AV OAY =YY+ a0 TAY juls [¥ o ko 1o ol /g 5aLies SLaidl olinions

A0 g> o)y )T 315 T 3 (5T OT (53105 Cuodcwluw i
39l 39 BT

TS ool Tig 55l 0 olS gm0 Sgarme AT Sl (6315 Ao
IV pdy )6 WYYl s fu b

oS>

i ol Lol Copae sacubs (nyipte dlex 5l ein) o 68w

Shabli> 5033 (ol (B «yslsS O I atugy ooliul (538l Wil e 45wl e
in) 2l oo ghe ilnl g ol 4 plitws jelines adlllas cnl po sl ol gl
e 2l 99y 5 PMP) oo (2l hyaslin (oS5 Joe oplisd il ade>
o (o Trog Ve Ghalidh Ol cad i 515 05 ik 429> 05 Loz ,2(8D)
loools o (S ns 2l Sl et Az 0 5 0l55slaS kel Ol Bpas ge et
Sl 92, ololyr laihie OF plojlo 5 asbitisyy Yoo LSS ol 5l anlllas 5L 0,50
g a5 (i ¥l e 2 @l 55U kel O s el plis bl o
ol cwd GRlBl b ojls (puejns S 15 e Sgme p S 10 5 lal Ol Sras als
YVgames dod glp Basen; wled ;0 O Gpas g S p) maw sy Froa Ll
Y9 Jlade 4y 5 ¥ ads> 5 4 barpe sylel Of Bras ;0 (2alS i o5 ol plis als
30 2o, By @llBL Sgus 1alS 4 yorie dend Cewlow Jlegl (i op (ol 0090 2o o
2 iy P 2 Ced 58 ST S Y adge g 0 Ghals we)s VWY B Y adg>
S Jsb 5 6yl ol Caod o ys Yo b ialsal a5 ol ol 35 (s jludanss anla VY 0,98
038 L3 Caglel 50wyl 5l anisn seles g |y (e o gl e oYY Lo
Obl Sl mlie Co e (wlow slaasli 5 s oS peeal )3 (sl S (6 15 Cod sl

ol ol lin 5 (53,985 psle olStils (65 )5LeS Lzl g 5 Lokl -
e g b olKls (65,5LaS slatdl 6,5 bl - T

s (g 3 ol O owiige 09,5 Letils

iy oy (65,0LiS” slazdl 09,8 Loty -
shirzady24@gmail.com: allis Jgius odinag —%



92l 32l a9 oo 05 ST 51 s g3kl ST (65105 cuondcanln ST VAA

Gl 5 @lel ol Glolis 1als cuz o) 5 canlio g0l plyie 4 550, Lol

Q25 «Q18 «Q14: JEL su aibs
Sl sl il adsm ((Suisle e Jols (ol (ctand Conlow 1gualS sbojlg
(=) )

S

S 5 65,0liS DY game 4 9381 595 5L g ()T 51 AU Sl 5 g Camez canlE a,
R 5585 9y 158 igoz e 5T |y @ o5 Al o3 Jol> S5 O Cusgaze
s e VO a4 s Jlo po e e YOO Sl ke b lpl jenS il sols
S OV Gl Jedz) o)l 8 Sis aad 9 Sis 6o )9iS 09,5 )0 (S (eSilee
dop3 ) S ailie caSarie S )lbo Ar e BV G ale Glez Semin ol 2 O3
So @ 255> 9 @l s 0l VA (Sen 5 (6505 el ol 555 a0 Blate o
g S5l sl O dgamme wolie 51 ilate g proro soliiwl 4 atuly ¢l (65,9leS
S I 5o wlee S ol lacaS 5l )5S 50 (65,5laS idu Sladg we)s A0 sga>
LS ypekes VIA L (g5 0liS datas ol JESe pabeo TV 516 ond crge ol Cudgasme
@l 5l pdanazs Of ad e caSla e o)LL 1Y 51 00 (g5m 5l 5 09d ctS ol &5 o,
Ol Jelz) 93,5 o0 Bran (@5,3laS (iou 5o ol woys Al Gl (e g (b
KOARY!
ol s Jled 5o 5wl lnl 6350 ns5 upl ads> 5l Gion oalis il ae>
Sl Holas 9 25 Fllllas o3gaoms 93 Jold guye fegkS ATD: Canng b ads> (l o)l )18
\Wogaz,0 0h gLz Job yo wileads adly (53550 nsS upl adg> j0 Jol5 Sy &5
a2 80 Y gaz o VP LU agdo e g ax o0 oldlas bye gaido Ve g a0 09 b aads
sdes (it ddllle 3,90 ailate (\YA+ (590, Gl ladhie Ol lojle) ol suis &3I4
S g Gl R e Coy wpde slapliv et 5l plaie g jelis Ol et
3l el 5l s lopene 5 ) dilaie (pl 0y g g0 |y Bl Glie g I (s0gamma
Y garme gl e STy0 5l (Ko adlaie (39 SAS 4 axgi bl p Sl 19 03 5 0l (el
20,5 0 5lieS oed dibte ol woys £l Gty il et Olnl G40 0 ke



1AQ OAY =YY+ a0 TAY juls [¥ o ko 1o ol /g 5aLies SLaidl olinions

‘SCL! 9 Gc‘)) 6LDM.JL:3 4.’....:5) 6‘1.' é‘;ﬁ.’y wl.uo Lu‘)...u OMQQL.M.' &5..@5.9 u.!‘ 9 asle
Cowy Egoze 5l do o YIVD Laad (aoys £ (oY) obj o b gliwnsS Lol abl oo
1y wilon &5 (Sldlas oagaa ohgar ol (3,5 5 Jlad lagion » Golate st o5 aihaie
Ol Ol o bugie «Sis g Siddoss s p ddhis slgn g O] ailesls olaisl 05 4
G5 sk YAY adg> IS gl fawgio job 4 ()] (S jlaie g ol 5 ile azy0 VY
IS Gl ol xKiles g 0090 0L lgn &l a0 0 Vb cde @ j s Jlade .ol o0l
pas Jdo 4 2l sla Jle 0 (VWWAY ()6 g 0oliz ,8) cewl Jlo o e Joo YYYO dbg>
@ kolr ohg ol b 5l agye cbloy (ueing 5 b ol oy colis 438
)yLw.u S B GH.A)).:) g_)T C_E“A u.....cblf 9 03 ).n)l.‘> ‘5;‘ ‘1,5 o so).:.é 9 b‘;w
2 G55 obml sl S ol sln 5l o j0r Cusgiee 085 9 335 Sldllae &5 55 A
p3Y bl cpl 40 Of el sl (Jds cmed & il oo piol olis! Hplis cuss gl
Sryelin 5o ol olsn b ogd bl (e o s Sllogs 5l (BB iy Conl
Saad Jlaswl g el); OVgamme CiS ) maw drwg 4 adlaie o30S bl o,
098 omly Dol 00 Sezme gy g e Sleelr i (il s 5250 Slealr I Ol gl
e 50 Ol s Srae g ooles nl o (B O, carge 5 ol pslaS Sl e o
(sheme Cunj o BT slml s wzge mlie Wiy 0938l el (nl 45 euls g5
wlo).‘ 9 @L‘aw 6L®u—‘ 4..0).(‘- u.....cblS L =\.‘>9) l) L] ol S uBLv w):?u 9 u«.uL..uJS
Sz celie ol glaasliy 31 Galis ppl ade> 5l (einy o] agy
3550 15,5LaS aleasy & Ol akege Bran 5 (197 80 50 Wl oo Lo g e slacuslw ||
axdllas ool 5o cjaliie ek 4 S aleS 1) Jle colys ol <8 jon Jade g 0,5 )13 LA
S5 e Jaie S3als e - sobadl (53l e i S 5 oolinad L b 530
35 a3 Canls D131 SD) T ol 29y 5 BMPY' oo (23b) (532,006 g

'_ Positive Mathematical Programming (PMP)
*_ System Dynamic (SD)



sl 31 T Adge oo p3 O 515 g 3 )bl T (yli5 codcanlow 1 140

oo g o)l i ol adge (s O 5l 05 5 ol Lol o pae p g Lol O
KT

Ol 5l Sl 5 Ol Brae Jlade p glol Ol ced glacaslows S cwyp 4w 5o
el 428 .5 slol Jlgly8 Olalllas e

aisly bl > e Jlod jo a> aildog, dbgm jo a5 Lidgh ;0 VN0 \Q‘)M 9 9)
oS Lol ezl o e g5l job 4y (65,0l (o kel O cwed aS wals las aalllas gl
3 Ceond b8l a4 ol elaS 1Sl iz ed el oS LS ol o=l slbcwd o o
w.d W&A sd)l.u—l @l)lf \)W 9 g_)T Ja.a.‘> 6‘1.' o).._iv‘ \)L?u‘ 6‘1.' w‘ u...:..a uw
5 @l Ohlsl Gilaw ol g @pSolail Ol gl LB G sliw Sl
OS—Q.A @L‘a.u 6)L..J g_j MQ_J uua‘)ﬁ‘ ‘U"‘ » 05)3‘ 09.«.4 o‘).o.m uT 00sS solarul 6Lﬁu,o.’>¢.>‘
seme LRalS Azl jo 0gh Sue)p) o] o 5l s solitul g zlsel] 4 e Col
A5 xSl Olymel St el 5l wlgee (sei i slao T DLl w25 5 51 0k

