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Fig.1. SPI index in Iran from 1365 to 1395
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Table (2) Value of efficiency, scale, and aggre

ated advantage indices for wheat

AAl SAl EAI Index
Province k!
1.44 1.17 1.76 East Azerbaijan ,s ool
0.90 0.74 1.10 West Azerbaijan ¢ ¢ \lxb,31
1.26 1.04 1.53 Ardebil Jos )|
0.57 0.59 0.55 Esfahan gl
0.39 0.54 0.28 Alborz;,Ji
1.54 1.10 2.15 llama>L!
1.02 1.39 0.75 Bushehr .5,
0.48 0.58 0.39 Tehran,l 45
0.85 0.92 0.78 S ks Jlxe ez
Chaharmahal & Bakhtiari
0.61 0.59 0.63 South Khorasan g oll,>
0.25 0.08 0.77 Khorasan Razavi sss, oll,>
1.41 1.16 171 North Khorasan Jls Ll >
0.70 1.05 0.46 Khuzestan -l ;55
1.53 1.36 1.71 Zanjan .,
0.76 0.75 0.77 Semnan ;Lo
0.36 0.73 0.18 RACONS R T
Sistan & Baluchestan
2.49 0.95 6.51 Fars .,
0.83 1.03 0.67 Qazvin 435
0.53 0.32 0.87 Qomys
2.16 1.49 3.12 Kurdistan ;s s
0.60 0.69 0.52 Kerman L s
1.48 1.03 2.13 KermanshahsLzils s
1.75 1.26 2.43 R

Kohgiluyeh and Boyer-Ahmad
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Table (2) Value of efficiency, scale, and aggre

ated advantage indices for wheat

wasls

AAl SAl EAI Index
Province .t

1.46 1.12 1.90 Golestan k.5
0.21 0.11 0.41 Gilan s
1.27 0.87 1.86 Lorestan i )
0.58 0.32 1.06 Mazandaran sk
131 1.23 141 Markazi ;s
0.29 0.33 0.27 Hormozgan ;5 5+ ,»
1.29 1.22 1.35 Hamedan -acs
0.46 0.69 0.31 Yazds;,
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oolaiwl b Ioases puorw g 0 B lo ax LS, oLl (s § Jasrs g dnsls olaidl (5 ,5L3 doais) Lo

4 LS jasls o Lol sl asls Sledbl ) ooliul b g acmlze Lol slajasls 9 PCA 3, 5
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Table (3) Value of sub-indicators and integrated water-ecosystem-economy index
in wheat
ax LS, asls Sy bayome dnol> olazdl &9l Lo zico Index
Integrated Environment Society Economy Technology | Resources
index Province .l
5.63 3.47 3.47 4.36 5.69 6.36 S olaml,l
East Azerbaijan
6.24 8.00 8.00 2.55 5.16 7.39 Ilam b
4.09 6.31 6.31 3.58 7.04 0.17 A
Bushehr
3.64 6.96 6.96 5.14 491 431 St Ll >
North Khorasan
5.76 481 4.81 5.67 5.05 7.00 ol
Zanjan
6.07 4.56 4.56 6.63 5.76 6.50 o
Fars
5.76 3.24 3.24 5.60 3.45 7.77 obiws S
Kurdistan
6.70 4,92 4,92 4.12 5.45 8.93 olisle S
Kermanshah
4,94 9.30 9.30 3.53 6.54 5.23 dox| pigr g 4glSeS
Kohgiluyeh and
Boyer-Ahmad
3.91 4.78 4.78 6.72 5.82 4.17 ol
Golestan
5.58 7.51 7.51 5.51 5.54 6.37 ol )
Lorestan
5.77 6.54 6.54 3.86 3.57 7.68 &5
Markazi
4.96 4,01 4.01 6.41 4.86 6.10 Ol
Hamedan
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Table (4) Ranking of provinces with advantages in virtual water exchange through

wheat
TSR PN LS pasls ol
Situation in virtual water Integrated index Province
exchange
NS 6.70 KermanshahslLzsls 5
NS 6.24 Ilam s
s> 6.07 Fars .,
Lyt 5.77 Markazi ;s
Lgie 5.76 Kurdistan ;s 5
Lassie 5.76 Zanjan ;s
bogie 5.63 2 3
East Azerbaijan
b 5.58 Lorestan -t J
Lagie 4.96 Hamedan aes
Lgie 4.94 ol g g 4glSeS
Kohgiluyeh and Boyer-
Ahmad

g 4.09 Bushehr ;s
Chind 3.91 Golestan .5
Chnd 3.64 North Khorasan Jl.s \Ll,>

Geios sloasl iaie
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Table (5)Value of efficiency, scale, and aggregated advantage indices for barley

