Journal of Agricultural Economics & Development
Vol. 33, No. 1, Spring 2019, p. 55-74

L

G29LaS dxwgi g olaidl a yis
OO-YYF .o IVAA [l ) okl XY ul>

Q‘ﬁ‘ BE SN @\S«o‘ O C)qurﬁ &S'UL 5] ui 6)bu J&II

Y . . #) - . . .
2l s -1l 5 KA ks
VWAV /YA 1l 5 gl

CXVCES

od s youiS 0 Ol plioy HLid il 4 yoxie Comen by olyed 4 g Sloin] g (3Uail drwgi 9 3L o OleS xiie S iyl

g9 4msye dl5le i Canldila  VYAD Lo jd 55uS (slaliwl ;3 (glaily )5 g g paS Ol (6L, gg00m0 (65050l @y pols aalllan .ol
s 3 ML (il Ol )bs 4 il yo 3 Jgame ja Ol (gl Sl edlisiel b g aulee il o g )3 ;58 Y e (Sl
b5 ol ors odlitul & g Jo> Jao 5l U8 g Joo aje 59,8 s g oaiiS plo liwl pa solie ololis jelate 4y Cal ool Candy jguiS
5 555y olislo S (cla bl 51 T sy 5l oYL v 45 039y 59uiS D e 0aiiSd g 0 555 ol bl 48l (LS sl anlllas
Sl 4 LS bl Glyolo sdas a8 Slodgs g2 g paiS 0uiiS o (58 )5 b 4 sliile)S 5 budS (sla yliwl 308 o Sygo lien
(ol gl an]) 2 Jpame Slilo tyuin olile S plisl wdle J85 5 Joo Jao ol 1 pliucgly 5 Gl 5 Glol,S
28 il 4 18l oo g2 Jpaze Slplo 3k I (sjlme O JUS Gl cp it 02> (LS &5 am3 0 plol Gl S g (o ol
Ol 399 4 oo g o3l g 1y 5958 el il pled (LolE sljle 45 ons 3)ly 9S4 (laily D o ygabee B8 VYA Lo > il e

ol 05 jouS 4y (g3lre

J85 g o> Jae a8 (gilome Ol slon aSs ol by slaily &3 g bl 1 58T W03 lg

Al yo el oad 2 8ly s o Cunl ()50 pgicun;
a3 555 bl At lold O (el Lis j1 ol gbl
DA Cudgdome by oS cuwl bl jl (S lpl W e g8y O
N Lo o ol 1 Ol Gyme ail s il g9, ol wlie
o (o sl 59y So L oS Cuslodgy Jlo )3 canSo yie DOV
VO Jlo o caSo 30 VOFY 4 o VoA o 50 oo 420 VAYS
> YV plise d Slaz 565ke L duslie )3 & il ials
ol 3 o glie 3290 Camdg [TV 5 T) Cosl rly slonas aasSo
5 Lol Copie Gygpd 95 & ol 2 oS SLALS 5 29y
S o ol o Byao e
S0yl gloans > Ol gl e 4 s po3) cnlply
$sbdy ol Copie e malie jl (S sl 48,5 1,8 456
& p9ma Yoane ST slys) 5 gilome o ol (silome o g
U lacglis (slls a8 s 55 L e 455,5 )LSs Gaol e
Ol dwle Lo col (sLus, dpwle 5l Ban (31 aisb o 4295
S sgme | Glaien Wl Jsmamo adg (cly 0ad 4B S IS

R42 Q56 Q25 Q13 F18 :JEL guudinb

.

LY RY-T

935 polisn g (oS lidl pilina (o3latl dnwgi 9 43

9y 3le g Jelse Bymn (ol 8l ookl il s sl
Aejls (6id) i 3G el (b lie g Al ¢ Sl
ale Sl a5 0,18 oS Conl (S iz b ek @l (650
g (58,5 03l 4y oo )l 2 (938l 9 03,8 b phaos
o olgis 4 Ol 9o pilinies glis 4 Cons oa] sby s
2> aby a5y Cpmen (Sl (el )3 potn I (ol ske
Lotz ) dnwg o 53 (glays S )3 0fng 4o ol By
i ol b 9 Wb n sk zobaw Sl e o g (55)9liS
ol 93 () Gl a8 L anlga ISt b 1y lnysitS ol 53 51l
Lds g5l codins oty Ol gl 48 Ol mlie diul,

SlasBl 05,5 ¢(gjyaliS” olaiBl dliwl 5 (> ezl cuwiga =Y g )
3y oLl <6 5gluiS” 0uSuils ¢ g5 yqluiS

(Email: nilo.ashktorab@gmail.com

DOI: 10.22067/jead2.v0i0.76365

J}LM [RvWEY —A)



