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Abstract

The study aims to evaluate the avail abi - . llsource
tices in Indus basin. The climate param Article In mperat

to investigate the total inflows in the western rivers during

ation and planning (WEAP) model was used to elucidate the agricultural demands. Results Edited by:

of trend analysis illustrates that the tSidI°"&Ahh " A&t °F1™

an average of 50.3 mm per year. Despite SDfueni*h@tieasasi NoalldtN bay.

not being fulfilled due to high seasonal MWyaridakliiockhd + a*§ESi tPak g0

rainfall occurs only in three months, i.égtc.‘ef'vggfugpﬁlyif\oggz%%t and

tion concludes that the total irrigationigg/g'%ytf;%:rigcqevrifgerggflngasSepl-Zl)f

has been increased up to 152 MAF in 2018ubliApeproompime;aluey 3Nt 20g6F &

resources is needed to solve the recent water oriented issues.
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|l ntroducti on

Climate change is drasticall y59&®4 foefc ttihneg armreu aMatreai mnfeaslolurice sd w

wi d&i aing et) .all.ncrz2@k2ng concehnytdmat eom obdPywyrcade nfrcofsal @loigs t aent a

gases ( GHG) in the atmospher20pPbueActcor dungi hg twhe fstsastiils tfiuesl

along with other anthropogeniicesacGentirte ecCGCOQlay@) beapdreciogat eley
potential causes of the gradueali vetangess ithmanmhe& 501 mmawoé. rai nha
established that the Gaveurafget st etmpetrde tcoentdr yerairgihnate from H
been dramatically increased wamidc hHiitsa lfFdupa iherrs ,priohece a@sletoni ne
by 0.9AC and 1.5AC by yethusss a2m0e210t iasngd ®f0 586 nowes gddtsi vteylpye (of to
and Mumtl)az, TRéOslet changes arecébuhdaméheat monsmanmgekynamics and

water resource in integrated twaydrtoop.i nTchreeraesemavyat at sor d@u dtoingie
feed exploding popul ation. | (Khraena seitn)ga | pOYhul &dt 0 eomt | dyi,r evcarliya td xoe
pressure on available water pasbucgksar!| y ainnd prnecfiutiurae i par caa
water resources avail abl e mays odurrocpepse dl esehcairmpd yt o nt lé f feednserc g

of the worl d:i nAle xpera tchhal ngtrryetsfdyt ehc d reamy t hhaar a0 09070% of t he r ey
m o f freshwater per capita-péi casanumai agemennsti defr ek batsw avi cette ra &
scarce country; whi | &r @rhdee ri sn 2edxp 8l ol werai gtahtano n5 Opor anet i ces rely on
in absolute wat eBrr osvmo ratnadg eMag imtew&kti, ico2n0sd g(r i cul t ur al and industr.i
Gl obally, 1.2 billion of the speiepdsex doaswomenhioredcpessi bostn
drinking water and this figurwatwirl Isciamccri d dfsea sf ¢intm as7o &t Ovest Br ,
by the end of 2025 (Fig. 1) fdédctaepdprioprb@t’pmet codi tideaf nblet 2 an
mitigate the waMekheaicirac, t¥0 pd0I10Ad)e.m (

Pakistan, bei-agidncauontdryo is®miicglsley ewulimarnadline of water scar
to spatial and temporal variaballepgéntel hydtokogiastammewerldwi/
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Physical water scarcity

Economic water scarcity
Little or no water scarcity

FigPrbdjected water scarcity areas of the world in 2025 (®6yified

climate, glaciology, and runahfd may Ipdosi deasé¢ amprregh egrasiivoen ey -
scripti omaotf aleicraattler cehxepre rdlte nadetser(20da9ources management divisi
In this regard, different metohhodiodtogli esghacel be-2@LP) eawds eod odRu
which pevauleat ieqruati on has bedm oamp pPeuanrjeadb taog rbiec ualnt uerfef eccepar t men
tiveMubbeéi p)ior, TRO1Ourrent studgp &abmaltag(lyrubvarabhtéand of Sin
the temporal changes in rainboal PaBauinrgld awuu mdf fStagsiisgi tsend anal
over the period of 1961 to 2Q13, nd to (2 assess the availa
of water resources using WEAP 'Fn(?cpea Lérn%ef&tnear Vrsr'i%ation prac

es in Indus basin, Pakistan. |, ggmid or arid regions, relativ
Study Area ture and precipitation may signi

