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WAS: Water Accounting System.

GWP: Global Water Partnership.

WEAP: Water Evaluation And Planning system.
NARBO: Network of Asian River Basin Organizations.
DSS: Decision Support System.

GIS: Geographical Information System.

RIBASIM: River Basin Simulation Model.

WBalMo: Water Balance Model.

MULINO: MULLti-sectoral, Integrated and Operational.
SWAT: Soil and Water Assessment Tools.

IWRM: Integrated Water Resources Management.

ET: Evapotranspiration.

TAW: Total Available Water.
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b i) dpally Ll A33lsall 3at aadiieddl U8 e Al lial Y] Cauay Al dia)))
e ((DSS) Ll aedl JalSia pUai€ Liad maliyll axains) . (Lévite et al., 2003) dusg el dikidl)
Laall ey dpal) saaaiall AL sl dma e Ald) aglalad a4 LAl (s30e 2ol
(McKinney, 2004; Assaf and Saadeh, 2008; Qin et al., Lol zahll s 3lSaall ) 28yl
MONERIS Jie Al galy 8 leshasinl o€ lasyline sly & a3piie ge clali 2011)
=l Jaials . (Hoff et al., 2007; Gaiser et al., 2008; George et al., 2011) QUAL2K
A ALaYL A8lS die) 3aaly Alald Al pam bl aladY) allay 1 Aiplee g aaa IS4
Wi ey del)illy debically (Jyiad) aladialy cplll Gl oball (o Cllall adlse Jon Silaglas
iy i Blly Bsall (@l aplia By Asaa (& Zatial) gabll Gal e 568 MABIA zalis
s lall dalis) paad aodainy Gl cJastisal) o Lally & Lially 4ppalls bl ( Jay i Bhaas daa gl iS5 ailiad
A il bl e 3Eals Lmayy Al AL a8l 5lae 8 Aulall oda (g (3iaily Ay el)3l)
ple Al Sl gl uaat (Water Accounting System, WAS) ddldl cluldll alas ks &
Cua Yy AoV sl mss 82050 e s Al A8l A33lsally gsiall salls 2010
sl A1) Al 3lsall daialy 50 o Uaely cdadh Adaped) il gyylind) inms Byl AU 138 asy
cays -(Turner et al., 2008) dadlaiall Lgrall Jha d 3)l8Y) 445 aibud) Aaliall llsl) Cuay
g Ansloag el unbeally 4dhe g ned) Al dgaa o sl Yy cdilall 3)lsall chrall sl
Gl Gagas Oplally Aas Gy oalad) (s toay Y Apse G Ale Gl de
(Mualla and Salman, ccidss clall Gagms cdaladl Gy ey 53 asss (panll s
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:Literature Review 4 sl duyall -2

el paga (e daal -1-2

Al ABS @iy Aty Glliblae 4 gmy A Gl s Ll AL Al el 138 ol puas
bl A ylsall i Caa Aol delially Gl slie gl b edl) o adiad (88
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taladl Gaga 8 BAALA ASludl il -1-1-2

Aalide Cilga J8 (g sa0xie Gl & palall i ad 2] alsall ciluhally JlaeY) (g e gana 3
Sy Lot Ll 03 e 20 S e pplly L Lapglity caalall mgn (8 AL lsal) Al oy
b 4D gl (Al dalses Tanlspuells (Aaliall Cagylally Zald) lsall ek e Cilaslae Lukasy
Colals (oaslsmsud mases g k) Jlael Ciluhall (e v WS ¢ aalall jeil Aol clil)
.(UNDP, 2004) 450 Jilais cruny i
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S cluhall o (pe

Ahyall o3a il o i) Y] dasSa JE (pe Bl Aualyd g " aalall el Aua gl pgd) Ll -1
D0 it a5 ¢(1933-1930) sl DA aladl 4o 8 s ) V) daglspaedl Auhall
(FMA, 1933) itk s ape s Ji sLaiall ¢ ol J5 gy duedll cilgidll oo

s ¢ eralall Gasal ilall 3lsall okl asede Basase dpailoell AS)l Cuniay "L Q) ¢ gyl -2
38Ty cAilag oSl A8l alss JSLiag Apmyal) palall e adalial JalSH Johall Zpnighh byl g5 )
lalud)l Llaay ccliloadll had cyay (gl Calaal sayme dus Cful) aw aa3iny ddaloall il
.(NEDECO, 1953) jaall (1e &3Linll Jgusy il (525 b de sy all

@ alais Asedll il arasil A0SV Al At ) 4S5 bS] Cua " alall sl plaziul -3
-(Energoproject, 1962) slua -ass

sxiaall 55l & (FAO) 4ol 4,39 dalsie Cald Cum " jalall (oasal Langlspaell cululpall’ -4
OIS 8 Baadl) Gl sk gy yie say aniall asdll Galall Ganall g ke 2iny (1973-1963)
Al el 8 YY) Als el il 20l Caedd Cu (1963 30

