Y (Y = O ao) VA5 Lo /) o)leds /A ol /55,5LeS bzl clinions

398290 Ol g g v yiwd 30 T &ilio 3 Al ki O 31 (S0 5
390l il 4o 9>
TGS ES g e g (s09ama il ‘*\6)5}:“;: Y
NNy g AN + il s Gl

o] gm0 VWEBNTAY 600 o Uil (ameldl ke (6,8, 5980 lal anlllae ol ;o
ST Jeos sl golail - (Sosden ilodue s o5l e 0D (o 39500
Slearls 5 55,5lS Sladsi s o ol e Bl 2l 5l (56 w8l s
(305 5 bawgie qodlo maldl 1) (FUSS slogy b b T 3551 5 (AL g ol
272) AL Ol » (e Ygame o Slae @b Jold b (g5luoe s 0l ooliil
> o d (b aS 59 (Joo golatdl e 2) Cotte (2Sb; s aelin Sdba; 5 (Joe (Sosden
o8l e cnl a5 0ls las S)L 6,18, 6ol as J> GAMS (603800 5 L )3 by
o 0]l Jowe s ol atsls |, zalS saig, 09,0l ool 4o 0 VWAL Jlo 5l
GHIR s 5> Ol lin 28lS @ e il GAIS 51 Gl eldl i 45 wisls ol
AL g (1ol 5 ol DY same iS5 s ggezme GRS g )lnl S goladl s )
2 5 oo 0 ol e (alS it el ad sgels sl ase o ;58
lr bl po el Candy caSeyte olee Yo/t T Jlade 4 g wpad o8l 5 6ol
S elnS osbsy 6, a3 pbl O bt 5l cblis g ealdl s SISTL g0k,
4 Do )l 5 2 6 NS Gl s pln alimdle ol 2 0555L8ST (sl Led] €55 e
s oloitiy il g ot 4 g)150 508 sl Ol355LaS

RI11 Q54 025 Q15 .C61 JEL gonanl
cgolaidl - So5a8gn Jow oaldl yuss ol golazil ool oy gld, (665l igullS slaosly
25,0l 5ol 4o

BYY faL.; oKisls 6})9“ slazsl ag)f |)150 69;1@1& -\
5 el oR2ils 55,5leS Lzl o5 5 Ltils -
Abozar.Parhizkari@yahoo.com :allis Jgus odicungs —*



eeyd (65,988 Sty g s 10 Of ailie 1 a8l is Sl 1 L) Y¥

Slasiw

S5 5 Al sges splsS i o Sl sleens b o blee et ) S
‘5:" céLuo odudy U)‘ JWJL)‘SQ p.J.B‘ U‘M !l 5L =\.>le wbsm L: ‘) 6c|)) UYW
St ol 4 bl 5L s ial38l L Do o )18 xs et s ey Jsb yo 1) ddhaie je
5 i Syl e pe 4 oo a5 axiiwd lelge 500 5l e o lao s 5 laglgsul o
e Yo0r Jlo b oS col ol 51 (Sl dialy ool 50 o ot Sl 00l 0T ol 0>
2585 g walss ez (TS layedS o Cow 950 £adse (n kel Of mlie o
Cordg b a5 olo,eiS Cand 4 YoV0 Jlo U cadplxl sl st (bl 5 o5l
slocllad  5UsS 1510 iy e b Sladl (5565 (slacodlab 51 45 65 lan ol
Slad Glidl sl leans jo a8l Ol ppe Jolse 1 (S 0108 o sl Sl
acd 4 1[5 o (WAL (gpeax) wilioo S o cunjlase p glail slacJled
 ooly S8 5 Sloy Dlpads e 0,5 gl ;o (Si)l e o5 w0 lis AL Sl
Voo ueyo)S mhaw j0 Sl aVle .500e @id )§ sl sl jirghy olwl 5 .0)ls of jon 4
Gladls Ly ax bl 5l (S a5 cuwl Jb o cpl ol ol 5,515 e deo A0+ I
e 55 JULly (slaosS sz 5,50 3hlie 5 oS5 s |, b s (solai
23y il ek Vo s el 5 gl dilaie by ek VYoot YL
OYYD eialy) wisS o
3yt ool S 53 L 42538 1 sl ol csmaldl ke b B3| 5 3, 0 )
9 u] 09_:..05 ngig‘o 9 Oy J9..a3 3 ujz.o L;Libu)l.u.z 6933 9 g.)" ol)Le wlo 6{3‘ as 039
Golbl 4y azgi b 5o b 5528 10 (VYA o9 o) Cowl 009 0,5 Joad o JLuSis £4ds
Sogd 5 ©f mlio 5ylnly @ azgi ()b G -y SIS @ s 5 ool Ll
5 aw Of gl CuiS g CunS 5 wldl soms Sl Ob5)) A yo el sl Jle b
et & alol o a8 43S 050 ourie Slillls s 50 ol s Gl 5 Seein
D9 oo 0,Li) Slalllae
b 10 (65,9l Ol Bpae GialBl el pws SIS ey OYAY) WS g oolpde
a0 P g ¥V e a4 lee sleo (ulidl &gy aS ols plas b oSl sgie



Yo (Y = O ao) VA5 Lo /) o)leds /A ol /55,5LeS bzl clinions

o s WY 5 V) B iy el 55 s s sl alls il 5 i
Slpl omin @ GBagn 50 OTAY) ol Bea 5 LS .28l wales mlB3l by Cunsy
3925 s aziBls 09 2l sl ads> p (Sl Dl 3B e 5 el s ot
CoaSle oloj alols a5 Sglis ol b eols ol slalllas dibaie 1o 1y ol 5 oS cloo,s0
2 OFAD) lKen 5 osend Conl 009y b 2l loeyss @ Cond ol sloeygo
Sl Sy ool s Lalid cod g3 el asgs (b Sl o5l 4 sladllas
tlasS 5 b8l i S s sy SWAT Jaa i) | oy o] pslii o
oolazwl HadCM3 o B8l Jowe 51 Yo ¥--Y-£9 0,90 b guwo 8 dde> (sedg 0 Sk
G Qe dga ,0 358 0,90 (b (om0 9)90 adg> 10 Dlls, Oy a5 wsls ylis b s ,S
bl sekies YA lKen 5 Saald gaesme 09 wlem 55LS sleals ;o o VY-
SPI ' su Slastinl iyl ale 5l egle s o) ol molie il 5 o8l Jolge &l I
2 olie 5 slrod laallg) (23 (28l Wy, 5 55k (sl Wy, @bt s S oolil
o Ol Jdow jelates twgh o (VWAY) slaaS )5 aad] Slole wols olis dalaie
w98y, S5l (B olmlydl o (hsed 5wl lesg, Sllsy r eeldl e ssuny
oy AVl SUls, eSilis conldl Sppeis Sl 40 a5 ol i s is,S eslil SYloxs|
5 obej ld) Canl AL falS k0,98 & S (o 2 3)50 Slroyed (b VL slaade> o
oy S5 lanlS 5 y0e Slo e 1 ol s S ) & slealliae ;s (TAT) o) S
s Ol w8l S5 sapay a5 Wols lis bl Sl o8 Sll,dT 4o 8y denw
liale ol 5oy Fr S s o8 5laisS o sl s L 5,50 2> slga 5 o]
ool ooy dilaie o Ol mlie ooy YO L2alS 5 lse sled ugandw a0 ¥ il
9 opes P95 saoe degerme 5l 65500 b lasdllae yo (YTAY) (s 5 6,15 500
5 &S wladss w1y GlalblS slojlE Ll 51 Lol oud8l s Sl 51 Lol (5,40l 5
sl a5 wels las s .wis,S obs)l Gl s cawdmmly col)l s o ol b
asls e il adlare ol)) SV game el s Shas g1 ooz 590 093 (b SIS lal
50 Sobeal T ol (35,1 nalidl g (3 5laS” (alBb Sgus § CiS 5 el (1alS 4y e
5 oolicasl by (glasilias 15 (VWRF) K00 5 5l Ly ol 00t S s s oty o5,
slals @3 0 Slae o od8l oss SISE oy a0 Jb slroslo b olad  wolaidl ciéls,
S99 (3,3 ole ) cuisS Jad jo ax s slo,S a5 wsle lid ol sty ol e

