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Table (2) List of symbols used in the model to define sets, variables and parameters
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subarea i (ha)
- 5 sly Sl sl o
aibate ;o (gl ind Gpated B f
9=
(LS o,55kS) LP i o
I L_p LS TN
Phosphorus leaching in GBS [0755)
subarea i (kg/ha) Superscript for total
nitrogen (kg/ha)
)b 6' ) . ~L5 - _ B
T U5 sl Sogll el o
- i OLsSa [ 5 5kS) yand
s LN_i_p ) ’ TP
Ni tr(c;gen /I::); g:fr:g in Superscript for total
; hosphorus (kg/ha
subarea i (kg/ha) phosp (kgiha)
4 2berd b 255 0 )5 Hlaie
sladyams g1y a2y o I3l
i ails o )f k el ras T LSy psur
(LSa /e S 5ks) F_ik Efficiency for surface
Amount of chemical

fertilizer used per unit of
crops K in subarea i
(kg/ha)

water abstraction




VP TIY ot/ 1A W/ (6539l Slaudl | ¥

Azl 35 g b o (dac gozmo &y (gl Jowo 50 coliiwl 050 Lo Caw p4d (V) J90s dolol
Table (2) List of symbols used in the model to define sets, variables and parameters

Ty ol Ty el
Description Index Description Index
61)"4‘.‘«4&] @o Slepw o)l SHlade o) 098 oy 50 Vb o
)°ks°')} sloJsaze axly ;0 i ailaiey; 0K Jpame ly
i s i ()Lim) max
(LS [p,55LS) P_ik The upper limit of land APy
The amount of pesticides availability for crop k in
used per unit of crops k in subarea i (ha)
subarea i (kg/ha))
Sio9S (Sohl la g, 0,15 jlase A « il an
e o o Sdyaze o slp 650 anse
J
_ ] OGS/ Jby sekee) (215 slo ECFV
(LS [ ,F5k) Af_P; _
Energy cost for food
Agricultural film utilization (migﬁ/ion IRR/ha)
in subarea i (kg/ha)
2 JsiE) JSa s SIS (s, Sy s Ol eslaul ool
(e 5,915 slagre;
Labor ener) er hectare & Surface water use etasur_pf
(MJ /ﬁZth)are) efficiency for agricultural
land
2l Jpe cogw o5 lads
aibie o K el)5 slo Jaaxe ol S
i Lad Sogll ol
S [0 ,55LS) AM_ik (p,5 ok AE v
Amount of diesel fuel used Atmosphere effect (kg)
per unit of crops K in subarea
i (kg/ha)
Sa . | Selgs po aid) 5 4 slo 4
e 2 )RR )3 (Sras pe S5
e s 2 i G3eke) (sl Jyane
D rJo
. Lo
Poison energy consumed Ep Cost “ dinth cost_Py;
per hectare in terms of prodﬂit?o%sif E)r;odicts
megajoules per hectare e
(megajoules p ) (million IRR/ha)
I ShS) 0355 955 55,9 55 ot 9 o 7 e
[
The ener ()e valent of eqfy The energy equivalent eqlabor
. %y .?.U'V ka/h of labor (person day
Nitrogen fertilizer (kg/ha) hour)
Ip 5 5hS) yhud 555 (55530 5] o2
(S OLSa /i) s 550 55 o
The energy equivalent of eqfp20s The energy equivalent eqdizel

phosphorus fertilizer
(kg/ha)

of diesel (Liter /ha)
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Table (2) List of symbols used in the model to define sets, variables and parameters

T ol T ol
Description Index Description Index
I655k5) ol 355 5351 5)) oo <hs)ly g bacrle 6551 5,0 oo
Chs . eqfxzo0 (el . eqmach
The energy equivalent of The energy equivalent
potassium fertilizer (kg) of machinery (hour)
| e 1) sl ST sl 5] LN 6‘-“’0“:53)5‘ 5l e
D . .
. eqwat eqpoi
e sy cquareor T eSO e
irrigation (m3/ha) (ko/ha)
Sl oals oolaul 59,005 955 5 Gl oads oolannl & ol
(LS /p,S4lS) (2,5 sla gae leSokS) s sladgpams
The amount of nitrogen  fertilaz_N_ik (LSa Seed
fertilizer used for crops The amoun of seed
(kg/ha) used for crops (kg/ha)
‘_glj.'n oo oolarw! wt.r Q}S u‘r‘“ élﬁ oo oolaw! ).a....ﬁ o; ul)""’
QLS /p5kS) (o2l); slodgae leSokS) =5 sladyams
The amount of potash f eTtya0 4, (s fertpos .

fertilizer used for crops
(kg/ha)

The amount of
phosphorus fertilizer
used for crops (kg/ha)

Source: Research Findings. (P: parameter symbol and V: variable symbol).