IFAA Sle o oyl FY oo (6 559LiS anwgi g obasdl ay s OF

i 1031 )5 wwypr 3y50 WWAD-VFVD 5 WWAY-VYVD cla
JS alplo s wis ol 0yg0 Jobo jo aS wizdlyd o)l o
OExed 9 (5 Ogekee VVIA 3935 598" (6555l oo Jpazea)D
O Osles VAD (S15)lg odas (55)5liS” Jamae A il ylg jlade
0593 oyl y3 0ad Lo (gilome Ol S ¢ wlal (pl .ol 039
o 0ylbe ¥E/V 015 3 )y (gilome Ol JS g caxSe i 3)be YY/A
GV o5 il obre O bawgio Cpiomen ol 03g) caSo
Cusl 0395 xS o AVAY 5 YAPA (i 5 &y 00 3)lg 5 00 ol
aS" ub ooy ylis (WAR) oS g (Sliwel adllas jd (yisead 4
239 (silome ©f alls 2aiS3)lg 0lgen Lo Lo (ol (b > o
odas Y game oS 4D o L (pitren adlas oyl gl ol
L dalio ) gyt Ol ojug (Lol bwgio obar Syl
48,8 ygo Oladllas oy y Slasly (65,0li8" Shyylg Y guazes
PLorl y5iS o > (sladllas 5T 85 am o 05 Ol 3
A wbro d dlale  wlidlsn (slaodly jl oolatwl b oS Cowl ot
y5iS alizee (sl il slacss plod pdaw j> e o «bo,
Ol @)low a8 wid dwle Ol (Lo, jl ool b 93315,
Spbe 1olio (pizmen 5,508 laglinl o > O (gl
Sled e 1y A5

A3 (e Coje bl JB g Jeo aljp alS Coenl
Slalllas 48 Coml oad conge bl 1o (6550liS" &Y guame
B3 (65,9liS N guazme i g Joo (5801 (o) 4 (D00
Sl sl (25X (WAY) (e 5 (oo pe (38 -5l 598
9 il 35150 L adgs 18150 51 50 9 a8 JUisl aSis ) 4z
Il Sl 1 oslizl b )b il s 5> 259 baleg g (5065
2 gy di e iy (g6 o oS sl s ol il &)V YAD
JLa! gl yiso o5 b ol cpl &8 Wb o ialS Mo > TV Dgus
01b (ySaa o g Al Bdg 0 A5 STpe | pogad 4
SN puS U8 5 Joo (55l dige yglate 4 (WAL) SLS ol
oialS o WA, |85 Jos dsie oS o &)l 1y (glaigy
CdS g5 48,5 Oygo Slalllan g0 (elsl w3
0PaS ) Sy el ) e Sl 1 B g Jos slaaisn
oo |y ool clacalled Lol 5 ol el )izl o
Py e J8 5 Joo sloainjn 103 ol 4 s )15 536
b YLS S g ) o Coge Bl b g slxl Lol Lelgs
lagliwl g &Y gamme JLal (liee 4 4295 b (al iy 098
J&sl oo Copde 4 ol o JES] lie i 5 5 )98
Ay bl wnd Coze ol p O

9 Slaliel o (silme Of @ )los 4 s g 4 jo
5 ikaio 05403 93, S o 3 1) (BB )l Sl (S5 e
@S silwding plate 4 o sasplyial Bl gl 1) (b

potie Lol 50,8 come o Ol 6y b & Jgame S gilne
S by Gl Jlie plgis a3l (glodyinS 3,8 I (gL,
Gyne 45 Slods o YIS T (6bdy (6,0l L |y oS L5 pme
AL L o151 S, 53y 2y9m 53,5 (Sl S o
Cuzo O oo Mg o) lawgi o Slasd 5 YL (b, 4 38
Ol sgme Mol aile «ol (sludy potgio (ol p ogMe 5y
So ol by, ez p3 )i 0)Lsl Of e ) e sbxe
arg odlinl 2)500 Of o 4 e & & Gl (N 3L
5 o ol bl Ol ) (Brae O 95 1 Grizen &5 35
g aulp 5o ol o o g Jore g (0 (Sagl 5 (ejs b
g )l (g3bre Ol (ggls Y game 3590 53 (A) 35 AST
e Sy e o5 il 5 oMo sl 3olie ol bt Jlis)
o rbie )3 1> (s cage Wlgie Mol 5 (1
L slaplind L ays Sl (sibee OF OYolo 32985 (seliwsy
9995 3y 1S 6y90 00 L blie any SYL Mg ()90 00
25 Jpame 121y 10 355 )3 Ol GBpas (il 4 i (rizren
)