Syge e ol5,slaS sl 1) o] mbe Lol 5 ol 68 ced ol Sl (F+10) ploy]
wlis Lol it 15t O (6 la8 s conliw a5 wisls (jlas aslllas guls ols 13 o) 5
Lol il axgs bl glasss @ ol s a5 adl o sl Sloj cpl Ll w)ls L jo O
5 JUal oly,0las aalps weusS lacled 5 iie [l il YU ol cad ST )l
a5 ol olginy (ise o ol elS g gile Blas jehates gy cpl 5l oyl Jeaxe g4
SgaaS 5l 8L (BT as B ogd 0ols l5,5laS 4 Ol 8408 aie 40 o3Y (sla Sl oMol
Lloss 5 43325 s PMP g, 5l Libeasl 5 (o)l oF aad s jskaiey (V1Y) TYLT SIS
slcwlos JIPMP g, 3l oolawl b 093 adlllae jo slasl 0,5 oolaiwl o5 e alule
u‘i}?) )‘ ool Lv 9 ..\.;\))5 R Lmool.g‘; d]m 9 ALY 65i” » ‘) g_j 6)..\5;40..3 U;b;
W)B(SCLQ_O‘ ‘LSOLM‘)L.MMIQO..\)).S)J)J 4\5‘) GWB‘S.J‘)AA.LH.L» J...l?oe:\.:f?o
al, Ol 6 I8 Cwd oy, o 50 odwl Cands Cad 3L, 99,5 i |y 0l addllae oo

2,5 By by ol 50 d B lgie

' Zhou et al.
*_ Aidam
>~ Gallego-Ayala



143 OAY =YY+ a0 TAY juls [¥ o ko 1o ol /g 5aLies SLaidl olinions

: i : e ie s Vel
i8S sl i,steS Sl sleslitul )5 1) puSow 25 Sy GlpaleS STy (VIT) 508
S 35,5 ey goladl sl o 5l eolatuwl b o8l 1t5 5 Ol o ds 4 S &3
Jpama Sl g kol O 5l ag ialidl 4 o ol pois a5 wisls lis olisl g
B 0,00 T o5 (6,lol (lapuenal p Coosd 1udl 5 (50,5 Sy (i Cowl 00 &3

o5 o als o, ol o ) O 5l aige solitul (Ol B 0,5 plpgo a5 aS ol
Gl ) 6ysleS ol bagy w5 65kl T (68 caard I3l (Y V)] Kom o ' IO
5 oyl sonins ol JoleS o by Bl 58,5 5 50 b haas oy cas lysi] clilis
@ls Jedos g anpes wiobs 8 adllae 550 (ot 8 Sbigy 63 a0l Joe 5 55,088 i

2o jEalS le - olaes ciss jo el

5B o 4 PMP) Code (g3,a0b 5 Joo 51 oolzl L (V4 - 9) \cgs‘-.’.)ﬁ**’ 5 S ,8S
as ol plas wls s, Wkl j5a5 j0 cuaS oSl 5 g)lol o5 ks 8,5 L
iyl Jg g oo kol o5 (5,0l 5l eolinnl jo 05Kl sl el O (slaass jo ol
5 ebice GuliEl OF el anse a5 pl b g Wb oo L2blS oyiws jo ol a5 Sl o
35510 kol o8 g, 5l eoliiul 4 bled Ol 0p53 g (o9 480 sl

Sl 35 kel O ced lacelw § (6 A5 Cwud aio) 4o 0l plil J3ls Slallas
0,5 o,Lal 5 Slallas 4
@l 0,5 bl Lgy U8 a S spaelin Joe Sl eslatull 1) og; eanly ade> o
ol mle 6,05 cwd canlw (0,5 blod a5 ol las dle Yo 0,50 SO (65lwands b anlllas
Ls)bﬁo).eﬁ ..\.;5) k))"\"’ m)o j)l.mﬁ Cod 6)Lu—| la g_ay?..am u.ms..\..o)o u..\...u )..oo)........fs
aY b i einy o O 5l esl (Seiglane lepiie o LS il agy
Jo ol b st S5 glalisdle B a8 Wi olstel bl glaw 5 oyl gl

'_ Finger
*_ Balali
>~ non-linear dynamic programming method

*_ Cortignani and Severini



92l 3l a9 ooy ST 51 s g3kl ST (65105 cuondcanbn 1 IAY

el (6950 dilaie (55,5LaS Lidu ,o solaml il ol Coed il e b s 4
ol Laa> 5 (g5,0laS Golul Saup pogdle a5 50,5 Jlasel (ldigS ol &I s conlews
88,55 6oL lws Hlzo 55 Glhle ey sleix! g (solaidl fblise ol SL>

Mo (s s (55,5188 i 50 ol mlis (5500l (guy 4 VYD) Ko g 00l 5008
CutS a8l g Bras ol Hlaie slie p dBanaiz S ipaeln Joo 5l ookl L
l5yoliS sl ys (g9, Soliwl Y game Cud Lol Canlw wols Glis ol oS ls
Solul )0 65 J...sL» ooy JS 51 eolatwl Conliw b ol yon )1 5l solaiwl g ails e J...sb
.o)lo s_j éila.n

Sy 4o caiS 6 6)L3..>—| ol golaidl 6,8 cwad S (VYA L e 5 (55359
Jlesl b as” ol las plasl anlllas bt 0658,5 cwyp ol GlolE Copoe Gl |, Mo
o\))’l:v as 09....4 <* ‘S'Y}.am u...SJ.;) C_E“A u.....cblf o).v}v g_ay?..am GALM V_MS)J) C_E“A
lasly Casbow cpl JL3 jo 1, pals p 5 i bl LaBG
5 PMP) i 53,40l Jow p Joie golaidl giluJoe piams SO 5l Yol cllis
Gkl o1 Caagd bl a8 wols olis guls wis,S oolitul (ME) gl i3 in <ilin,
4 e Cabew ol Jlogl iz op 098 oo ddlaie DY game CiS ) v iolS 4 e
Selyd do,s VIFD B Y /A8 el cuaS oSl o Bras ol sy VIAY G Y/ als
5 kel Ol I8 cwd cunlow Jleel (Ll ,0 g oo Vo | cabs jo ol 5l Lallsb
9 6)L3.J u—| slolas u,...:olf LS‘)-.' ‘O] L ra—|5.a Sygo A ClS 65i” JUUCE OO\ LS)-.ff)lS-.'
A deog Yol s ol mlie (55l
eor [ (CES) el (codile 2iS L odyy b cdla; 5 Sude (s )aeb by, 5l ool
33 eon 9o 5Ly 95 e aS ol LA gl el obj)l (sSUsS slag e 0 Supe oS
slasl 03l Sl pss uSilee Lol oy (5Ll OT Bras 10 o9 dbpo @ e Libgh o)
Jheel Lyl jo 58 olol O solatl yg0,0 Hlade b oo ialS aoys YV/E)

'- Maximum Entropy (ME)



1y OAY =YY+ a0 TAY juls [¥ o ko 1o ol /g 5aLies SLaidl olinions

S caSo e 4o by 5 f/YY e B /FYF 4 VYV B IFYO o i 4 YU slacanlw
o\))’l:v )...05 w.a:lf L =\.‘>9; la u.u).......n) o 6)L..J g_j u.....cblS WL.....J JLQ.C‘ WLQH 5o ..\..5‘50
G298 Cebd (e g (b O wlie cbli> (gl St o solatdl 55500 5 sl

R T e R e T . N U RAPRUL SRS
(PMP) oo 532,400 0 (g 5l )kl o saitagms 5 (5518503 lacalw 4 cos
A yome ool A by lin el 50 598 slacanlw Jlesl a5 wisls lias gl Lais )5 eolaul
Ol Hlade Lmals g awo,s ONVF 5 ALY Jlade a4 oly) OV gamme CiS ) mlaw ggame rals
Sl O sotaegus Canlow 058 oo Al Jlo 4 o ao ) VI g FIVY jlode 4 a0
Syl sly calin 5,50l e @ 0] CaSeyie Hadio VAR S9m b0 4 daxgi b
s olgiday By Gl s ol gl

