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Introduction

Management of water consumption in arid and semi-arid regions in recent years has been considered a key
issue in the field of water resources management. Zirkoh and Ghaenat counties are the hot spots of water
consumption in the region. Water footprint and virtual water are critical indicators for water resources
management. Therefore, the development of the cropping pattern with high water requirements has led to a
negative water balance in the Ghaenat and Zirkoh counties. To prevent the negative consequences of this crisis,
it is necessary to consider the restriction of cropping pattern with high water requirements in the region, as well
as the assessment of water footprint and virtual water of agricultural products. Also, one of the strategies for
managing and optimizing the consumption of water resources in the region is to determine the appropriate
cropping pattern with regard to the local conditions. Therefore, this study has been conducted with the aim of
calculating the components of water footprint and virtual water in the cropping patterns of Zirkoh and Ghaenat
counties and determining the optimal cropping pattern for planting crops from the perspective of water footprint.

Materials and Methods

In this study, the amount of virtual water and green, blue, gray, and white water footprint for wheat, barley,
potato, sugar beet, cotton, alfalfa, and saffron were calculated in the current cropping pattern and at multi-
objective nonlinear programming (MOP) approach with the objectives of maximizing net profit and minimizing
virtual water, green, blue, gray and white water footprint as the optimal cropping pattern in Ghaenat and Zirkoh
counties. The study area was irrigated areas of Zirkoh and Ghaenat counties in 2017.

Results and Discussion

The results showed that the indices of virtual water and water footprint components in Zirkoh county were
higher than in Ghaenat county. Also, in two counties, the blue water footprint was more than the green water
footprint, and the results showed that a large amount of water resources in this area is spent on the production of
cotton. In all studied crops, blue water footprint was more than other components of water footprint, which
shows the reliance on the surface and sub-surface water resources. The results also showed that the area under
cultivation of potatoes, melons, and barley in the multi-objective pattern of Ghaenat and the area under
cultivation of melons, sugar beets, potatoes, watermelons, alfalfa, and saffron increased compared to the current
cropping pattern. Reduction of the area under cultivation of cotton, alfalfa, and watermelon in Ghaenat county
and cotton, wheat, and barley in Zirkoh county by 50% in the multi-objective crop pattern were other important
results. By determining the optimal cropping pattern, the environmental effects of the agricultural sector on
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water resources could be reduced so that the implementation of this pattern in the region reduced virtual water by
26%, blue water footprint by 4%, gray water footprint by 18% compared to the current cropping pattern.

Conclusion

According to the findings of this study, it is necessary to pay attention to the environmental objectives
affecting water resources in optimizing cropping patterns. Using the proposed model, in addition to selecting the
appropriate model and optimal use of water and land resources to increase profits and reduce water and virtual
water footprint, about 13 million cubic meters of water could be saved compared to the current cropping pattern
in the region. Therefore, by implementing the optimal cropping pattern, in addition to reducing the
environmental effects, the net income could be maximized of water consumed per cubic meter in the region, and
by reducing water consumption, we can help achieve sustainable consumption of limited water resources in the
region.

Keywords: Bluewater footprint, Green water footprint, Nonlinear planning, Saffron, Water resources, White
water footprint
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Table 1- List of symbols used in the model to define sets and variables

T 2o &y
Description Symbol Type

(Ol o) (ool o pg3 o d € {1.2...D}

Second level of political divisions (County)
«_J\/9.a.’>m u,Lo] bj)f j e {1.2. ....j} LQA.C?A?LA