o=l b Slllas B sl coge (glre ol )l ool
Sloome awbxe (youd il ool jl (B 53 29 plosl e
Gilme ol s yly g o Cunsg walisee Y game (gjbre
2 el 01 b (g o e 3608 L o Bl 3o Lot
oS J3b jo giloe Ol WYole Ky 50 ldllas | S0
o oid gy oy W il
b o 4 (e33sz0 Slallas (YYD ATAFARYENTY)
ol 00 plsgl 1938 50 (ilmme O Cunmsg L L)) o
Sl A s g (B 0ylo8 Camdg oy 0 4 (WWAY) LS
B g (B Ol Loy awle L OYAD Jluw 3 (gjloxe
aS ol i Baiod Ol guls (il y (65)0liS Y guams
adsle 5oy 5 (ojlme O oo 3,lio VA g (Jlos oyl )
Ol .l 00d b ail> 58 (glag sl G (65y5liS Y guasme
ol 0a83)ly 005550 IS Gl 9 oS o (255 08
poto jl odlaiuwl b (VWAY) (65530 Sl 5 000500 .lodgs (gjlono
ois gl Blas 5 S game 15 cloedls S5l 5 (gl
5253 )55 oLyl y9e (LS50 sl (o e g5l
P an o eym (gilome Ol Glplo 5 wlyly JS a8 4zl )
i o il e Sl )3 aSe je (ygelee VIFY/Y 5 YYAR/Y
oo PVFY Coip 4 jlme ol @yl 5l by g (£L o oly;
sy 4o il o Glplo jl omen g YWD § asys /A
dalllan ol 04 dwlre Lo > B/D 5 Juopd BAVA o yd YO/IVY
(WA) oot 5 (il 4l 5 (WAS) sl 5 b
Jlw Gl 1y p9—iS (s5lme Sl cly)lg g lplo cun g



Y oyl 55 e Sl crm o b 51 T (g3l JUil

58l p 51 oolit sl Uy aibaio ;3 (IE) cg,lal bawgio ot
(e o cons 32 IR) (o)ll Jals 5l el covty AGWATY
Gy ol bt sl > )ll LalBL s G palols
23 Gl ]y Poe (SN Petf 3980 drwlxe yio (Lo
Vo g md g by baylyd sdimdy flis Cui 5 4 RF o 1T Loy, ol
sy il oo ISy uaSoyio dio o sy s )96
e o o 5 caSogio s el Gl g s
e oS ol 5 A5 dslee s0)s5 Jguasme e i ol 4 sues
Wl (e Ogldie p 9 Oyl by Laulyd ) Jgae Wy
Ly Lalys y3 Jguame 3,Slas odliul b T (6L, 155 dule
85 G ygo Al yguay 020 9
o> adliseo ¥ gamo 1g 50 Ol s, il 5l S (S
L) ) e (5509l sladgs’ (g5l 38, (sl 5o 290
N Sarm o Girgi (nl > Cunl ((os 3985 L Ol 5l eslia]
o Oforis segs (sl e (s ymas s Ol gl cldllan
A dule lpl )3 (6550l oyl (Sl auie o sieree lgie
25 by 3l e @Y g g ) (S Ol b,
20 Ao
e e “’>
TRF x NARRF , 1

WFgray, RF = ()
CMax ~CNat Yrr

£ (55 5 2 o) NAR (3 slasss Uil amys
s i Bl (L5 5 e ) Crs 355 s
ol lie )3 (5arts (ly clalé (s o p)TolS) Cran
& polio amd o s |y (iSa ) 3)Sas Y 5 0aiS” il yo
odd 4B)S Jl5 53 Mo yd Ve g g e w3 9 Cb Laulyd )
= o 038 il Of wlie (3 (59 Sy cdale (F) ol
A e lite 1) a8 e Ve b ply US-EPA 5lstil ol
O i 5 oyfspiss osdly clalé ) ads cleMbl a8 bulj)
2 (Jgoxe 029 sivo plp el cums Cawd )3 018 €Ly
ety (bgy sl po 55 dedo O Gy (F) b 48 S ks

25 350 05 bly 3l ealisl b (V4 VF) el lda) g L]

10%(GI-IR)

WFuhite, 1rr = max (0, 'WFgray,Irr)

¥irr
(v)
WFuite, rRF = 0 (A)
oSle il slocidd gl Ol (s, I dlons 51 g

oty o Lody (clin] g ool Conts il ja (glp b

psle 09, sl wdljile el 85 (55,9188 o e (658 (gjloainge -¥
ul).:‘ RV ‘_;ws.!)é oKisly :LTJT (b

odlitl (clyy 5985 3l (8) 3y5l 00 ]855SO
dagi g Camex il > 4 o slacusbus 3 sibxe O )
bly il 53 g ol 48,57 5118 4257 3,90 iy 5l Gl (53Ul
dgeatp 4 Slg o yeaS JBD  (gilre Of @)bs il g 435
O i ol Oyl ales S 9500 s S Cusliw
asute S¥ols gz o 13 4 Canl jg 4 Sy ol il
O b adolo (gilome Ol oo 5 (228515 4 08 ol )
ol sadlas 4> FVES S 1y oS «sloe Laadl.'wl
6Ly 38 Sl o il ol )los 4 agg sl
g dusye e e piored (LAl 5 g pAS Y g
il b 3 W¥AD Jlu Lol 51 ool | it &Y guaneas (Lol
2945 gl > Jpame jo (gl o ©)l8 4S5 dsle
S5 g o Jace 5l odlatol b s ol ool oty S5
Az 4 g bl plaS" & oniiS oo sla bl &S Cunl odd et
g Jo ajn 1 i plowl Wb 1) cilises ¥ guases @lpplo e

sy 45 Ji

L9, 9 3190

3 gl 2 gLdlis 5 sy oo 9,8 pasde g
A Jomame pm Ol 5Ly sl 4 Il (o5t &Y guass
85 s 313y AYAD Jlo oMbl o3kl b ol S
5 e o Sl oalizal by 5 glolis s 55 (s5lone ] s
Db oyt GY gaste lydlo pme B