055 LsS SIS PMP) SLSL (2oL ) (sryaeliy by, 5l 2o )0 OV Sen 5 oz
sloooly » Slle) o] (il glacals (uizen § ©f ISl Glacalw 0,8
olis s .ol 13 cwyp 3,90 1) dpdie s 4o (Jgaze p S 5 Ol ool JeSo
(JoSe 00l 5 Sldbe sl b dlie 1o Jyame p Sl g ol (6, la5 s canlow aisls
Bl oo Folio g 5 pge
L as wols lis als .asoges obj,l () o8l lis 0l ;0 PMP) coe (s3,40b p Jo
cuitS 6o¥l ol Cod o9 plp g0 b g (Bpas ol (60990 iblS o0l ¢ Canliw S
S olgee ol Glolis ags o pae becplply oS o Slaiz s lue S 4 s
25 GpSslr ol gy ,00 5 B

Ol mlie ylopos 5 k> » o lal O I8 cwd 56 OYAYD o) Ken 5 I
doe 3l GoSope b Ll —olaes clds o gh,slaS ise golaidl Lll g ce)p)
SS i dwlol &g 40 aS wisls ylid Ul addllae gls isges cwyp |y gy (53,40l
Osekee Wl Gl (e (s b lssul aalllas 050 ailaie ;o (5ll Ol Cuad (S
& Sl 0)90 sleil yo e TIVA Jolao e ool haws glis ) (ol b g cnSo o
L s5y9sS lacabw LB o Lol O cwd [iol38l b uimpn ab anlys axlge ale

Al poss Qly’;{l ol o Do (65,0laS idu yo (golaidl mdle s ialS 59>



292l 31 T Adge ooz 3 ST 515 g )bl O (5yl5 codialow 51 IAF

oy o & Slzal T o Dy O St j2 gl Jly 100+ e g0 a5 glaisS
Dy (50 Cue g

oolisl Uy 15,5lsS o5l Sgms g T Gy ol By ot plodl olalllae 31 g ylms o
R o S5 Seidlsres Jelss 4 az gl (g g (ol Joe) ot 5,40l (o), )
el o0 4z g3 58 Syl e ol T (6 RS Ceasd s 638 1 4 5 sl i
Szl 3 ps 2bigy 9 Cude i yaeln (g, 90 5l eoliiul L B ol xw aslllas ol o
=iy 2l 3l g olgul whaw p Ol (ed Culw Ol 1 (S5l y00m — olamdl Joaw S
Bl i (s Lol OF By Jlade )0 o)lj)slaS 23Sy crans 2 0938 B 005 (o p 5 5aBs
5 meiny ol mhw alS ppeS @wos gylml (oliyglaS 4 eojly by S
T sy (s 2l 5l Jolas 4 plicws

eIy LY

G5y Slr oot sbylpl npl sleass | Siidsaegolal sbas oS 5
Oley 58 ohgr ol ookl golasdl LI)1S g ogue sbiwly 30 olip) g (o oo slal ol
S asdlae ol 53 (YA iS5 308 g dl) widbioe Ol lie 95008 b (09 s,
2 oolil s gy (39, olpen 4 Jolpe caled 55 oud (miuly Tt (55,0l g,
Sl o oo Gl ol g0 i Jlos] b 05565 slaceul & 39kt (235Ts
VY RCWRY

oals s jolis 3 pl adg> (Soiglg e — olaml Jao cageie wozlx ) JSE 5
9 o9l ppl 429> S Siluand b wadi oo ovalin ) (SO 50 &5 4S5 ples Cunl ot
o9y 2l 5l edal cansy (55,9laS Ol as e polie wilaie (Sojglgyaea Joe siluosly

P g M oly Cude (b, by Joe A 9959 oob plsie 4 el b
50 28,518 solatul 5,50 SWAP golasdl Jao ol (idu ,0 Ol 4 baye slacasgase
ooy @bl o gl o2yl Jelodi g @325 5 Code spaelin Joo S5 szl b ecolys
Ol Caed (0l ool 50 (65,5lS Ol Bras polie ay bgype o)lj,5las (2iSTy 5l el

iy 2l 3l Sl s Gl e sligr (095 4 (699,5 oold aS wLl ey (55l

'_ Hydrological- Economical Model
*_ Pulido-Velazquez

>~ Positive Mathematical Programming



130 OAY =YY+ a0 TAY juls [¥ o ko 1o ol /g 5aLies SLaidl olinions

285 )18 eolital 0550 s 0Lt o pl Ad9>
. ¥ .Y Y \ . . .

5 WS o ooliiwl oaisS Lo g badaly ¢ by 0w Il e 5l piasn obss b,
9 o)..:>o )‘\)9.0.1 L swl.ef 9 (sljl:.o 9 cde 6[.9)‘&544 L |) )L..uJ..\.n W.Q\J L:aui 4.1......43 L
Ssee Gileand wlol 2 Gl g 0SS Glaloges b v (55, WS oo b Gl
Seid Sy i el 50 35ee vy 3 el (3o a0l @s g 9509 Oled bz il
Sloads by o laie b oy 2 50 Cutd (nl )0 09290 ol Jlake S oo 3L by sl |y <
Dbl oo plp Sl pBed ke g s e o O ke slaie O s

oole Jlude sloie (60959 00l Hloke b b 0,53 10 09250 ool Hloke CuI S aed @
Spoyial) il ol ley o 03 lade cammorlis ny JLSl aoles ol il e,
(Yooe

Stock(t) = thz [Inflow{s) — Outflow(s)]ds + Stock(ty) (V)

oley g to adgl lo) s 8 o 0 (509,9 b2 Hlade KL Inflow asles Sakul,y o
7957 Ol Slie 69959 Obz bopSd sss Al £ S e 4 Wb e Tl
sl 00 1) (V) alasly o a8 e ol

4500 _ Net change in stock [Inflow(t) — Outflow(t)]v)

dt

=97 Ol Sl 6399 Ol b el ply 035 a8 Sl porde (ol ke (V) alad,
A oles £9,5 T ke 0 0,3 adel Jlade L as

Shedlop o§ya5 g s ooy Sodi )l i Jeld Joo 4 0ad (Bpme &5 sla i
5 638 o yd O 5L Gl (Sloj s iz i (s slac] I 358 5 Lialy
Sl yeiie adozr jliailaie ;o p0 (2855 Of ke 5 xhaw y5 Ol zg)5 b 99 ko
Cme ke G 53555 (sloey90 50 Comaz 35515 (6l il o oo 4 00 0y SeS
oo Jelos 5 5 lopiite Glois 4 S prlee 5 e 9 S e iy 9 05 (Dl iie o S g0 4
aslllas ol 5o aloasd (Byme Joe an (S slapiie plgie 4 (Srer SES e 2
(et 9 7rba) 00 ()10 o, Ol Jold oud a2 5 )L o (g9 slo el

' Stock
>_Flow

3_ Connecters
*_Converters

5_ Sterman



292l 31 T Adge ooz 3 ST 515 g )bl O (5yl5 codianlow 51 147

21y oss Slliol gl Jlaly axwgs 4 9,505, b 65,5l88 O B)las 5 cad s
LS e 5y Joa

o el eiie S lye 4 a8 Sl a ) T 35e e ol 53 bl et
8l P e il an do g L aS ol adsl lade G a5l el icasl onls
o Olynws 4 aallae ol Bas @ as s b bl .cd 5 ko o] 6l aBs Jlade g5 sed
5ol sbalys 5l ol mhaw bl jo adso maws oymalols Gl oo wiliso oo 350
O 3l oy sloo )93 )3 (23l bl (350 o b plp 1) (63ludnnd 0590 (it
gy o35 o2 el ol bl e stei s o e 00505 (o0 ol g3lo e o5 Lo
XD ) Ka 5 6,8 al o Slalllas oogama 43 ddg>

oo sl o 5 0 428,505 58 JLo VY iloj o5l cailate 1o 35250 glaosls Lol
e gl Jo V¥R BATVA (gla Lo Jsb o s Lzl (als VY 6,50) V¥4 b \FYA
sy gl il s el Jalow 3 250 6T Ll 4y dilate ;5 Sy2g0 clogy i
S CYUER S B PONPC SUVIRN PN IS P UUU I PV

(F) ably ool yslis plszel 5o ol (Dl (5 dabee sz 0 s s3lo e (A
el o (55l Joe
AV =0 +Qui + Qus + @ —ET— Quo— Q4 ™)

slags )b 395 5l Jol> OF ez Qs e ) ©f e @z Slis AV Gl 0 a8
loyhe a4 (s glagl,r 9 5l A6 Ol ez Qi (i) ol o 4 o>
25 ol oz Qe sy @ o 4 63559 (s & oo Qs e
<l ez QU sminy @l oyins 5 5y 5 e IS ez BT oy g Caniio o555l
wiSlge ey ol oy 5l (b O e Qa esteej g 2 0y Sl (g5 b

25 89555 5 Ok 3l SB6 &S plssul 4 605, Sl lade rplstel 4 anl (5995 (o
ol oo (g5lw Jow (F) alaly aliwg 45 conl olgsul 4 (xlaw