(Gl i oles V 5 azwl 8 olos P) O sleaidl iaie

e g eloix (golaml calisee olal (65,01 -138 —0 T ot 3,505, ;0 aSul & axg5

35— 138 —Ol ailolos a4 a2 g5 b gl cnl (55l (n ol 09d go (o) (Som
oalitul Jaw o Gllasil cleas 05 g0 Jolis 5 1) Jiglie gl Baw (] alises (slaaiz

o2g5 ol 0 W08 cw) B sloais i) Oglae sl Bas gl o Sl 00l
5 bl GlaJgame 1o 55wy (giluarin 5 (AL g (giluariy ol Bua 5
ol Bras e (Gl o8 Lacl : ols giluaas sladdan ¢ dalaie g0,.2],

aJoleo o [EYE-RV:S U"‘ S = JLA 9 03l Jlas <_§))-" oslys ‘_g))." 3 pao u‘)...a 9 ‘_g)l.:_gT
Jolis Bua () aS 009y dilels allBl sguw (gjlwdicins Jol Gua nowl ool Lo o) o
J.aL.,.a Laad..u)m Egomo ).MS )‘ e 65)9&:5 6LQJ5M .\.Jy )‘| aS ol LS{LQMT)Q Egoo
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Lalyd 4 axgi b aS 0o (55,0laS )3 o pal) Glagaze B (lie 352 pgs Boa
Oliee hlo (g0l Hlas 1S sla Jaame b Cong jlaisms g (oldé Conl Laa> 6l adhaio
JEBH e 2805 pa s g (ol At VL B ) 5 iy s
($5oslaS Sl dnngi g Canjlae I cblis jolaie 4y a5 035 CO2 Sl slasl8
o Jgame oy Jgb 50 .l al3ll (65,0l (idu 4o (gt jlame slooas YT 5 ials
(ol )88 oo 786 Ol lanzme g 92 2 a5 390 (oo g Ol slaoan Y1 g SIS slasl8
S jlarze (Sogll 5 COz Lozl pailer; areeS @ (st jlarone e las) 85 5l Boa
035 Jlide dilate (55,5liS glaJyame sl )lelol liee 2ol pilez Ban el O
RN (=R ) ol vgs g szl sla Jlo sl Jlsis g adhis Ll b aarglas
s sl jleslatul WSews 5 g lelol Glals 3 cd) jum ol jo Lzals Jlss
oot 5l 65l0 000 oo p 1) (v slac] ggomme Ban (nl 0 )] Cuwdts (6l pail
&5 Jolds osles 57 (6551 Spae Gl o5 ooy Bun oS (oo el (el
B osge yhai 0,50 adhain (65,5liS idu ;5 (o g bapes dadgS (Jo gl 5 laprile)

ol 00l 00ld Zrasgi Ba pl dwlee yhg,08h Bixe (5),5LiS DY game dgl

obj Profity, = max(R_V —C_V) D)
L& 4p)
RV = Z Z Price_Py, - Yield_P;y, * A_Vi
i=1 k=1
CV=ECW_V+ECFV +WCFuv )
ECW_V = EC HIT ; 1Q3 = ALV, o
- 102 * 3.6 * pusur ZZ ik * £V
i=1k=1
1 K ] (a)
ECF_V = Z Z AV * Z(COSt_Pkij)
i=1 k=1 j=1
1 K )
WCFv = ) wey e % Qe v a v,
i=1 k=1
Ik )
Max: Obj Coleri, = Z Z(en_k x Yield_P;, * A_Vy,)
i=1 k=1

