%,’é“/}d/‘ﬁ&?)“u%}
SB g of cblis gl pingsy 41 pul
YAV (oo 0 5lows (oo 9 Comny M

http://jwsc.gau.ac.ir
DOI: 10.22069/jwsc.2018.12334.2691

o (5 jldings (512 9L 5 5 2 3%0L 3 9 599 5 Sy &
S5 S8 Curladpus Tl g x5 5 glis’ OY gao Cuils' (539 340l

Tl e 5 Toulj la ey " saiasle e saal
Ol el s 5 oo o83l (pelatrl —(s3Lal (Slagtom Cu s oS i)l ol )8 (6 geils’
Ol o 5 ol oSl mlin uiige 0I5 (5555 (5l Dl i 5 e SRS (s tige oS3 sl
AV/O/TE 1 pdy sl ¢ AV Y il )6

oS
53 slaysiS ol ply )00 sladiay slaidl oo oy 8 Lol mbia 51 (S Olgeas (6355l 1B 5wl
53 5wl oy de el s il S e SR Jdse s sabaBl L0l Sl CE0s 0 Sl Ane
35 Gl 5 o e dias e 13 55 (galuaml glaasl 4 ) e 1 OF S o Lol e sliasl i Culgs
o2 O Slsyls w4 Jpame W5 5 odle (Rass nl 53 el Sl Sl 300lS O mbe o pan
Ul Jsmams 55 (6l 395 50 G\;ﬁj LS gl ey S b e s ol Cda Ll el 4 S

5 GousliS sl Sl 5l Lt sla iS5 an S s andlas 5y0e slaesls Jrasn ol sl b, g ol s
ile el &8 s eals 1 melr by Jie Sl adlle pl s el Ol 2585 5 okl e 458
Sl Joadl 0 pr plaxl Julgs 4 a5 5 Sl el DY a5 Sl (b pae O U Sl
ol WL Jpame o W5 gl O Ol 4 o8 3500 e Olgign eols 52 il w8 S L0 3 1) e
s osba Al @il (5 i 3 OsLES wa 5 AL Ade sl ol e Bl 51 aa Bl
Ol s Ok s 5w Sl 8L 5 AL e Casblade Dl 3l Gl 53 el Jlee OIS
Ll 5l ol dls e G3b S 25005 S Al dalr Wl (S el G fsd e
S ol 5 5l s 55 s AEb e 60,08 slaus st ghyls 3 sy cpl bl o, s s s s
Cosbadode 5 ghidor psgde (polal (pen bl e 5 a8l Lo 5o 35 se Coabalple LS
oslizal lales a3, 5, G 5l wdadtin dlos o (6l copmiman 3,5 o 15 eslinalsge (g5 30e Olgie U

. \ R . . . . u . w o - S
.gL..w‘eJJJ} u’“gif““)\f\(’fl")g“”‘u‘h}u"LiJéﬂ)“L’f M}}id\)bebm\ Sy oS el 0

arminj@iust.ac.ir 43\ Jyie *
1- CPLEX



IYAY (0) o ko (Y0) s S g O Chlin s yidgss 4y i

sy hpslo Olgen 5 ol abd Cands slailain L Slon  $303LES Y puame 2SS 528 s laadly
cel o O1)5liS OL5 5 Sase e A el oS ails I w1y ol e dpsie e dles ol 5 55l
Goars Lo s Soas L s $5sliS SV s Ced il Ol g ol sl Bl s O
ol W5 Ol Gl fass 03 g 5wy S il (6558 SN pummee 2 S 4B S B0 55 Sl
Alopl s s Al Sl Jsame Bais)se e ez SHAYY ool Sk SV pame Lo il DY e