The main group of products Sets

Jlo slaels m € {12,..,m}

Months of the year

2 OV gamo 4 0 Gl 0> | Joamo 4y o 031 anass e )laie

The amount of land allocated to product j in the county d to irrigated products

A oliwyad gl M olo 4 oas o3l yanass Ul ke
The amount of water allocated to the month m for the county d
d b b glp ] Jgpame el glp J5 (oIS 250
Total net profit for crop production j for county d
d hojd sly ] Jypame cuiS sl silore &
Virtual water for crop cultivation j for county d
d uL.w).Q,.u d‘)_.vj J9.a.'>m cuss dl).g Jaw y\ &5‘13)
Green water footprint for crop cultivation j for county d
d ol pd @lp ] Jgpame cuiS cly o Sl b,
Water footprint for crop cultivation j for county d
d losed @lp ] Jpame cuiS s 2u8s o s,
Gray water footprint for crop cultivation j for the county d
d loyeed lp ] Jypame cutS sl b Of b,
White water footprint for crop cultivation j for county d
s 53 IS als 5w 4 bgyye g Ban ol
Objective function and related to the total net profit in the template
d ol ped gl Jgpamme cuiS gl JS sl ol (s,
Total virtual water footprint for crop cultivation j for county d
il ol 4 byrye 5 i o
Objective function related to virtual water
d ol ped @ln ] Jpame cuiS gy S o f b,
Total green water footprint for crop cultivation j for county d
oo Sl 4y bgiyo g B 2
Target and green water function
d ol ped gl ] Jgpame <t lp U5 o o gbs,
Total water footprint for crop cultivation j for county d
ol sy 4 bgpe g Bun ol
Objective function related to blue water footprint
d b slp ] Jpame catS (lp U5 s O gbs,
Total gray water footprint for crop cultivation j for county d
S Ol gbd) 4 by g Ban b
Objective function related to gray water footprint
d ol eed slp ] Jgame <t (gl U5 s O (b,
Total white water footprint for crop cultivation j for county d
ko Ol (543 4 bgrye g B o
Target function and related to white water footprint

Land _C ligpigared V}
Water_Cl_V5,
NetBenefit_CI_V}
SWD_c1_ve
WFGreen_CI_V*
WFBlue_CI_}
WFGray_CI_VE
WFwhite_CI_*
ObjectProfit,

SWD_CI_V* V;g;l’es

ObjectSWD_v
WFGreen_CI_V?

ObjectW FGreen_v
WFBlue_CI_V®

ObjectWFElue _v
WFGray_CI_VF

ObjectWFGray _r
WFwhite_CI_V*

ObjectW Fwhite_v
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Table 2- List of symbols used in the model to define parameters

T dlos
Description symbol
ol 25 NB
Net profit
Silbre SWD
Virtual water
}A'N g')‘ dlf'b) ) WFGreen
Green water footprint
d‘ yl dli)) ) WFgIue
Blue water footprint
(5)"""‘51> ‘—’1 dlia) WFGray
Gray water footprints
o u’l
. o =l ) . WFwhite
White water footprint
d olyted > Mool § Jpae sl (o) 508 oy LandSchd;,

Land use coefficient for crop j, month m in county d
@l Y e 0 oyl pos )3 cusS” BB e lado
Amount of arable land in the county d Irrigated crops
w23 9 ol SV gamme O liwyad jd cutS bl e jlhde
Amount of arable land in the county d irrigated and rainfed crops
e )3 Jpamo yo iy o Sl
Maximum area under cultivation of each crop in the area
s 5 Jpams 3o 0ty o Jilis
Minimum area under cultivation of each crop in the area
d Gl g 2 Jpamo o)l ot
Irrigation efficiency of crop j in county d
oo slp ] Jgamma 5 S o S i 5l 3590 palls e
The amount of pure water required to cultivate one hectare of crop j for county d
d by sl Moolo )3 o yiwd B O lude
The amount of water available per month m for the county d
d ol gl sl ] Jypamme cutS sl (G958 Ll alls 59
Net profit Current conditions for crop cultivation j for county d
ditio s slp ] Jpame cuiS lp 9 Ll (sjlme
Virtual water Current conditions for crop cultivation j for county d
d ol jged sy J Jgmame S (gl 5958 bl o T (5L,
Green water footprint Current conditions for crop cultivation j for county d
d ol jged lp J Jgame <l ly S5 bl T Ol (b,
Trace of irrigated water Current conditions for crop cultivation j for county d
d Gl lp ] Jpame cutS (lp 5958 lpd (685 Of (b,
Gray water footprint Current conditions for crop cultivation j for county d
d Gl lp ] Jpame cutS sl 5958 alpd i O b,
White water footprint Current conditions for crop cultivation j for county d