Min: Obj CO2_V = min{AE_v + WEP_v} \)
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S Ol s Soge @ Olgiee LAE (lply . 35500 (56 (a5l aliwgy o5
I K
*)
AE v = Z Z[(CEF -F_ik; + CEP - P_ik + CED - AM_ik

i=1 k=1
+ CEAF - AF,))  A_Vy + (CEPL + CEI) - A_Vy]

cCODCr Jalis sdes j9b 4) oo 28) ,0 eon¥T clale pals Ol s Sogll
S50 5 hed g 039505 et (il 538l 05 oo S 0 1, (TPSTN NH3-N
3,5 olo Ol ee EWEP (ol b, ol onls azd 5

1 K

)

WEP_v = Z Z[(PEICODCT + PEINHs=N 4 PEITN + PEITP)

i=1 k=1
* A_Vik + (LN_l_p + LP_l_p) * A—Vik]
obj Water_V = min{W} OY)
1 K

()

NSRBI

i=1k=1

Sloso95 35l Jslae @25k 5l Ol oo 1) alidee Gl Jgaze 0y )0 (6551 B pas slaosls
S5l g el g poditone (6551 4 Wl oo (6359LaS )0 (3l 3,5 e Bras 2y
S g5 5925 Slash pl Jold prudiions (6551098 (G e pIol D025 5 pdy i
loydle 5 slapms (old 3550 (alanids losS ¢y sl il Jalds prdiinnsls (5531 ool
65,98 lagarme adgi ;0 65 5l anlone sl g% (nl o Blios 55 laS Slgel
29 el lapw 55 s «55)laS Slgol g il G5 (595 slaosles 5l adlaie
5l lyiome by ilizee Sllas plol 1o 3 pas (65,0 lie dmslons (6] pens] o0y o3l
odls oolatul alizs slaanin 5l oals zl 5wl sl Jgo 8 9 o len 5l ool ;o o490
Egorma Sl Bad Ll SO ol 0 g 09 o Ll oyl 518 00 aiz 4 las] 4 aS
e 485 a0 13 (65)0laS slagaze g ) beesles 555
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Jsoz Gesb 51 0T 5l o 9 95550 el S5 5 bags Sliles plonil loj olSST w05 oo
Sl Colo oz (Brae $55 5005 © o b yi et 31,15 6550 555 5, oo (V)
S Slp Brae @Al el o 8 e )5 slatele Jled dlre b (g 0095 o0
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E; = labor_ik * eqlabor aY)

ol g0 as

()US.Q r Jﬁ)li") o> )L’ZS.Q ) )f)ls L;))" :El

LS o 55 Lo : labor_ik

OB 95 6551 55l m2) 5,5 52 slil 4 09290 (5551 eqlabor

ol oo sy Al 5l aloord Glapms sl (Bran 6551 Qi tstlboond Glaps 55
E, = P_ik * eq poi 0%

o o a5
(LS » Jg350) con p LS8 50 (Brae slo o (55511 E)
GLSe p 0,5 5LS) LS ;0 e B pae Jlake : P_ik
(s 5551 550 02 oo 9215 58 ) 09250 (55,1 1€q POL
a0 ooty alal 5 35 ity (555
E, = Seed_;;, * eqseed (10)
LS J938e) cans S jo ,00 6550 1B
(LS o 55ls) LS 10 Bpae \d oo Seed_
G 65590 55 o) 5% oS s 40 09340 55,50 1 €qSEed
O y50h (§5y3biS slaJgame adg 0 ol S (65,0 oo axiS laguesgs 4y 4> g5 b
Blbge ) akal,

Obj Energy_V = min{E} ()
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I K
E= Z Z [(eqlabor * labor_ik + eqmach * mashin_ik + eqdizel
i=1 k=1
* AM_ik + eqfy * fertilaz_N_ik + eqfp30s AY)

* fertpyos_, + €qfka0 * fertkao, + eq poi * P_ik
wat(su)

+ eqwat * 1Q;; + egseed * Seed_ik) * A_Vik]
A et lo aslsl jo oS cunl glacusgame 4 bg i lacdan U
oyt Ll ely; slaJgame saon glp 4Bl plais! xhw sloo] ddhie o )0
ojan w2l JUES! 0395 aiile ©f (el it slaofgn 4 bgrye (rlaw O gilis jlade
(Lietal, 2019)asb 55,50 of cblom 059, 9 ol 0,usd
ABlge pj akaly Ojgoar Cusgazs ol