'_ Standardized Precipitation Index



eeyd (65,988 Sty g s 10 Of ailie 1 a8l is Sl 1 L) Y§

o ele 5l (e ole) alsy hab jo (o)l 99008 cipizred g (g0 olo) 0y Juad jo I sle )5
Glaallas 5o OYAF) K an 5 Al gy o slais 3l o clails &3 5, Shae (2alS oge
i SIS (g d (Priwslaill sl g g (eletz (llas (5o 8505, 5l eolisal L
s Bl 50 a8 0g o1l (Sl @l sl ol slamdl g (55,5laS i g el
o,y BIYY (65,5lias jionm adgr FeYO U Yeoo 0,90 10 olpl glp ool som i @8l
b oo alS 0o, A0 Jlade & (e adg T L blie a5 Wb oo rals
1 “ + e . - P & \ .o &3 . g
Pl abe ply @bl s SIS Jimgsy 0 (VoY) LS 5 5 5 5985 5l z > )0
30 P Gl lade a5 wols Hlias gl aiols JI3 w8550 laal gtz [0 ey
g il as 0 Y8 5 le fad o 5L Slass Sl s 4l 0,00 4 Cas dxlllas 550 ddlaio
L1, o8l Ol sy sloanly (YH\‘)YlS)'aLo)' Abee rals woye V8 St slofad (o
o VAT ol b lig) j5iS s 65,5LiS adsi sl oles  wuST
390 ez bl (Fa)b ol en 4y il YU Ol 4z o a5 wisls las ol oS
P ol g oad w08 A a0 50 (b e gla LSz nizee 5 i sleeyg
Tolen 5 CplusS ol ool e adgi ke alS ami 4o g o, o0 el el
b 1y ol i LS (slags v ,5b HadRM2 Juw 5l ooliinl b cimgys ,o (Y 5)
ol 0,8 yypr dip 0 GlailBog, by Lol ol 4o VY (g5, p YoF-YeFe 0)50
Sl g a8l Uw.b[f JALY 4.3; L oy 090 L;Lbd.,by o 67(.]4»: u] 6L°QL?.)’.' as sls uL..:
b o cimgly o (Voo W) Tolen 5 Jolb conl adl il oo g58y Jlisl 5 JluSas
5 s BB ST e gy el s SIAT s sog0e (5955 sl Sl S
sl jlade gao 0 VA (IS s 5l S ol Cawds s asls Sl e Jless
51 ookl b (glaslllae 5 (Ve - A) ® o) 5o 5 45555 59 dnlllas 5,50 ddlate ;5 L yiws LB O]
Wil e ol 4055 )l 52 pmaldl Slsis 1 a3, pptlin s,
9 00d 35l 0 (55 i slaan 32 Fouad paldl 1o slag s o oS olo las b el
" Sils 5 Sigz g waly Foiesge Cdle ol o cerls 4 aldle SYgame iS5l s

s> )0 meldl i (35U (gl 50 ounl Sy, (slanis; byl 4 gl 5o (Vo1 0)

' Yuetal

2. Zmudzka

3_ Gosain et al

*_ Fowler et al

5 _ Connor et al

5. Jung and Chang



Yy (Y = O ao) VA5 Lo /) o)leds /A ol /55,5LeS bzl clinions

. . R .-t >\ e . B
5 plerly ol plas Ver e -Ve8R ey 0,99 (sln 1) Glaes 5 5l Uy, )0 cuie slansg,
o 50 Ngew Corgm dilaie 15 O b wbols 1) wull pis SLI (V1)) T Ko
90 9 Sl 90,5 and aw w@ls VO @l o dihie ol u*“'L’ bl @ly sl )3
5o 1y alels relae o] (o8l Las a5 woly i mls ol a5 IS lasl aeb sles
STl e ol slols u,\.ab Slp o po e laculos sl o3 5 ols salgs alS can]
Qs )5 olgie @Bl oss ISl ae; jo slasdlas alowl L (Y- \Y)fQI)Liw 5 gy S s
Slesd b 1) ol poleS 6,5k (SsSa ISt s0bj 9> B (5)5l8 9 (55,5L35 (g slaosed
ol Wy 81 51 gladlaie jo iaghy plxl b (YY) AO‘)IS.Q.Q 5 Mol e oo ralS o ldl
Voo Jlo b opn)S annSles clale cuie 3l (283 a5 o o g8l Ol s a5 wiols
adg gao,s oY als 50 g (65,5liS OV same g 18 oyl gae 0 VF alS 4 i
30 Ehe,S dw (ialial as Wsls lis bl iz el oo S8 jge dilate ;o Sl LallBl
Sbobs @l wlgs o oy 9w B adlllas 0,90 adlain ;o b.fl 5 0 OYgass 3dgi (5,904
les ol 1) o8l Ol s

alio Los iol38l g 53 mals 51 oib w8l Ol pess a5 s o Lis 00l gy Dlalllas
Silosls 3 s heseiws Lo 5l eSS blie o 1) (55,9laS Sladgs 5 (wyiws yo Ol
OliastiS s 55 ol mlie 5 (55,5l 2o Sl Glime p el eis SIS p )

Fasheo YYHN 6o G 5o sl olal 53550 0355 59 53,5518 b (338 i
sl s b ol jiS mhaw 0 SWb ke 5l 505 o 0 A sgas lade cpl a5 ooy
Lol lsie a4 o15,5leS o5 (Rend 5 55,5laS o (adly Cuad (py SIS ol 052y (5
le.e) wb).) ‘@‘5 3o sl 00D UL.M.\‘ u‘" B LS)L"’] UT 9,8 dra.a [ESUew) ‘J.«.»Sb.a W‘QJA

olewily Ghals 5 of gy 0 Bpas 3l sla ls ;0 ohs o5)sliS bawg Ol el sl oS

I_ Willamette River Basin
*- Traynham et al

? - Puget Sound

4 Travis et al

>~ Calzadilla et al



eeyd (65,988 Sty g s 10 Of ailie 1 a8l is Sl 1 L) YA

5 S0l ol 5l s slaT il oyl Bl 5t 5 450l 4y ks el ansls o 0 1, o]
ol 33 5 Fably 8IS Lo )5 sladad 5 wigd e Jolo lab sloailing, [
il ol 3 olstaS aly 3hinyee oletl ol b b (lad clbailisg) cdge alis
5 soins sl w8l el oloy Jsb 5o ale ool b b iein oo
Cowl 00l (psi Sl g Gl 5o ohig bl B L s ol (Ml i e
AVAY (900 5 S )
85 aslin (g3 Ol 30 Jlod (250 53 Ol Gaall e Fete 39,808 juul adg>
JS0) Sl oty ablat (3,8 sl Loy, g b alr) 058 Dgell Jog; Bblie alanly 4
A 1 idS Gl e g oals oSS 05 ,0sell g 09,5l Lol asli 9o 3l ase> ol ()
=P 9 ol slaailsog, Jsb ggemme njse 53 Sl 4 g 0k & Glegn g e
50 el ol (65,9laS cnl HoglS A gu> (1938 liwl oogase ;0 89,0l aildog, Abe>
SlalnsS Bblis sl 5 Sy50 o 055 e plal Slss, cal & S5 bye slaalol
AYAY hlSen 5 6 )552) Spdise mel ol Sley Slaptus Al & 55 Skl
RFGRe @r3 om SESe YE e sgam b ol gl Jpame (VAT (Ken 5 5,500
Supl el @Y game cul 938l .cl ools plaisl 0g5 4y ddlaie cpl o 1) ClS 55 e
SRR Olrheo 5 e i (N RarsS (Sile g B i o) o 398
AOYAY (e 5 6,5 500 ) wil oo 09,0l ailsog, Abg> j0 ol cutS 2l)5 OV game
wog ol o a8l ol o o il 2815 5 s sles s 5 L il sl o
Y gama L0 50 OF el slaad yo oiug 1, adlate ol3,5laS jol (ol 5 ail 2alS s
51 B 8l i 81 sy Il 005 55, szae SSs b (i 5 ,le0) o8l
5 &9ro ailate cnl jo el); Sladsi Glie 5 Gl3H0laS (e yes j0 O wlie )L Ghels
3O Ul p3¥ o) mals 5l il o8l s Ol dog aie 5ol Cenl sl le
(09,0l soul 4o9>) adlllae 950 adlaie (55,0liS (iSup) o el glacuslow Sl
Syl s S Ol Lol 5 ad e (e H0 ol mle ooy opl Jleisl il
slcwlow 351 oy i ol a6l U ogd cmim olysles jallBb g 5 ol golazdl
e 518, sl il addllae (nl jo cgsdse (nl Sl 4 azgi b aile; )b ool
oy (02938 Ol Lo )) 09,8Ls jeml adgm 10 VYPO-AY 050 (b (3l oodd]
Gl 5l 8l a8l i S o sl soladl - Sajbg 3ladhe S 5l e