-1951/52 sl A Aighad 2 45kl 4550 sal Auapall oda iy ¢! aladl el Gumglgyam Ay -l
Dol (ggimys ALkl a8 oluall Cguies yuaill dase b Alaasd) sl e cadiels 1962/63
Ga% uld Zy (1963-1961 35l (el dihie ) o 31 1 sgid) Gaxll (uld cilily e L
Lelbhal bl dlauly Cud 28 Q) Copaill @b anlill Wl cdgladl eyl ddanlsy anlil
-(Samuelsson, 1964)

s3a 2y L lal) skl gy pie AUl Gl Jeu g5 alal) el AL 3lsall G AR -
Bl Bhlie gan () dandi oy (383 IS (pualall (asal A3l Anlsall s Jal (e 43 Al
A G Al e ¢(2) Akl aw ) Asllll Ayl dgaall e (1) Gl (B palall pass] Ak
N alaad) 33l (e o(5) Apliaad) 33l ) same au e (4) B3 2 ) Gl 2 e ¢(3) Gl
(1) sl 8 WS ¢ .(Renaud Re, 1966) <[(7) cadll bag 55858 (10 ¢(6) L5858

.(1964/65-1930/31) 5Saall 3580 JMA aalall gl Auilall gl Jlaial (1) Jgaad

2Ll 54 ) FIRT ol
1262 973 884 659 (Gaep) sl
805 510 %75=P i)
795 500 %,80=P i
700 405 %90=p | <V
540 345 %95=P Ca-a)
290 234 204 169 6 @haal iyl
0.23 0.24 0.23 0.26 CV sy Jalaa
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lemnsy (A LS5 el Al ) sk 8y550m ) il cpmsall L ylsdl Adal) cudd
(oalall el Ay Aygin Sl e Cilasles o il gings bl e calhll salyy e L)
1965-1961 s5al Qlall dihic b g 31 305 lulds 1964/65 ol Ja agaull (il agasg

A(2) Jsaal g paall Aalall d3lsall Cuadly

-(1964/65-1941/42) 3iaal) 3580 JMA oY) aladl & 4lal) 43515all (2) Jgaad)

(B ) hatsl
o slall bt 3408 8 oluall SB|gé Jide die gl g
U el | R A
- LYy cliiaal) (alal) b
528.5 13.1 90.3 425.2
(A p) Slaliay)
B Al ) e ) i) gl e A A A Al
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1.28 (A %a.0) daadl B (50

Gsiall e Jgaal) Gl ol 5 pia Al syl Gaa Gl alad) Giaga dilaia Laslsjaa' -5
1970/71-1965/66 (e Gunshs yued) bl 5,55 1 0fa (e g piall Ly allty o sasial) asdl) alal
-(Blagojevic, 1974) «\gi)laly A8la) 3lsall SEH o530l

g1l et Alatia (IS (6) e (1970/71-1965/66) w5l JMA "dgagls puell il spa Calbs
s e ha IS Ganll cululds Agluall el LY @6l 5y Jadi . cilaglaall (e 5220k
Dlsall' SEI el Gal s Ay S0 olall e callally plhall dagy cshagdl ¢ el culaiys
S el and . lasilly ikl sl cleblasy sl 8 sl bl LA hall 5l Dl
b Dlagasall ey creadinl Cua L 1oV palall chudl palall (V) aalall saludl e )
AaM) aalall (s il byl

“igygall el dyseand) (8 DY) GabaY) (B Dagleag el aglouedl @lpailly cluhall -6
Al e gslaally (1978-1974) sill DA Akl Lalsal) dppne i Cua ' oaalell (s
bl gl . aalall G lhaia ey Apes b dapY) Gl ALLE Auhy el Al
el (e Ao gane 2t 25 Gl Gatly ¢ alall (mgal dalad) Lnglsang yuells dangls yuell Cagykal)
sin Jleels aslomsun e Jleel cilad L) dacia Jleefs L3 saalls Zonslsem s puglls dungls yuel
o o et dalball ddeal) slaadl 3ylse ¥ Cun A Jlaels g)s aay Jlaels gy
.(GRUZGIPROVODKHOZ, 1979) 4iu/’a.s 1254 saiy alal



7 baily oY palal) paga B Al jaladl Jladial 3353 (WEAP) gebiseg (WAS) dsilal) cilull) sl b

25 1951/52 ale (e el aud 3kl 45 0all asgie Aushpall o2 (Jidh "Aiglad aus (380 & iyt -7
Slem AN Guld 25 Aiufan 70 say aul) el (e Lpgiad) Al 8818 Jangie 0% . 1975/76 e
Gl Gands e 2 gl o bpadl e e sieal o)l cie)) Cua (Lambrecht) cus ey
22wl e e padiul diufan 12,7 by ol e qoedl Sl6 Lagliag uglls Laaslsyuel
1975/76-1951/52 ale Aighd aud Guspaddl Akl Ljlsall ziln campaly Al duball & Al

-(3) dsaad) 3 (SELKHOPROMEXPORT, 1977)

(1975/76-1951/52) 3iaal) 3580 A oY) aladl (aga A Alall jlgall (3) Jgaad)

(B a8) @l sl

I . bl Gl | ke aladl e Alaal)
Glapsy [P pha e sl B S el | (b s ke
536.82 24.01 21.49 491.32