S A
2(1 QIS . A vy )/ etasur_pf < SWA v(i)
k=1

1

ZSWA_v(i) <(A=7)*Q v
i=1
5 3oy s Slal Sl gl onas j5b 4 5351 ool 530S Jglate slaplls o
2 slp e Jlade 5l i WS (Bras Gy g o9 ee oolitnl e slao] aSa;
3929 smip) S Ol (o) p 3550 ddlaie )3 4 L aBl o yiws ;o 5550 S g adlate
o Cavgame al ceoloads a8 5 L 0 s o Ol sl Ghgly ol 5 05l
(Lietal, 2019) 155 Lo p) Shge 4 ole

HSur Ky e
#sur wat(su) |

102 % 3.6 psur kzl (IQik A—Vik) <EW, v,

EW_v(i)< EWA o

Ot ) ably Ohseds Glapame s glp et BB ey aeS g Ao (e

AP < A Vi < A_PIRO* V. k (YY)
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SWA_Vik =0 Vlk
AV =20 V. k
EW_Vik >0 Vlk (YY‘)
Calory Vy, =20 Vi.k
PTOfit_Vik = 0 Vlk
o 51(C) Gilies slaJgams sl (EP s WD) (555 5 o (Soied (559 0t sl jlne
(Mirzaei et al., 2023) 5,1

Ye

Wp :WC (“G)
Y

Ep . :E_c (Yé)

(GM) Ll ail> o 5l 55 (Bep 5 Wep) (55,1 5 ol golatdl (55 0500 (sl )lne
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Table(3) List of basic crop data

leosles 531 g Slap Bb 5L
gy € B 08 oe SR B 2 gl
» Jo3%e) s stleerds e e
95 45 . 2 Se) coiS
G Gese e ek T (i U e
Labor 1 amount i (S Cultivation Crops
(person- of ener (sl (S vield Gross water area
day) consumpgt]i}; , (Calories Pesticide (s ~ requirement (ha)
of inputs (Kilo) (t/ha) (MCM/ha)
(MJ/ha)
pass
23 74206.84 3500 0.0015 3.25 3520 25800
Wheat
21 108426.24 3890 0.0012 2.6 3240 1920 =
Barley
azxig
29 126905.4 230 0.002 5.6 12100 1001.9
Alfalfa
{9
37 125932.12 400 0.0022 15 7460 190.5 ok
Onion
28 129644.46 350 0.0015 19 8000 4469.2 Nl
Melon
31 131296 200 0.0015 19 8200 2353.8
Watermelon

ATAVITAA i sl g ol bl (6555LaS sl oylojlo e

Source: Agricultural Organization of Sistan and Baluchistan Province (2018-2019)
1é— 65 5ol Wgms 9,595 50 mhed (SO Liiuny (o puiin (F) Jgur
Table (4)Important proposed variables in the water-energy-food nexus approach

Oyl Ao Se; bl o yiite
Hamun Hirmand Zahak Zabol Variable
d)l? oS oo
119998 102223 135133 9641.6 Current »5 g
10628.16  8544.113 13274.04 9080.978 Optimal (LSa) ailaie
(MOP) Cultivation area
[FYUUEL IRV allocated to crops
-11.43 -16.41 -1.770 -5.814 Percentage in each region

change

(ha)
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Table (4)Important proposed variables in the water-energy-food nexus approach

