe ihelp iof iCROPWAT i8.0 imodel. 

iScheme iwater isupply ifor idifferent icrops iin ithe iChahar iAsyab idistrict iare ishown iin i(Table iiv). i 

Crop 
ETc Rain 

Rain 

iLoss 

Eff. 

iRain 

Gr. 

iIrr. 

Irr. 

iEff. 

Net 

iIrr. 
MDH 

A. 

iIrr. 

iReq. 

Flow 

(mm) (mm) (mm) (mm) (mm) (%) (mm) (mm) (mm) (l/s/h) 

W-Wheat 608.1 282.0 61.6 220.4 470.7 70 329.5 58.2 387.7 1.2 

S-Wheat 716.3 58.4 15.5 42.9 835.0 70 584.5 88.9 673.4 7.8 

Barley 713.0 58.4 15.5 42.9 877.6 70 614.3 55.7 670.1 7.7 

Maize 731.1 12.8 12.0 0.8 989.1 70 692.4 26.8 730.3 9.1 

Potato 267.6 235.6 64.4 171.2 107.3 70 75.1 21.3 96.4 0.4 

Onion 945.1 94.2 10.9 83.3 1224 70 856.6 5.2 861.8 24.4 

Tomato 947.7 31.5 3.2 28.3 1224 70 856.6 62.7 919.4 18.0 

Grapes 497.1 297.3 145.8 151.5 486.4 70 340.5 5.1 345.6 1.0 

Clover 573.7 15.2 0.6 14.6 740.5 70 518.4 40.6 559.1 6.0 

Alfalfa 922.3 297.3 3.2 294.1 767.2 70 537.0 91.2 628.2 3.0 

Total 6922 1383 333 1050 7722  i 5405 456 5872 78.5 
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Table iiv: iScheme iwater irequirements ifor iall icrops i(l/s/h). 

 

From ithe iabove itable, iit ican iobserve ithat ithe iirrigation irequirement ifor iactual iarea ishown iand 

ithe imaximum iirrigation irequirement ifor iactual iarea iwas irequired iin ithe imonths iof iJune iand 

iJuly i(0.64 il/s/h iand i0.95 il/s/h) iand iwhich iis iminimum iin ithe imonths iof iJanuary, iFebruary, iand 

iDecember ibecause ithe iis ionly ia ifew icrops iwere iirrigated ilike iwinter-wheat, ipotato, igrape iand 

ialfalfa- iperennial iand ialso ithese imonths iinclude ito iwinter iseason iin iChahar iAsyab idistrict. 

VII. Available iWater ifor iIrrigation 

The idistrict ihas ione iflowing iriver, iby ithe iname iof iMaidan iRiver ibeginning iin ithe iwestern ihilly 

iregion iand idraining iwithin iChahar iAsyab idistrict. iThis iriver ijointly iwith ione iof ithe iKabul iriver 

itributary iby ithe iname iof iPaghman iRiver iin ithe icenter iof iKabul icity iafter iexit ifrom iChahar 

iAsyab idistrict. iTotal iwater ipotential i(available iand iutilizable) iof iMaidan iRiver iis ipooled i(Table 

iv) ifor iChahar iAsyab idistrict ias ia iwhole. iUtilizable iwater iresources iin iChahar iAsyab idistrict iare 

i49.80 im3/sec. iThe iaverage imonthly iriver iwater idischarge iin i(2008-2017), iwas iestimated i49.80 

im3/sec. i 

Table iv: iAverage imonthly iriver iwater idischarge i(m3/sec). 

 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Net ischeme iIrr. ireq. 0 0 0.02 0.12 0.33 0.53 0.52 0.37 0.12 0.02 0.02 0 