NRoral = (BA * Rgepies ¥ PC) + SSF 9]

wlale boj (6 Rarias Oyl JS colae BA (sl 40 ool 63955 S5 NRygea)

!, Stock Variable
%_ Total Natural Recharge

3 _Basin Area



1y OAY =YY+ a0 TAY juls [¥ o ko 1o ol /g 5aLies SLaidl olinions

il oo a3 oF ' SSFy lesal 4y (3L 395 cu o PC e 3L
d.'a;‘) l.a LQW‘\))J )‘..\.M )yl.m...a S 6‘1.' ol 4...@4 J..\.A PRI SOV Lbol.‘> Caxio g 6))3Lm5
el Cewds (B)

GE=DD+AD+ID )

Lol ADT L Sl 5 6,08 o b Lol DD (e 5 o 5l cails y ' GE T s a5
il s Caro sLolis AD® 5 o5 LS

S 0 xS &g A s ol i S glind cads gl ead aisle Jaw jo
oad 0ol isled ¥ ST 50 g L1581 85 50 b pxie pl (g5le Joe (SeSa el oul a8 S

. 2 . 7 .

osliiul R ns a6 ] Jhne 51 3botcd 13 Jow 3,Skas b)) 6l i
Siales |y o ales bs, (8) alaly sl o K5 o] Slaie 5510 5 a9y 6,kome R s
OYAY g bd)ass oo

- e BETk
R — . L= BiVk )
n z n ra
..JEL::-_XL:EL::-_“L:

D5l oo ools slaai Ny oo 951 polie Y ¢ Sloalie polie Xx YU alal, ;o

GolS (sl ysiin 4y bgy o slosls (giluans 1o ol so |y Jow )ld) (e ls ) S A
D9 (oxid) 35h dwl giluJde Como mll 09 Jed B Sjse 0 U0, g
(Yay

@lp ol am 5l G cloy azmess )0 (e ol s (1alS g 515 Dl e sl
(Y210 5,800l eolaiwl (V) adal, 51 (65,5liS 8 las

5

H="(a+s0) ™

'_ Sub- Surface Flow

2_ Groundwater Extraction

3_ Domestic Demand

*_ Agricultural Demand

>_ Industrial Demand

5_ Coefficientof Determination



92l 32 T a9 (oo 5 ST 51 s 6yl ST (6105 cuondcanbw ST 134

Wil o gilw 0 S
loosls plas 5l aS” el (g2 Jolod Ghe, S PMP)ccie (5L, s paelin b,
b gl Jdos 1o 5 0S8 oo ooliu] wiiiis Gl Jlade 4> aSpl 4 dx gl el 39250
" Wk cnl 2 6pglaS e Glisaslin g QLB 0)ls g (shesl (pidu g (sladlais
e S Sl ge 555655 lacenl (sl Ll 55 ol sleS el STy (gl
by 5 meme 5 Yoo ¥ b)) 0gs Saeld seesys lapead (285 sl 5
O g0 polie 5l colaiul b Bas b s sl Jgemo 43S 4 PMP oS54, .(VVAY
ol b Jlo laools ol ssalin glacled a5 o 5b 4 sl wly slacysgame
o PMP)ecie 2ob, sp,aalin s, lz! dole (FIY (LlKon 5 Cusla) ans Cews
WObge p) &Hee
oo inly (o (5780l (SNl (g i al> e
MAX: [E;=1E='5=1'[P 1 ¥ai — B2t 2 water CaijOgi )X —
(23=1Ei-=1ﬂ'vgwm’1‘§w}}]

Qgij = & Vg=1..,4,i=1.504)

5
ngi-iﬁfg ¥V g

1
=1, ....4 (1)

w
=1....4 (")

_ Arfini
2_ Howitt



134 OAY =YY+ RNV TAY 3y /¥ o ke 1o lx /65 59l bl coliglioes

H.;.w
1.-'.'=12
= Z H.".S'gw Y g
w=1
=1,....4 ()
e S Eg T E ¥ og=
1,....4 (\Y)

Eaorme (§ilwdiinn Sily 4 was oo plis |y oz (g5 a6l sl adsl Guan U A alal,
Sl g ey slooslys 5l eolil (gilwatagy 1 ooliiul b adsm 5 oz jo (65,0liS (sloges
Cadgaze & by je a5 4 4 widlioe Joe slacasgaze 1T VY Y - Ly ol
3550 ol Casgazma alid 5 pl Ade> (55,5lS Gblie) b badg> 5 soled CuiS 55 el
bl g Vb Lly) )3 adloo (rinly Cudgazme g adlate ;o sl oyiwd BB g oolitul
Jypame 2 Caad Ppi (55,5liS sla ool  «55,3LaS ¥ garme d (adg> 05 F)is)plas
Sy o eole o e gy ey a0 Jyame a0 Sles g de ;e 0
@lp Lol 5l eslinul coni(ladlate aiigd) ulyd) gy s> ) 2 ln SYgame
Wi alul)) ads> 05 50 Jpame plow CiS 5 gl 4 adg> ) 0 50 Jyame oy
oy g g S Feipy 2l Cblon lake Wy wdem g se 0 Jsame oSS )
A @l ke W wdsm ;s e g0 CiS 5 gl 5 Hgaadg g e 50 O Cud LW,
22 oad ase ol i W5, s ofe gilal sl b adsm ) 0 )0 Jpams
Code e € 5wl Jlo jo oolaisl s)g0 codled oal sssliv lade FHy ades )
o3 o (LS Ty (SarsS b

b e anze 2 5 CES adgi ol (e 1pg0 al> o

s Al o 5l oaal Gy (9o polie e (5L, syl Ghs, 5l Al e cnl o
A5 b anie mb ol 0yl 5l ey osdige 00y S0 aled aie b (miuly (ol
STy ool p ol 00 (pes baoslyd (il S Gogr ol 4 az gl L gladlae
STV YN Cugn lillas 5 anlllae ol o (gldlaie Jos (28,5 ,k00 5 CES aJg ab
a Regh onl )0 a5 b ad)S A s agh cnl o ol ndile STl adg @ Y-8
il VF alal) & s

v

. /i
Yei = Tig [ﬁgilx;ﬂ + ﬁgi:x:;g Tt ﬁgz’j-x;g_,} QD)



292l 31 T Adgo oo 3 ST 515 g 3 )bl T (yli5 codanlow 1 Yoo

33 Jyame o slp oobide el LTy, wdhie ;o 0 Jeama,e odgr jlade Vg N F adaly o
) oolail jlase 2y cadhaie po 0 Jgame,e adgi )0 baooly I eolatul g Bgjeadlaie ;o

o ol 033k cwpo W s kol Ol oolys 5l 4 ddlaie o )0 Jpame ,o adgi jo s ools

iy 55 (O) Jguammo il (S olal 2 45 sl (6o 1 CES widg s jo lihio &
(VWY hen g Cogla) <85 1,8 aulxe 0,90 P = ? Sygo 4 a5 gl 0

25 by oy iy sla el wdss @il conds Fie anle 5wy @l GeesS L

2l V CES o g sl jo wlide 4y Cond <ol 205 wlal a8 cnl 088 a0l o conny

3k oo B 58 VF el g cl S

E_?:j_ﬁ_;' =
1 o)
i

,El - E__.:I:l':: ¢ ‘\. (\?)

1+X_W‘ I:EL Ei-,_- |

s |:r_-JI

JH[ = ,,(—-:r:lj: '\ %x::'a Oy

1+ (zl-_:_ :r":) tx

oo el sl e o L adgs solys aizze WL 5 ol adss eslys Jaiexp YU Lls, o
(Y’ V'Y ‘u‘)&@

X lan

_ [}'!d“‘_ Iij'-fiumi

T A

[EjEijr] /Py
Jlade X cadlaie ;o j0 Jeamme ;0 adgs j0 o odles jl eoliiwl wpew figgy YU adal, o
o Shee ¥ld; (s ol Ol ool 5l e 4 adlate ;o 0 Jgams ;o adg ,0 baoolys 5l eolaiul
Al oo adhie 2 )0 Jaazs 2
&b ol 5 Lol milgs (mwly 4 ol cad (5 pdy Bllasil 5 adhais ;o 0Jgi g
9 Cugle) Wb e 5 Ojge 4 ailaie ja )3 SYgaze wdgs sl el g0 b LA ugSiae
(VY oo
pi =& 61—, (2, %7) vg=

1.2 0%



Yo OAY =YY+ a0 TAY juls [¥ o ko 1o ol /g 5aLies SLaidl olinions

4 ':xiz ﬁ'xii 9 15090 B, )0 sS4 ax gl Lol jlade ;o (s3lge Jlal ol 5
JB 25 Ly, pelelp a5 conl Jpame slp Lols ugSae (oo ol g las 51 (250 s 5

xWhg

o= Y oa=
Teve .
1,2 (Y+)
ol=
wp —
e ng’;—g ¥ p=LZ Yy)