(K p.p) claliiay)
A el B gh | mhaw e AN | sbaall ) adad | gl BUB LB Al (e A

claliay) B_adl) (e 3_yaagl) gl ddaui g3 gl 35 5L g A
535.24 12.63 69.99 7.93 444.69
1.58 () dnadl (B )35l

.(SOFRELEC, 1982) " alall &) dll 183 yagll Gl ' -8

48 35 pealal (gpelly sindl S o 269 Alyyha Fiia) Jodlas o Jpmmndl Al 638 (0 (Sl
Omadll Jajell AN plpall Bama S iy Aslidlll Aol 330l e (1978/79-1931/32) Hiw
(4) Jsonll 508l Ay gind) il ilany) cibibal) sl 8y 53 jma -l ol Akl (Al

L(1978/79-1931/32) 58l P& aalal) g b 5yl culibasl) Jlaia) (4) Jsaad)

LI PO I N | - diad PR .

pll et Bl Rt - P! o

93 61 189 531 448 402 b gial)

50 36 87 145 132 108 0 el Gl a3y
0.54 0.59 0.46 0.27 0.29 0.27 Cv il Jalas
196 128 349 818 619 619 %5

167 108 303 738 622 559 %10 Jiaial
133 86 253 648 548 490 %20 | eyl
84 55 176 510 430 386 %50 | (dua.0)
46 31 116 398 337 301 %80

28 22 91 350 297 265 %90

15 15 72 319 267 241 %95
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Anlal) il slt Adlide ey LAY 2030 alad Ailal) Adjlgally 5l (5) Jgaad)
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Jiaial Jlaial Jlaial
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ey uald A cluhall sl e saaly Auhall sda aeds ((JICA, 1998) JICA asbidl 4,
coalell Gasa lgie dyysu 8 palsal sae 3 A5 )l
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BB dad aagy coliall g ladl Japladnll 8 400l 3))sall dlalSiall 3)l3Y) asalie JWSY &g hall gy
cgaladl pasa b ddsall oball Glpad gaae ol masar skl ¢ palall a8 3))sall AlalSidll
el HLena) un (3halia sae (& (aaa3) L3 SIS 5lat Adeall sbad) zhadiu) O z i) o
on Jlind Sy Auhal) dilaia an peadll lgies ddsall slaadl Culia 8 pmliadl ) ol L
) & LS dull dikie Gen A ol e o 8 (o 20-10) 5 by 8 (Cas 30-20)
(2013

sl i a aa b Bpgiaa) JUYI oo dbadl Al oY) palad) () Sl sk g pha <19
Maye b alall e s asaa Glils 2007 ale oyl i) Cuaigall 4950 duhall cudis
(10) Jsaall 3 (JSue S ) asloynedl apaill sVl a)sill Cumy (5ymall
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.(Somi, 2004) A Gy dilal) sl Ailide YWY 2030 alad LlEial) Apilal) Aijlgally 550 (9) Jgaad)

Casad Allaal) 43j)sal e ol Gl D culhl dalid Lkl loadl |
il A - i) ) | S 5B Sl Can) Cas)
- - "hé R . . <.
DT ey g seis = = A
@) olaa aladin oS 38y 3 @l 35S g calkal) Naa) Alas] ) S5Li, i) sl agilal)
3 ( e ?) Jdlaay) TR : ’ elall | ol | aw £ ganall FILPIN Ak
(Ce-0) T o %P
%30 %50 %75 %30 | %50 | %75 | %30 | %50 | %75 | %30 | %50 | %75
51.42 104.74 | 128.73 479.56 | 372.93 | 319.62 163.0 | 2005
36.42 89.74 113.73 494.56 | 387.93 | 334.62 178.0 | 2010
042 5374 7773 93.296 | 39.983 | 10.662 53056 | 423.93 | 370.62 266.56 | 159.93 | 106.62 | 31.0 | 19.0 514.0 1 2020 437.69 | 90.00 | 347.69 | 50
-46.58 | 6.74 30.73 577.56 | 470.93 | 417.62 261.0 | 2030
-12.90 40.42 64.41 479.56 | 372.93 | 319.62 163.0 | 2005
-27.90 25.42 49.41 494.56 | 387.93 | 334.62 178.0 | 2010
5390 | -1058 1341 93.296 | 39.9825 | 10.662 53056 | 423.93 | 370.62 266.56 | 159.93 | 106.62 | 31.0 | 19.0 514.0 1 2020 373.36 | 80.892 | 29247 | 75
-110.90 | -57.58 -33.60 577.56 | 470.93 | 417.62 261.0 | 2030
-105.46 | -52.14 -28.15 479.56 | 372.93 | 319.62 163.0 | 2005
-120.46 | -67.14 -43.15 494.56 | 387.93 | 334.62 178.0 | 2010
156.46 | -103.14 | -79.15 93.296 | 39.9825 | 10.662 53056 | 423.93 | 370.62 266.56 | 159.93 | 106.62 | 31.0 | 19.0 514.0 | 2020 280.81 | 67.793 | 213.01 | 95
-203.46 | -150.14 | -126.15 577.56 | 470.93 | 417.62 261.0 | 2030
‘v 3 . 3 N .
(‘\.w.n/ ?'?) W\ B WPL M‘ Slaad) P (10) Jaad)
P% 95 80 75 50 25 10
¢ Sl Sl ) 210 274 285 345 415 475
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) de e e Las