Irrigated iarea i(%) 0 0 46 56 87 83 55 55 25 17 34 4 

Irr. ireq. ifor iactual iarea 0 0 0.05 0.22 0.38 0.64 0.95 0.67 0.48 0.11 0.06 0 

Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 

2008 0.00 1.26 0.77 2.60 5.14 6.32 8.25 6.01 0.46 0.00 0.00 0.00 

2009 0.00 0.00 0.71 2.96 4.48 8.75 19.56 16.52 10.73 0.90 0.00 0.07 

2010 0.07 1.14 3.34 2.89 3.24 5.48 23.29 5.58 0.00 0.08 3.11 0.00 

2011 0.02 0.10 1.51 1.88 1.72 4.97 14.67 3.74 1.07 0.00 0.00 0.00 

2012 0.02 0.31 0.27 0.55 1.22 12.01 34.36 13.60 1.65 0.00 0.00 0.00 

2013 0.00 0.53 2.36 2.75 3.23 6.70 25.24 6.10 3.19 0.26 0.08 0.25 

2014 0.23 2.29 2.64 2.99 2.98 4.65 15.19 13.35 6.12 0.91 0.37 0.41 

2015 0.00 0.18 1.13 2.71 2.86 10.78 24.01 6.67 0.28 0.48 0.37 0.08 

2016 0.42 1.79 2.70 2.50 1.87 11.89 28.60 15.25 2.12 0.05 0.55 0.46 

2017 0.13 0.75 2.50 2.31 3.40 12.26 13.48 5.07 0.01 0.07 0.03 0.04 

Mean 0.09 0.84 1.79 2.41 3.01 8.38 20.67 9.19 2.56 0.28 0.45 0.13 
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VIII. Assessment iof ithe iIrrigation iWater iAvailability ifor iChahar iAsyab iDistrict i 

The iresults iof ithe ischeme iwater irequirements ifor ithe igiven icropping ipattern ican inow ibe 

icompared iwith ithe iavailable iwater ifor iirrigation ifrom ithe idiversion iat ithe iriver. 

Average imonthly idischarge iof ithe iMaidan iRiver i(average iover ithe i2008-2017 iperiod) iis ishown 

iin ithe i(Table ivi) iand icompared iwith ithe iestimated iirrigation irequirement ifor iactual iarea ibased 

ion iour ischematic icropping ipattern, iand itaking iinto iaccount ia i70% iefficiency. 

Table ivi: iIrrigation ideficit ibetween iavailable iwater ifor iirrigation iand iirrigation irequirement ifor 

ithe iactual iarea iin iChahar iAsyab idistrict. 

 

From ithese ianalyses, iit iis irevealed ithat i40.25 im3/sec iof iwater iis imore iin ithe iChahar iAsyab 

idistrict iduring ithat iperiod. iBut iaccording ito ithe iirrigation irequirement ifor iactual iarea iestimated, 

iwhen icompared iwith iirrigation iwater iavailable ifor i12 imonths, iit iis iobserved ithat ithe ifirst i5 

imonths i(January, iFebruary, iMarch, iApril, iand iMay), iand i3 imonths i(October, iNovember, iand 

iDecember) iend iof ithe iyear ireceived iexcess iwater, ibut i4 imonths i(June, iJuly, iAugust, iand 

iSeptember) iin ithe imiddle iof ithe iyear iwere iunder ideficient iwater icondition. 

Month 

Net iIrr. 

iReq. 

Gr. iIrr. 

iReq. 

Irrigated 

iArea 

Irr. iReq. 

ifor 

iActual 

iArea 

Available 

iWater ifor 

iIrrigation 

Irrigation 

iDeficit 

(mm/day) (mm/day) (Ha) (m3/sec) (m3/sec) (m3/sec) 

Jan 0.00 0.00 0.00 0.00 2.41 2.41 

Feb 0.00 0.00 0.00 0.00 3.01 3.01 

Mar 0.20 0.29 2300 0.08 8.38 8.30 

Apr 1.10 1.57 2800 0.51 20.67 20.16 

May 2.80 4.00 4350 2.01 9.19 7.18 

Jun 4.60 6.57 4150 3.16 2.56 -0.60 

Jul 4.50 6.43 2750 2.05 0.28 -1.77 

Aug 3.20 4.57 2750 1.46 0.45 -1.01 

Sep 1.00 1.43 1250 0.21 0.13 -0.08 

Oct 0.20 0.29 850 0.03 0.09 0.06 

Nov 0.20 0.29 1700 0.06 0.84 0.78 

Dec 0.00 0.00 200 0.00 1.79 1.79 

Total 9.55 49.80 40.25 
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Figure iix: iIrrigation ideficit ibetween iavailable iwater ifor iirrigation iand iirrigation iwater irequirements iin iChahar iAsyab idistrict. 
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CONCLUSIONS iAND iRECOMMENDATIONS 

The istudy iprovides ia isummary iof ithe iassessment iof iirrigation iwater iutilization ifor iChahar 

iAsyab idistrict iof iKabul, iAfghanistan ibased ion iavailable iagriculture iand iirrigation idata. iDue ito 

iincomplete icoverage iand idata iquality iissues, ithe iprimary ifocus iof ithe iassessment iis ibased ion 

icollected idata ifrom i2008-2017. 