LandRHS Irrigated?
LandRHS Rainfed?
Land Cl_m ax]-'j
Land_Cl_min{
WaterEff?
NetWaterR eq?m
WaterRHSS
NetBenifitCrrent®
SWD_Crrent®
WFGreen_Crrent d
WFBlue_Crrent®
WFGray_Crrent®

WFwhite_Crrent d

s ol O s 29800 el )bl T sk ) it 5
o Jsmame a5 IS5 orimo LS &S 035 Sas f g,
Gang L el ojip; g xbw ol wlio 5l odlatul
e do ol wlio Sk ol wlie 35S 5 3] (gl Jluslis
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Table 3- Amount of virtual water, water footprint and net benefit in the current irrigated cropping patterns

Ul 3500 NB sl o of L3, = g, SrmS s O 5L, S 1 (13,
hatt VW WFGreen WFegiee WFGrey WFwhite
($-ha) (kg ) (mi.t?) (me.t?) (me.t?) (m°.t?)
[ W K]
Qaenat
oS
396 2530 364 1744 62 399
Wheat
7 257 1465 302 629 42 950
Barley
3 314 9040 160 6075 100 2075
Cotton
) e 3392 585 10 393 3 126
Potato
R 866 366 6 246 5 126
Sugar beet
2R 1184 382 18 245 3 45
Melon
e 304 407 15 230 3 59
Watermelon
s 984 2053 185 1230 29 1127
Alfalfa
et
0 3714 1040 253600 583058 200 3279125
Saffron
895 15
Zirkoh
oS
180 3357 385 1930 57 170
Wheat
# 178 1588 337 1093 37 881
Barley
3 275 12209 178 8242 105 4409
Cotton
) e 3045 766 10 528 3 261
Potato
il 844 491 7 339 5 220
Sugar beet
2R 1946 480 25 330 3 64
Melon
o 304 530 22 318 3 147
Watermelon
s 1125 2576 212 1764 29 593
Alfalfa
obée 3714 1456 278200 886796 210 498560
Saffron

b ;._J «bsy WFwhite (& yuuS 5 «J s, :ngrey ‘&] ;J b,y ‘WFgiue e 9] «bs, WFareen < sjlxe uJ : VW (Al dgw :NB

3uio gloBly tpcie
NB: net profit, VW: virtual water, WFgeen: green water footprint, WFge: blue water footprint, WFge,: gray water footprint, WFwnie: White water footprint
Source: Research findings
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Table 4- Area under cultivation of agricultural products in the cultivation cropping pattern in Ghaenat and Zirkoh counties
according to the studied objectives (unit: ha)

J{ O 1 KT
d;‘?dsg'd)’t“”m» 317000 | KES-5{ WERv. KUy | WO | Ky S{ WO | KPS il

; Siyteliy
Jgasmo - d Mk : ol gs, ©7
Crop Current 2l dgw  (gilbme ol jaw 2l b, (2l @l 5L, jaw T b, L e
Pattern MNB MVW MWFGreen MWFae  MWFarey - MOP
MW Fwhite
ps 3808 3773 3800 3800 3725 3800 3800 3800
Wheat
> 2429 2481 2523 2523 2660 2523 2523 2523
Barley
3 800 400 400 400 400 400 400 400
cotton
o) e 57 193 193 193 193 193 193 193
potato
oLt M 626 835 376 376 818 376 376 376
Qaenat Sugar beet
°pA 529 580 593 593 265 593 593 593
Melon
wlysin 83 42 42 2 2 2 42 42
Watermelon
92 416 416 208 208 208 208 208 208
Alfalfa
ol 84 84 84 84 84 84 84 84
Saffron
Tgt‘al 8832 8804 8219 8219 8395 8219 8219 8219
pis 1397 1054 699 699 699 699 699 699
Wheat
> 586 500 293 203 500 203 203 203
Barley
8 331 277 166 166 166 166 166 166
cotton
) e 6 9 9 9 9 9 9 9
potato
°55 25 Moy 1 5 5 5 5 5 5 5
Zirkoh Sugar beet
°R 9 81 81 81 81 81 81 81
Melon
wlysin 357 536 536 536 536 536 536 536
Watermelon
92 172 190 180 182 150 182 182 182
Alfalfa
o) 34 35 36 35 35 35 35 35
Saffron
Tial 2893 2687 2004 2006 2181 2006 2006 2006