$I09LES &Y geans ool (shisy £ gane dunilas
dyge Y guamo (ly b g sy (ol Gaw O b,
LgJL@(\_m,.: u9>)L> L;)gf)lfg L )9.“5 dhdk‘*" o);'.mf 5 axdllas
gy a5 (V2 r8) Gl g 1S gm 5 (V- A) (5hle 5 [naS'sn
oebaid] (sl Blaal oy oS oz by IS5 (ioy <
Srae (o g (i) Lol p ol Ol by 5 w8l
e Il Gelaie pay s o ol 1y sl lails (gl odds

CWU pjue, ir = IR= 10X IEXGI ()
cwu green, Irr = 10X Per = 10X (ETC — |R) (Y)
CWU biue, rr= 0 (¥

)
CWUgreen, RF = 10X Peff (\f-)
5 (e (oo a2 Gl) (yll LalBL 5l YL Ll 5

1- Optimize water efficiency



IWAA Sl ) opkods XY Al (g ygLiss armwgi 9 sbaidl &y ol OA

Minimize
7= =1 ;'!:1 Cerz';
Subject to:
:H=1XE_;|' Ed}- (\)
j=1 Xy =5 v)
E;‘ 5; =E_;.' d_;.' ()
X..=0 (¥)

ij =
Flyo om alold 5IVE woly 1o Jos anje 5 Yl Ly,
Ol J8 g Jon a0l 3 Slo 0yd jl &S aib o f o
Joame Lol slile Sl iy &0 5; 9 d ol ool ooy
—e 098 bl 3 5lai 5)50 Jpaze ad)y il g slai 550
sk
Jolis b n cdalllas ol ) sadodlatwl J& 5 Jos Jo pd
Y gaze Mg jShe (ol glue S5 U8 9 Jo dij 35
Lo 2y LS (oo alols jl (ad (ol s 4 jo o) &5 298
absle Jpa e l5me 48 cowl o S5l (V) Codgdme
00 ddye Jaamo (i U UiS o peud (V) Cudgize il
(V) cadgamee )30l 550 cad)bo b pli b jieS 5550 55 (lee
09— o by (F) Codgise Caslodd aid )5, Las 40 ol
&S o el |y Lol g as e 35110 Lio 0 dlslo ol

ouldicul o, g0 slaculy
Loy )bl csylal pallb 55 duslxo yolaio 4 (ol als yo 5
Ojygmo d bl y2 0y g dudyod G Ol az s dos 4
3 Slos 5 35 slol 5 (opgl gon )5S slilsn lojls ) lals
(WWA¥=20) Jlo (65,9liS Y guamo aalylol I Caliseo Y guaeo
pyo ao SledMbl vy 5 ()bl (A 5l ool Cuns
dasloxs yslite 4 EXCEL I8l py 5 g duoles AGWAT 53
alsye > il 00 edlatnl Calisee Y guae ;J by s
5 0l DLl 3550 51 AYAD Jlo 13 )8 Cuma & by po slol ipgd
Y gazmo aalylol I Gl y 00 g (ol g5 bgyya Lol
4 bgyo (claodly puiomen el candy (WWAF-20) Jlo (6,98
950 9153 glojlw Sl oS I Jgame jo @3l 5 il olo
2 gl WA Jlo gl (FAO) “aete Jlo ()5l

1- Food and Agriculture Organization of United Nation

a2 5y Ly Jspame o sl o2 9 ol S 93y )3 ol
.(WTFij) Cawlodds Ao

Silae ol @laylg b g ol jube ol jae dawulas
A wywd pie D 4 ol gdalllas | Cwwd ol o
Sy 25 gy & Jgae o sy Slnl o ailiw G pae L
.J)lLsn
PCi= ((TPi+Mi)-Xi)/ POP ("k)
‘JM Jur AJI)_.»QB)_.m (SOND uL“’ PCi ‘(i) dblre
1S Xi M1 gaons o 55 S il iy TP,
Dy e dmsle pj () 4 Gl e JS
TCP;jj = PCi x POP; (V)
Comon POPj 4 liwl o S GBpuae TCPy () +) dolo o
9CJY9M RV UL.,...: w).:duj 9i AR e uL‘*" |) ‘_’Jb'w]).m
Ml)‘_;d )9“5 dlﬁ’dt“’l
2 g gl o asie b g Lol Sljle anslore pslaie 4,
Cupndg 4ol )3 g g ( TCPy ) (bl po JS' B e I il
olpd pd 29 e (asuie cotie OY gase jd il 4o o5l
25 e 4 Glinl y2 55 Jpaseo o (VW) (gjlre Ol b0
Ao vy
VWT;j; = EXjj x WTF;; (")
Y guame gl Ly g asye dlile EXGj o(VY) adoles o
» Y gae ;J Loy gaeze WTFjj o Ll o p> calises
0l dewbre b als o j0 aS dad o s |y jeuiS (sla bl