' Biophysical- Economic Modeling System



¥4 (Y = O ao) VA5 Lo /) o)leds /A ol /55,5LeS bzl clinions

5 AL s solaidl slagasls 5 (65,9laS Sladg (wyiws j0 Of wlie lade » U5k
A oolawl asg> pl jo O ;)]

By 99190
olaidl = (S 5dgm (sxeead S3lu e i

slyie om by owyn psbie el - (Spden iledoe e
Sgu) (gLl (gl yeiie 5 (g (325 5 ool ()l sk od 2l 5L (3elsilenlS's g
ol 3 o35l 25 g0 8 ookl 3y50 02 b (g a5 Glie w0l B3l el allSL
solitul O] mlie i lacelon b plg waldl ks Sl golail Judos gl piiaes
oladl - (Smdon Joo gl ceslie Golhe QLG (VY (Sen 5 (o20,8) 95800
ol 5 G52) anld e 5l bgy alad ly p3Y p5elSe o5 1z wcul Comnl (gl (glalins
e B oo e 4 bl Copanl s 5 cansliol (S0 (52 1) a8 (gl el (ySae Jos
bos e 9 Sp9r by (nl 5o filaw ptd 9 S slp g3l g (b 232 g0
N (e 5 ol5S19)

a5 Sl jzme a1, 90 glyls golamdl - SGrben (oile e ez piwaw calllae oyl yo
Slagds emios 3o ol mlie el s LAl oo el Al 50 ol o blo)l
ol s an T8 0gd oo oolitnl O (35 5 (Al sgu (solaidl (slo i 5 (55 5liS
adlls (pl o (rezd Jaw golaidl 5> a5 all e PMP) Cote (3b) (s3,a0b Jow
237 45 wBbiee b Olies 5 2l S e DY pame 3 Shes & Jols pgo w8 o
ol (oxroz Jo (S do
(PMP) cose L2l 550,40l Zlin 2 carazd oo (goblatil » 5

S59S i 4 by Plaw > ln (G55UsS solatdl slaoe 3l slale )
Jedow sl &5 sl glJas alax 51 PMP) cuine 2oL, ghydely ladl aswgs
OS5 g5l i) 9,5 o )1 eoliul 8)50 (xrazs mhaw ;0 blue J> 5 el
'Cugsp aliws 41390 Jlo 55 b cpiesn Joe ol OYAY oo San 5 5, ey ¥4 )Y
5 Ll oedae) 85 158 okl 0550 (55,5liS o lacabis Jelod glp 5 0l (3yme
08 S (60 )15 golaidl colie ,oPMP Jo (\YWAY ()|, K 9 (6,5 5 V- V) (), Se

SHr by Gyl sladoe plo p bl (ol o 90l giluwans 5 Sbata 4w 5o

'_ Howitt



eeyd (65,988 Sty g s 10 Of ailie 1 a8l is Sl 1 L) Y.

S e B )3 039 5el «(55)sliS i3u p el S Cnl (VoY Dl g pg)) ol (oo
SpSse 8 edliiul 5y50 Of GLAE 5 asye Sk slaciliw Jlos ln 5 ol mle
OYAY e 5 6, 5 ¥+ 2 F e 5)

S oz mhaw i (PMP) Cide (3L, s3)a0lp oo j0 Altae (n Sege
Lol Jolow sl & s (l s 3lgo Joe ol IS saels sy (sl (lad)
3305 Ll 55 sloosls aegama b1, (sledlais slo S 5l (5nsS 5 c00,5f 0 s o
(il 2 09l B I (o) 990 0adad Bblie mhaw jo 1) 090 slaculiw 4
5 o (PMP) Cue bl 5,40l Jow i) o (oliad) SIS aess SISl o9
Bhlis e 552 L 3,5 590 a4 ool (610,548 08 oo ol Joa 53 1, Ul
5 S 5an VY lSer g 55T ) 331 lacanls 36 iy 0 canllian 850
5 ol &) PMP Jow xiwly cid) v (59, (VAT ()[,Ken 9 (6,500, VY (>0
1505 0 ] ) 2ot g Jlge o pe a5 anlllas ()
lacysgamme " ol553 polin 351 5 (LP) (o (50,8ali Jow Jor sansss al o

L o558 Al g game (5 Sateier (sl s (s3280b s Jao S el il 5o
Slule Gcwd b (g0 polio dalol ;o 5 09 o0 Jo (Priwly 5 mbe socgsgame 4y ax g8
5 Sl may VY e 5 Cugsr) wlse canny Jao slacudgae degaze lp
4 asdllae 50 dilais sl i |, PMP Jow 5l als e onl ool IS5 (VTAY o), Kan

ol lid ) &0

Max I1 = (26: i (priceih *yield , — i a;,cost )]A rea,, M
i=1 h=1 j=1
Subject to: j
ZS; a,Area, <b, Vjh [A] ™
11;1 rea, < Area, +& Vih (4] )
Area,, 20 Vrih f)

'- Spatial Aggregation
2. Liner Programming
>~ Dual Value



¥\ (Y = O ao) VA5 Lo /) o)leds /A ol /55,5LeS bzl clinions

S Sy e 3 Sty ol o 5310 e i s ol 4 (1) el
pail) OYgamme olasd 1ol5,0laS (@Bl ogw ggeme [T calaly ol o ail oo oyl
" w2l ewey) ool S f ey 5 wiBjaiir ((SBazsS sl ) s o]
(Ghb sloskd cglanty 5 62 (oB8) el (hoyh s (wleoy 5 SYInile IS
Sy e g oSles «s)lib Cwd w55 @ Areay, 5 yield,, . price;, wsb
aiyo €Oty bl ge el 00l 0 05,0l Ssul ade> jo h 55l by, L aS T Jpame
oS sl g calpe Sl @y wSbise B )l Gy 5 ool Bras b T Jpams sy
5 Sa398) Silise Sy (O) abul) 515 wediee (L |y ey & g8 el o eslitl cus
OYAY e 5 6,5 52 VY (K

ay = _Area, Vihj ®)
Areay, 1,y

xbe IS bj O 5o a8 das e Hlias 99,0l sul asex o 1) alie Cudgase () aba
ol 1) Jae (prwly Codgass 1) abal, ail oo ot DY gae adsi gl (o yws o
o h el hsy cos gl Jlo o el sns ssalin luie 7€, (] 0 45 ans o
el 0539 5l 5 S sl (gl aS Casl (S sS Cude lade 15 & abl e 09,0l ju] asg>
VAV Ghen 5 Cagen) 9900 @ (mimly 5 5 L5 Slacusgume G s (Sly
Gl &5 0pdoe Sl ooy (iuly Cadgasme ()05 ALl (WYWAY () Sen 5 (55 0
(52) ams ceos |y b Jlo jo ol ssslin sloc s mlaw lads Jas (o5 a6l aings
slp b srpaelin Joo ol o ge ol )3 (ATAY (oo g (5 5 0mp oV Y
(V) dayly jo gl oo iy G50 polas (Jow lacusgase dcgesme slale Cuwond o
1y mily Cadgama syl Cagd Af 1) alaly ) 5 ot Codgaze syl w3 A
LT o) il oo lacdlad o (09 shin e Caogazme il 5o (F) alarly amo o (Lt
OFAY ()5 5 65l 3am ¥ VY )5 5 Cargm Vo)) oK
ol calpo g (pgs 4> ,0) RS RN &b 550 5 1pg0 Al 1

st Al o 10 Zuiwly Glcggase (gl odel Caws 4y (g0 polie 5l als e ol (o
Sl sore 4355 a4 355 o 0sliul (pgo azy3) SIS b (as b atyse @l 0yl
23 psS 42y paie alie b5l (Koo wls bl sl g8 Vs Gl 5 Al L]