AAI SAI EAI Index
Province .l
1.11 0.74 1.66 TR
East Azerbaijan
0.81 0.59 1.11 e ol
West Azerbaijan
1.31 1.30 1.32 Ardebil L.s )|
0.89 1.53 0.51 Esfahan - izl
0.72 1.37 0.38 Alborz;,Ji
1.63 1.75 1.53 llamest)
0.61 0.55 0.68 Bushehr ,o.4,
0.86 1.76 0.42 Tehran,l s
1.07 1.29 0.90 6k Jbre e
Chaharmahal & Bakhtiari
1.09 1.80 0.66 25 bl
South Khorasan
1.07 1.65 0.69 S92, Olel >
Khorasan Razavi
1.64 1.28 211 S oLl >
North Khorasan
0.47 0.58 0.38 Khuzestan -t ;95
0.92 0.45 1.89 Zanjan,lx;
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Table (5)Value of efficiency, scale, and aggregated advantage indices for barley

1.10 1.68 0.73 Semnan ;b
0.36 0.54 0.23 R CORESN I C
Sistan & Baluchestan
0.85 114 0.63 Fars .6
0.84 1.00 0.70 Qazvin ;3
1.54 3.30 0.72 Qom,i
0.78 0.24 2.46 Kurdistan ks 5
0.88 1.05 0.74 Kerman L ,s
2.23 1.45 3.43 Kermanshaholzsl 5
2.14 1.62 2.84 el prgr g a5l SeS
Kohgiluyeh and Boyer-
Ahmad
1.30 1.04 1.62 Golestan ;.5
0.44 0.15 1.30 Gilan s
1.56 1.48 1.64 Lorestan ;b )
0.76 0.53 1.09 Mazandaran ;| a5k
1.25 111 1.40 Markazi s ;s ,
0.15 0.13 0.18 Hormozgan .5 5« ,»
1.32 1.24 141 Hamedan ;lacs
0.43 0.57 0.33 Yazds;,
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Table (6)Value of sub-indicators and integrated water-ecosystem-economy index

in barley
ol Gy banea daol> slazsl S9kd o sl
4 LSS Environment | Society | Economy | Technology | Resources | Index
Integrated
index ol
Province
5.31 6.98 5.85 3.63 6.07 3.03 TR IRNC I
East
Azerbaijan
5.93 4,12 5.37 5.63 6.54 4,71 Jes)l
Ardebil
4.75 6.62 6.96 1.84 5.24 4.04 YA
llam
6.70 9.81 6.20 7.43 6.28 1.91 Jbes o>
d)l-.e-b‘a'
Chaharmaha
| & Bakhtiari
5.95 10 5.47 6.20 4.81 1.91 25 olul >
South
Khorasan
3.05 3.40 2.75 4.15 2.58 2.14 S5, ol >
Khorasan
Razavi
5.29 8.27 3.51 4.98 4.65 3.81 Sl oLl >
North
Khorasan
5.46 9.07 6.92 4.26 4.69 3.07 oliow
Semnan
4.95 8.95 9.19 1.06 5.50 1.20 Qomys
4.67 6.98 5.01 3.99 3.52 5.14 oliile S
Kermanshah
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Table (6)Value of sub-indicators and integrated water-ecosystem-economy index