Jo 9 Jaa Juo

Jlisl 4 3 aim oo oSl @) b oyl 51 o
S s 2Bl (o Brae 100 b s S0 5l gl
ey S g oo 5580 51 oolizal b olgf e |y slome ol Jlas]
903 GilweSl (Jad (s,

5 Adye 55 a ey 0l adsle Jyama Jlide Sl Xii
(Bymae) LW 3550 ] 5 Mg 3950 | cciio OV guasme (LSS
25 ygme aly Je g 0ad plo las 4 a2 b B e
)5 e b



B8 ol 5o e Sl om0l s yb 31 o (g3lmo JUis!

uj AL 92 09> 9 ra.&.f u\fya.’x,o uT ‘Slg:.)) ) Jﬁ-\? )2 29>90
o biwl e laily o paS el S gy meS O
Oy Gl g odgr (liarghy g b (olo)S (B j0 0
Kl 1y 08 50 ol pasS cusS ol bs,

Sl g cpyieS Gl g (M5 (Ghasile byl
hs2 (2l eniS o Ol 6lysy oy 350 9 Olal S (500
L aS wlosly olaid] 3¢5 4 1) 988 o p3 O (6L, (208
R R e e e e
sl angi BB yol pl e glails <yd

JHES jo UL Al puu I psio

2 istiie GY g uase dsye 5 Lolar ol duwloes jalaie
Jg—e8 5l oalisl L ¥ guame oyl 3l Slysl po &l (B e il
Y Jod ) odelcand 4 ol 48 s dulee VYAD Jlo Lol 4 (V)
ol 0 03l s

Jyaze jl lpl o ailpw Brae amd oo (LB Y Joio gl
039 PSSV e & STl Jpame G lgis 4 paS
a )_al O—.’.l Cawlaisls Y gaste plo 4 Cond (5o phw LY
Lo ¥r lpl pdge o j0 U g e G pns &S Cuwl (pl o
Ol paye Juol slie oolo ylismen g cuwlins bl plu jl ydu
A sladd) ) i i g g glaih @) (V) e e S5 T,
Slas 3 )8

Jo> S &5 g sl e galols 4y byyye Ll pges o yo
Aol Cowts clodls & ¢ Jo> g (gylaly plojle 51 bl b
o gl L g Jas Jie GAMS 138l o5 51 et b s

A 25l SSE 4y Jgeame

29488 slaglicy ju Galie &Y guaas 0 b,
slaliwl )b costin Y5z «..J by dnlbre jslaiey
sdl ey loolaiwl U 5y g puoed g gylel (2IBL L5 e
olislon (clamosly jalaio pis cicwl odds duslxe AGWAT
‘|9_Jz> L5'L.o.> )_,Ja) )9_»5 Lguol:wl Ls.«.dL.M}'?E dbom‘ @L{i
Ol o (oulislon (lojlu jloye 5 audyed (il Cacl wugh,
5 Cbd y i 3D Jpame o CuiS Fuyl s b g 00s AGWAT
255 9 ol GAIBL S Jpae jo olal 9y omsd (rien
0dla ] b s o Cannl ool Cawds CuBd 4 Jaaxe b 5,55 o
leasly 53,5 k5 o b gylol [all LS sl sty oleMbl
Form Ho—e (S3)b g Y g—axe (V) )bl g0 yp ¥+
Excel jl580 5,5 0 bl y o slacuss olod 1 (6508 1Sk
Sl (A) B (V) eYolso jloolatwl b s sl 0 duasloro
04 4.»_wl:>u UT dLO:l;:)) Eg—oro )I 9 03— d.»_wl.’xo LEJ 9 P22

sl o o3lil (glre Ol @ylog aSs )3 () Jgis)
SleMbl 5355 @l 3 Ol 6l 5)lulus Cuonl 4 425 L
Y game Ol L) ggemme ol wlio sal)S o pte sl p5Y
b ccwload odld L V Jgds o (glasly )3 g 5o puS

(U8 52 GeaSo i) j9utS (S l! y3 Cite WY guase Of (513, Eg0ome - Joua
Table 1- Total water footprint of selected crops in Iran’s provinces (m%ha)
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Due to the lack of access to statistics and information in the provinces of Khorasan Razavi, Khorasan Jonoubi and Khorasan Shomali,
gathered Information of the three provinces has been used as the province of Khorasan.
Guios slaadly zisle
Source: Research findings
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Table 2- Iranian per capita consumption of wheat, barley and maize (Kilogram - per capita)
XV Fes Llab o3
Wheat Barley Maize

I il E
SRS Erae 50482 646 85.47
Iranian per capita consumption
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Source: Research findings
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Table 3- Wheat virtual water trade in Iran provinces