S G riglany) Aal) Gyl aladiul oY) sl (meal il Sl gl e sl 221
ALl byl 8 SISl @l e am sas (ARIMA 73l aaa cosluly A8ld) clylgl) 2y
leslSail (530 il Jsla S0 #1381 (529 2030 ple a dblall DI 523illy alind) el &5 e
tss T clalin¥) el o adys el daeS ik e

cas/d 150 () Lyiall By cpdll sbie g all Dl Jane i o

e da Dl Akl sy jpai e

paen ASd (5) e LS (@

Dl dame I Dyial) Digin¥ly Cpill slia o dpasll 3 Aals Jae paidy 48 il iy
Asls¥) byl Al (S cAidad By e AN JiEs lly ol slae aladinl aadifis )l e
A daal iy (o)) Al (Aelally And) hally sl alasaully ol ol o calhall) 45t
(2013 cac)) duad sypad ) gl ae A3l 25%

AL clafal) il o

Al 4l Gljlses 4Ly dasls S o Gugpaadl pasall 8 AGLu Gluhall alaee &)
Lad) Cum o Jia¥l) SadlSl Slaay) dilaill @b e lgaline adie) i G 30l
sie 2030 ale Akl aw 2eys Jd calhll adlsd Agld)l clalia¥) Al 4 Jac sy S clag L
Claill oali (B Al Jas Juanga ATl Gy olall o callall ) a8l 385 @iy e laay) a3l
s Jd Aelial) aliddly Al @ailly ARadl aladiadly cupdd) sl o qlhall) A5 dglsY)
aseh A ALYy Fap 222 b S 95% dule iyly Jlda) die 2016 ale (e Llis) (Al
Juaial) aie 2017 ale o hlie) (duwedd) sl o; AGud) Al dalel) bl ol B il Jas
aniig obaall o Cllall 5513 Gaaal 55 a5 (2013 c32)) Paa 320 sady 3 75% Aile iyl
Al Dlsall 8yl & Anall Aadall g la) 4eil dag eV oalall 8 AL olsd) alasi
Aaoal) ddaiill Y Jseadl e oSal Lol (b)) daDU) ey 3y ealel sl



14 bugfy Je¥ alal) paga A4l jibaall Jlaiud 3 3 (WEAP) gebiseg (WAS) dsilal) cilull) sl b

Sy gdhniady olaadl cVLaia Jlaall ozl elaY) sa5 ((WAS) Adlall cilulidll alas -2-2
AL cluhall atlalas L 13s pasall e eia o JalS 3 laasis

tgallal) Al (2lsal) dma e -

s el Gasall & Al a)lsall sk Auhal Jale sl @lllin G Molden et al. (2001a) ¢
Yl Asje -3 celall Lain culiy (gl 3yl Alaje -2 ¢ skl oLyl dlaje -1 cabill e
Gl sl sSy Ladie callall 3yla) dlajye -4 cddlinall CileUadll fpu slidd) Ganadty 3)sall dlelSidl)
(2) JSall LS (i) cleWaill b axiiue Sl 2l S )

Basin Development

A Renowable Supply
g Potentially Available
o
g -

Available : o
ﬂ , ; Depleted
o : JE
v 4 : :
- : ¥ 3
< : g :
= : o TIME

Development
Litikzation Allocation

ilall Gagall ks Jaba (2) el

ahra ) By o )l Al Gl 8 dell (alal) alee G Molle et al. (2010)
ol appad) S 5 ey (Aiaall cleUadll J8 (e Leddiud Caual saaaial) Aalidl ol
35 4ke Ay Ladie i) (gl (ile a5 caxaiall Akl ylsall (aliasly @il Goeiiuell G
Gs Jumdl ) Jgeasl) 33 clathinl glaasd Grasedall 02y cpaade e adiue e Sl
DIy Labadtll palal) GasaS Lkl pabal) (sl Ged cJiinally ualall padll B sl
Lol g Jala L) 3l Al slall e bl i QB olaall anadss

& Kirindioya el panll 4 (WAS) dsldl wluldl .Uss Bakker et al. (1999) Jasxil
lsall il G 1996/97 5 1995/96 alseY) Pla pasall Akl djlpall gl cjedly DUy
el oo b cleladll dple 4 Sl Jac Cipaay (amsall Al (amliady o Al dsll
Ldle adinall (WAS) bl clulill 2Uas Jee 401 peazasy Jalade (S8 e il Ciapn 385 ¢y gal
.(3) &l & WS ((Molden and Sakthivadivel, 1999) J& (e axall
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(MCM)

R R
Fespases (305 Reeases (168)
Ner-Process (35]
.
Ner-Borefcal [77)
FRaindall (302) Raintal (188) Lincommied | 126

1006- 1097
(WAS) alai Jlaialy (WD) Kirindioya ssa0 gagadl & dklal) 43j)sall (3) Joil