L Quadratic Cost Function



eeyd (65,988 Sty g s 10 Of ailie 1 a8l is Sl 1 L) Y

wibioe (4030 @l oed) LS 5 (655, yehl) Wl oo 50 sLls @l nl o9 oo oolicna]
() e g 5 (o20,8) ol 5 050 @ O (2L, US55

e, =a,Area,, +%7ihAreaii *)

Sl @bl @y ch sl Gigy 0 i Jsame odg anie JSTC, L dal, o
olie 5l ol 4 )l g anie @b el 7 5 (65, yull) lawgie ange fololis
5 dals, sl eolatal b YL la el (LI el )l) adl o (il socusgams g

AL
Vi = —th Yih )
Area,,
5
a, = Z Cihj q inj Vih )
J #water

oolgs sbeul @) Josled Bran (e 5 anie (ke S @ Gy, Cihj Y Ll o
(Oen 5 (o22,8) 3550 Bl g al>po asd Baa i )0 e Syge 4 o ool
23 o i Lol LB o 1) Ol eolys anje (1) alal, (Y4 ) -

6 4
CW .Ch arge = Z Z I:VCOSth,water + (WCh arge *]Wz: ):I A reaih (ﬁ)

i=1 h=1

&b cwsd Weharge B s Lol (g, 4 bgye sxie auje Veost VU abal, o

h water
Sl ool 9y50 O e W1 5 S0 50 osal adsm 55 ;s (230 sleo T b &
@ by yo ainie (V) aaly oib o anlllas 3540 ablain ;0 h g Lol Uiy, 4o T Jgame odgs

80 o olis Sl 5 Jlasiwl laan o el o |, Ol solys

6 4
Cra = 2, O | (IE cost, *WE, )+ (IF cost *WF)|Area, R
i=l h=l
)l by o sl Jil Ol o 5 ange s WWE, 5 IE cost, S el 5
alllas 0 )90 dilaie yo Jlasiul Ol o2 5 O Jlasiol ause i3  WF 4 IF cost
(Y' \'Y ‘O‘)Lio.b 9 ‘5..,.;)5 Vel ‘Q‘)Mj gs““":’.)'s) ‘)""*’L“g"



Y (Y = O ao) VA5 Lo /) o)leds /A ol /55,5LeS bzl clinions

odd (wly (led PMP o (el spgun al> po

oly Ja e anse bl eolainl bl oo PMP Jow SLL al> o a5 > 0 ol 5o
a4 b e gl Joe S d((rnly Cosguse glitul ) igdgase dcgase g ol
(\VC\Y (ST 9 6)5)&); Y\Y ‘QI)ISA» 9 wﬁe.b) .)9,».:‘59 sl B:3) Ja..‘\b) Y o

QD!
6 4
Max I = ZZ[(pn’ceih *yield , * pchange ;.. )] Area,,
i=1 h=1
1 6 4
_(aihAreaih +5}/ihAreaii ) - (ZZ[VCOSth water +(WCh arge
i=l h=1
6 4
*IW ) |Area,) =Y > [(IE cost, *WE,) +(IF cost *WF )| Area,
i=l h=1
Subject to:
QAP
6 4
YW S *Adrea, <(1-CLoos)*T,,
i=1 h=1
6 4
ZZAreaih < 4ron Y
i=l h=1
DArea;, =TArea —TArea,, Vih QAD)
4
Y WE, +WF <T,, (\0)
h=1
6
Y La,*Area, <TLa Vh 0%
i=1
6
> K, *Area, <TK Vh (V)
i=1
6
> Ma, *Area, <TMa Vh A
i=1
Area, >0 Vih QRY)

O, lae b ol a5 woo o plid 1y ool LIPMP Jaw oz e Guan 20U ((V)) alayl)
oles sl b aze @l (Ve Al gmeo Joe (Sisdsm 232) L 5 2l S 2 (e
2l Gl (pgo ax,0) SS1)0lsS anze a5 Jlasiw! § JESl sloas ;e o ool LB o O

SoMie e abbioe (@Ygble 5 by GBens o)) A, G sleoslys



eeyd (65,988 Sty g s 10 Of ailie 1 a8l is Sl 1 L) e

5 o SV gaze 8,Shes 50 oael S92y 4 Slpnis Sbs k) opl o ¢Changeyield rain
250 1y poyted BB OT Cosgazme (V1) abaly aibioo ()b GhalS codddl slag liw Jloe!
SIS T s o Jis! BB e o) CLoos o] o 45 ams e oLis aalllas 3,90 550l
S ) b.fl w2yl Coogase Sl (1Y) alaly il oo 09,000 el Asg> (8 L yiws B
siul asg> a0 (Area, ) o Ngame CiS p) mhe ggeme a5 da3 o lid g ol
2l byrye Casgaze (VF) alaly aily o (TATEA ) N game oS mhaw S 1 52eS
el S 5l oS wesce (i 5 cel Sl adem e 00 )lal s slage; b o
alaly il el wog o 0 CtS 5 LS S 5 eadigylal (ol ol b ply mo
Egaro 45 sl o1 Sl 5 ab e ol 1y Jlamial 5 JEl LB O alis Coysgams (10)
e Dygo 4 by a5 Sl sgzg e 4 psul asg e 50 Jlaxiul 5 Jaml O e
OA) 5 OV 0F) By, adlign s JB Ol o JS 51 2a8 o 2505 a4 99,5 5 354 9
masg 5Ly 50 Y1l 5 ale e S 5oy laoslys 4 by pe lacusgaze s 4
S i 0y9e i Sibo i @ May, 5 Ky, La, Jals) cnl 5o 0ibse ol slo
©TMa s TK TLa 5 h s)lal Gosy o i Jsame ads gl oVlpedle 5 oy 8
bl 09 mls ssul adg 0 uyiws BB OYIGile 5 alo s JBsp gsezme
S St almg 50 55gliS 45 Casl (o g 995 )3 (Slaosles Egerme cilepu 03l I yelais
s (092 shteyed Sl 55 (V1) abluly 010 pye S gl 4 093 ae 50 50 Jpame cutS
il s el o> 4 laclad
Gl s @Sl p e DY game s Sos 1l sgmad Joo (Susedser 257

sl 5l (b SB Ll g e sl SRy 2 0958 55)0laS SYgame 5 Slee
e wlge ol 4> b L5l Sl bl ol o bl e casldl glajite (sl
& oAl s o 5l et nl I35 51 e 8 3l con 1) S gane (550,00 b o Shes
SIS oy pbater cadlllas oyl 55 (Ve oF (Kon 5 OlSul) 0,5 o plol Y guae
2 e 08kes 5l g0l soul ads> j0 Covie SY ez o Slas ()L lag L
ol ol ok, S b eolizal (Ye) o) oLlSas 5 oiyyd alss 4 odd 4yl o 5L
e all BB ) 455 4 (pod 4z 59) Ssl,olgS

Yield, =f (ET;)=a, +b, xET, +c, x(ET, )’ (Y+)

h skl Gogy wowi 1 Jgame 21 5li g 0 Shee i @ BT, 5 Yield, N alal, 5o

S €y 08kas b crd b (S, ol )ly) 3,8les wl Tos 5l (o0 @) il e



o (Y = O ao) VA5 Lo /) o)leds /A ol /55,5LeS bzl clinions

Al oo \O;LQ.C aeS ALl b o o S s b ol il o o Soe b5 pgo 4z 0 ule
bl (@8ly)s Bl jhop g Cule (5)lEe (@) &b 5,58, sl )l a5 vas 0 7, Sl g
L) ad; e b Sl Jgpame 5,18,95 5 pae & y90,0 a5 Canl )] 5] S o ,Slas S
Srpzl oo Jlaie aSh b waly jho Jpame o Sles (ol eolatul poe Ll
(YN so‘)&w 9 ‘5«4)3) o9 A.Q‘? (Yield,.h Zaj )
OHlen 5 (cdo B VeV o en 5 (o8 8) wilise ES] ) )bl slapiuns (2350)
(Y \Y
x _(ET,; —ERain,)

i =

IEff,

(Vo) e e g (oo B) 0g0d 580 SV game ol 5l g sk (geell yuiio (o |, (FY)
ET} =(IW .} *IEff )+ ERain, Vih (YY)
30,5 cwyp NV game ol 5L p ) )b (ceedBl pxie ST g o (YY) alal, S
232 0 (Soidgm eiz 5l Jol @l (a5 el a9z 4 S5l ko sl 2>
2l Py 99 0 5l (A6 @l &5 08 Jee 5 Djpe 50 4 plgiee (orea Je solatd]