@bl ause rmeg 5 Jyame Sis e WH el Jlo 0 Jsame 2 oy e §g
Jyame (G5 S g (ladhaie) )15l Coad (o DS Wil ddlaie (o )0 Jgame
5% o drle Lalg; (65050 L a5 axibice e JB 5 aly, elel 5 a5 sl oo
5 Cugle) del walys sy Lolis b VA abal, 15 Cules 50 5 Towe jl (o 5 ot el
(VY o),

T‘TJ“ICE =

Vg —

WpPe wg=1,2
Y)

wp = NgVePpe Vg =
1,2
Y)

_ 5 ye-
PPe =55 V8
1,2

(YH)
b 5 Sileaing (2l aeby (ely ipgw al> e
0}y sladlaie adgs @L 0 tS’L"“"b Gla?,..c ESERT ) (':»L: 5! oolawl b al> o U"‘ N

25 Doge & g Gyaln Joe o G o 5 ey 2D b slacusgase 5wt



sl 31 T Adgo oo p3 O 515 g 3 )bl T (yli5 codanlow 1 YoY

Max PS+C5=

L gfwet g
T8} Ty 507 (Tye) )+
Eng(mgi (E}'}:gi}: - EQEE B Ex?"[}’gz'xguand} =

Y o Wy tabor Xgitabor) — el @ wat,) (Y0)
b a8 S las o 5 bailgy g0 4 S Joe slacudgase
E?r_xgi = bg}' forj#
water (Y%)
wat, < watcons, )
?:1xg,i,wﬂrs'r = waly R

Slp oSG as Sl + AL dalys ggezme FO alal, Ban b 0 Ole s
Crgd b (g pSoilail EVgame il Jlo slocagd uloly 45 wil o sblie oY game
0l Jlo slocasd ) glibie glacess o lilol of, 5l 1, dilaie o Lalll ael ) ole
@ bgpe auge O)le regn WS (o0 plo ()l ojlal aihie o SL)IL slaanje 4 aS)
Jods @ WWAY L) b Jlo slaosls ulul 2 (o) sloan o .coul adlaie j2 50 (2l (e
sloan ;e 5 (ab bl aly Jlo laie 4 5L 0,50 slo 0ols (09 s 10 9 (09 S JelS
Blos Cands sad iy slacudgase g ool slule sla i)l 5l eawl casas ol
Omeiy Saled 50 9 WS oo dnale dilaie 93 sln 1) Bssp sleanie O)le ooz
Al oo dalaie ;o slp kol Gl a1 game (Bun bl o )le

3looliiwl JS g adlate 10 oo ooliwl ©f S Codgame cui i 4 YA 5 YV Gl Coogame
il (oo il o )0 oyt ooles S byrg ol ol

(el o ooles cansd ;0 ,085) (osd el Julos 9 45205 j9lates YU (s yaeli p (595!
b )l ade> 5 5l el e 50 )Ll OF B pae Jlaie 5 S (6581 (s pslogm jlade 5
39S ahews @ ylol Of Bras p lew Glag b 130 5l ool vy @l woles 5o
os iy 2l Sl eyp e e 2ls Gh) 5 o909 00l st
8,5 18 oolanwl 5490

OlialaS 5l Bolal (6 ,Saigad g aol iy Voo JoST ol 5l daliiow o 5L 0,50 (sloosls
A 6y5l08 s, ol shilaie O plole g (dalllas 050 lo 45> 55 dilats o



Yoy OAY =YY+ a0 TAY juls [¥ o ko 1o ol /g 5aLies SLaidl olinions

Jubo g i sl g GAMS 581 o5 5l (Jow ol iow) pyaelp Joo J> sy

o ool s I3l o 5l ey 2 1S Sl s O (Sujglgaen 4o

o g b

2l 42> JS (SWAP) (sladhte cote (o3l 50,0l Joo & 2255 b asllhs cnl o
(a29> 53 adlate ¥ oy (55)5laS 3l Sy 5 )l 0 500 el i ululy Helas
ladgle 05 (lyz (2l poiS dilaie bz o ol edes SVgame WD Uiy epe
5 9 osibind sunl 4d9> Gt 5 Cmdge T oY USG50 il o s jutin 5 algae
sslisd pl ads> U5 (heei 5 b o @lie jlciloy jlaie 5 Bras g3 Y 5 ) Jgor
seliod by (g3,0laS idu ad cdsline ¥ og ) Jaux jo aF aigSles el ool al)]
Wilge Bpas woyd VIV L jelisd 5 pl ade> (eejnj ol @l 0aisS Spas n 55 )5
slealr 4 Loy« gejny ol Cdloy jlaio (e (e 055UsS @lbie Ol 5l &S
il L )3 cexSea e (ygelae VISAY e 4 cditlaie

3 g 0 Shoe (S 5 o Jlaiie 4y bgsye ¥ Jgaz oo al)] 55l (glaosls 4y azgi Ly
S50 alimdo AYAY 4y Jlo jo jlin upl ads> bl ;o (o)) coiie Y gams
RS 9 O ke iy 4 T adgm ) p0 aBjatiz 5 ) adse ;50 o puiS Y gane oS
Sl Bpan jlaie pieS 5 ok G cuip 4 g2 5 aBjaliz 5wl | ctS ) mhae
idlbse Blo 1) jolias 1 ploj9> ) axlllas 590 Bblie (211 51 LS 5o

F g el cavas O golatl 55,1 b slasle Ceasd ool ol ) PMP Jow  suwlg 5l e
2 ol ol casloyie o golamdl (o)) b awslie )0 1) ol5,5las 3l sl of lads
o sbaidl )l a5 95l (oo alixde F Jour mls 4 azg b oesee plad ab Jlo
o 355l by 00 B Ve yaliad 5l ade> 55U blie ;o 6kl O oo
ol Jy ¥ bl O caSo e o gl (5l 3oy Gl S S o
Vasg njr byrye Ol golaidl (35l 0 ieS 5 ¥ adsm s 0 o olamdl 5 e
lor 0D bl O e Caasd 5l elig 3ol ade> 3blie coled 4o a5 aal Cewds ¥ g
OS5y e ol &5l T sl @b ceol SYL (Ol35L88 abows 4 S50y

' _General Algebraic Modeling System
%_ Ventana Simulation Environment (Vensim)
3_ State Wide Agricultural Production (SWAP)



292l 31 T Adge ooz 3 ST 515 g )bl O (5yl05 codianlow 1 YoF

S oo a3l Jlal g Jlase! slaas s (B

Jolis a5 (63,400 Jow o 51 el Cewds ol «sylal O (golaidl 55,0 5,605 51 e
Caod ial38l 0o 0 Fro g ao,0 Vo slag biw Jleel 5l oo (Brae f g oS g% &l pis
ond 4yl 0 Jgax ;0 wibige bady>p; 5l o ya 0wl Jlo uld 4 cus Lol
dod CaiS ) e kol O caad (]38 b gd oo sanlie O Jgo ,0 45 4355 led .l
5 sladgle &3 g 9> OV gase S ;) o 4 L alS dsg> ) g DY g
Ceogd o, ¥y a0 Ve o8l b Jg ol plas (maldl el Jlo 4y cans oS ¥ abg> 5
aS ooy Jyame opl ol 5L og YU el ol Lo ol e S pac a al Jloys LSe
ol el Gl b csS 5 e (2alS do)s (uized b ciS 5o8l 5l Bis 4 e
ol Caed go0,0V s il Canliw o et ) mbaw (2l o eS ol plas il 6Ll
S A FEI8 o 10 aoy0 VA ol 2alS L F adg> ) 50 posS Jgpamme 40 by po 5Ll
B L ass> s 0w ais Jpaze & bype S p mhae S (n S e
oo il b Sl caslew ! b il oo LSe Jio maw 45 awys Ve Jobee
u,w‘).‘?‘ 5 oslazl 3,90 A_JT )‘J.a.c PP o o] 009y A_JT d),a.c ‘5’9>43fo 5 Lg)LuT s_j
ol FYY ok 4 Y ase ) ,0 paiS ciS lp golel O cwld ooy Yo
ol Cad l38l b )bl ©f B pas lade zals Jgax cpl jo coenl glls 4SS .l canSle
3 sladgle )3 csS (ol (5)1..,.31 u] Ceoud G0, Ve u,..ubﬁ‘ Sl 40 00l dbye uT
65l 5o Brae ol pals Jlake el Casdy caSe e e VYYO/F Jlade & ¥ adg> )
b St solal ol cad Gl a0 F (gl ;0 SV game cuiS