Obw! o 43 S & ao J3R) bl 45 oS wlgi Ol =013 lg b Ol jale

#55lme O g
e o3 s .3 e R
ol (_u-' K ) _ (u—' (¢ )_)"") (et o cy9akao)
Province Provincial wheat Provincial wheat Export or import of :
. - . Virtual water
consumption (Thousand production (Thousand province (Thousand trade (Million m%)
tons) tons) tons)
B ol
Azarbayejan 800.78 863.17 62.39 133.21
Sharghi
@ bl
Azarbayejan 668.78 738.53 69.74 252.63
Gharbi
Jed)l
. 260.21 715.67 455.47 1458.59
Ardabil
A 1048.85 280.07 -768.78 -2897.40
Esfahan
P! 118.83 308.80 189.97 705.96
llam
A5 238.29 131.71 -106.58 -356.76
Boushehr
ol 2717.48 219.28 -2498.20 -8962.93
Tehran
e 9 Jbresle
Charmahal va 194.12 117.24 -76.88 -453.47
Bakhtiari
okl 1652.19 119541 -456.78 -2241.48
Khorasan
Ol 964.81 1860.01 895.20 2923.40
Khozestan
"L?fjj 216.59 405.65 189.06 771.32
Zanjan
Ol 143.86 111.45 -32.41 -88.32
Semnan
Obgsh 5 Gl
Sistan va 568.38 160.00 -408.38 -1785.70
Balouchestan
ol 993.64 1173.85 180.21 1151.02
Fars
"*"}5_ 260.89 317.37 56.48 222.00
Ghazvin
i 264.69 26.08 -238.60 -757.76

Qom
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ol 328.33
Kordestan
ol 648.20
Kerman
. 399.90
Kermanshah
danlyg 5 4slSeS
Kohgilouyeh va 146.05
Boyerahmad
olds 382.77
Golestan
ot 518.34
Gilan
ol 360.62
Lorestan
ot 672.54
Mazandaran
3% _ 292.79
Markazi
o5 363.85
Hormozgan
oo 356.03
Hamedan
o 233.19
Yazd

984.16 655.83 2846.60
175.20 -473.00 -1805.52
968.03 568.14 2155.12
145.10 -0.95 -9.40
1510.30 1127.52 2795.59
-496.77 -1902. 29
563.54 202.92 946.06
183.69 -488.85 -1343.43
430.14 137.35 560.32
-306.25 -696.29
679.27 323.25 1387.84
-193.70 -772.48

b e gile Ol g Jgame sl osimd lis cute dlael g (ilre T g Jguamo @il odimd o lis die dlach
* Negative numbers represent products and virtual water import and positive numbers represent product and virtual water export.
Geios glmazily o (VYR0) (65,5l slex o )l3g 5o
Source: Ministry of Agriculture Jihad (2016) and Research findings
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Table 5- Barley virtual water trade in Iran provinces

Ol mhaw 13 8 B pao Ol #1319 L Ol yale

. (09 )152) Q! 53 g2 M5 iy #5jleme O Ol
Ol (_""_’ 5) Provincial barley (o ’_"ﬁ) (o yio ygao)
Province Provincial barley production (Thousand Export or import of :
. . Virtual water
consumption (Thousand tons) province (Thousand - 3
trade (Million m®)
tons) tons)
S el
Azarbayejan 252.65 138.29 -114.36 -521.90
Sharghi
s b
Azarbayejan 211.00 105.25 -105.75 -432.69
Gharbi
Je)l
. 82.10 190.03 107.93 451.49
Ardabil
olede! 330.92 189.40 -141.52 -467.75
Esfahan
I
37.49 56.27 18.77 113.33
llam
259 75.18 9.19 -65.99 -275.81
Boushehr
BNY
bl 857.38 147.81 -709.57 -2398.43
Tehran
e 9 Jbeo )l
Charmahal va 61.25 43.30 -17.95 -105.86
Bakhtiari
ol 521.27 599.17 77.89 489.73
Khorasan
e 304.40 141.15 -163.25 -741.38
Khozestan
obs;
. 68.33 55.25 -13.08 -51.66
Zanjan
Qs 45.39 58.69 13.30 42.39
Semnan
Ol ol 5 jlunpas
Sistan va 179.33 25.67 -153.66 -778.32
Balouchestan
1
o 313.50 240.59 -72.91 -478. 26
Fars
02952 . 82.31 125.05 42,74 180.66
Ghazvin
w2 83.51 76.85 -6.66 -17.43
Qom
Sl 103.59 38.52 -65.07 -407.02
Kordestan
ol
204.51 65.60 -138.91 -609.91

Kerman
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olile

126.17
Kermanshah
dexlpg g 4gkSeS
Kohgilouyeh va 46.08
Boyerahmad
ds 120.77
Golestan
oS 163.54
Gilan
o) 113.78
Lorestan
oyl
212.19
Mazandaran
3 3 _ 92.37
Markazi
K 114.79
Hormozgan
clien 112.33
Hamedan
. 7357
Yazd

369.78 243.61 690.20
-1.13 -10.60
264.48 143.71 439.99
-155.25 -1099.53
184.93 71.16 415.83
-149.50 -625.94
167.43 75.05 333.71
-111.15 -435.73
258.29 145.97 666.89
-65.27 -274.03