Vih ARD)

Olgise «(VY) abaly )0 55b olime ool 2 (o LS polie aculne 31 g ianss by,
S92 gr Slyass o)l 5l g ooged Bld ess o Slas a0 1) oV game o 5lo Ol pess
Joe o L1y o Slil g a1, (@ChANGE Ly i) SYgame 3Sles )5 ol
5 65y5LaS Slodss (s o Ol alie 5 GAMS T 5, l3la 55 Lames 45 o]l g5 ,40bi
ez |y O o3, g LallBL s (soladl sl asls
G g BT, sl & SV game 3 ,Shee @l ) (YY) alal, b8 b olgs oo ips b,
LS""”) QQL) )‘)5 *5-* )J,‘).g 9 yieldih 61? L o..\.ﬁ:rii‘)‘ PMP J..Le P 4.L>).«e BN alol> é’l)

gl Sl GAMS s)l38le 5 asbiy ;5 PCRANGE Ly ain Dt i pd (3505

'~ Minimum Threshold of Yierd
* - General Algebraic Modeling System



eeyd (65,988 Sty g s 10 Of ailie 1 a8l is Sl 1 L) A4

oLzl la sl 5 (63,5l Sladsi e myios yo ol @lio ) ok i 5 230 oarld
ez O G331 5 ol 55LeS Sge

32958 bl jo abg e Dllol 5 ouiw b sl ol 5l axlllae 1l o 5L 5550 Wesls
oly SIYYFO-AY 0,90 s ook s)ls, 6ol 4 by se Sy vosls asus 6)9—“5)?
loosls wiad (gysle 5 o9 mli jsul s> 0 (eSS 5 AWTEL (el ShalKin
Si9leS olgz flojle 4 paliwe axxlye b ciS 5 ol g (65,0l OYgame 4y by e
5 laihie Ol 08,5 4 anzlie b 5 e ies 55 O mlio 4 bape slaools 5 (538 (ol
el lealag! olasin 3 Joao wal 6)9—‘&"-? DR ol ol ale glojle
S8, oL Oy wisy 58 ¥V SS e o plid 1) 04,00l iul Ao 4o adlhe )50
) Sg>ge GQ.J.S‘ L.gLQ)LQ" u.\i:tm u\JL\AJ‘ r9 \YPH-aY ‘;La) 0,99 LS"O l) U")b ‘so.alﬂl )’“’“‘A
D o L 05,0l jsul dog> 0 mSS 5 WMTEL miwyl)b slealKiw

Sl U] )| L5§L> e SR 0,99 ‘510 J")L‘ Go..lﬁ‘ )A.*AA Lg)L..S) si” )‘ od.a" Cewdo CJL‘"
gy 9 o Jold 1) (35 s polie 99,00 sosel adgm 10 VAN Jlo 5l ey iie cnl oS
Jlo 5l s Gloyss la JLSias gg84 a5 canl o] 51 Sl jal cpl sl 00,5 (b 1) Lials
adl Ll VYA Jlo 51 3) o 51 Gies o le 4 Cas 09,0l ol asg> 0 VYAN

olis OYVYAY) b Jlo (b og,als ol ass> o 1) alale )b Sile ¥ Jgo
.Méb.a

Slenle 5 il i i 4l b o 8 Sphie N Y s 4 425 b
Solel sloools copl p 938l .l 039 sle Sloye yo )b Jlake (p SeS § Cauigmd,l g (23,9,
¥ Jlade 4y L3,L 09,0l aildog; asex jo @l Jlu ol Bl e jo a5 wis o HLiS Y Jgus
wop ool 3 Jlo o leale Wb 1y Bl e (305 45 el 458,5 ll ie
REP AR

ol asg> 0 1 YAY b Jls o ad sla b Sl Sl lie &jge 4 F S
a2 o lid 09,0l

ok & (Sak Gl S ATAY 4l Jlo (b a5 09 o0 alaxde T S 4 4z g b
S8l Ee 2508 5 G 5 LT e slaole) Sl Jad ) 5 e shoo YY) sga (0SSl



Y (Y = O ao) VA5 Lo /) o)leds /A ol /55,5LeS bzl clinions

03l F5 (ool 5 3oy oyud sloole) Ll Juad ;o g yin sl YIVY dg0> S0l job 4
5 ool Lol 4 om0l ol St il ¥ USE a2 sl e
Do o HLE IYAY al Jlo b og,els poul ases o ailns;

oo U5 dealz) 565 ol mle 5l Jolb> wyws jo ol lade & Jgux
C.la.w ) ‘(5)‘5& 9 uT usl.a.».o .]aa‘).w ) \vay 4.:L> JL‘.\ 6‘)’ ‘) (L@ul.d 9 Law sLmd.')l?'.)s)

5 5 oyis 5o ol gilie IS olme el Jlo 5o o5 055 00 alisdlo ¥ Jazr 4 4255 b
Ol mlie a5 00g caSeyie Gadio VoF/A0 05,0l sl aog> o e slagl >
el g (cSa st (ygelan AVIF) 1) s (i 29,8l &by 5 dilaie aiblpeazs
Osdee VYT L 58 i) slol el sols olas! o5 a4 s ol slagl >
59,0l g, asg> 0 1y 5l uyws o ol alin 5l 6,500 (idy o S e
2l 6l 3o jae T (5 )sliST el s 00550 adlate ;0 &S (pl @ az g b AS e (el
b o) ol &lo I aisS o u_u;b 39,0l &ilbog, aw slag)l > ol 5l 0 2l
Erd9m ol Sl ¥ Jsiz 55 ainy o) e o5 e Ablgn ool olSel 2
;_)—‘ @La.a JS as «)9.‘.4‘54 ala>Me ¥ de} B 03 4.")‘ a.’Lu La dJLbA ‘4..3) R (S9r ML)‘Sc
Db oo caxSeyie (ygubis VYAIND dg0 09,0l ol asg> jo0 o) ,5las o iws 5o

(lady 5 o7 (288 G)lel g5 slagis, il esliisl wops 5 S i oF Jsuz
e o LIS ITAY 4l Jls b og,els ol asg> yo |, (S g slo,ykad

Al o 5 Gl 5 Sl sl sloiis, 45 s5die Al F Jur bt e b
okl sy o5 opdise abi>de iz Wil bl Qlodily (n ke il g,
50 ol el ools plaisl 093 4 59,0ls ful asg> jo 1) solatul oy (s SB 2
dxwgl ool g ot g adhin fog SlasS cle 4 ol g slaig, 45wl S
s Shb g Gloykd 5 Lol sla by, 5l eoliiwl duoys (5 s ABLS adg> ol jo Sl
055 o0 plonil 09,0l a0y, A lbl> (o @dly aBliaxwg Lol 5o

S pdpillanil jglitay 09,0l soul adgm 50 Sl (el yiie (6,185 5N (o 3l
3 u—‘ @L\A > J")L’ G‘Mlsl ).».x..a u‘ﬁ‘ ngo)g)lS C.»Lq LS beo 9 03 4.:‘)‘ 6L“9‘)L~“’
aw jo ol o3l g olyy e LABL sgw solaidl slaasls § (55,9laS Dlodgs (o pws
Olere b oweiy 4 Vb glagy )l 0l Dbyl e dee Yoo g Ve e (B a5 (5 ke



eeyd (65,988 Sty g s 10 Of ailie 1 a8l is Sl 1 L) YA

b ol (e g0k oS (5L L sladle slas (St sla Lo slass g585 el 2 55 ()0
235 plwil g0l fsul adg> ;0 \YFO-AY 6,40

o8l slag b Jloel 51 00l al)) goladl - So5den Jow 5l edel Cavsy gl
el 00 00ls 4L O Jgaz 50 99,0l el ase> jo o)l rals I st