Generation iof ivarious ithematic imaps iof ithe istudy iarea inamely, iwatershed, iland iuse/land icover, 

isoil, islope iand irainfall iwere iprepared iusing iremote isensing iand iGIS itechniques. iAll ithe 

irequired iinput idatasets iof iSRTM iand isatellite iimageries iwere iobtained ifrom iUSGS isite. iAlso 

isome iaddition imeteorological idata iused iin ithe istudy iwas itaken ifrom ia istation inear ito ithe istudy 

iarea. 

All ithe ithematic imaps iand ischeme iwater irequirements iare iintegrated ifor ithe igeneration iof ian 

iaction iplan, iwhich iis ioptimally isuitable ito ithe iterrain iand ito ithe idevelopment iof ilocal iresources 

iso ithat ithe ilevel iof iproduction iis isustained iwithout idecline iover itime. iVarious iwater iresources 

idevelopment iand imanagement itechniques, isoil iand iwater iconservation imeasures iand ioptimal 

icropping ipatterns iare isuggested ifor ithe ioverall isustainable ieconomic idevelopment iof ithe 

iwatershed. 

Based ion ithe iintegration iof iall ithe ithematic imaps, ian iaction iplan imap ifor iwater iresources 

idevelopment ishowing isuitable isites ifor iconstruction iof irecharge iand istorage istructures ilike 

icheck idams iis igenerated. iThis iprovides iaugmented irecharge iand istorage ifor iwater isupply 

iduring ithe ideficit iof iwater iat ithe iirrigation iseason. 

In ithis istudy, ithe iclimatic idata isuch ias imaximum, iminimum itemperatures, irelative ihumidity, 

iwind ispeed, isunshine ihours ihave ibeen itaken ifrom ithe iFAO iCLIMWAT i2.0 imodel. iThese 

iclimatic idata iare icollected ifrom ithe imeteorological istation inamely iKabul iairport i(34.55 iN, 

i69.21E), iand iamount iof iwater iavailable ifor iirrigation ihas ibeen itaken ifrom ithe iMinistry iof 

iEnergy iand iWater i(MoEW). iIt iwas icollected ifrom iTangi iSaidan ihydrological istation. 

The iCROPWAT i8.0 imodel iwas iused ito icalculate ithe iannual ireference ievapotranspiration 

i(ETo) iand ieffective irainfall i(Pe) iin iChahar iAsyab idistrict, iwhich iare i1430 imm, iand i273.5 imm, 

irespectively. iOn ithe iother ihand, iresults ifrom iCROPWAT imodel ishow ithat ithe itotal iannual 

iirrigation i irequirements ifor iactual iarea iof ithe icropping ipatterns iare i5983.2 imm i(27.15 

iMCM/year), iand ithe ipeak iirrigation irequirements ioccurred iduring ithe imonths iof iJune, iJuly, 

iand iAugust iwhich iare i1359, i1661, iand i1274 imm irespectively. 

It ican ibe iobserved ifrom iCROPWAT imodel ithat ithe iannual iactual icrop iwater iuse i(ETc), igross 

iirrigation i(Gr. iIrr.), inet iirrigation i(Net iIrr.), iand iactual iirrigation irequirement i(A. iIrr. iReq.) iare 

i6922, i7722, i5405, iand i5872 imm, irespectively. iAlso, ithe imoist ideficit iat iharvest iestimated ito ibe 



83 i| iP .  
 

i458 imm itotally ifor iall icrops iat idifferent itimes. iOn ithe iother ihand, ithe itotal iflow ifor iall icrops iis 

i78.5 il/s/ha. 

Based ion ithe iresults iof iirrigation iwater irequirements ifrom iCROPWAT imodel, iand iavailable 

iwater ifor iirrigation ifrom iobserved idischarge iin ithe ihydrological istation, iit iis irevealed ithat 

i40.25 im3/sec iof iwater iis imore iin ithe iChahar iAsyab idistrict iduring ithat iperiod. iBut iaccording ito 

ithe iirrigation irequirement ifor iactual iarea iestimated i9.55 im3/sec, iwhen icompared iwith iirrigation 

iwater iavailable iat i12 imonths, iit iis iobserved ithat ithe ifirst i5 imonths i(January, iFebruary, iMarch, 

iApril, iand iMay), iand i3 imonths i(October, iNovember, iand iDecember) iend iof ithe iyear ireceived 

iexcess iwater, ibut i4 imonths i(June, iJuly, iAugust, iand iSeptember) iin ithe imiddle iof ithe iyear iwere 

iunder ideficient iwater icondition. 
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