Vo gl Clin )3 (o p 990 Sladdgm ;) SISE 4 5 CiS ) ghaw a5 oo
sdalice V Ioged ;0 4 a5g8 yled ol oo ools Las ) Jloges 4o g lel Ol B vus,0 Fe g
Sl 93 y2 )3 405> 5 58 CiS gl JS )0 (Rl 0oyd (0 5eS g (S e O9h o
Pt Gl ad9> 5 plas CoiS 0 e jlie (s Gloadez 5 )0 kel ol cul



Y0 OAY =YY+ a0 TAY juls [¥ o ko 1o ol /g 5aLies SLaidl olinions

Ol 0 ae 0 Ve vgas sl clS g e elS Jlaae ¥ asss g 0 (e gl ol las ]
ooy T il Jlade jo galS oy VY Jlahe 4 g ol £9,0 Ol Cweld gouoy0 Yo
Aoy VY 290 5l kS 5 b (2l ke ¥ ddsm 55 )0 cnizen S50 0o ol Cuad
Feoo sl Jake jo gals oo VWY lake 4 g o gg,b o Caeid gouo,o Yoo il o
Dedise mi> ol LS gao )0

i S 5T ] a2l L oS ol ] Sl i ol s 3, 8 55,
Jyame S so i S oo adgi Ol 0l o il 4|y 65 i sl oo oS Vg
3 el Sl e¥gamme plo d Cod & 50mb 2 S 9 bwgte el0 G azg b ol 5>
S p g RIBIL (F adg> ) bl 5l can 0 )l ced culw Jloel Lalys
Jds a0 Jg o)ls 2 g pasS @ s 65V ol s ax ST s ladsle &3 el ol pon
olpon F ads> 5 50 ctS 5wl Gl L wleige Jolo mhaw axly 0 a5 VL sl
CitS el (a5 ke o Bk 4l Jle 4 Cond W jatix Jeame ol p G958l ool
Lol )kl ST IS cslows Jlosl Lulys o Jgame (n S sles 5 s 0 L ],
hled ol Caad Gl b yplig pl adg> ¥ adge 5 ofsy5las o5 cul o Sy el !
Ol gt oe hlete sladsle )5 g 92 CuiS ) o drgl Caes 4 g Wl jatir S @
s'lxjp adlas 5 VYAV, ey 6550, Sldlas sloaily b geved mli 5l Lise
5 2 Skl @l IS Ced Cunliw 736 oS Gl 55 LT @S wBloe (V) V) Sen
sl 0391 32 T o5 DY gams Sl 5 prlas dxgi g S (555

Brae 3 (297 Wyo 5 o)) DYgame S Sl Jol> (allBl s Sl ki a0 g lads
el 03 ) 7 S 53 6l ] aned (5mys T 5 Yo 2l slocnlis 55 bl
Sl o GBI L gy 9550 Gloadso iy (olod o F Jgozr 50 oud al)l @ls bl
Ol Caad Gl LoV adg> 5 50 digel sl 8l ShalS adg> ) ol sgw lade ool
ol a8l zals U, o bl AQY @ AAA 5l allBL dgw laie woys Fooa Y5l g L]
b solel of caod gao oV e (il coaslow ;0 ) adg> 5 4 byyse dge jlake 05 e
Sl 5o Jly 0)lebes PV Slio T adsm o5 s bgs o o] 02508 5 Sy 95ekee A luiis
@ bgye (allBl ogw Slpss doy0 ke Sl oy O Cwd oo ,s ool
g uaals o, VWY Jlade LY adg ) 50 bl of cud ooy Fro il cenlew

' Frija



a9l 31 T Adge oo p3 ST 515 g 3 )bl T ()li5 codanlow 1 YoF

Solel Cand 0,0 Vo il Gl ;0 ¥ 9> 105 4 bgspe Sgm 10 ik S0 yd (0 S
Ll 039y ualS duo s /D dgam

5 ¥ aoem ) 4 by (dpas glel OF Jlade Bpas o malS e rizee
PP 5 dbloe RalS oy YFjlade b g)lol of cwd gaoy B inliEl b
2o, V0 Slade b ool Caad oo ,0 Frog Ve ialidl g0 o 0 ¥ ase ) 4 b e o ialS
2 S5 ol 51 sl T i e el Jlos! 45 sl ] 00iiS by s il oo
5ol gl Bras a5 4l jolid 5 pl ads> (55Us5 bl of;,5las ol lolis lads
yelas ppl ase> bl o Soolaidl SYsamo S gly wyiws JB STl oolaw!
SV ) hSem 5 IO (V- V) plasT lelline b asdllas 51 ousl Camsay s S so B35t
45 Wiy a2l 4 995 Slllas 5o 5 el wil o e VTAD) o Kes 5 (552509
ol e @ i 5w hals cdloy 5 sheey o |y ST Lol Wil e T caad 238!
ol 5 (V) olSen 5 (L uized 090 ol555laS by & Ol Bran talS 5 cuts
O ¢35l @dlie (a0l 3529 b s )lol O e al33l Jloel 45 Sinn; aes
S CdS Ol 4t G plsre 4 inlnly WS oo hael St cuz ol (sl S e
SYgame el cnS 5 mhan 1alS 4 1) o555l syl Ol S wd culew Jlacl
4 S |y i sapl adg> bl oljpsles (AllBl wslys (mals 5 wms o Gom )
g oxd ylel O sl oliygles” Lol 2als 4y Ll w)ls oo 4 4l Jlo Lalys
<l glie )l ol ool 5l g 010 el e 4 (65,5laS Bblis ;0 1) DloS 03ls nl (292480
a5 o Sl S5 jplin upl 05>

ches ol mlie CuBloyy g Bpan jlaie 13 et 1 @l e 2ligy 29, 3l ool L
Conds @l @ axgi bcwl ol a1 Y Jloges jo o ol a 0l gwyp ey <l 51y
ol ced ol canlow Jlosl ames jo ol5,0laS aliwg 4 ool el p Ol Jlade 3l skl
2l b cdS I3 wyp 0j50 iluancd ale VY )50 o 50 ey 2l 5l L]
o 5l e JOA w0 s 2l bl Coad bl aoys Ve el
&ly iy ol o alS (lel Of cd Gl s s B caslow 2T b g aSb o
el pals  ced bl cose 3l sanS by a5 el Gy e 1OV Sgs Lo S
il e Bl O s

21y @l 8 Ol ad Gl o ol i @l il ads> (39S Comdg o
Wl S5 Job 5o o aad 0oy Yo b Gialidl 5 bl anlss ol 5uty 5 im0 il



Y.v OAY =YY+ a0 TAY juls [¥ o ko 1o ol /g 5aLies SLaidl olinions

Sl WaleS Sengy e YY) ey ol e

Lolgui 9 (.5 4
ils (gogmo digy jelind o pl adg> 0 (ej i slaol 1 syloyp 0 3l Glale o
g o wolie jl drgy o Cubls o o) g P O (sle i canlio 4385 pas S 4 g
Gl a8l i0l380 jolis Cbs j0 gueyp; ol aaw Bl g ead gl o o altes Lal>
caind gzl jo 15 ol 5l S el sl (6,18 po e Cucgion 8 pnly g GBs Sldlhae
o i el oY bl l 5 ST el (sl U e il oo il Sliml eilans
KB ST el siymelin )0 O 51 ol U 053 plonil (pmj sy f o slaglusi 5 (&8s
lsly 5o celie Sl sladeliyy 31 Gplid jopl s> 5l (e slool ag)
S5 e g Jeie S5l e ~ ot (53 e e S 3 ooliad L b s 530
&5t Sl SIS SD) s (2bigy b9y 5 PMP)Ewite (0b) ()20l (g,
el g o)l i o pl adg (s o 515 g 5 ol Lol cupae » g Lol S
Lo i,oliS ol ad,e Jloke piiw obg og, 5l ooliiwl bl jo Jaw cpl wlwl p 0gd
5 Olsl @ (S o polie i i ()l Jed 5l (Sesls s slo S olod Jlosl
Cely Cos 50 g 0l )lg Cute 8l (i,aelin Joe 4 (69959 00l laie 4 i 0,8
RO POV PSSR U SO SO JUPSRP [ KV-IICHEL SP3|I POVN X gon | ES FRRNVUIN [ |
5 Dl ko 5 C8)5 5 (o) 0y90 e (2ligy g 5l eolinl b (Brae Ol
S Ol 5558 s a8 wisls lias andllas 5l Lol s swl Casss (o)) ol 51550 Seue
lgolasdl 5 5l g 035 (s sl Hoibte upl adgm blie po (oy,5leS” (3 sl
5 Ve ol Jlasl 5l osel vy gl (595 0 adye K]y 9> o Lo ,i) wibise 5pS
ol Cuod il b as ol las al Jlo bl 4 cons )kl O cwd il as e Fe
Srae ol axly 1o gl ]y g5 i sl Jlake a5 SVgame aii 4 ) ,5laS cnS (54Xl