‘u‘j LJ dl,;b) d)‘L»JﬁLb :MWFslue e u,:] Lglib) d)‘b)if\.b :MWFgreen «silre ;.;’l d}L»J.’élb :MVW ‘04]\5 dgw d)'Lw)i'f\» :MNB )b 69@1 :Current
aua s> g0y wbp MOP i Ol (sbs, (o5l Bl MWFwhite (¢ S o (cbdy (gjlo il :MWFcrey
Current: MNB: net profit maximization, MVW: virtual water minimization, MWFgreen: green water footprint maximization, MWFeiue:

blue water footprint minimization, MWFgrey: gray water footprint minimization, MWFwhite: footprint minimization white water, MOP:
multipurpose planning



VAV e s’ o801 (o' 512 630 T 9 0T (6L 0,591 2

2y 05 ailate 3 (6yle o 4 Cos |y Of anSopio yabso
;.j L;l_p) ‘djl_?u ;.j L;Lzz}i" PR ‘5);‘.“515 :..j ‘515.)) OI)’,,A
VeAVAY 5 edy Y s iase MOP Jis g dutuw o6 yiuS B o
ol s ooplply el gals ols (o3l 4 s m3.tont
4 G |y (So91 ialS gy cuiS (ool slynl b aad oo
aibio )3 3¢l o WA LialS sals g o)l oS (ool
ol sbe) lagSll ) i OF (o) (lie izpad 9 eeplss
4 CowsMBLONL YEAVYA -l 10ds S g (6 yianSE (ol o
Y gazme CiS 5 aw Gl L LBl (il e 665l
A8 )N 0 9 OLISB D 5 g 050y ¢ o jaw Sl
o GialS 9055 05 ) (lyde g 4osg lgiin (uejium
g ilome ol Glie ()l 65 A Cond g2 9 pAS S 5
30 Y gae CulS (668l e Mol ¢ cplply (il ials ol b,
lgie o gy lial o 5 (o Orien ) 0

355 8 e jlub g @ elied Jelse 1 (S plysa

S 35 o
ddlaie u—"‘)} C.»Yg_,am coss A d?i-” cdalllao og.\ 2
o S Gygorte 9 silome Ol plise bl 2 BB 5 058 ;5
MOP cuiS (6651 08,5 Jlas o Lol ol aadllas oyl oo
Ol e 33 52 0jm B (e i SV guaze CuiS 5 pdaw
¢t Jrmw B yLian 030y Y guatte CulS ) pdaw g GLSB
o g b e lasg BB il e g dotey cilgain
P el sl eigan o by lie GialS (sl g5
) e Hl58l Clewds HL (IS slaciulu dslllas 3)50 dilaio
095 pj adlate 3 Ay g g2 pAlS 9 CUSB Gl g )3 23 )xike
a2y bl adhte S (65)liS Y gase Mg Gliee 105 08l
5 silome ol Lusy olie LialS g dgw Sl LS Clual &
OBl ogad 13 (658 paendl 500 ol 3¢ ploul Of g,
laidl Plue 595 o wlol p Ll calisee 3ble ol); LS

Gl 581 Gl o pge sla pide
D413 (6559LiS dnwgi g G9y ) ke i (odlaiBl ol >
= Y g clagSl alS” (Al dgw addllas oyl )3 &S b
Sl BL o)l 665 ds jd (allb daw (g5l il 6N
S5 VLYFY e lilas u—‘] Y g amo dgw (il Slis (665l o
2=29 4 Cuud Jojd V) d).a.mfb u] dlg:.)) 9 o) Y uj ui
LB i s Y guame MOP (o3l (6651 ,d O (Lo,