Sl gl ilall Gl @l sl 8 Chishtian as 3 4l ajlsall duhs DA e
Oo AL Aus aags cJualad) Y aaid G el IS G G Gl 43 TWMI (2000)
ol O e ly3l) oLl Aal) Gt Al 4ndly 13ag . (4) I3 & LS o Laall e Calji)

| Rain

& = E
;
= @ =
= 3 el g
21 8 3 @
o | Surface 5 2 &
] P 80-

7. { Evaporation from surface wats bodigy
Storage

(WAS) allai Jlaaiaaly (olissly) Chishtian el (asall 8 dgilal) Aijigal (4) Joil

a4l (Jlall g Indrawati e pass o aeails DA e Bhattarai et al. (2002) wiaj
2 %90 s um (%50 e 1))y Jlaial) dpmlal) clgind) Alla 8 Aslall Ajlsall dudpd die -sida
Aai (%75 Sl yls Juial) Bl clpull Al & @) go passll Gyl e z A (asall
(65 5) lSal & LS ddaliy) ad) e selid dlee aplial bl Ciag addes ¢ Slall il Gl
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Process= 130
A ) A
: §9 " NoneProcess=
€o ot A
A
0 =
Lo, 3
Surface and Subsurface Outows | Utkzable and
Flows Precgitaton 5 3! %30 | Non-Utiizable
RA
8
;’_l U Y
R Boe v Addition to = 90
Remnd fos
Storage

Agaghl) clsiad) Alla 3 Indrawati sl Gagall b dglal) Aisal (5) JSi)

»Process= 130
- : A @
' 2 ._ NoreProcess=
$ 3 : §§'~ |
Al é% ! J
d_|In 3 5 \
Surface and Subsurface Outlow= Utikzable and
Fmp,m é 5 2360 Non-Utilzable
‘ . 8"
> | Y Y
2 ,3._& o v Addition to = 0
Storage

Adla)) csiad) Ala b Indrawati e il gagall b Al Agjigall (6) JSi

Zitls 20005 1950 sle Pl a1 el Y1 jasall dla Van Aken et al. (2007) (s
oasall (e zydy Jalall alall Hlgl e %39 e Eua) 1950 ale dagiadl Aal e (msall Jsas
WV Lexia ) 2axdy Sl 2)lsl) il dags 2000 ale dilid) 4ns Al ) (sladiud s el )
WIS a5 .(7) JSall b LS o gdlall Jalall ajlsll (e %12 ) comall jall o lad) dansi Caadls) Cusa)

- 2all G L 45)aall %38-31 saiy alis Adle adall e Gl A culS (sl
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Situation circa 1950*

Export to other
basins
99 (3%)

Drinkinga] and
industri .
processes Imigation

Rainfed agriculture
depletion = 319 (10%)

depletion

Natural vegetation
71 (2%)

depletion
= 488 (15%)

2 (< 1%)

.BdonlsruldtvomanpwJovdme M&.
Irrigation depletion
Situation circa 2000 391 (15%)
gw =91 sw =300
Expgrt to other - D:ln:‘lr;g;‘gd
asing  Industrk - Rainfed agriculture
UpootJo:? 5 52 2% =63 (2.5%) depletion = 413 (16%)
. A
[ Yarmouk 200 Natural vegetation
T el weler depletion
g trom lsras 40 é = 385 (14.5%)
oo s °
IWW” v Uncommitted outflow "~
B stock net decietion <32 (nON-usable) 318 (12%)

Dead Sea

2000 ales 1950 ale G oY) gl SN ol Gagadl B L) A3jlgall (7) Jid)

Al bl Sl Jleinly wigl 8 Krishna (ass Jle Daniel et al. (2008) gl ekl
17.1 e cala)) ()l el oy 308 (s e dlin (asa 431 e 2000-1990 55l s (WAS)
53l i 135 <2000-1990 55l DA diwfs sl 44.3 ) 1965-1955 sl s 4w sy
pall dlall Sl 3l (e %88 Jid 25 2000-1955 w5l DA %19 sy il JalS b
Sl a3l Aled) Qs 8 (WAS) 4ld) caluldl) 2Uss Mohamed et al. (2009) ik
Oo g - %65 saky el Gyl oS 2008-2007 el o Jall e e olsad
Al Caly Ly 15 s el e Gl G cul e 8 aliall Al sy Jualadl)
SIS 3l e G s i€ adde s caadiadl el Ll e %10 ag0ay ) el il
saags ool oLl Aaalisls PWiprogses = 0.20 *o/ J¥ 53 2gany calS JLeal) o Ll dualily (DFg = 0.86

+(8) JSal) 8 LS (Jalall JSH oLl san gy aialy) e e f il i - Al
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A a f
HAD Releases = 56.2 h T
Rain=10
Y
) 4
Committed for E
o
DF,, =085  PF,,., =082
5
PWy =085  PW,pu=0.16—