in barley

oalo Gy e dxol> olazil Skd o ol

ax LS, Environment | Society | Economy | Technology | Resources | Index

Integrated

index ol
Province

5.81 9.87 6.46 2.73 6.34 2.64 JONOIR ¥ 4
S|
Kohgiluyeh
and Boyer-
Ahmad

5.18 6.31 5.19 6.14 4.71 3.03 obeds
Golestan

4.80 6.57 5.18 4.94 3.96 3.86 obew
Lorestan

4.64 7.89 4.83 3.69 3.72 3.80 &S
Markazi

5.59 5.74 4.00 6.43 6.43 8.03 Olken
Hamedan
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Table (7) Ranking of provinces with advantages in virtual water exchange

through barley

&5lre ol dsls o Cuniy S a3lo ol
Situation in virtual water Integrated index Province
exchange
<9 6.70 Sl Sl oz
Chaharmahal & Bakhtiari
Lagie 5.95 25 ol
South Khorasan
Loy 5.93 Ardebil J.s)|
bgie 581 ol g g gkSeS
Kohgiluyeh and Boyer-
Ahmad
Ligie 5.59 Hamedan lscs
Lyt 5.46 Semnan ;e
Ligte 531 S ol
East Azerbaijan
Liogie 5.29 Sl oLl
North Khorasan
Lisgis 5.18 Golestan s
Laogie 4.95 Qoms
Lusgie 4.80 Lorestan,t... )
Lyt 4.75 Ilamest!
Liogie 4.68 Markazi s ;s
Lisgie 4.67 Kermanshah.lzb s
Choxd 3.05 Khorasan Razavi sss, oL,

a5 (gl s

Ty Jpaze yd 55lre ol ddbo (1351 cowlio o) 2
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5009 Sy 5l s o ) e (rez (a3l (yile 5 LS (bl e lingy 5 4slSeS
ilee Suje I e Jpame S (6l
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Table (8) Value of efficiency, scale, and aggregated advantage indices for rice

AAl SAl EAI
Sl pb
0.31 0.06 1.45 S ol 3
East Azerbaijan
0.01 0.00 0.64 ot Ol
West Azerbaijan
0.22 0.05 0.96 Ardebil s
0.50 0.41 0.60 Esfahan L.l
0.77 0.29 2.04 [lam !
0.60 0.44 0.83 6oz Jloxe e
Chaharmahal &
Bakhtiari
0.05 0.00 0.59 w5 ol >
South Khorasan
0.18 0.05 0.66 S325 ol
Khorasan Razavi
0.43 0.13 1.48 Jeis Ll >
North Khorasan
0.67 1.13 0.40 Khuzestan : t ;55
0.40 0.13 1.26 Zanjan lx;
0.27 0.24 0.32 Ozl 5 i
Sistan & Baluchestan
0.76 0.73 0.78 Fars .1
0.34 0.22 0.53 Qazvin 3
0.11 0.01 1.52 Kermanshahelzil s
1.46 0.71 2.99 RS PPN ¥
Kohgiluyeh and Boyer-
Ahmad
1.52 1.72 1.34 Golestan . l.is
4.70 15.71 141 Gilan s
0.45 0.13 1.54 Lorestan .t J
3.59 10.44 1.24 Mazandaran |, ;L

a5 (gloaidly e
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Table (9) Value of sub-indicators and integrated water-ecosystem-economy index

in rice
ol Gy Jruzes dasl> olazil S y9ld s el
R Environment | Society | Economy | Technology | Resources | Index
Integrated
index ol
Province
4,52 9.67 5.65 5.7 4.34 4.32 s s 4 slSyS
S|
Kohgiluyeh
and Boyer-
Ahmad
3.54 2.17 2 3.69 3.32 3.51 obds
Golestan
3.28 3.45 6.94 3.35 6.08 3.24 LS
Gilan
7.16 4.86 5.48 3.98 3.03 7.73 ohsle
Mazandaran
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Table (10)Ranking of provinces with advantages in virtual water exchange
through rice

Silre ol Aol )3 Cunsg 4z LS e ls ol
Situation in virtual water Integrated index Province
exchange
u5> 716 dl).\})'Lo
Mazandaran
bgie 4.52 Soxl g1 g askSeS
Kohgiluyeh and Boyer-
Ahmad
s 3.54 obels
Golestan
Cnd 3.28 LS
Gilan
B bl tpie
Wiy g (85 4l