Nouri et al (& Jodo) 350 sty 05 15 o )liuw s 4y o

- oo dilain )3 dinge oS (58Il s b 45 W3S b )5S (2020)
02 BY ooy 39w oljae g il amd ¥/0 1) ST Ol cbdy ol
ol g @le 5l onlatul b oS el Jbs p3 ol ol iul3sl ao )y
b cél saly ials 4o V0 his T gl lie (slo,lad
5 ilome Sl el Sl 3590 slagSl 45 )3 3l s
4 bgoge (il Ol ials oy i )03 3909 O sbd,y clje]
5 oo o (63, s y2aS B T (s, cesilone ol Cilaal L LngS)
AV ()3 ody (gjlome ol oSl oyl (gl b &S 599 MOP
Aalgs ials o)l ool & Cans doyd Y8 d9ds 3 g MAkg
<dl
Ol Gyame aS 05,8 5)55 (2020) Delpasand et al.
S il 3 (559U Ol (spg0 0 (392 ol 42 4295 b (s5lone
Oly a2l ] sl JLSis 5 (Soi8 Lulyd )3 cplple VL
o il b adlae oyl ) gBlods 58 5ieS 1) (gile O liee
PS5 g OLSB adlato ) ailgiin g AB )i gy cdihy CulS
2o YF fais lgicen MOP e )3 098 dilate )3 4y 9 92
otlS (i 2, 0,33 ) ¥ ganme A (sl 5l 350 O
Slaal L Lagsl as bgyye &Y gaame cois o Of b,
g i 0l (6b3) s S Ol 6bs) ol O (b (il Bl
4 o Jooyd jlps dgas pMEEL FVAYAND ials L MOP
Sl 553e slapliw e > Sl 4 d2 g b g (o)l g55)
=0y Sl caxSate (oo T4 0 5l iy (65,9l Y gazme Mg
Falahat et al., ) 545 0 cilbdp Ol o) ol mlio cla
W gis 53 gz MOP caiS 6580 (sl b el ol (2019




YAA

goa]

> (539 bl pgr &

(PO QRVES

V) 5l < Vo,

L1001 J91BA\ ANMYAL MM g4\ JuLId)00] JjeA\ ABID) PP M quiidio0,] JjeAN Anfg PME A JULIAI00,] JOJBAN USAID) (O T A ISTBAN [BNUIA SAAA WJOIJ 1IN (N

Surtuuefg asodmdnyniz :JON “19IeA\ ANYA\ uoneziururur juridi00, PN T A ‘uoneziwuru jutidiooy

1a1em KBID) (0 M A “Uoneziwruiw Juridiooy ajem ang M8 A A ‘UoneZiwixew Juridjooy J2Jem uddIn) 10 A JA] ‘UOHBZIWIUILW JAJeM [BNLIA (M AN ‘Uoneziwixew jjoid 1N tgNA ‘usaned juain)) juasn))

AN 40 AP MA [ QS SIOGA: CRSY (5 e g Az (RS | [ R p: (RS | e MM gz (GRS | e
JON: ¥qev (€5 v wvew