(tlad) Ol s Ajlga) Juill Gaga (B Ailal) Ajlsall (8) Sl

Wiiul 8 Thomson ass 3 4l clulall aUas Guls e Turner et al. (2010) aulyo Cinia gl
lgie 3y elall 5a) i 25008 daga laiilind aumg a3l 2008 ole Lkl A3jsall o Liviad,
csdsn e (503aS %25 yliy Lo jisas g cciliall el

ol Jlexinly 13€ 3 Alberta (=g 3 Wl 435)5a) Fennell and Goel (2011) oo S sy
L) pasall e 5ol Cun Al ole (& miide Gass 48 ) lhasis (WAS) dald) cilulal
e=hlls e liall pugil) Loy Jifisall 8 iV lania) 55 g (Sl s sy 131.2 )l L
s o 1A dabinall cleladl) & S Saall sedas Glie pass ) Jsalioe (oSl e Al
(9) JSal) & LS cJaianall b ol blelye g olaall Ganads salels Jaladl)

Evaporation and Transpiration:
260.8 billion m

B0
5

By

Flows entering Alberta:
70.2 billion m®

September 2005

Precipitation falling on Alberta:
336.6 billion m*

Ocean
Evaporation

Flows leaving Alberta:
131.2 billion m*

(eventually returning
to oceans)

ST
23

Alberia

Environment

NS b Alberta gass ¢ il Jal) ilal) il gy hhia (9) Jedl
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1y g (B Ailal) Galsal) amaa Ao -

L) sl o copail Y1 Gl cale IS Bagane dyysu 8 Afl) (el e Glaf) e
LS Akl Clrasiadl) L5 e Sl Gaiy eV (glae e slinadl dpaud) (el 4yl daladl)
O b Alaag Gl (mes 3y skl Altinbilk (2004) (sps Cus ¢ palall (mss 4 Jall s
slef a5 LS ¢ lds Apypm Cp (ozsindl 5aS) gill) Sl (= gall liay Shaban et al. (2005) guas
eVl san s 8 Gsally ) o lall dals uells Al cilaall 8 Kattan (2006) kil
NS g Liad e i s 8 Aladl 3lsell el Al 5500) Braemer et al. (2009) Jis
sl daludl (mn & dadedl olaally el cle oy Jalxill Abou Zakhem and Hafez (2007) (s
Ay o bl lemast b Apalil) Liluln DDA G lals Lol Bae il 4y)50 G Barnes (2009) s
et gl 9 Gl 2e IS Eua 1981 ple G 45)all vie ACE) 228 iy L agpud) G 22
(CBS-SYR, 2011) daus (ysle 21 232l jglas um 2011 ales

(Water balance sl Ljlsall Jeledd Gy dpew & S« Jisiy (2006) (sbe o8
Glasgyaal) dahaidl & aall S il LSl jb5e 8 Ayl A5l Al G Cua ccoefficient)
Saall a8 G ) Ll Ll sy L aladl) Aalal) s dabial) Aalall Dlgall £aS G GAIL Lebeala 2aniyg
Y A o bt e e bl laiey e Jaed Al 2] saad hige asd ¥ gl Sl
Jalew il Lghyshads Bl AaY) 50k st bty 13g) Slia CysQl) (8 Jaal) 138 Byslad i i)
Aabiadl Al 3lsall gsane N @il o Sl Gaall e G Lol Jied g3 (W) dlall 453l
Alad Aile Aajl agns ) AL Aails ALl A3Y) e i) Y Al dnsall LAY Jadh Cus i)
oY) e B Sl magl Isas Cua Molle et al. (2010) @y e oS5 8y (zyald) Laall Sslasy
(11) Jsaall 3 LS ciglia Gaslfie JSU AN Jolall dsaiays

Aoyl Jelall gly g ale JE (W) Ailad) Aaj¥) 80d aaas Jalaa (11) Jgaad)

dasial) Jglal) ) gl aus ol
Jlesiad salely LSl (g)lly olaall Jlanid 2085

o) 3es gl el s Al b el @YY e S aal) Wp>0
coliall Dlgind mias dlu) Jlall dal)
Gy ol )l Ll Gl daLay ik da)l Jsan 4l -0.25< Wp=<0
‘5)3\ FIPATN
oty bl G5 st oL GG O M L Aulad 45Le ) -0.5< W,<-0.25

sl illass lasiudg oladll

Joaladl) linl daely) dub slacl
@A by Tl i8Y) sball asede plily | delaa alisiy Al Cilia dlls Wp< -0.5
Akl daal) alas (39 (jae Jaglads
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s b O aae L oLl e ulhall G iy A8 Wi (L (2006) (el 2 4des
ale a2 450 12000 ale dawsifs 1126 oo aidiin ) Aysindl 3l duas e Sl (uSaily
Ciliag 45k 5)2 Jyamn Lsld) D3jlsall Jalae Ay die gwitialy « hall Ll S as (50 a5 2025

(12) Jsaadl 6 WS clgde Gallall ayffg dyypm 8 Aalial) Slgall Covny 2025 ole b el

Jalaa aladinly el gagl) anlily Ll Auany Jshaelly Lilal) clalia¥ly glead) sse (12) Jgaad
(2006 < ule) Lpjgu b Aaliall Lilal) 3gal ) Adla) Llal) Ljsal)