* Negative numbers represent products and virtual water import and positive numbers represent product and virtual water export.
e smasly o (VWA0) (g5)5liS sl )y 15 Lo
Source: Ministry of Agriculture Jihad (2016) and Research findings
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Table 7- Maize virtual water trade in Iran provinces

T 5> glaild &3 & pao Ol )3 glaild &y algs Ol O3 ,lg b Ol ol 5 5lme ol 5w
Ot (05 J3) &bt (o5 J152) (o5 J52) (caxSo yio cyoalao)
Province Provincial barley Provincial barley Export or import of - .
. . . Virtual water
consumption (Thousand production (Thousand province (Thousand - 3
trade (Million m?)
tons) tons) tons)
S obmbyd
Azarbayejan 334.14 2.92 -331.23 -972.22
Sharghi
2 b
Azarbayejan 279.07 40.23 -238.84 -464.60
Gharbi
J2) 108.58 57.73 -50.84 -139.31
Ardabil
ol 437.66 8.46 -429.20 -953.71
Esfahan
kI
49.58 55.60 6.02 20.97
llam
253 99.43 0.00 -99.43 0.00
Boushehr
ol 1133.94 0.00 -1133.94 0.00
Tehran
e 9 Jbeo )l
Charmahal va 81.00 0.00 -81.00 0.00
Bakhtiari
ol 689.42 0.57 688.84 -2756.01
Khorasan
i 402.59 351.24 -51.35 -139.49
Khozestan
Ql"fj} 90.38 0.00 -90.38 0.00
Zanjan
s 60.03 0.00 -60.03 0.00
Semnan
Ol ol 5 jlunpas
Balouchestan
o 414.62 122.77 -291.86 -710.14
Fars
02952 . 108.86 65.77 -43.09 -82.38
Ghazvin
o2 110.45 0.00 -110.45 0.00
Qom
o 137.00 7.20 -129.80 -484.13
Kordestan
ol 270.48 96.07 -174.41 -504.78
Kerman
oadlef 166.87 152.58 -14.29 -28.96
Kermanshah
donlpg g 4gkSeS
Kohgilouyeh va 60.94 18.93 -42.02 -147.23
Boyerahmad
obeds 159.72 1.79 -157.94 -408.66

Golestan
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oS

i 216.29
Gilan
i
e 150.48
Lorestan
OIJJQ)'L:
280.64
Mazandaran
3 3% _ 122.17
Markazi
K 151.82
Hormozgan
-l
oot 148.56
Hamedan
> 97.31
Yazd

0.25

7.35

2.60

1.05

23.97

17.66

15.79

-216.04 -157.44
-143.12 -125.71
-278.03 -144.46
-121.12 -132.87
-127.85 -432.03
-130.90 -297.96
-81.52 -191.26

b e gilme Ol g Jgame lpslo osimd ylis cute dlael g (ilre T g Jguame ]y oaimd lis dte dlael s
* Negative numbers represent products and virtual water import and positive numbers represent product and virtual water export.
Source: Ministry of Agriculture Jihad (2016) and Research findings
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Table 8- Maize transfer network from exporting provinces to importing provinces in the country (Thousand tons)
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Introduction: freshwater resources which are essential for human life, sustainable livelihood, food security
and conservation of ecosystem appear to be under increasing pressure from population growth, socio-economic
development and climate changes. The largest consumer of water is agricultural sector. Hence improving
productivity in agricultural sector and reducing agricultural water use hold the key to tacking water scarcity. But
over the past decades, it has been argued that international trade of agricultural crops from wet-countries to arid
and semi-arid countries is one possible path to mitigate water shortage. The trade of commodities, which water
has been used in their production, is generally referred to as virtual water trade. Often the terms "virtual water"
and "water footprint" are usually used synonymously, while there are significant differences. The water footprint
concept, however, has a wider application. In fact, the water footprint of a product is an empirical indicator of
how much water is consumed, when and where, measured over the whole supply chain of the product. In other
words, the water footprint is a multidimensional indicator, showing volumes but also making explicit the type of
water use and the location and timing of water use. For products containing virtual water, trade is a means of
transferring water resources between regions and also this virtual water trade network among provinces has a
large share of domestic trade. in current study, in order to determine the inter-provincial virtual water trade
network of the country, water footprint of wheat, barley and maize and also the amount of excess supply and
excess demand of selected products has been calculated using data over 1395 in each province. Therefore virtual
water trade network of each product has been obtained in different provinces of the country. Then, using the
transportation model, exporting provinces has been specified and the amount of exports of different products for
minimizing shipping costs has been identified

Materials and Methods: In order to determine the excess supply and excess demand of the selected products
in each province, firstly water footprint of each product was calculated for each province, then virtual water trade
network of each product was identified and by using the transportation model, export route was determined.

The green, blue, gray and white water footprints of studied crops were estimated following the calculation
frameworks of Hoekstra and Chapagain (2008) and Hoekstra et al. (2009), and modifications proposed by
Ababaei and Ramezani Etedali (2014). By calculating water footprint components for different plains, their
mean values were obtained for each province and then the obtained water footprint components in both irrigated
and dryland were aggregated together for each product.