.sj\z&oicgbjbquliosﬁ W od ooman 5 SIS 6l s 3l se Czl;.a Osmon ol se

3 YU el 31 g3,5lES EV paame 55 SOl (Jde (gl &S A e LS el Sy =l i S ot
YT Jle 53 g30slES olis Ll woam 5 U hass ool il Jla, 5 0 (5 ke ol 3l ol W5 Ol e
SoS oo (35 sl 3 OV b anglie 53 035 cpl & ez e R | (53,505 Y pame S agn TUVNA
G e AL Ll Ul SO Wl Sl (g5 3de 3,05, plal s edel Cisw 2 e b 5ol

w\&hjjéjbbﬁj)éu&))ﬁb

é))}u.s CJY)M (S e NIl LSJJM)ML!JJ LA.Q.,\AM éﬂ)“bj .'dJ:Jf d’.@aj’j

s 2356 S35 » o gle il bl S pde cdnw g Jl= 5 glag 528 51 ol o

iy I 88 i o e el 5 Sl
Er s b s b il Y sk £
35 5 el sy KklS iS l
Yo 5Y8)

ol o (A OLKas 5 Lol
Sronalp 2,55, b oslisS lau) sanass
Myl gl olil ey sl
5 Sl S, S0, 5 olal ssu (Jsams
OV s S ks s aked Jal s |y oY ndle

Conds 5 (SIL S Llg 4 sl J-
Cldess 4 Ch a5 e slacl s
PNl 5l eoled LS (pslis s e
g o35S 3l laiz 5o $5slis DY s
S5 sl K8 s e s (0) ol oS
Kb s cmle LS mle Olslis Sales

ol )L: )\)L: U"\ “ Cub 9 u.h]b 6&4“ 60:fm§ C_))j

AUADIRCWIRS PPN (RGNS IR et
33 (s q@ujn doys A BV Sl sba
Sph o Baae $ilS isw ps Ol e
sy oa Ol ol Cemer LAy pse S L(E)
sladle 53 iosliS Sludy oS sl aals
S5l bl il ol e 4 b 5500y
ol ol T L s wler L
Sl Dl Ol 4 45 2500 s U5 S 20000
B 5l e Ul olantl Wl Jyame 4 A5
U5asliS a5 3L Lo Of e melr Sy ke
5 e il AL s S he e
Sronby Olsear padpe Slosl 55 g5l
OY) 0,8 o 53 sy e wedlS Slidsw
s alin BL1 5 o & (00T Ly
Lilys (88 s b dpame S s5nl
DAY gsdssly (TA) Sty as osline

1- Crop Planning



Bl lis g a8 Ll 4 L Ll oy dal g
Loausayy Db OBl el nils st s
Flos O gager sbae cploly tol (S 2
Lk e ;M;da_é(a.xp shls 28l slos 5 2
S Sas 28l oy Cusblede x5 L (EY)
Iy Weesls Qﬁxla_“e(a.xo ¢ ol Ly &S Lgﬁfvmﬁaj
ALl e Jewbe 65 Shas lls cdas 5l 3 bl
O i ss ax g 5550 55 oS s Sy ol 5l S
(ool 4 S5 Jgame SIS (G5 asl g o)
Db sl OTVE) Al o 56 2L, (sl
Le Bure (1470) el by (6506 (slaae goma
s s 0 (YY) Oes 5 gl (YY)
Ll s 3 Jpame 88 gpomb, ale
GRS 53 b s s Aoy a0 s oalaipe
Oley 5 ClS LB ey Cosgdee Ll Sla>de
bag Ko b dle ol 08 austls,, oS
38 A s 350 (Y00 0) OLSen 5 KL s
Sl 3 sl 2S5 b e 4
5 b idge (FO) A esly axws Of ol
Sl S Gua b by Jue (T018) O
Kile 5 28l Sl 38 L s Lo sse
S ol ol 5 e mas &j @l;» Codgdoes
a5 kb bl s s 1, clS LB oY s
s 38 g3 s00lr Alle s 0 5 A S
Aty Wl G~ g dltss, eipm s
s asn 5 (V) 0Ls 5 s .(04)
b O oa |8 Al Jue wilea 1, oL, Je
U 55 1) 55 andllas 5 Conl odd b S L5 55
2 Jhe (1) 558 5 KI5 .00 Lsls plnl
Cydgdome Cumbiode Lyl i B S L s L)
555 (55,50 axlllae OLET L(8)) s el &1 Jlez]