@ axg5 bodb oo sgame ol ol Syl g 0,08 )18 Siddes g S gablaie jo oyl 0l HgiS

3929 olio )l 1 Slieslse g 65,9laS slaJgame lp Lol iolsl g Comax il
B 3 g 50 9,49, Gﬂ ls Ol 5o (ol ML b oa.;.i—l Jlo sz o e bl sl

BUDCl 43,5 )18 (5,10 po st 3550 (55,5l 5w yo (2l @lie wo )y A Sl G Gl o o
S 1 O FAY il 5 ole demo ) TR0 g5 il (63,5LiS 5 cyolas 5 polio (15,30
3yl y ccclin ) Sal, S el 3 g sl ol ple jo o948 pouslyi aS caslie 7,k S
cuS ol ol e b glagbinl 0 ol sla game 45 i 5 cnl 4 wib oo jlme o alolis
ol ol @ 4 g8 5 b ol dazsliz Ll Logs jolo St dasi g i slalinl 4 5 ond
aile 6,50 sl adls Wl g cuns (I g5lme ol Aol 0 paly 05 coslin oy 1y
Lewly (nl 3 0S8 o)z 9 4255 3 90 2ok Crl Szl o Gy Lo g oLl i 5 oo
ool b B o iy o5 (slilelir gy —solatdl — LT Lol o5 YU o o o dzgs b 3aiod ol o
Ayl |y 299> srad.:f Ygasw jo 7k ol gl>l gl @Ub&' Sl ax 05l adtice Q] 3
diad gaaglsl Jpame o S sl 5548 slagbil 5 ab plsl PCA i) b s Jolos
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SIS 658, plal > pliwl 5 lawgie Condg Il olile S 9 (535 p0 el cliw J oo el
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Extended abstract

Introduction

Iran has limited water resources, and more than 90% of its water is used in the
agriculture sector. Virtual water exchange plan is a suitable method to optimize
water consumption in the agricultural sector. Attention to water resources,
economic factors, technology and transportation, society, and the environment is
necessary to examine the suitability of virtual water exchange plans between
regions.

In the present study, using the principal components analysis method and also
considering the indicators of resources, technology and transportation, economy,
society and environment, an index to evaluate the appropriateness of the virtual
water exchange plan for wheat, barley and rice products was defined for each
province. The innovation of the present study is the study of 3 different crops and
considering all the important indicators for prioritizing the provinces of the
country in their cultivation. Also, the innovation of the present study compared
to other studies is the study of all provinces of the country.

Materials and Methods

The purpose of this study is to create a water-ecosystem-economy index
according to the conditions of Iran and to use it to investigate the suitability of
the virtual water exchange plan for three wheat, barley and rice crops in different
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provinces. In this regard, in order to determine the appropriateness of the virtual
water exchange strategy, at the beginning, the provinces that have a comparative
advantage in these three products are determined based on the Aggregated
Advantage Index, and then, for the provinces with comparative advantage,
Virtual water exchange strategy has been studied through integrated water index.
The integrated water-ecosystem-economy index is based on the study of Cui et
al. (2018), which has been adjusted according to the conditions in Iran. Principal
component analysis (PCA) method was used for indexing. After creating
integrated index for each province in each product, the provinces of the country
are ranked based on the integrated index in the virtual water exchange of each
product, and each province that has more points is suitable for implementing the
virtual water exchange strategy for the products. If the integrated index is
between 8 and 10, the conditions of the province are very good, between 6 and
8, the conditions of the province are good, between 4 to 6, the conditions of the
province are average and below 4, the conditions of the province for crop
cultivation are poor.

Results and discussion

The results show that Kermanshah, Ilam, and Fars are good and North Khorasan
and Golestan are weak for the exchange of virtual water of wheat. In the barley,
Chaharmahal Bakhtiari has a good condition, and Khorasan Razavi has a weak
condition. For paddy, Mazandaran has a good, and Gilan and Golestan have a
weak condition.

Suggestion

1 -The use of the results can help managers and policymakers to solve the
problems of water in the country.

2 -1t is suggested that in future studies, horticultural and industry products should
be considered.

JEL Classification: Q25, Q
Keywords: Virtual water, water-ecosystem- economic index, water resources,
provinces of Iran, Wheat, Barley, and Paddy.