oINS 9 GNIN: TS P e e MAWE TP 0 2l IO MNE TS RS | 0 M A <t S CAT | [T SR A <" ES (CRS | et MM g N : <" RS | e

B0,
L9T69¥00€ L9T69¥00€ L9T69Y00€ 16L61S00€ L9T69¥00€ 9¥08€800€ 9¥08€800€ 9¥08€800€ S
Yoz
£€TTSO81 €€TTSO81 £ETTSO81 LELTO061 €ETTS681 clolzeel cloizeel clolzeel (% (,.uoy¢u)
¢ I-
Jeude() UM T AN
FEOLISIBT PEOLISIBT PEOLISIBT PEOLISIBT PEOLISIBT PEOLISIBT PEOLISIBT PEOLISIBT ame
©10],
ceslor ceclor ceclor SC00S ceclor 81916% 1909¢€¢ 0€¥109 _n.,
yoyz
PELTB PELTB PELTB 9168 PELTB 6188 L6ETTI Sleorl (% o (_uoygw)
1eUdE() _.?w%s
66L801 66,801 66L80% 8CI11¥y 66L801 66L801 S99€1¥ ST1TSY ame
e10]
96S6T€S6 9656TE£S6 96566 6LSLSTS6 9656TES6 018€8656 16859296 1SYT8¥66 S
Yoz
coresere coresore colesore CLITTOPE coresore 91€L09SE 9F16£19€ $8T6€99¢ (% bo (uoycur)
1eURY) _.u.__m,._\s
P6¥9LE09 P6¥9LE09 P6¥9LE09 LIPSEE09 Y6¥9LE09 P6¥9L£09 S0L9T909 991€£¥8T9 ame
2101,
8LLOE6EE 8LL6E6EE 8LLOE6EE 8LLOE6EE 8LL6E6EE 1S8SPIE 8YLI96EE 8LL6E6EE S
Yoz
SS9L6T01 SS9L6T01 SS9L6TO01 SS9L6T01 SS9L6T01 8TLEOSOI ST961€01 SS9L6T01 (o (uoygur)
Jeude() ._rech;?
€TITYIET €TITPIET €TITHIET €TITPIET €TITPIET €TITHIET ETITYIET €TITrIET ame
©10]
119629¢T 1196T9¢€T 119629¢€T L19616€T 119629€T 6L£0TIET 0109869C celLicee _n\.
o7
SEC169¢ SEC169¢ CEC169S F9ELEGS SEC169¢ €0€989¢ 68£0658 699S€01 :.Qma (ey.w)
JeudR)) _.B\w
9LOYE6LI 9LOVE6LI 9L0¥E6L] PETTROLI 9LOYE6LI 9LO¥E6LI C9s6€81 E£SPrI81T ame
[B10L
6V0S0¥S 6¥0S0¥< 6¥0S0¥S 6V0S0PS 6¥0S0¥S 6Y0S0¥S 6S¥LOT9 6Y0S0¥S S
qyoyz
LEYTI6 LEYTI6 LEYTI6 LEYTI6 LEYTIO LEYTI6 8€00501 LEYTI6 (% bo ()
jeude) 4N
119261t 11926t 11926tt 119261t 119T6¢Y 1192611 0TPLSOS 11926t ame
dO NI POMN AN PIOIMIN MAN aNIN T
@vey i AL i | ot (s a® _.W oy wﬂ
L SRR T K LS RACL PRNTS ET o AR AT BT e LR AT <v|sfemfs (cq s <vjgefS (S <r|s¥enfS e _ A

paipnjs sanunod pue saAanddlqo Aq sdoad pajesLia jo widyyed Surddoad ay) Surtururid)ap ur ssjqeLiea jueyioduy -¢ d[qe L,
e 0— oK) Y of o D S g acerb R (P v s v 6 e O e o



VAL w5l s sl silme ©F 9 0T 53, 3,597 2

ool 8 1y adlate baylyd b canlio cuiS o8l Ol glio oo
Olossds Kilgy oo ddlaie p> dips culS oS s ooyl ply Lyled
sl Cundg Jb e 50 5 b (ials ) Jaoxe 5 (g0l

S waly8 ddlaie gl (oolaidl bl

= e O by esilome Ol oalaidl sl jasls adllas

S ol s Ll g 058 35 S (oSN 3 ks g (5 S
B aoyls g 1y glite gl calises sla)bne 5 ST
Coponl yr Baate Wb Blize (glayadli jl odlatul § (6 S e
@l Jie Gomed 255 Gjg0 adlllas 3)50 ailats )3 4 S »

Lo U flojen a5 dad o1y oSl cpl ol555liS” 4 adllas oy
o s 1y ol Loy ales 5l o cllas Mo o e3las] sl
reoly A8 blod S o 1y o wlie g @l gl zals
ol a5l Gty ohewd Laoslys Bpae &5 dblio o cuwl
Jie o Slaal I (6 Gl asls Of by (g3l S8l
5 ool Glaal g9d y o 18, 8 1y 5 Ly el 08 MOP

Sl Sl
allsel Jow il a8 dlde Cls o Jbo coles 5 dowy s
ool IR-UOZ-GR-9360 olases bl olSutily _atimghy cgleo

23,5 o (53Rl 0l

References

Afshar, A., Tavakoli, M.A., and Khodagholi, A., 2020. Multi-objective hydro-economic modeling for sustainable
groundwater management. Water Resources Management 1-15.

Agricultural organization of South Khorasan., 2016. https://kj-agrijahad.ir/. (In Persian)

Amiri, Z., Asgharipour, M.R., Campbell, D.E. and Armin, M., 2019. A sustainability analysis of two rapeseed farming
ecosystems in Khorramabad, Iran, based on emergy and economic analyses. Journal of Cleaner Production 226:
1051-1066.