In this part of the study, due to lack of access to information and statistics of the amount of exports and
imports between Iran’s provinces, at first per capita consumption of each Iranian person was obtained for each
product. Then, total consumption of each province was obtained from the province's population by per capita
consumption of each product. In order to calculate the excess demand or excess supply of each province, the
total production of each province was deducted from the total consumption of each province. Finally, virtual
water trade of each product in each province was acquired from water footprint in excess supply or demand.

Finally, the purpose of current study is to provide a minimum cost model for a virtual trade network from
production centers to consumer centers. In the transportation model used here, the objective function is to
minimize the total transportation costs between all selected agricultural production centers and consumption
centers. The constraint (1) indicates that the amount of exchangeable product in each province is more than or
equal to the product demanded by the province. Constraint (2) ensures that the product delivered between two
centers is less than or equal to the capacity of the center. In constraint (3), the total demand for products is
considered to be equal to the total amount of exchanged product. Constraint (4) provides for the positive value of
exchanged items between supply and demand centers.

Results and Discussion: Based on the results of this study, the provinces of Azarbaijan sharghi, Azarbaijan
gharbi, Ardebil, Ilam, Khuzestan, Zanjan, Fars, Qazvin, Kurdistan, Kermanshah, Golestan, Lorestan, Markazi
and Hamedan are the wheat suppliers and so are the exporter. The provinces of Isfahan, Bushehr, Tehran,
Chaharmahal and Bakhtiari, Khorasan, Semnan, Sistan and Baluchestan, Qom, Kerman, Kohgiluyeh and Boyer
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Ahmad, Gilan, Mazandaran, Hormozgan and Yazd have exceeded demand for wheat thus they are importer.
Among all provinces of the country, Tehran has the highest wheat consumption, due to the fact that the
population of this province is about 13 million (Iran's capital of history, 1395). Kayani (2018) has shown that
Tehran province is the largest importer of agricultural products and virtual water in the country. According to the
results of the study, after ten years, mentioned province remains the importer. Among the provinces where
surplus wheat has been supplied, Golestan province has the largest wheat exports up to 1.1 million tons, and by
exporting this product about 2846.6 million cubic meters of water has been exported. Based on the results,
Tehran province is the destination of export of Azarbaijan sharghi, Azarbaijan gharbi, Ardebil, llam, Zanjan,
Qazvin, Kurdistan, Kermanshah, Markazi and Hamedan provinces. In addition to the province of Tehran,
Ardebil, llam and Markazi provinces have to export 492, 188 and 182 thousand tons of wheat to the provinces of
Gilan, Isfahan and Qom, in order to minimize transportation costs.

Following the results, Ardebil, Ilam, Khorasan, Semnan, Qazvin, Kermanshah, Golestan, Lorestan, Markazi
and Hamedan provinces have excess supply of barley in the country, while the provinces of Azarbaijan sharghi,
Azarbaijan gharbi, Isfahan, Bushehr, Tehran, Chaharmahal va Bakhtiari, Khuzestan, Zanjan, Sistan va
Baluchestan, Fars, Qom, Kurdistan, Kerman, Kohgiluyeh va Boyer Ahmad, Gilan, Mazandaran, Hormozgan and
Yazd have excess demand for barley in the country. Kermanshah and Hamedan provinces are the largest
exporters of barley, which export about 690 and 666 million cubic meters of virtual water through exports of
barley to other provinces and foreign countries. The rainfall of these two provinces is about 475 and 334
millimeters and footprint of water production in both provinces is 2833 and 4568 m 3 / ton. Barley import of
Tehran province has taken place from Semnan, Qazvin, and Kermanshah, Golestan, Lorestan, Markazi and
Hamedan provinces with a mean distance of 324 kilometers. Considering that Tehran is the largest importer of
barley in the country, it is justifiable that all provinces that are located near that province are the export bases..

The province of Tehran is the largest consumer and importer of maize in the country and since Tehran is not
maize producer, it is not possible to calculate the water footprint. On the other hand, the province of llam is the
smallest consumer of maize and is the sole exporter of this product which exports 21 million cubic meters of
virtual water along with this product. The provinces of Khuzestan, Kermanshah and Fars are the largest maize
producers in Iran, which respectively produce 351, 152, 123 thousand tons in 2016. The province of Ilam export
to the provinces of Tehran and Khorasan, respectively, 634 and 99 thousand tons of maize, the cost of maize
supplies is minimized. Excess demand from other provinces of the country has also been provided from imports
of other countries.

Conclusion: Comparison of the results of this study, based on the statistics of 2016, and the Kayani study
(2018), which was carried out in 2006, showed no significant changes in water resources management.
Modifying the agricultural cropping pattern and correcting the pattern of consumption in line with the water
footprint of agricultural products can be useful in improving the situation of the country's water resources in the
long run. Determining the pattern of agricultural trade based on water footprint production of these products and
the volume of virtual exports and imports of each product in each province could have a significant effect on
reducing water losses in provinces of Iran.

Keywords: Barley, Maize, Province, Transportation model, Virtual water tade network, Water footprint,
Wheat