"bgm Slad)

2025 2020 | 2015 | 2010 | 2005 | 2000 -

38.513 | 32467 | 27.7 | 23.459 | 19.52 | 16.856 (Raai ¢y sale) pgiall GlSuad) 230
38.3 33.7 29.7 26 23 20.2 (o Jble) bl clalaay)
450 526 631 728 949 1126 (Rawsi ) 28 duas
-1.02 | -0.78 | -0.57 | -0.37 | -022 | -0.07 (W) Llad) 45515l Jalas

} - - - - 18.92 Ca le) Lulal) ajfsal
. - _ - - 46.6 (o Jble) Jskagl

(WEAP) Alal Jagaiillg andil) aldai galiyy -3-2

Glabl) aUas Gulaty Li)eadlS & Sacramento = 4 Sl jaall 2 Yates et al. (2005) s
36.6 104 ) cumidily anpall sl 4 3@.@ 230 s oy s (WEAP zaliz s WAS 2l
2040 ole s lgde callally dsally adandl L) 2ol Gy cilm sl iy Aadlall Jlall auag ay
) il 3 Ayl colalilly SIS sl JlaeV e 3890 e

Jeiasall Jaglasilly 01 s pasn & Al 3)lsall il WEAP zaliy Hoff et al. (2011) s
clia feually G Cus (e Agpha By (A (slie 8 Lay Agyedl) malipl) il () S Isaitinlg
(10) JSall & WS ¢ el Sl Jagladl) dlee 3 Al 510 alipd) (F e Jay Vag

70
Z 60
E 50 ’(T‘\vf‘
3 0 PN\
2 30 \‘\\J; Ii m V\ ff' ) 7, Measured data
"] | J \ — 125U d
s {p&\ﬂ - v "*K\p"hﬂﬁ;\ jw\\ — WEAPSimuation
5 10 f f N
gV UTW \ v
U T T 1 1 T T T T
NN M oM M s oo 0w Ww s M~
g g e gl gl Qo g g ala o g e g0
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Ll L] 4] m m [:1] o e Q (] n D o o Q o ko ()

Aalial) Ay gil) cilibally galind) oo Tiberias pay b 3plaal) diles gilii (10) Jsi
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Jae asas WEAP zaliy Jlesinly Wi 3 Nyando e pass & Dienya (2007) gt el
I Al @il Ul ves 2007 e Yaa 16 s 3 (Unmet demand) Jls) il
g pad) i) Gy a1 B G980 sed 8 7a 5 assy e Dae e Gl 4T Bl als
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& st OB L L) Jea JICA 8 (e dasiiall Jslall ae (38155 ilaspylin 320 Jlaals WEAP 7l
225000 Y gl a31S 2 1600 (e dely3l) 3 8V agill S cusprall pasall 3 Kano Jses
.Sl Dae gl Jsan 054 3l Jpeana (o)l Lt

sl dalil ady 3 WEAP zaliy Gulail Jeldll ol Almasri and Hindi (2008) gt e
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S WEAP  zaliyy Jlexinly Jlasaall 3 Shabelle s Juba gy 4 Sebhat (2010) mibs ekl
3.55 5.64 s=u o8 Belet Weynes Luug glyall (sld Jihase die goiull Jaugd) il aas
fansi ()5S el lgrams e gl Aoglanad Al ) eliy Jls 5 ¢ sl e el 8 Ao
22035 ale sl e el 3 el ggindl G5l aan e %63 5 %3 saiy ol ol yaiad
(WEAP 7l alasinls () ed pasa 3 bl jaliadll Ll adses Hoff et al. (2011) 3k
Cupd i b el A S el ol e elaal) ol Al sl 5 L,
< MODFLOW 2000 zaliy go 5sSiall zealipll Jayy ey Goadandly ddsall 3lsall 45l 45515l
(Droubi et al., “aa 66 sy 3 e jae olllia G milill cupelaly e 3 ol ass
.2008)

Mlsal) Jiins o elaa¥) golaw¥) ohilly aldl sl 51 Rochdane et al. (2012) sy
el Jlaninly 5l ey odfialdl Jeagis ¢ 2100 ale Ja cujrall & Rheraya gasm A A 4l
e Ayladlly %60-40 Janay aitins (gyhall Jshells ®a 3-2 Jaray aiijin )hall cilays 5 WEAP
llliall Al e Cua bl plsall o Tl ali bl cjelily LS Laled) alid) sl
22100 ale Lusale Uil Tae  o81salls daliadly Copill 450l

ale a 3ally WEAP zaliy Jlasinly sl Sl s 8 Hamlat et al. (2013) milo <y
B A dehlly el paaia¥ly coall Galed sl e qlll) 4l 4 Sl ae 25a5 2030
I Dyiall Aasialy oyl slae cldliie Al (Sa) Bydiaall Cilagylisadl raiys 2006 Gulud]
3% ) Cads LS 3l (@l claghial cabll gl Jla (S el pUsall s JSa cJalS
Jslall il jelays cAliaall bl aliee Jidad gl Cus colpall ALelSial) 0¥ 3 Jelal malin)
(Hassanea et al. <ly e &1 8y ¢ jadl gy olual) Jand) (o 8 gl 5ysemy da il
L sl 8 Oran dablis 8 2014)