.L:\:C@\ﬁvw T SRt X SIAS

1- Jucar River
2- Heihe River Basin in Northwest China

S s ousleS A 5 Jlsdl fals ol pl g
Lol dales Jlis 4 | aSs Sl ek, Oul
N pame ple s o 03,55 Bl 5 Slsyly
() S5l DVsame opata $5oslis
Slajly Sl s a5 6 ey bc,.iSV.EJL@;SAJ
b ods Sl allos cpl 538 s |y 5538 55
Srb 5 Sloyly Cwmas M5 Sl (g5o5laS OV
ol s s g bl Splaal O e
V) s)ls s 1y gouslis i 5y JLdl

Sll a s Al s g slS A s
OF Gl Ol S1 &S s5ls 35y ol ey e
G mle S eslial b Olg e 5 S &8 Sl
03 ol s 3 S STy (Sh90 g Ol o SYL
S cwl gle el 4 plaas g sliS A
5 Bl gy s e S eslial 53 e OF w3y
sbdle Sl cwl slsSl g 5l Colem 5 OIS
Vpams Sl M5 WS wllS
5 s bl ()3 T,\S Lile (g3,slis
S30o0LeS LBl O bl o3 s IS H 5w 3 dbsle
s el (U"}I slacoles 5 olis i a8 O
el oS Bl s g opl 4 S5 s
5 XS e S o3l S son Ygene O35S
Vsams 5 L Sbuijls sl faslly s &b
S pends O Ulpr 5 S g oslys Olasgs
ooty (§553L0S (G5 aal s en 4 5 S
Ol eSS e L 5 b e O s
JUsa ol fass cwl (3lis O o
5 LA ol Copde Gl Al
(V) ol e G me 3 Cu e o e

Skl D3 p e § S eal Anl 3 S b
e f 3o 2y5n 53 ele DML il
Al Sl s 5 elS Oledbl ol 4 a5 ol

SAsS G s b 6)5;*“*4’ STt



IYAY (0) o ko (Y0) s S g O Chlin s yidgss 4y i

5= S0 s eup s e 50 S =
() Wlesls plowil * o o ol = 5odlS - 5]
Olaablpde b 3ls lis Plow 1 6ok

g Ok Swd g dog Clor 8L 5 sl ol e
Al (3l § Sl s plpe (nl
ol 408 Kl e (530 slaas semme (558 A2
53 3l Ll g caabd 555 5 plel 0Ly
e ¢ 5B g0 93 (3B AL, Sl ae)
g b 5,8 13wy 55 Ly e
O35 5B yeomen 5 Cida @U 5 oo gdses
e Dbl L Dbl s sl
OAVA) o pass Jaw s DL opdsl 36 (%l
s LY O 5 S5 (EY) oL a5
Er s Bl gl coliele 38
Slp Jyame p Grae Ol WJsame a0k
3,50, Ko e ies 53 ol gl Ol 5 s
Wsls anen sy s sl 15 ST 36 (s 5omb 5
TS ol s Olil by sdiasly)l Jde (E0)
wle Blaal JUS s e85 13 esliul sy o
el il s spe 85 5 53 w3l 5 au e
S5 OIS laggnael s pldbeil wile
5 S b e Olpsasl s Olleaseas
o (Vo) oL 5 Lle 5 (Yerr) 0L
SoAl s S LB glad s clls gl Sl
wtls yy ansls SlE A 5> OV e 1 ol
b = ey Soolnl (Y s V) e
Jhe 5 dsls 6l dls J> 6lp 1) glastass
Wlsgy 039 (Sytel g andllas (gl o |, odiall ]
Sl slis s a1 ks 5a Vaa —Isle b
Ll il conlaipde gbls s sla el