(Gan, )20H® wever, hypottlreegam s rteendtsi
Upper Indus Bas-bmuphdlaBly icatafltheamd excdmecge and river inflows

ing in the territories of Pa&kntstmaagh aAnfigshnasniosft dah enryCGlierton aplghheahd Q
The total surface area of thdouUaB AsnwuplprdMeamat El gw228n000Di Ke
without includMjngi TebethasPhabiyfawsi 9 . MiThrro a Bt Excel whil e s
extends from Tibetan plateau ftooumdrathteaby ABgmMmgniSPtSHBn satnad iisst ic
prised of high Karakoram, Hi nodeud weweanh,r aa md aHi malnaly aam nmma@ad ntrdivrer

region. It also contains the oarsnti ed e@autof peashmhnsalageéacegless
the Polar Regions and the winthart swmowacoves fhethelaiinensghises
magnitude. (Mukheibir, 2010).within the domain of the explanat
ArcGl S, a mapping tool and software wasYw®g¢h¥ to create differ
maps such as projected water scarcity areas of the world in 2

study area and Digital El evati on Map (D%I\A)rﬂ?ﬁ’f Upper I ndus Ba-
sin. 5Dx

Materials and Met hods a=Y
Data Collection a=Y —bX
Tot al monthly rainfaldl and maeméhéyb nre anl otpeempoefr atthuer er edyates swa s

collected for the pe20Db3l) offr A8 Wadkllt-£rciepd. poiggrof the regres

stan Meteorological Depart me tz(%:@l;:q,g;Laijwo&}:.ﬂg'lzhe hi storical

data on hydrological wvariabl esspyi neclsydhinarigotpalvi akyenh bpf kows,
withdrawals from each river, Sabyd =waSttearn dsatrar aDgeevd ad a toan iof wyeser
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"i-’:»? )

P

iTurkmenistan

e

B8l Pakistan

Fig. Dd:gi(taa)l el evation map (DEM) of wupper Indus basin (UI B), and
Seasonal Variations in Ram&ffalalhe, system components and
. . be run with ang time step (daily,

To calculate seasonal indices, comporln?ntﬁ. f tpe t 1 me SeLyep
d to follow the muItipIicaanniuva 0 eI me Ts eep ,wasl eusaeveraq
suppose du? Btasimf ijlc?li)'.a(ll;'urtfréﬂ?more, tin
of the quarterly values over a ong pert o of yepreyabe known
| R |t C t "o ne Iavalla i ity "o accurat
§easona averages. esu ant iy, %883??%9 S‘é’r-zr(b ssr()SSraB? yfe&&gser(
into the percentages of the averages and represente as the se
al indices as shown in below Addiattiiomal 'y, the WEAP model opti
Seasonal Averages Fhro_ugh gn |terat.|v_e l'inear progr

Seasonal Index = *®100 jective is to maximize the water
Grand Averages ing to a set of priorities. When

formulated to | imit allocation of

Seasonal variations in rainfaglglyekat fpcrWSfr@ndyy b v ZHeobweYe2 b 8§ P &'
age of annual average method.,ddtdditsoMpbéNedthhh dheStsappil§ tsQ
nate the effect of the trendsygiFpg ddg I W UTIPLISER e e sS.1 MPd Ve rCPIN
the annual averages and then tgijvijdedseeacthy ofe t\hier MURIFgeedty PP

vation with the -avoerrraegsepso.ndT g, fa@grwiay § rs@d fafq ,.wRt0Dr9 (
expressed in percentages.

The next step in WEAP modeling i :

WEAP Modeling and demand sites and the connect.i
di scharge, ahdhwaeeri veaasfiéndus,

The WEAP mo_del was used to ey é#éat;)e tthl'?reweatreés rI 0ninr|sng(.|a rdbel
management i ssues. It perfor sem%ng.alsgpge(g\ge}iwgsptlyvraé)erwesru&pdly
and .demand. A,ll th.e '$ummewt,$qdr)5tnr¥v%'itrgéiéjn?mgglqnections were dr a
spati al .relat|onsh|p.s are_ 'n\%gflngdiW\}etrht'in_ngthfero%OQWe riT\t)grsWhoo
system is characterized in t er ms of vari ous water resour ces
(freshwater and groundwater ®&fc¢e)y, dwawhdgawalhemat aos mapsi ar | a
wat er dYarnaensdsej(. al ., 2005 WEAP software which can be entere
. crosoft excel files. Annual dat a