Ceogd gao,s Foo 8l L F asgs 3 0 aSelaiss @ wb oo ials axgi LLS (slaieS @



292l 31 T Adge ooz 3 ST 515 g )bl O (5yl05 codianlow 51 YeA

AL dgm (i an Al saslin (LEalS aw,ofF) Ol Gras zalS 5t ookl ol
S ol ol ialS OF s Gl b e jelin ol ace gblie sl ol pelas
oS oy okl Ol Cand gy Fo Gl 10 ¥ adso g 4 byype dge GRS (ke
s 2l p )kl Of caad Gl Sl izen ols plad 1) (oo )0 ) sgam tals
g_.vT Caoud UMJ‘JB‘ as ol «_)L‘“‘" (UT e_éfa.o 9 )Lm.i )L.ch) Lg)LuT s_j Jfa—o )LAM 9 M o‘) )‘
doyo Vo b Galidl g el salss o oty g (heasny 2l s 635 22 1y @l 36 5
gy ool 5l iy asles dep |y duejp ol maw g YT Jle SO Jsb ye ol s
oy @ ) Ol bl O glie Copse (i po lupd (Yste aliwsy 4 b
css ol wlie g)lwl g Li> g g lol of slolis mals cux 005 3 caslio 6808l
Conbew Jloel b cesline ctS ¥l poss sply 650 0ed 0 aoy Hplins
).v)a—‘ Aog> dJaL..n Gc‘)} dﬁi” 5o 6)L3.J u] ‘5)1..’\5;"40.35 WL».M} JLQ.C‘ Ja;‘).w 5o )..\...u_*>
OYsin 4 (8l)5 WY game wdgi pglad 5 (gl Ll 50 (6,500 (Sl arogi s jelins

Solee s9:2, el bl 65,58 e 2l

&bo
ookl b g slaol b C8l cwyp (OVAN) 7 loles Sow 9.8 S 1> o (5 ST -
Slo eyt 4 i agie s gl 169,90 addllae (GIS) LSl x> wledbl g ;|

YA-£Y «(FIVF .S ol cbla>

D9y oanly asg> o Jled Jlge Q‘?—”"—J anflas :Q‘}”".’] La> 5 g)lb p ol 83
AV V0 (VYN (65,9leS anwgs g olaxdl ay s

‘S.ala) 6)9) C\.Al.i).! J..Lo \))..v)ls R (\Y“\’) ) ‘G‘”m 9 P ‘é.‘>l5 )5...:‘...3‘\) ‘.& ‘M -
A il M Sad 0 ol G cwed Kl Gl canliw SIS Lo jelaie 4 e
FAF-YAT (V)Y (55,9l mlio g pole)s),5lis dnwgs g oladl

69 poglllansie s b lulioliis 1o ,5lis stonisloalon it ) 5 O YAR) e IO -
Olds Gole Ll L oo palliaslay ;) glas slaiBlyns p xS agebiybl - ke cubo



Y4 OAY =YY+ )\ YAY 50l [T okl Ve ol [ 5 5,9Lis slassl wlidixy

OiSly il 4 L(WYAY) 7 e @ g gmdes] p (e W) (5 B ey -
Ol g 160550 adlllan)glal O guiy arage 5 5108 Cod (slo sl 4 3 psliS
AVENEY (VYA «cs5lisS dmmgi 5 oluatdl 4y 15 (s

oo ol @lie Jol 1 (55,5laS Gion p0 @l (@IS Cad 18 OYAN) 2 ol Sl -
AYAN Y solatdl (gla Conlons 5 Bluno oo (gLt

o golie ol lllae VFAY 650 luls sl abaie O lajlo -

el gl anngs slagsb b5, OYAY) g Gl ssko 5 1z mtapl op 057 (onh -

g ol aslidad (oo Sloe o atli jloslaial b og; 0,9 adg> 5 455 iz w5
FY-YY :(AY) YE DL

2 kel STk JeSas ol g solasdl DIl Ll . OYAY) L) 5500 5 - oo 9o -
YO VYA CEIY s),5liS dngs g olatbl s 125 2938 (ol

0,509, b eliaas e o Ol olme Judos ((VWAT) T s g o V5 wp w00l 7,8 -
8525 el sl dilaie O ol &5 50 ame 55y asli

Gl aSE L Vo, cuns o gylel Ol slolss copae (VYA) o (s alae -
FAEY (5D S 5 o gl cblis 4y 5 (g8 casd

o9 s 4o ol mle cblis> gl p conlio ciwlow aalip s . (VWAF) Lpup (s yalao -
YA D S g o golie cilis

i 2l e 565l o o Caslias SL5)1OTR) BB 5 .00 (somge -
(oolaidl sla jimgh asllad o8l liw,pd 69,90 addllae PMP)ocin 63, asby Jow
AY=-20 :(F)V)

Sl oladl (138 cd Sl gy OYAO) o ws5diye 5 e 3 SS9 ol s -
N =AY AN (s5,0LiS sladl Glidss . Mas cubs jo S 65l p s L]

Refrences

- Aidam, P.W. 2015). The impact of water-pricing policy on the demand for
water resources by farmers in Ghana. Agricultural Water Management, 158: 10-
16.

-Arfini, F., Donati, M. & Paris, Q. 2003). A national PMP model for policy
evaluation in agriculture using micro data and administrative information, Paper
Pressed at the International Confrance Agricultural Policies, pp: 17-35.



292l 31 T Adge ooz 3 ST 515 g 3 )bl T (yli5 codanlow 1 Y.

- Balali, H., Khalilian, S., Viaggi, D., Bartolini, F. & Ahmadian, M. 2011).
Groundwater balance and conservation under different water pricing and
agricultural policy scenario: A case study of the Hamadan-Bahar plain.
Ecological Economics, 70: 863-872.

- Cortignani, R. & Severini, S. 2009). Modeling farm-level adoption deficit

irrigation using positive athematicalsoftware. 38: 244-258.
- Finger, R. 2012). Modeling the sensitivity of agricultural water use to price

variability and climate change- an application to Swiss maize production.
Agricultural Water Management, 109: 135-143.

- Frija, A., Wossink, A., Buysse, J., Speelman, S. & Van Huylenbroeck, G.
(2011). Irrigation pricing policies and its impact on agricultural inputs demand

in Tunisia: ADE A-Dased methodology. Journal of Environmental
Management, 92: 2109-2118.
- Gallego-Ayala, J. (2012). Selecting irrigation water pricing alternatives usaing

a multimethodological approach. Mathematical and Computer modelling, article
in press.
- Howitt R.E., Medellin-Azuara J., MacEwan D. & Lund R. 2012). Calibrating

disaggregate economic models of agricultural production and water
management. Environmental Modeling and Software, 38: 244-258
- Howitt, R.E., Medellin-Azuara, J. & MacEwan, D. 2009). Estimating the

economic impacts of agricultural yieldrelated changes for California. Final
Paper, A Paper From California Climate Change Center, 26: 95-115.

- Pulido-Velazquez, M., Joaquin, A., Sahuquillo, A. & Pulido-Velazquez, D.
(2008). Hydro- economic river basin modeling: the application of a holistic

surface- groundwater model to assess opportunity costs of water use in Spain.
Ecological Economics, 66: 51-65.

- Sterman, J. D. 2001). System dynamics modeling. California management
review, 43(4): 8-25.

- Zhou, Q., Wu, F. & Zhang, Q. 2015). Is irrigation water price an effective
leverage for water management? An empirical study in the middle reaches of
the Heihe River basin. Physics and Chemistery of the Earth, Parts A/B/C. 89-
90: 25-32.



4L OAY =YY+ a0 TAY juls [¥ o ko 1o ol /g 5aLies SLaidl olinions

(SWAP) o5  xiwly Cuto (g52y40b s Joo

v

allas )L) D)0 L;lmala d)ﬁl &>

v

slacodgizn g dgw (g3l Slas Bua b (Jad g5 dely Jdo cpgls
e

v

e auip &b culys g sl alo cad oyl

v

25 &l gl

v

v Clled (gl o i
SiliS sla

AW o)lef slolw @U J)J)g
v

b ol3pslis ol il Sk 5 o oxily PMP Jos o
Giare 9. 55,9liS (sla odlag (sla Codgime (85 L )
o 25y 09 I Jol>

v
Jdo g 4o g sl Jlesl

b eiy Sl s
3 ol zbs 5 eolatl
Jlasl & olsyglis” (28Ty
9 Coosd b glog L
O Gpas el O o
d)tﬁi

bug )bl O Gpae pilie 4 bgyye =W
iz glag )l Jlosl aom o 55l
Ohsy & 829y 03 lote 4 o ke
-y

sl adg 30 (K 5elg e — olasl Juo wial 8 (cogede ozl -) S

gl

Ty LsL&:d.dL, e




slies 3 pl Wdes Juoip ol 515 maw p g kel O ()l Coudalow I

YyY

Lookup
o
3
NDN. s Natural
ischarge N. Eva -
ipotranspiration
\, | Coefision

E&ON.
w2
<Total Dom. Demand
Rainfall series N Evaporation & other Nevyshaboor=
Penetration coef. parameters N. .
N.
Natural
Recharge N.
Groundwater —, -
o Neishaboor = )
Natural Recharge & GW Extraction
Precipitation N.
A
GW Discharge N.
Area of Basin N. /
q H"Ff_—_—_—_h Tndustry Demand
GW Level N. g & Domestic