Ly e ) a9all o3l 8 Sokoto Rima e & Abdullahi et al. (2014) zitu <y
5 Jshell L u) AL Ll Jle hadiel ilagling diw Ay 25 (WEAP zaliy Jleainly
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341.3- | 248.2- | 195.0- | 168.9- | 175.4- RF slal) 3]
180.7- | 1135- | 96.2- | 94.8- 84.0- BAT =
147 .4- 80.6- | 70.1- | 75.0- 59.5- HT
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-Abstract-

Homs governorate watershed is considered as the agricultural production hub and a
strategic water reservoir of Syria. However, freshwater used unsustainably in the upper
and midmost Orontes basin (from Syrian- Lebanese borders to Rastan dam), in parallel
with increased agriculture production, increased pollution, population, and economic
growth, water predicted to become scarce by 2020 in this basin. Therefore, it is
necessary to develop a prediction model that helps to estimate future availability of
water resources and demand. Also, how some strategies can help the government in
achieving sustainable development. Consequently, their water security in the wake of
climate changes till 2050. Water accounting system (WAS) was used to estimated
water resources and unmet demand in the studied basin. After analysis available data
(1975/76-2009/10), where the 2010 was considered base year. Three sub-scenarios
were studied [Reference scenario (RF), Best available technology scenario (BAT),
High Tech Scenario (HT)], to predict the future water balance of the 2011 till 2050,
and that was through three cases of annual climate changes [Normal at probability of
water resources 50% (A), Dry at probability of water resources 75% (B), and Very dry
at probability of water resources 95% (C)], compared with results of the WEAP
program after the calibration it from 2004 to 2010. WEAP-MABIA program was used
to study the following future strategies: Optimal use of Zeita dam scenario, Optimal
agricultural water management, Low population growth rate, and Creation of
alternative dam in Kattinieh lake, and compared it with the status quo scenario in
2010. The results are visualized as graphs, maps and tables. Water balance coefficient
(W,) after the reuse of treatment non-conventional water resources in the upper
Orontes basin, will rise to up to (0.28) in the case (A), and (0.14) in the case (B), and (-
0.15) in the case (C), at the year 2050, compared with its values without them, and
after the application of (HT) scenario. when taking loss in the Homs Lake and
obligations of the demand for water in the midmost Orontes into account, it is noted
that the upper Orontes basin will be completely closed for the midmost Orontes in the
Reference scenario (i.e all available water resources used before the dam Kattinah) in
the case (A), even after the application of advanced technologies scenarios will not
improve the water situation very much and will remain semi-closed for the midmost
basin in case of nature and dry, closed completely in a very dry state. Whereas
simulation rate was 94% in the (A) case, 91% in the (B) and 99% in the (C),
comparison with the status quo. At the level of the main studied scenarios, it
concluded that less amount of water deficit was in the sub-scenario (High
technologies, HT), where the effectiveness of the basin will be studied 81.17% in the
case of (A), and 69.7% in the case of (B) and 27.9% in the case of (C) 2050, according
to the status quo in 2010 without applying any new strategies. Effectiveness of the
basin studied often did not rise in 2050 after investing dam Zeta compared to the main
scenario first sub-scenario (HT), but has had a deep impact on meeting the first
priority obligations (domestic use) in the dry cases and it will play major role in
raising the degree of organization and investment watery contained surface renewed,
does not have much effect on decreasing the amount of water deficit the fact that most
of them in the agricultural sector, and that he have the application of the main scenario
(typical agricultural water management) where water use efficiency of irrigated crops
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(kg/m®) will rise about 34% compared with the field application, and after the
application of sub-scenario (HT) will be provided 70 mm?® of irrigation water, and the
deficit will disappear almost entirely in 2050 in the case (A) and will increase the
effectiveness of the basin studied to 85.7% and 47.6% in dry and very dry consecutive
cases. After taking a low rate of population growth into account will show high
effectiveness to reach 88.5% and 69.11% in the dry and very dry 2050. The creation of
alternative dam in Homs Lake have clear impact on decreasing the amount of
evaporation from the surface of Lake and to meet the commitments in the midmost
Orontes with the presence of a water surplus in natural and dry cases. Virtual water is
the water embedded in a product. If agricultural plans take crop water requirements
and virtual water concepts into consideration, they can reduce water needs. could save
more than 10 MCM of water if lower water consumption crops as garlic was
substituted on the land currently planted with cotton and sugar beet.

The pollution modeling will reduce the number of monitoring points from 10 points to
5 points, and this in turn leads to a reduction in the number of analyst water samples at
a rate of 50%, thereby reducing analysis cost in the same ratio.

We can be considered integrated program (WEAP-MABIA) and other programs such
like (ArcGIS), (SPAW), (NewLoc-Clim) and (ET, Calc) very modern tools, enables
water expert from saving time, effort and get very accurate results when study the
water balance, demand management of water resources, and the study of an infinite
number of solutions, and selecting logical solution to achieve sustainable development.
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