For the WEAP analysi s, the model sets up the spatial boundar
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FigureClBange in rainfa u—ntﬁtél I’aﬁlfalf‘(ﬁ‘nn) 0---¢L1near (total rainfall (mm))

during a period 5200ea+rs 1961
2013)
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transmission |inks plotted ithanddpemPtrire! mapd wad tdERe@hengeal | 4
WEAP, integrated hydrology was0. a0p5p,l|5édd101t5319éjxﬂ:zmgne4kce?ﬁ5?|bfse”‘

which the historic sequence ofhavede ainfi daiynfyzlalr spabsends paeseE
Additionally, the model can alphlly! UWhider different l evel s of dr

that mi ght be occuPudkey t e} cﬁ.k@at%og%%%ge ariation t ot al
After running and callbratlork q h%%%?l'aregglgylzftgggelraes IL/Iér?g

represented in bdohundat &)tamd § ﬁOﬁlel was analyzed by the

met hod. In upper Indus basin, 59.
Res UI ts months (July, August and Septembe
Rainfoclcvrs in other nine months of th

Changing Trends of period in third quarter (Ju

During last 52 years (i.e., 1pee1 otdg inpgidne remajphingi memt hgapoif
rainfaldl pattern was recorde F| re ; h I end i n
presses that the rainfaldl |nc{/\\{vaes (—:'ljjrnEDrl%ip\r/]F%Trnﬁ og’anakfotIran waljslg

ing with the passage of ti me 2aQ11:I3the annual increase was ~50.

mm (Fig. 3). Di fferent parameters such as hydr

Furthermore, it was recorded PtYhalther nlen dieSa nr 1iVief| oSwsS tiem. r iSO 9
dependent on annual rainfall. Mmidtoa wed ee|Us ejdpdiqgomafnigndg et ¢ Stidgey
Figure L4dnear regr espgiomn TUT Ve O Observed
bet ween annual rai W]l I and total inflows. — Linear
o
160.007 2 (o]
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Figur Seadsonal variations in
total rain—ZanlS)dat-po 1961
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fluctuations in the total infilforw Go&t iRginyewatigrgyugasydmecydmasddIcCt

at three large reservoirs TarnBédligdatmMaRngIVat&hnd W@Ka sltad - 3rtd MALI o
river heads were recorded (Filgnhcreasedi ¢l pgeaklsS 2i nMAFh el Ng r2a0pin3 - s
years of flood due to heavy rdeimaimg 10;f Heri s, othhavat ¢w - p ddies U
dry periods_ in 1976 wa s 35.67 MAF whi |l e it i n

The total water storages of TPRribgl@.Uy™8aggqg! ® gnd Chasma reservo
are given in Fig. 7. An irregular decrease in water storage
recorded during 1998 to 2013.Reklud ttsotsahlo wmidnitmwmm gtadamdqe | ( +:. 4
MAF) was recorded in 2004 andemhpermakxymumboul5609 pMAERNninrain

1983. Average total inflow i nsenwessohnen@, R2IOBdsh avaahd9).PG ZThidérost yh !
total storage was very | ow. significant variation within the
. bet ween heavy andAmnmamaladi nfarhﬁu ?h
The total canal withdrawal f 0o ivr%/e%teertn arlﬂzé/elﬂzsahtmtl?/g“tchue trir
l ands of Indufhzond <’Zru)(1he.J@ﬂhulru].mgf thd per%.'od §f S0
. . . . i'nfl ows _'during heava/ ra]JnfaIIS,.e
1976 to 2013 is given in Figur.e E% Bllbe I i"ne %h ws l'uctuati o
. ountry. n the ,other” hand, Same
canal withdrawal from I ndus .|verh%/ad t? I ndus ope. whereas,
. . . n rehs of he year. heéerefor e, t
the red |ine is showi ncghecnaanbal% iet hdr awal I nto Jehd .
. e major ‘'sour®egnafdrigvenlinpaad
on annual basis. The average withdrawal t o ot h z i s r
as ~97.91MAF. I n | nddaoamt isruebnt cliwaaacena:miamg\earair
tions re considered t
The tot al water demand for irrig%rtallon ULPOSE ﬂbeigcgh 197% %
. . . . resou |ﬁeen$ang et. %ma e()] ?ne
2013) is given in Figure 9. With the passage
Figur otb6al river inflows to Inflows to Area
the river heads and reservoirs Scenario: Reference
-« 300
3
«= 250
=
< 200
<
E 150
Below Chenab Haedflow E 100
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Below River Indus Headflow 0
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1
—
P  Chashma
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jrm—|
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Reservoir Storage Volume
Scenario: Reference