Lads oal po s BB O mlis e a5 955 o ali>De b oz b & 425 L
wlise Rl a0 )2 VAV B AV 0902 0 aly Jlo 4y S (00 (s55oi ke Yo B1Y - 08
e 8l L iy oo S e gelen VAT @ iy Jlo 5o S yie (ygees YYAITO Sl
gl ggezme 5 oad aiuls ol EY¥game utS gl ol35slaS e 5l mis o ol il
DAL dew faamme b oo 2ol AL Jlo 4 Cand a0 DA L ol SV s iS5
al Jlo 4 o 00y VA B EY e @ e e Y B e (3L RalS b sl
2l golatdl (o5l o yiwd 5o Ol wlie lp Cadgazme slul b ol » 0938l sk so (LalS
VOV @l Jlo yo Jby MPe g b Gl by Jlo & s 00, VYIO G /00
09331 Gl e mss 5o ol gl (2alS B Jguzr o ol Cusay gl b Bllao sy o0 Sl
Sy S 5 e @l SV game S p e 8 bl Ol S e o gl
b e slogeylow )3 ()L 2alS 5l (B0 08l i slavaly cn s 51 Oljysles” LAllBL
Sl oo 05,0l joul Asse (o wual

dibie ely; 6581 jo 1) ol DY game 5 S5 o g 5 ctS (658 Do a0 F S
3585 setel adgm po (o)l EalS sl 5 bawgie qedle salil slagy i Jlosl 5l g
S0 oo sl

gl (LS lage L ;o AL lade falS L oS sebioe abi>de F JSS @ axg L
oS Jo 5o wlbior Gl aly Jlo & cod 09,0l sl ads> 0 ol 92 5 puiS iS5
5 o0k Gl L egly yo el olyen (L2alS Gy, b (S5 parsS 5 lails &3 S e
CuiS slp 09,0l sl ade> (5,0laS” Jles peyies o Of wlie palS Gl sl 4
2 o5yl g il LalS (A jatin cglails &3 (S5 ez aile) Yo o 5l b Y same
Sge ShlS Cle g e hlote (2] 57 5 puiS aile) 2eS ol 5L L (GYpame S
Bles 5 G0k 2ol ol lagy s Jlash 1 gy 99,000 5osl adge (f5)5las” LAl
i el (Sals &3 g K pazsS aile) VU solatil ab po b Y garms S (gl oy S
FrSeiz al Jlo a s 3k Faas el L ssel cessy @l L Billae Cydgasme 0l
Ll b oo (a5 (Jg5 (89, b (oosldl logs L Jlasl 51 5 aigy S ) mlans .ol



¥q (Y = O ao) VA5 Lo /) o)leds /A ol /55,5LeS bzl clinions

el Gl e bl oo ugmomal g (Si2 Do 4 Jgame (pl Gl pj e 0 RalS ke
45915 L)""’L ‘C;é‘ﬁ 0 oW (o l‘ dj)ﬁu‘s 9 LS)"'\“"“) u“-"-’ o adlaie Q‘).)ﬂu‘s PO V‘-‘JL‘@
52U a8l s £585 g0 3 1) 35,0Ls el adge (5 )slaS il s pls (gl 5L o )5
S ;o bai> ISVl s g ol 92 g paiS slale SV game CuiS Caon 4 )L RalS
Sl oo bilaio sladgle Jpame cpl cutS u5 mdaw o Sl jialS 5 azis Jgame

gyl S bl 5l G s VYAY b Jlo |y cootel o clols b & S
A3 o lid 04,0l fauT ase> 10 i)l als il

O JS& 50 agpls psul ase> oliyelaS sl ead Syl ol slolis b a4 4z b
adal, anlllas 5,90 dilaie 1o o yiwd,s ol mlie g Ol (golamdl (b)) o a5 04d oo aba>dlo
R L. ool ol caSa e yo golamdl 55,1« yiws 5o

5 ik Gl 5l o5l el slagy L 5o 1, bl T soll ) i F JSS
Qa3 o Hlis 09,0l vl asg> v

cosldl slogy s cov (5)lol Of (golamdl (33)) a5 s9b o0 abi>de F JSb 4 4z g b
YL (b )0 cngid ol el sleases sola po (aad 5 bawgie @) (55UsS
alin jials (olyd jo 9 (oL el 5l b el ol as el ol Gy Ll Jlo o ol ooyl
L ooy, byl 5o 5 b S8 lie o)) lacodled (v (anass Glp ol)sles
Codgame 390 Lol 4 s (g lol O CaSo e po 8l b golaidl o)l «ol Codgame
@ e (590 b I JEDD ()b mels wais b aS 0ed oo alim e .l co ol8l ooled oyl
boo il aalllae 8590 55l adg> 50 5kl Of caSoyia o (olaidl bl (wad

B olgiin 9 (5 5 40
Sldls (5m) (s 2550 0)9 b Sk (solll ite (5,18, 55T 5] ool ey b
SalS 55,008 sl ddes ;5 VYAV Lo 5 e peie ol &5 092 ] 51 Sl (1 YFO-AY
ol ase> 0 \WWAY Jlo 5l e sloyge sl LSz g48y ol by ol cpl g azil
b Jlo joas ol olas 58 )k (oeeldl jsite allale 6518, 6T (ow p Blioe 99,08
2 FeS 9 ole Cuiigad )l g ole (203,98 ;5 aslllas 3)50 adg> 3 Sk ke (S e TAY
3o ooladl - S 5dem Jaw Jodow 5l ednl candy gl .l 0alds Jol> ole sl ye yo 1 jlade



eeyd (65,988 Sty g s 10 Of ailie 1 a8l is Sl 1 L) ¥

Sade (5L e de Yo BV als 5l LSU o0l Soss slagy i Jles! 5l ey a8 oy lis
200l e SR Al Jlo 4 Cand 09als isul ads> p0 Geyes 5o ol il
S 5 g geme (S I Sl sada))l e Jow jl edwl Casss gl YU sleo g0
U el s SIS gy 2 a4 by ool - (b Jue @l 5l K A5 on
wl caSo i o (ly (550 5 olipslsS LAl sge golatl glagasls n 3k Slels
abamdo oy )b el 5 ol e8] slags e Jloel 51 o 09 dnlllan 550 dibaie ,o (5 Ll
@ wbce als Wl Jlo 4 Cas 09,0l sl Ao o 50l @Bl sgw a5 0l
oealS wals g lawgie (edle (couddl (slogy lw Jlasl 5l s adg> cpl ol 0laS a5 glasgS
IRCEL JUPIPIC I V] PRy | WIFVIRLIVOWE R PRR VSR IRV L W I A s KPP PR  E FR YO
50 ol eoly slp (Glule cwd) g0 polie Jlake il wl)l aess Jow J> 5
Ol caSayie yo golamdl 55 Slo &8y 10 a5 ok ol .ael Canss 05,0l psu] asg>
aS Sl LSIL> 3o L)"‘ R Q)BT).) JL:) VP 4)[.: JL.J ) bﬂfbb‘.\ )»QUT 4.«99? 6‘;) o] G)L.;‘
l caSete o lp Lol Glsie 4 (b Y0) 1) 55026 doo anlllas 550 ailato o j5las
sdul Ao ol,5las A wisls plas edel Cewdy @S @dly yo aiS e Sy o)l
JEsl 5 Jlaswl sloanja LB o 1) o)lol O golazdl 5,0 5l ao,s YoV s og 0l
Ol 5,0 Grae Lol cde (O a3l od il ), Lo i) el cpl 45 aS o CSlo
sl ablise 09als ailog; ads> 0 edles nl (oleS 4 Ol3ysliS wz e s Gl
Sy b coxi 3L mals L oas ol las ol (o)l goladl asls w8l o ol
¥, b ogyels ssul asse jo gylel Of olaBl b5, wuad g Jawgie (el coudil
;_)—‘ 60L4d| J"))‘ O da9i’.a A.Ja.:‘) S99 )‘ L5§L> OJ.A" Cewdo C')L" JWJL)‘SQ o‘/..o.ﬁb (o9
ol 45 0 (g Gl sul sledse> I Sy je 0 Geptes o ol mlis i 5 gl
é)‘y 0)5])) )‘ OJ.A—‘ Cewdo CJL».J ML:‘SA ul))jw 6‘)" L;)L‘j g_)—‘ LgLaLIU c:L: )iJL..: r:}@rmc
> 09,0l usul abg> (f;55laS (Sl ol GRalS L aS ol lis 5 s kel of slolis
Gills 0Ll 5o S oo Lol 5t (o35, b L g VL (e s o |y okl T 5l (rene
;_)—‘ éJL.A Lg)‘d.)b 9 Lo 9 W..J.S‘ ).u.,.: ‘—")" L: ckl:l.a-a L;‘J" ‘Msf uJ‘ L o.).A" Cewdo CJL.: La
)l ) Gl Sragog § Lolgitn 090ls jeul ads> (eej ) 5 (el
5 s 0 ol wlie zals 51 S ol Gzals 5l ol o8l s Sl bl -