5- Linze County in Gansu Province of northwest
China

6- Gansu Province

7- Narmada river basin

Gla G LS B s e li0ly Vs s 4 S|

0> bl il e e ssn 053 Sl b
03 5 Soslite Slaal a8l iy Plaw 31 (goln
s 5 el Bles Wil slate Ll 5 5l aa
sor 2o Opomaly by O Gpas
23 Sdems Sl Cel el sl s
5N A5 el Jpeames 22lS b (6 8 oeas
ol d K W) el s Sl M
wrw g 1y 8l cile BBlu= L wsades
a5y Lile glacsgdewe Jdo ol 53 (Y4) Lsls
O a5y Olajly Olie 5 e mes o
(Y10) 0L 5 550 ool Josay sy o3 S
BE JJ @L;ﬂ Gree Kb placgsgdee gl
5 B Dsen S e L Lol 5 s
Sl iasy 5 Sl sl = S5 grome oo b
b e sy (Sl S Gltag, 53 1y s
55 () 535l 5 sapsl (OT) Wkl bl
Slaal gl &S A3 ol Koass slasles 5 osdle
M sl Sl sy esls I3 Lide 54
Sl sst Liass 6l L @iosliS OV same
SASe Cuspdoe pmen LOT L) WS
L st Jde 0Ll s S iy e |y Sl 60
b dspame 95 & ar s olen 4 ald O p0n
J= MDEA) waadsr Ll oz, 800 2y,
wly st (650 andlls g L;LLJJ 03 5055
s a5 L (YY) 55 5 KI5 ilag el
Sopon o 3 Oleblods 8 k5 s L LS
S Spomly) olgds Say Lo Jla
sy lles Sl ass Jlaaml ols sl

1- Weighted-sum

2- Qujiang River

3- Multi-objective differential evolution algorithm
(MDEA)

4- Two-stage stochastic chance-constrained
fractional programming



S Sl (56 s saze (g e Dy son
L Sl assama 3950 5 35 0 13 s, |
CleMbl 8 Sl g bl ecd S e L s ek
bl Sopoa Dbl 5 il sl s S
4 oS il halar Wl wall g8 OISl e
ssde S Sl ol Cagb Sl o
Sk Ll U s 55 losl ppgte & 5L
s e b bl Jlasl cad 5 SIS
Canladede Sl sl psge TN Jle s 5K
B S h s pedle oS As Ol el bug
55 50 o ol b Grelil S GG ks
(3 248) 3,55, opl (FA) 55 o a S L
slasl Oy en Jlslp glaanes 5o 5 A3 (IS0
Mosse s OLes 5 S, dle o
A 5Y) s 4 S a5 ,S s

23 2l Sronsly esete (ul O ke L
Coddly 4SSl ke Obebleds Lila
03 S e a8 5 Jle Olgea s Kosp
Bl )13 bide )y n5 bl 5 018 e g5,5leS

S}LM (oo il pS GlolE Ol
Al e Al Ve sl

e dely Ve oagde i Ople ul s
chw o Ol & Olgabl axys & oap ahi 8
SV Oliabl a3 cpl 8 Sley s 3L e Ysane
oobe S MV Sole e Olg e L
5 gas oabizol " aed Sals" L " ek T u"

35055 ol 4 818 cad O ol LB S

R 33 S e W3 3 Soalabods (5led e

ol eslitwl G (654l (ol p e bl

]

O3 B 1) cwndly ) Oldlas 51 WS (g5l
sls
3 okt M5 0 S50 (S ool 3,055 4 S|
3y ol bl o, e s |y e adsd o Ll 3
B 2 S 8 "\‘:’L’&“ LsstlS slacus gdme (gl ls
Slos 53 5440 g;:xla}(a.xp Lol Sae Lol
sl 3l (Sl S pa 1
3500 ol S cnd Of b 5 SKsy s e
el SO e g;:xla.“e(a.m 5 oodle Ll o
B e 5 e ke ) Olabl L
Wse 1y odioly kil s o Lapalis alax 5l as
o) .mp&\dj sde das 13 abeMe 3)00 gt
L IS Ol (T00)) 00l L5 o s
&5 slel ((YA) As 5 ose g;:xlaé(a,\p £ Bl
B s A 5350 0bZ=(AB) cir &) p0n
5 e oot Vsame A s o 0L L, Z 4,
1 st e Slpabl bl b el Jne B 5 538
GU S g ol San Olgabol am 53 das o LA
el 53 355 Ol 536 40 pare S b ! K