Antonelli, M., and Ruini, L.F., 2015. Business engagement with sustainable water resource management through water
footprint accounting: the case of the Barilla Company. Sustainability 7(6): 6742-6758.

Bazrafshan, O., Etedali, H.R., Moshizi, Z.G.N., and Shamili, M., 2019. Virtual water trade and water footprint
accounting of Saffron production in Iran. Agricultural Water Management 213:368-374.

Berenger V., and Verdier-Chouchane, A., 2007. Multidimensional measures of well-being: Standard of living quality of
life across countries. World Development 35: 1259- 76.

Chouchane, H., Krol, M.S., and Hoekstra, A.Y., 2020. Changing global cropping patterns to minimize national blue
water scarcity. Hydrology and Earth System Sciences 24(6): 3015-3031.

Delpasand, M., Bozorg-Haddad, O., and Lodiciga, H.A., 2020. Integrated virtual water trade management considering
self-sufficient production of strategic agricultural and industrial products. Science of the Total Environment
743:140797.

Dury, J., Garcia, F., Reynaud, A., and Bergez, J.E., 2013. Cropping-plan decision-making on irrigated crop farms: A

spatio- temporal analysis. European Journal of Agronomy 50: 1-10.

Fader, M., Gerten, D., Thammer, M., Heinke, J., Lotze-Campen, H., Lucht, W., and Cramer W., 2011. Internal and
external green—blue agricultural water footprints of nations, and related water and land savings through trade.
Hydrol. Hydrology and Earth System Sciences 15(5): 1641-1660.

Falahat, S.E., Hadi, H., Moghaddam, S.S., and Aryanfar, A., 2019. Exploring cultivation site of saffron (Crocus sativus
L.) by utilizing GIS linked to AHP. Spatial Information Research 27(3): 285-293.

Feng, B., Zhuo, L., Xie, D., Mao, Y., Gao, J., Xie, P., and Wu, P., 2020. A quantitative review of water footprint
accounting and simulation for crop production based on publications during 2002-2018. Ecological Indicators 120:
106962.

GAMS/CONOPTS3, 2010. Bagsvaerdvej 246A, DK-2880 Bagsvaerd, Denmark: ARKI Consulting and Development.

Gao, J., Zhuo, L., Liu, Y., Xie, P., Wang, W., Li, M., Gao, X., and Wu, P., 2020. Efficiency and sustainability of inter-
provincial crop-related virtual water transfers in China. Advances in Water Resources 103560.

Golabi, M., Hasili, M.A., and Nasab, S.B., 2020. Study and evaluation of irrigation and drainage networks using


https://kj-agrijahad.ir/

1Fo) 5l Voslods VF wlr (55 yglins b pgo 4y pi Y40

analytic hierarchy process in Khuzestan province: A virtual water approach. Agricultural Water Management 241:
106305.

Inas, E.G., Grigg, N., and Waskom, R., 2017. Water-food-energy: nexus and non-nexus approaches for optimal
cropping pattern. Water Resources Management 31(15): 4971-4980.

Jones, D., and Barnes, E.M., 2000. Fuzzy composite programming to combine remote sensing and crop models for
decision support in precision crop management. Agricultural Systems 65(3): 137-158.

Jonsson, J.0.G., and Davidsdottir, B., 2016. Classification and valuation of soil ecosystem services. Agricultural
Systems 145: 24-38.

Li, M., Fu, Q., Singh, V.P., Liu, D., Li, T., and Zhou, Y., 2020. Managing agricultural water and land resources with
tradeoff between economic, environmental, and social considerations: A multi-objective non-linear optimization
model under uncertainty. Agricultural Systems 178: 102685.

Mardani-Najafabadi, M.M., Ziaee, S., Nikouei, A., and Borazjani, M.A., 2019. Mathematical programming model
(MMP) for optimization of regional cropping patterns decisions: A case study. Agricultural Systems 173:218-232.
Marzban, Z., Asgharipour, M.R., Ghanbari, A., Ramroudi, M., and Seyedabadi, E., 2020a. Evaluation of environmental
consequences affecting human health in the current and optimal cropping patterns in the eastern Lorestan province,

Iran. Environmental Science and Pollution Research 1-16.