Million Acre-foot

- Chashma
- Mangla 0
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arpela

FigurTeot7azal st orages of the Tar bela, Mangla and Chasma reservior
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FigurCanBal withdrawals tChlemdabs zommre and Jehl um

Supply Requirement (including loss, reuse and DSM)
Scenario: Reference

140 -
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FigurTeot9a:l water demand for irrigation purpose from 1976 to 2013
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Figur@&oft@&metundemands of water for irrigation (MAF)

and persistHeweventural P9th cemtldr ybe i~t32i% smhppdsenday result i

to be Ilinked with anthropogemill iacQuitedsrhd e(s28uLUth as wurbanizat
emi ssion of greenhouse ga(lélesirand the burning of fossil uel s
et al).., 12ml1#4urn of climate bn bg hﬁr?fn%rree'steh‘?nuregkptnrtemseurf‘
events of rainfal]l in South Vx%tl an r@aorhahqerrneenst h%%® e 0 fsohroeuclads
(Sol omod, 2007 can fectlv.ely ma_nage wat e
change. Paklstan is facing both f
Heavy rainfall |l ooks |like andaetitdotleactko otf hewawatrerr esea voii trys,.
mi ght not be the solution, andouwlah e amdanagesckviey ecomantdsecatpiend a

Hewitt, FuU83 her mor e, heavy pwatepi batdi pneveat ahehblrbogdgeng-an
od of time may |l ead to floodwnhbltabhsocheskelemivilronmmeoatbéer Ghe
and economic distraction. CliThat ol dhamager hmanageosrtd mlegrmad | wh
i mpacts on the rainfall syst ewag eof stcheccoynti spuemai Alhysbhby tden
i shing the seasonal rai nNah ¢ samd di/ tog anfofde d tyii ey ii mpl d me retnasti it oyn .(

et al).., 2013 . )
The second possible option for wa

PakiGstagri culture mainly depeadd ama@tsiwaglea seofufriccei,e ntth ead midatsl
systhernt h(er etQuales,h) 20 @®ildh c oRpkii stealn,ofrice i s very common cer
si X major tributaries: the | MMeuxc,anClsdndh, filoenl cmnvRavi pn8kat]|
Sutl ej . The Upper I ndus Basi nMAwasn veetr)ya |l dSevne2l 0ohpbel dy , w at theer sl haetde,s t wiv
|l arge physical infrastructur es.uchheasi drDegvaeicii o hey 8 §ad ¢ B snp2ri0idnskt | heer |
demand site and in many ways (Evhaen smed)t ada.mgnbd0iladdhopt eech.d FwrmpH erx
ondAr ¢her eQualksh)i 200l lhydrollbgi cai |l bakdned ficiently in garde

of t he I ndus basin wi || shidui teab!| eher egatombeanit . cl i mat e change
(Il mmer zeel )et haolweve20I® what extent i s et uncl ear .

Resul t s obtained from the WEX m%ﬂ"éptrs ow ee%elveas_ htehaev unrrﬁe'tnfa
water demand increased dramatcogglllorkl)%cgugeall 'Iri]mlrf:"renalgurﬁ)% !
and growing population size. Wﬁelte IgshsutehS Crﬁ‘onsboonsOplr\_'eecdl pbltaﬂ

in summer not only caters t he poww"’leter rep%%/urdceemsand-gob'u?t%gs%t‘?l
fills the water demands in aﬁ?{cﬁ?tBP Pa o?, _etdecda’nn'ont St
l ong run. Similarly, snow and glacepS medlt Sev el ' Re BhEr MREAS
contributes to sustainable f w igation. Still 1
try is facing dAbUghtelQlawllstr;:ccagt“leq}alp(CiS(r a(é? O é

207 It is.sugges.ted that theltweﬁtsercohcludaegd t\’\nal tlheeadwattoerthdee
shortages in Pakistan. By 2025, the estimated shortfall of w
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