X plpZ Z={x

xEA,QLqu.]a\A;.-)JL_::B}
slael 53 ol B Oliabsl a5 LA 4o sazes 5
5 A A as gezes gl Lo jles SIS (630
ol A s gome & Glaze Z &S 15ls Olebsl Slals
LA as e & Gl Z (5 slael 3 S - s
gd ey Gl B LS Ol 51 glas s
Glodib o (YY) ol 5 (gogpm Ol
I8 destls ;M;daj(a.\.o Solwddbe slas S gy
o 3l 5 3 355 e a8 boles 5 )
o e aaliipde ($5adite 3 sty VU

1- Z-number



IYAY (0) o ko (Y0) s S g O Chlin s yidgss 4y i

e Bl el a3 S B s g s ke
Jpame S8 (g5ymb, Al a3l
3 g
el sl asOlesle 5 ) s dlis
i A sty dles 25 4 ol i
sdsallyl o s s dles 5ladge b o 5 p3
5 pler Ui asdie Ol O Sl esliad o
Sl IS spSems 5 Eom s ml S ey

A ,\A\fz

S5 e
Z-number

Jls 03 g3t DllaMe (g i g s

U'i| BEl wa Ay 4:\)‘ GIRAY 6J.>)ML:JJ
Lole ks LSLAJ:“"\)LZ B Q:.&]a_;t.,\.c Lu,:,..éjj“i
o.,\.iTLeJ C,.A.j LJ.:J‘}S o cd‘}a,a}u L5L&u3
O3 e 3550 SIS 55 J e 55000
ol 4.7\)\ L;LAL:J @J.A.L;— 3)-’<-.’J) “’<'i 9 4.23];

d‘“"]";(’"u‘ LSJL"J-U Dj-i-i‘}) LQT » oM Ll

oolar | (g5 oluel

Fuzzy/Random numbers

51 alols
Intervals

(a3 8l5 olasl
Real value numbers

onlaipds g5ludie 5 axle glas Ss Giledids g -) SO
Figure 1. Modeling of facing approaches and uncertainty.
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Table 2. A numerical example of a number in an agricultural problem.

w

B

A

=

r.xS
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Figure 3. The used area for planting.

Sl ss 5 Al B s S il dles

oL c,éjf)bfew)ﬁ 340 QL:;;\):GJ{::

k3

s ekulel Olgea £ K8 s &S b0k
C«:&Jﬂérv\ﬁ B S L;""“li ‘v—i-’; odalie Coua cb;
Lyl i oS ol LfiLachg O el Cewdas (S dde

(S Do by el S bl o son L



220
X
5 _—
15 S e
97 4 2
2 ‘3, 23 180
. % s E
N %3 160 =071
2 > C
1 < g
3 140

crisp- ks fuzzy- ;L z-number-; sue

Conditions of certainty c.xhs L,

85 3 5 (56 el Lyl 3 Cod Jue J Al -t IS
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Table 3. Weight of target functions.

O pae (5l Bl Silw SSla— Sl SSla— 3l STam A sl Sl

ol abe Lzl N peames A 5 L Sl &Y poame
- C ¢ e w7 S G S 8w T

Minimize water Maximizing Maximizing Maximize the use Maximize the
resources economic profit production of of labor (%) production of
consumption (%) (%) products (%) o strategic products (%)
0,(%) 0.2 0.33 0.1 0.14 0.23

Slaal 51 e Sl K b Sus w5 palie - Jgur

Table 4. The values of target functions by placing the solution to each of the goals.
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Table 5. The area cultivated in different target functions.

;A:Sﬁ)‘cla.ﬂ

6)‘)ij5 Q\J)M

444\JM@UQA>,$6)‘MUSQVWU:§A);;5,_J‘CEM

Cultivated area of agricultural products by considering objective function ...