Oyl e et S5 M L o
Hamun Hirmand Zahak Zabol Variable
S)L?
0.00369 0.00318 0.00418 0.00296 Current sl jLasl yliee
CO2 sl a5
0.00366  0.00317 0.00416 0.00295 Optimal (&5 Osele)
Emission of
(MOP) greenhouse
W sl oy gase (million
-0.50 -0.37 -0.22 -0.180 Percentage tons)
change)
LS)l? . PR
118.78 89.31 155.09 93.98 Current S
Ogelee) (2132 olge
g (LS 5,8
150.66 103.38 206.31 104.84 Optimal Calories
(MOP) production
. from food
[EPUELIRWSR o .
26.84 15.75 33.03 1155 (miltion calories
Pecrﬁggse;ge per hectare)
d)l?
665991.4 6392144 791358.8 543901 Current
adlaie 2 dguw
e (b Osekee)
790972.9 608546 970656 542555.9 Optimal Profit in each
(MOP) region (million
PRV IR IRR)
18.76 -4.797 22.656 -0.247 Percentage
change
d)l?
61.4347 72.72838 72.70691 54.75099 g
Current s O 5
adbaie po 4y audly
67.30763  61.51362 84.70933 46.94681 Optimal (eeSee yio (y9ake)
(MOP) Water allocation
(PSUIETIWAN to each region
-14.25 Percentage (million m?)

12.81 -15.42 16.50794

change
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Table (4)Important proposed variables in the water-energy-food nexus approach

Ople eyt S H Lo eie
Hamun Hirmand Zahak Zabol Variable
é‘)l? asl 5 et |
368.539 318.365 417.579 295.832 Current L ORmaTs SOy
Ogelee) adlaio 0 4
e bse y Js38
367.684 317.175 416.648 295.298 Optimal Energy
(MOP) consumption for
(PSUUETIIWIN crops in each
-0.232 -0.374 -0.223 -0.181 Percentage reg'%gw'”'on
change) 2)
slx 3¢5 0,,5 o5
0.001386  0.001197 0.001563 0.001118 Current 52 “”“
BLRTIRR Y
0.001686  0.001225 0.001979 0.00113 Optimal (LS
(MOP) Nitrogen fertilizer
o s oy application in
21.65 2.39 26.63 1.048 Percentage each region
change (million t/ha)
sl 555 5 )5 5
0.000764  0.000654 0.000862 0.000615 Current eaiC e
Al OESe 5 o5 geles)
0.000931  0.000672 0.001095 0.000624 Optimal Phosphorus
(MOP) fertilizer
(PSUIETIWAN application in
21.85011  2.796229 27.0374 1.506 each region
Pegﬁgr']‘;ige (million t/ha)
6)l? .
0.000764  0.000654 0.000862 0.000615 Current 355 38 Ol
ailate o (gl Wy
Al GBS 2 (5 Ogeles)
0.000931  0.000672 0.001095 0.000624 Optimal Potassium
(MOP) fertilizer
By oy application in
21.850 2.796 27.037 1.506 each region
Percentage (million t/ha)

change
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Table (4)Important proposed variables in the water-energy-food nexus approach

Osele ey S2; 5 2 yeeie
Hamun Hirmand Zahak Zabol Variable
S)L?
0.05925 0.100084 0.075569 0.05847 Current
ailate o J5 oy
FENY (&5 Oseee)
0.058598 0.075964 0.073145 0.040759 Optimal Total production
(MOP) in each region
[EUUEEIRVE (million t/ha)
-1.09 -24.10 -3.207 -30.29 Percentage
change
sl
1029943 1312414 1446598 1004600 Current
Sl sle an e
e L.
1147033 1155183 1697532 867196.9 Optimal () sele)
Production costs
(MOP) o
(million IRR)
[EPUELIRWSR
11.36 -11.98 17.34 -13.6 Percentage
change
Source: Research findings LGz gla atily e