Marzban, Z., Asgharipour, M.R., Ganbari, A., Nikouei, A., Ramroudi, M., and Seyedabadi, E., 2020b. Reducing
environmental impacts through redesigning cropping pattern using LCA and MOP (Case study: East Lorestan
province). Journal of Agricultural Science and Sustainable Production 30(3): pp.311-330.

Mekonnen, M.M., and Gerbens-Leenes, W., 2020. The water footprint of global food production. Water 12(10): 2696.

Mesgaran, M.B., Madani, K., Hashemi, H., and Azadi, P., 2017. Iran’s land suitability for agriculture. Scientific Reports
7(1):1-12.

Meteorology of South Khorasan province., 2020. http://skhmet.ir/index.php. (In Persian)

Niu, G., Li, Y.P., Huang, G.H., Liu, J., and Fan, Y.R., 2016. Crop planning and water resource allocation for
sustainable development of an irrigation region in China under multiple uncertainties. Agricultural Water
Management 166:53-69.

Nouri, H., Stokvis, B., Borujeni, S.C., Galindo, A., Brugnach, M., Blatchford, M.L., Alaghmand, S., and Hoekstra,
A.Y., 2020. Reduce blue water scarcity and increase nutritional and economic water productivity through changing
the cropping pattern in a catchment. Journal of Hydrology 125086.

Paramjita, D., Panigrahi, B., and Paul, J.C., 2018. STEP method of multi objective programming: An operational
research tool for efficient resource planning for minor irrigation command. Journal of Krishi Vigyan 7(special): 144-
150.

Qasemipour, E., and Abbasi, A., 2019. Virtual water flow and water footprint assessment of an arid region: A case
study of South Khorasan province, Iran. Water 11(9): 1755-1768.

Ren, C., Guo, P, Tan, Q., and Zhang, L., 2017. A multi-objective fuzzy programming model for optimal use of
irrigation water and land resources under uncertainty in Gansu Province, China. Journal of Cleaner Production 164:
85-94.

Ren, C., Li, Z,, and Zhang, H., 2019. Integrated multi-objective stochastic fuzzy programming and AHP method for
agricultural water and land optimization allocation under multiple uncertainties. Journal of Cleaner Production 210:
12-24.

Rodriguez, C.I., De Galarreta, V.R., Kruse, E.E., 2015 Analysis of water footprint of potato production in the Pampean
region of Argentina. Journal of Cleaner Production 90:91-96.

Sun, H., Zhang, X., Liu, X., Liu, X., Shao, L., Chen, S., Wang, J., and Dong, X., 2019. Impact of different cropping
systems and irrigation schedules on evapotranspiration, grain yield and groundwater level in the North China plain.
Agricultural Water Management 211: 202-209.

Vallino, E., Ridolfi, L., and Laio, F., 2020. Measuring economic water scarcity in agriculture: a cross-country empirical
investigation. Environmental Science and Policy 114: 73-85.

Woolson, R.F., Bean, J.A., and Rojas, P.B., 1986. Sample size for case-control studies using Cochran's statistic.
Biometrics 927-932.

Xie, Y.L., Xia, D.X.,, Ji, L., and Huang, G.H., 2018. An inexact stochastic-fuzzy optimization model for agricultural
water allocation and land resources utilization management under considering effective rainfall. Ecological


https://www.sciencedirect.com/science/article/pii/S0308521X18306644#!
http://skhmet.ir/index.php

VY w6l s sl silme ©F 9 0T 53, 3,597 2

Indicators 92: 301-311.

Zhang, T., Tan, Q., Zhang, S., Wang, S., and Gou, T., 2020. A robust multi-objective model for supporting agricultural
water management with uncertain preferences. Journal of Cleaner Production 255: 120204.

Zhuo, L., Mekonnen, M.M., Hokestra, A.Y., and Wada, Y., 2016. Inter- and intra-annual variation of water footprint of
crops and blue water scarcity in the Yellow River basin (1961-2009). Advances in Water Resources 87:29-41.