L ds ol e A gl sShas Sl Sl
_ A sl Slas- Sl Sl Sl Jolas J pas
TH g)i'j) Q\J)..a:u 6;;5)\54{ _
NP Ll e Product
The cropping area Sl S8 s, . vl o é.)“ - e .f”
under the target T el Maximizing the Maximizing Minimizing
function with the Maximizing the Maximizing production of economic water resources
TH method production of the use of products profit consumption
strategic products labor
By
52773 65796 65796 65796 54849 28893 f
Wheat
11803 26082 20478 15883 26082 11803 >
Barley
4186 1799 4186 4186 4186 1799 =
Comn
1799 1799 1799 807 1799 807 =
Cotton
S pam S
4539 4539 4539 4539 4539 2010 S
Tomato
0 3717 0 11188 11188 0 g
Rice
5785 5785 2532 5785 5785 2532.392 Sibal
Potato
3126 3126 14073 3126 3126 1407 sl
Sugar beet
HPRWY
4023 4023 1726 4023 4023 1726 =
Watermelon
3L
17 17 17 17 17 0 o
Onion
L
0 0 1734 1734 0 0 o
Soya
0 0 12374.71 0 0 0 =
Pea
L
0 0 2666 0 0 0 =9
Bean
Ao
0 0 0 0 0 0 d
Lentil
(%Y
0 0 0 0 0 0 -
Rapeseed
gy Ols sl
93 93 93 93 93 93 @30 I
Sunflower
L
1904 1904 1537 1904 1904 843 ’F
Cucumber
19110 19110 19110 19110 19110 8427 e
Alfalfa

Yy



IYAY (0) o ko (Y0) s S g O Chlin s yidgss 4y i

il Ghas s 4 a8 b Sls,ly eme —\ Jad
s glg el == >

Table 6. Import volume according to different objective functions.
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Table 7. Solving the model in terms of certainty, fuzzy uncertainty and z-number.
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Abstract

Background and Objectives: Agriculture is considered as one of the main sources of wealth in
the economy. Because of its significant role in providing food, social welfare and economic
growth, developing countries should keep it at the forefront of their economic plans to
overcome the economic crisis. Management and planning of agricultural water resources are
strategically vital. In this research, both cropping and import aspects of the products have been
considered. The aim of this research is to study of land capability and existed resources for
agriculture production so that it improves the economic and social conditions of the farmers in
country.

Materials and Methods: In this study, the data are collected from documented reports of the
ministry of agricultural Jihad and the Iranian National Irrigation and Drainage Committee. A
comprehensive mathematical model is presented that it aims to reduce the amount of water
consumed, increase the production of strategic products and consider the social factors such as
the employment of local laborers. In fact, it is possible to determine how much water can be
allocated and which product should be cropped so that both water resource management and
profitability is being guaranteed for farmers. Generally speaking, the nature of decision-making
in the real world is uncertain and finding a solution without consideration of this issue will
make the decision unrealistic. Fuzzy decision approach can be applied to tackle uncertainty in
many problems, but this approach has its practical limitations and in some circumstances, it may
not be able to model the uncertainty accurately. Accordingly, we use a new concept of
uncertainty which is called as the Z-number. To optimize multiple objectives, an interactive
approach has been applied. The proposed mathematical model is linear and is solved by Cplex
software.

Results: In the country, there are no agricultural cropping patterns based on regional needs, the
status of water resources and exports. This matter not only leads to the loss of water resources,
but also have a significant impact on farmers' productivity losses and without a specific
program, there may be a sharp price fluctuation of agricultural products in markets. Considering
the strategic aspects of some agricultural products such as wheat, alfalfa and barley in the
presented study, the production rate of these products is higher than other ones. Results showed
that the products will not be planted in 22% area of the land and this is because the limitation of
resources for planting or the import may be cost-effectiveness rather than planting.
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Conclusion: The results show that in the proposed model, the strategic importance of
agricultural products directly affects the amount of production. According to the statistics of the
Ministry of Agriculture in 2014, 61.18% of the total agricultural products are covered in this
research. The obtained results show that decision making based on the Z-number approach
provides a conservatism solution rather than fuzzy and deterministic approaches.

Keywords: Agriculture products, Crop planning, Multi-objective programming, Z-number
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