sl el as o MYl 4y liacas s )0 (65,0l sl Jgame IS cllS 5 mlaw
= 5o (Xuetal,, 2022: Hang et al., 2016) sl oy 5o 3uiod ol ol b guneds Sl
olis solpiin Jow 5o Limgh cpl 5l sdel Caws @ U5 .l ansls zalS g, ciS )
Ol 4 Gl Cubs [0 (65,0l slo Jgame lp oo ols arass Ol e a5 sl
5 1y Grae Gl 20l Gl 5 S55UsT byt ol 03,8 Ty 2alS w5+ [FY
(Tian et al., 2018: Yu et al., 2020) slo cw,y Silosls (5,155 s Lol Of sl o poe
(Gl S0 55 (55,5l sl Jyame adgi Gliee el g S e oS o8 e
Ooekes YAVYYYY & L, Cypaben YEF - FF5 i 51 15 50leS sl o (goloiions Joro gl b
‘Ssjfl.ajf (_glb ey Ao Q"‘ l.) Goewod ‘(dm)o ARYAY LJ‘“"‘)B‘) S o«b; ‘..\...: )_....:.) Jl.t)
o Jle Olgie il 03,5 4,25 (65,0L8S wlgi slagin Larass L slp 1y sely ol
Oliee 4 Y gamme S ) mhaw ialS LS (Shirzadi Laskookalayeh et al., 2021)
Gl 2o, YO e 4 LallBl ogw al38l g a0 T4 o lel Ol zals wws o YY
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i 4 (650l eolgs Brae e (mizmen (((gas, YY/F ioli8) el ool 13 56
SykaS DY same Hlie cosal i (2022) JLs o Cansino-Loeza et al., ow,y ;o
oolaul 4500 (2023) Jlo ,o Karamianetal,, w,y ;o b g cosl atils iol58l oo o Y#
el 4Bl alS ao 0 VYTV (65,0las i 10 (65,80 sleoslys
5 5 2T oo Joo ;5 ooliial o550 we (5o juitio 31 sy (So5d 9 soleasl (550,
O959) Cawd @ gl el oo @l 5 sla Jga 0 MOP cll> o adlaie o 0 132 4
aihato ;o (@Bl ogw il 00ls sgl gy g lge Ceod 0 a5 jshailen golaidl (6,90 40
Sy ol 3l Joo 0 0T (golatdl (590 00 Jlo (gl 0 s Joo 50 Hlaine juie
9002 30 nlplo el Caws @ ddlate o 40 0ad Byae ol e p aihic o WL
@l Fiks 05 oo JE s g (e b ool wdg Jgame (03] (golacdl
g.j > ..\:>|9 6‘}‘ VIR W ..\.Jy J}.a.‘?bo )L\.E.o )‘ Cewl u)L.C u] g_é)..a.n é.;).d 590 M2
g ss Ol S yte p o S olS cons oS el (B
= 5L 5o L Clsd dalllas 590 00g0xe [0 (golai8l (5,90 o e (SR ysS do o
S5l 138 —OT Cnon 8,509, ailfaix sla Bua sl p (oale g oo pre Sy« bl slo
..\Mabs,o Gl a4 cand aduaais Sl ;0 WEFN solpiinn Jow 0,505, s sl
S35 G @5 b ooles (5 eolatl 69050 Oliee (Jsor S e
33 09ele g aie e S bl Slaplio gt )3 (g (55)0laS Slgol 5 lagrdle (655l o
5099 Jo5l%e 1 Jby audin (/oY g o/ VYA o/ VOO o/ VAl 5 4 (5, 2>
Lo VAD YY) Cud i s oo ol slayeds jo bjlade ] (MOP) ddun v > o
goladl (5,50 po do 0 bl Canl 00,5 s s Jo5iKe 1 U,y oadeo (/2199 +/+ VYA
an s> S Gl cpl a5 aes o lid aliw gl 10 ool (65,5 B rae e

Egoze 10 ool (65, Bras Gl plplocwl 005 oy (il gl Sl a4 e
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Table (5)Economic productivity of some important variables in the proposed
approach of WEFN
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Figure (2)The amount of economic efficiency of energy consumption of inputs
by implementing the proposed approach of WEFN (million rials per
megajoule)
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Figure (3) The amount of economic efficiency of irrigation water consumption
by implementing the proposed approach of WEFN (million IRR /m3)
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Table (6) Physical productivity is some of the important variables in the
approach proposed by WEFN
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Table (6) Physical productivity is some of the important variables in the
approach proposed by WEFN
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Extended Abstract