A (Y = O ao) VA5 Lo /) o)leds /A ol /55,5LeS bzl clinions

&b s pdylasl 4 azrg b) ulid otz o @)laleS slagssy 655K 0g 00l sl
ol yod Ol gl Liim 2 55l 3l (sl (¥ game ol LS 51 T Conss g pgo a2 0 3 Shos
ol 05 s olgiiiy anlllas 5550 ads> CutS slagSl o YU ol 5L b Y game Gaile Bl L
g plsl J o a0 Ve 50 ol Gla i mhaw )0 allie (Bar g alews 4 0551 oo S
S3bee b))l

989 Dyge 50 39,8lh ol adg> 50 (gilol O (oLl (b3,l a5 ol las ls -Y
Sk g Laas Gz aS 0ed oo Slpiig VLAl oo yiiig (e med8l 4 G Buall (o L8
a5 (nl OlnsleS sln bl €5 et odled (nl gy Brae 5l 5 xTslr 5 O il
5 (b 0l JlSas g8y buld o sylol o golamdl i)l Sl wig) b Gllas
2pS Ojpe s plp AN g (e mel8h) Lo 5

(Sipazss ol SVpame CiS ) ghe ggeme pSeiz Jlelf 4 arg LT
Lol 50 65,0iS Glagee; 6)l38 Gl wgpll sl ads> jo lails &) 5 abjanin
adhio )0 (65,laS Clady 4 Saeaily Sllus 5l g, F sl Cuz s @il s Sl
gd oo Slgidn

325 g 4yl blog s3> sl 5pglaS 4 05 o £5 L slaply 5 s 4l -F
a5 09,0l szul adgm 50 dapyl LAIBL oges Gl ez )0 kel 155 Sl 41 £)l5
g dloidig 010 i)l (el 5 (b @l i S0 Ly i 0 O glie talS

s SR bl S golail - (b (il e s Sl addllas Gl o -0
4 a2y bad oslinul 09,0l jsul ads> s o ol glie » G5k Grals 51 (86 Sl
el et SIS (o) cs3baiBl g (SGidam 32 90 (o BLS)I sl jo VU it Sl
GRIBl g 35 9 S GRlBl S Gl Ll wass dee sles Gl 5l U
@ sl Slllhs ;5 65)0laS A Sladss 5 peyws 0 ol mle n JlSus glaoygs
g se Slekinny dieaddle | Kangs

&bw

o laciolew 4y ol ,5LiS Zuly o g5)1.3.37 ol oladl (o351 sy OYAY) g S5 -
‘L;)”L..S 035CES ‘b ‘L;))ﬁL""‘S Ow‘ J....a)‘ ‘Swl.u';)[s Mbubb ‘_};“5)5 uLu.ul )b r.o.d ).d: 9
02 VYO (bl ol&isls



eeyd (65,988 Sty g s 10 Of ailie 1 a8l is Sl 1 L) Y

2 Gl ol Grals canlaw 4 o 55laS Gl (53l VYAY) o o >guo 5 s )5 5em 5 -
OY=FY (VY o, lo 5 ol almo oy

2 sl STl Jesas ol g golamdl Sl Jlos (V¥AY) o o gm0 g | o5, 550 -
XOXYA (VY 55,5Li dewsi 5 olatdl 4 pis g3 ol

Gl I3 Jalos 5 0T Sl (loand AYAY Lo Sld 5 p o >gme S Spny -
($3y5LS dngi g oladl 4,55 e Luls cov canS 6ol oykal T (6 ISl
JOY-YEY :(Y)YY

4 015)slsS by (5l OYAT) 2 conjp @ g o openl e (oo T jen -
olatd) almo () b e 15990 asllhas) )kl O odrate 5 I Cd Slacanlow
NFENVE (VIVA cdewsd 5 ), 5lis”

5 Solpepe Supde OVAY) o o) S5 5 5 (a0 e «sribae s ) S0 -
gy il ;5 CuiS Ay o8l golatdl - ely5 asliy (el Sz O mlie atg paass
AY Gl i Sl o ol 5 (5,5l doliiagsy sl

3580es y soeldl Sl BT (o) OVAT) o cooly ploygd 5 o Ol | lee Gl -
olais] iz alme . Ll sloosls b olad _oeewslazdl (is, 5,05 iolnl 4o shails &)
AY=N <8 (VY g glis”

Sladl 5 (55)sliS Adu wlgi p ealdl pis STOTAT) (3 Gae g il o o A -
ANYNTE O wsyliss slatsl Slicing aloes (eloiz! 6 lules o 5lo 3,555,) ol
-0, asg> by, e ;0 SWAT Jow 0,5 (VWWAQ) L& czlune o «55,055 o ((ygumdd —
FE-OM (DF oY« eolidold] ingsy 4 i oldl pois 506 cov ST slooyed 40 g
slopite » @il pots SIS QL3 OTAY) o Vs 5 0w e o Olej olo) -
AYONYEY :(F) YV (S g of i 09y dions ad5> (5550 g5lendS g j0u

aleo o) p) aldlir 3blie o je oo Yoo 5l Jlaxsl 5 Llss (VYVD) o eial, -
FANY A oy lpdo] ol il il pple 5 Slos] goaCiils

2Bl sy SIS SUs) Yl 0,0, sl (WYWAY) f wlasS 5 g .0 wiads ] Slolw -
S0V # oo plio  pwdigo dloe ] golie

ST Sll,r s, » S99k Shess S OYAY) L lsie 5 o «Sab g oS -
(Y ollpin o dlos 39,2l ailEos, 63,90 anlllae 10,05 liwl (codls 5 _ooxlaws
AR SRR



Y (Y = O ao) VA5 Lo /) o)leds /A ol /55,5LeS bzl clinions

e SB35 (65,5158 Ol Bpae al3dl L wedil ss SLIT O YAE) £ o JLoS g ) osl e
VA=Y N Y ol liin aloe

wolidad ol 1o Ol G832y ey By,S ST OYVE) L (lisgras 5 7 et -
O 5 Ll i Clicin

Cl ool Jaloe 36 Sby,l (VYY) s ol Blie 5 .S ool pl i o Sanld soee -
SE g of cbli> slo iagy alxo (oghe Sibd lgul 150,90 anlllas) ey ol mlie
Y¥-VAQ ()R

Ky almo (Glp! 2 2B L) Lo S paa g syaalin 5o el B (VWAD) o ¢jgpions -
MNE VY

- Calzadilla, A. Zhu, T. Rehdanz, K. Tol, R.S.J. & Ringler, C. (2013).
Economywide impacts of climate change on agriculture in Sub-Saharan Africa.
Ecological Economics, 93: 150-165.

- Connor, J. Kirby, M. Schwabe, K. Liukasiewics, A. & Kaczan, D. (2008)
Impacts of reduced water availability on lower Murray irrigation, Australia,
Socio-Economics and the Environment in Discussion, CSIRO working paper
series ISSN: 1834-5638.

- Fowler, H.J. Kilsby, C.G. & Stunell, J. (2007). Modeling the impacts of
projected future climate change on water resources in north-west England,
Hydrology and Earth System Sciences, 11 (3):1115-1126.

- Gosain, A.K. Rao, S. & Basuray, D. (2006). Climate change impact
assessment on hydrology of Indian River basins. Current Sci, 90(3): 346-353.

- Griffin, R.C. (2006). Water Resource Economics: The Analysis of Scarcity
Policies and Projects. MIT Press, Cambridge, Mass, 68 Pp.