Obs Neishaboor /\
RIN.

eturn Flow N-mﬁmt of Infilteration

ercent of Industry

Percent of .
Infilteration N. (Ag.) Infilteration

=

River
q.l'.nﬁ]leraﬁon N.

o)

gl 3 0l Adg> 3 (S T (g3l e - Y S

Ty ‘_ngd.dLs e



"y OAY =YY+ a0 TAY juls [¥ o ko 1o ol /g 5aLies SLaidl olinions

ol bl oadss (S0 5 908 10 Hpliad 3 pl adge Cuxbge —Y S
S92
G52,y Ol > ldilaie ol obeslw saie



292l 31 T Adge o3 ST 515 g )bl ST (5yl5 bl 51 TIF

R L;Lm:\.dl; e

(S yio ,l38) ygalias ol Adge S5 09290 @udg 10 @l (55 LsS B lao moew —) Jguzr

o )0 ‘_9]..44 )dfu J;.«m &5;
¥/ FESVY oyl
IV VWAYYO 5pelisS
At yYova PSS
Voo VEYAf.y e

AYAY  ge0, QL.J)} sladlais s_J" OLo)'LM: P



o OAY =YY+ a0 TAY juls [¥ o ko 1o ol /g 5aLies SLaidl olinions

9 (WL3 g aciizr colz) (o) @aloo (oolod 31 (53,9 OF a¥lw pamass Hlade Y Jgu
Al @T 3o lade b g lio jo b

W i ol mle 5l cls

VAV e

VEFIO ol ’

£YIA satr iy 2l gl sl els
VYAY/Y o
A s 3 e i ol Ol S pon
- F/8 LTt

\Yo/4 (2e,9) 5kl Ol (pels el

AYAY ¢ g5, lul > sladhie ol obesle iaie

Jlo 33 salics o pl adge )0 ol)) e WY guamo 41 bgrpo 55b] (brosls - ¥ Jgua

AYAY 4
Sip wle oAbl G)sshes oo Npame Gl

)5 a5 caSege) ol (LS o (Se)ewS )

259 > (bS5

(LS #(LSa
o - AP Vs 1040+ @l g5 Vads> )
o va. Y- AIY INAR @l paS Yase
ve ). FAS - % o SlesS Yase
ve £ FAS - v AY - - sl pas Yaoe s
Y £ YEV-. #10 AR &l s> Vads> 5
Yy Y4 ry - £\ oYV lr Yasep;
vy €. Yoy VY LR s Yase
vy £ YEY . N fy.. < s> Fass>y;
Yo Yo 5N Yy Yy o) Vadg> 5

sladgle

A Y. SEN. o Y. Syd Yasg> s

Yy Va0 FEA- ¥ VFO- S5 Yadses




292l 31 T Adgo o3 ST 515 g )bl O (5yl5 codanlow 51 YIP

Yy

V40

OA-
[N
N
ba-
0o
N
O¥0
O¥0

FEA

FAA-
Faf-
FAA-
FaA-
q.9.
AQY-
q.9.
q.9.

YA

YV/0
\td
YV
Y¥io
Y4
Yy
YA
AR

ladsle
O Oy

ladgle
Yy.. FHPRETS
VYYD algain
Fo &lgain
Y. wlgase
Y.. RULJRVEPS
2. RVCJNCErS
Qe A s
Yoo NUERVETS

Fass>,;

Vads> 5
Vads> )
Vass> )
Yass> )
Vase> 5
Vasds> )
Vass> )
Yass> )

Sl 00 w)f).la..)a AJL&:)»J u‘}»&daala.w‘.\?‘j)b L;J»a.a )w9w‘¢556u odl.e)w%ﬁ:-

\vay N33 QLA‘P Lg)‘)jLiS .)l.er? L‘)Le)‘L.J F ISV

Sl b aglio j0 (VAY)al Jlo 59 55lel ©f caso yio o gobaidl i), -F Jgua

(xS0 yio 30 Jby o ) 3l559LiS 515

fass> n; Yasepy Y ade V adg> 5 iyl ass>
y.- A 0. Voo cad) ol olaml )l
(sl

5. 5. 5. 5. iglsS 3lsyy sl o

Sipgh sle 4l ixie



VY OAY =YY+ )\ YAY 50l [T okl Ve ol [ 5 5,9Lis slassl wlidixy
5) (53T ST o 1531 b 35 Y guamo CadS ) e ~B S5k
JARS JAKS A JAKS JARS AR ol cwd il
n5)lt'1
S50 ol laia gl oS oo (LSe) e 5 law al Jlo Jyaze | 3ble
(coxSoyio ookl (LSR) CutS Ly (LS2)( TAY)
OYAYY/YY  OAPYYNY  -YO/FY  -YE/YY  VYAQQY VY -2YIY ATARYAR pass Vase> 55
OATAIV/YY  £AYIYY NFPY VYR a4yt Ve 0F/0. VP pass Yase> )
foroa/f FEYYYY VAN -VYIY arao A0VYY/A- ARTARES puis Yasg> )5
YAFY /T YAAEN /7 =Y/ -\/A- Yaov/y ISl AY .- puis \C-TE
YEVCAY  ¥VeN-/a AFEY VBAY VeeeYY )--AF/S VY- e Vadg
VAYY-/E NAYVYAY VWYY SVVAY FARAL FRFA/A- aYV- o Yade
YAVAS)  YRRB- AV #Ye VV-98/A 1)IEe/A- L o Tade
WYEEEe VAD-</d  VESY YYA.  FPAAN.  a-F) . o Yadse
VYRV AYAYYA - A hare aes 1av) YYYV- SR PO
sladgle
AT R & Y PR /N R A 14 VN /f Y. S Yasg
ladgle
AAY-IY  8NeVe VY. —FA- AYEYA AYFAA Vo S Vadgs
sladgle
WeEN YA Y XY BV 8- \/8 be- s Fasg
sladgle
YEVAUY  YA\A\N-  -Yols SYEa- YYASD  YRVEY- Yy dlgaia Vadys )
VEESVE  VEPY-Ne Y VYA- Y-AY )eaviA VYYD dloain Yases
VAORY  AYRA- SVEN WY MVFA L 8\p 5. dlin  Yasds )
OFOOY/V  OFAFEY. A SY/Fe YAAY) YAAY Y- dloain Fases )
VOESED  FVYede YR SYUEe YV 2% Yo i Vddss
YO U FVASYA- FFF SFY YEVA YSFANY- 50 JRUFSENE FUSva
MOYIA  AYS-Y  VFa YV FYY TN - b e Yase )
e e e Y. e e Y.. JRUFFSEN FU N

U“"QBJ’ L;L:M.,..SL; o)



292l 31 T Adge (oo p3 ST 515 g )bl O (5yl5 codalow 51 TIA

9> Mo g £y Y pamo el I Jols WL dgw Ol udi w0 g lade —F Jgoo

.‘s)l,g]— g':i s_é)am 2y

A JOUEL IRV KYWSNGA JUUE SRV 3,Lle) allBl S Sguw
890 o jlade At A
solaw! Lt Jl
o,LLw)
(Ju,
AR AR AR AR AR AR el
™
-0/ Al AN/ AdA avasy EW-PE
-yYy -YY \
-0 -a/A AYV/A AYY RAVIIN EW-PE
YA B4 Y
-+ -/ AYYO AYYIY AMVIY EW- Py
-\o -\0 Y
Al -y #¥1/4 AL YN/ Ade> 5
-Yr -vf ¥
o3 slaaidl e
Y.
:i\ O 42925
; ‘. WYl p)
ﬁ) O Y422 r;
—3) SRR
A Y
%
Cod Gl BT Cad Gl

.‘5)L5;j uT Cooud G030 Fo g Ve ol 38l Cawlow 50 S €l g b idlS wuo y0 =) 10903

uMb5): L;Lm:\.dl; s



4

OAY =YY+ a0 TAY juls [¥ o ko 1o ol /g 5aLies SLaidl olinions

IR
7y
WY A

— WYESee

].

Kl

e

B

-i LA

,

TN
WY A
WYY 5ee

A

S 5 e o2 > 3N 7 s .
IR L A 5))-3?{2)3" oI 7 33!‘

Gkl Of cuad o331 Cawlow 33 (S0 25 ST 315 Ol i Y 10903

o9 6[.&7 d.dl.s e



sl 31 T Adge oo p3 O 515 g 3 )bl O ()ld5 codanlow 1 YYe