Introduction

Due to the drought conditions and due to population growth and increased
demand for food, today more than ever there is a need to improve water and
energy efficiency. ater-Energy-Food (WEFN) all three are inextricably linked
and are vital for the development of human life and livelihood. Due to the fact
that the countries of the Middle East, along with the country of Iran, have dry
to semi-arid climates in terms of climatic conditions, there are problems and
challenges, for this reason, they face many problems in the supply and
distribution of water in various sectors, especially in the agricultural sector.
The agricultural sector accounts for about 90% of fresh water consumption
and about 30% of energy consumption worldwide. On the other hand,
agricultural irrigation supplies about 40% of the world's food. Considering
that one of the sectors where water-energy-food are closely related is
agriculture. Therefore, the optimal allocation of water, energy and land
resources according to the intended goals can improve economic profit and
also lead to a reduction in the amount of CO2 greenhouse gas emissions. The
increasing importance of energy resources in the formation and growth of
economic processes, as well as the need to use these resources based on
environmental considerations and sustainable economic and social
development, considers the issue of energy consumption as an important
issue Main infrastructures of the economy, including industry and services
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and presents the world's agriculture. Therefore, the agricultural sector is of
special importance as a consumer and producer of energy. Considering that
no study has been conducted in basin sistan the field of water and energy
efficiency using the correlation approach. Therefore, the current research has
determined the amount of economic and physical productivity (water and
energy consumption) in this basin using a multi-objective planning mode.
Materials and Method

This model has the ability to model interactions and interactions of three
water-energy-food systems, including water supply-demand, energy supply-
demand, land demand, crop performance, water and energy allocation. The
hypothetical model under investigation includes most of the lands covered by
crops (wheat, barley, alfalfa, onions, melons and watermelons) of the Sistan
Plain (Zabol, Zehak, Hirmand and Hamoon). In this model, the water needed
for irrigation comes from sources Surface water (not having underground
water) is supplied. Therefore, in this research, it is tried to introduce multi-
objective mathematical programming (MOP) based on a mathematical
planning model using (method and technique) for water-energy-food
correlation, which has the ability to process management decisions. In this
model, in addition to examining the economic aspect of CO> greenhouse gas
control, the amount of economic and physical productivity (irrigation water
consumption, energy consumption of inputs, and the amount of production of
basic and strategic products of the region) has been investigated. The present
research was conducted in the study area of Sistan Plain for the crop year
2017-2018. Therefore, the modeling of this research, considering the three
water-food-energy systems and its different aspects, includes different goals.
These goals include maximizing gross profit and maximizing calorie
production in the basic and strategic products of the region. And the
minimization goals include: emission of greenhouse gases, the amount of
irrigation water consumption and the amount of energy consumption of
energy inputs are determined.

Results and discussion

According to the results of the implementation of the water-energy-food
correlation model, it has led to an improvement in the efficiency of irrigation
water consumption in the study area by 11.37%. According to the results of
the model of economic productivity for energy consumption of inputs,
strategic products to provide food security and CO2 greenhouse gas emission,
respectively (14.3, 14. 1 and 16.02) percent were obtained. Also, the results
of the proposed model showed that the physical productivity of water



consumption in Sistan Plain has increased from 188899.5 kg/m3 to 211487.5
kg/m3. Therefore, the implementation of the WEFN correlation approach in
the study area has led to the improvement of the economic and physical
efficiency of water and energy consumption. The results of the proposed
WEFN model showed that the economic productivity (irrigation water and
energy) has increased with the decrease in irrigation water consumption.
Therefore, the implementation of water-energy-food correlation for hot and
dry regions, especially for the Sistan region, which is facing the problem of
water shortage, can improve the efficiency of water and energy consumption.
Therefore, if all-round management in the agricultural sector of the region is
carried out with this approach, it will improve economic efficiency in the
amount of irrigation water consumption by 11.37% and the amount of energy
consumption of agricultural inputs by 10.25%. The results show the
successful performance of water-energy-food nexus to maintain food security
and improve productivity in this region.

Suggestion

According to the results of the model to increase the economic productivity,
the determination and selection of cultivated products in each region can be
considered as a sustainable approach in management. Therefore, it is
necessary to implement the WEFN correlation according to the results of the
first model to lead to the improvement of irrigation efficiency, and secondly,
to protect the environment and lead to a reduction in environmental
pollutants. This can provide a favorable economic situation for the farmers of
the region. For economic productivity, modern irrigation methods should be
used and suitable for the Sistan region and crop irrigation and irrigation
efficiency should be increased, and in order to use and expand new irrigation
methods, necessary arrangements and facilities should be considered for
farmers.

JEL classification: C02, C61, O13

Keywords: water-energy-food correlation, multi-objective nonlinear
planning, economic and physical productivity, Sistan plain