- Heckelei, T. (2002). Calibration and Estimation of Programming Models for
Agricultural Supply Analysis, University of Bonn, No: 159.

- Howitt, R.E. Medellin-Azuara, J. MacEwan, D. & Lund, R. (2012)
Calibrating disaggregate economic models of agricultural production and water
management. Science of the Environmental Modeling and Software, 38: 244-
258.

- Jung, IILW. & Chang, H. (2010). Assessment of future runoff trends under
multiple climate change scenarios in the Willamette River Basin, Oregon,
USA. Journal of Hydrology, 16: 63-87.

- Kaczan, D. Qureshi, M.E. & Connor, J. (2011). Water Trade and Price Data
for the Southern Murray Darling Basin, CSIRO, Adelaide, Canberra, No: 23.

- Medellan-Azuara, J. Harou, J. & Howitt, R. (2011). Predicting farmer
responses to water pricing, rationing and subsidies assuming profit maximizing
investment in irrigation technology. Science of the agricultural water
management, 108: 73—-82.



eeyd (65,988 Sty g s 10 Of ailie 1 a8l is Sl 1 L) tf

- Qureshi, M.E. Schwabe, K. Connor, J. & Kirby, M. (2010). Environmental
water incentive policy and return flows, Water Resources Research, No: 46.

- Qureshi, M.E. Whitten, S. Mainuddin, M. Marvanek, M. & Elmahdi, A.
(2013) A biophysical and economic model of agriculture and water in the
Murray-Darling Basin, Australia, Environmental Modelling and Software, 41:
98-106.

- Rohm, O. & Dabbert, S. (2003). Integrating agricultural environmental
programs into regional production models: an extension of positive
mathematical programming, American Journal of Agricultural Economics,
85(1): 254-265.

- Schwabe, K.A. Kan, 1. & Knapp, K.C. (2006). Drainwater management for
salinity mitigation in irrigated agriculture. American Journal of Agriculture
Economics, 88: 135-149.

- Travis, J. ybbert, L. & Daniel, A. (2012). Sumner, Agricultural technologies
for climate change in developing countries: Policy options for innovation and
technology diffusion, Food Policy, 37:114-123.

- Traynham, L. Palmer, R. & Polebitski, A. (2011). Impacts of future climate
conditions and forecasted population growth on water supply systems in the
Puget Sound region, Water Resours, 137(2): 318-326.

- Yu, P. Yang, T.C. & Wu, CK. (2002). Impact of climate change on water

resources in southern Taiwan, Journal of Hydrologi, 260 (2): 161-175.
- Zmudzka, E. (2004). The climatic background of agricultural production in
Poland in years 1951-2000, Miscellanea Geographic, 11(2): 127-137.



) (Y = O ao) VA5 Lo /) o)leds /A ol /55,5LeS bzl clinions

o LY Ry X '\‘
o Wsssalauitsg )03
-‘_‘B‘ ").’.-— '

ol o aallls 9)50 culidlyn (Slealiny! 5 95,0l a0, 459> Cupalge - S

256 99,8l 4ilSg) audg>
254
252
_2;250
S
5248
3246
g, 244
242
240
238 ¢
m v~ O - Mmoo~ O Mmoo~ oM
W OWw w0~ M0N0
Mm M M M M M M MM M M M M M M M m
L B B B B o B B I B B o T B I B O |
s x50 0395 (b 89,0l sl Abg j0 bl gk, oSN -Y IS



3 G355 s 5 oy 53 ol it el s SIS ()

A2

3 5

Y, 20 -

=1 15 o

L |

|J 10 A

v

4| =

e s s bt

J et

s Jlo Jpab b 09,0l i adsm o 455 590 (Bl (eSlea ¥ S5

4 100 A
j: a0 - By
} 70 - o3 iy
60 - .
1 e 3 LT
40 - .
3 30 4 s
a 20 '
q’i 10 - -“d:‘
O += S e
9 - ;
Y ¥4 31 3
3l

gl o ol S guame S (558! Sl s do o -F S
99,0l 5ol adg> 15 (3l (el sl




A4

(Y = O ao) VA5 Lo /) o)leds /A ol /55,5LeS bzl clinions

—~
e
%

Jbs - ol golassl

1600 -

1550 - 108.32,1517
1500 -
1450 -
1400
1350 -
1300 -
1250 -
1200 -
1150 1
1100 -
1050 -
1000 T T T T 1

105 110 115 120 125 130 135 140 145
oy (ygabas — (R 0 o @il

118.28,1380

126.87,1207
138.35,1160

9,0l sl adge 10 )kl ol Slolis b -0 S

Jlag=sial g akuacil

oY

1700 4
1600
1500 +
1400
1300

1200 4
1100 I I
e i
[

1000

Ate 1. -

A gl 4 Azt g LTSNt

csoal8l (slogy i 4o G)lt-.‘i ol oladl o) Olpss -F S

39,88 usul abgo ;8 dalllae 5,90 (el (slalSil Glaseio -\ Jgux

@lel 090 els)| Sl oe Gbblhx Job nslase el el

S 890 4o (4 ,) (4 ,) alllas )90 (iwgll
()

\YYo6-aY VePA Y¥I£0 INAR4 59,00l GSEL

VPYVeay AA¥ YA/YA 5+/%4 seals eSS

WWAY (958 bl owlislsn lojle a5l



3 G355 s 5 oy 53 ol it el s SIS ()

A

Ay o (b 09,ols 5usul adg> 1o lab g ailale )l nSila =Y Jgir

ok ke sl Jad 5 Lalo ok ladke sleJad 5 Lhals

(mm) J (mm) JL

KA vy AR 205958

\alid bl Ya/f Cdigesd )|

VV/e 31 v/ ols >

YY/ sl ok eSlee YA/ e o0k oSk
YAID 8o Yo S

Yy ol -/ ols e

AAVAR il WA BY TRV

Y0 s 5k eSles YIYY s 55k e Sles

VWAY (o958 obiwl cwlidlsn olojlo :a5Le
Jls (b 39,8l el slaadg grdaws 53 Sglite canldl Ll p 55 (2 BB T @lio ¥ Jyor

(enSo o (ygakie o) a1y
Clomb g pten ol B olexs Sz ool el e
(32,) s S5 o adlllas s se ailaie
Y a5y N2 505 (glnol>
VYI00 YTV YTV Grosios slrel
Al #If - $If - 50s (glnol>
s
V1/20 \SIOF \$I0¥ sl 5 laJUls
Syl
£ IFY AY$ - A5+ - Ol ailsag,
Y/EV /AN AN iz 5 oli3
Voo VYYD YY/f RR7ENN 5ol ggazme
S

VWAY (g8 ol glailaie OF 8 5 sl



4 (Y = O ao) VA5 Lo /) o)leds /A ol /55,5LeS bzl clinions

Dg,0ls 550l dog> 10 o)kl gaiie sla g 5l eoliiul duoyo g 5 Jlade -F Jgu

2 kel oy Gledily s s 2 6kal Ghey @ p)l5 weye aibaiie ;5 kel goite slaghg,

ailaie SR aslllas 3,50
AL 7 fY Se ol
1Y (AN sty 5 g5z k!
7.2 710 &l b (L]
7 A¥ 7.4 Shb k]

Sipgp sleanl sl

le.byub 9 6})5L:.S QL\.;J,S C O §O u.j c.\L.A ¥ mlél )'.'.':":" Q‘;‘ -0 JBA?
89,0l a9, Asg> 0 Ol b3l g LallBL Sgu (golassl

S R e Ol ooy 350 ALl
RERe: bgie e
Ve AITY VAIYA VYFIAY Jaie VYA ool abe
YA SVF -AJY - KU ! s
vovs VAY AVEY ke AYYY T TS ) ahe
-A/0A -0/AY YN RO
VEV/E VOY/A- VOAIYY ke VSOFE TS Al sge
ARA! -v/-¥ AR RIS
VOVY VYA VY.V e WEe T ol )|
VY Nt f/-0 RO

)b Jb) [ -f sJL).) L)?"'l“"’ 0o o> g Y ‘)US.@ > Y G;A.’Saﬁ)vv@ u}‘.l.‘.a W}.g:\
e fin
IS le.m\.db.\};b



3 G355 s 5 oy 53 ol it el s SIS ()




