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Introduction

Energy production from agricultural residue is an important research area with significant potential for
sustainable energy production. In Iran, the use of agricultural waste for energy production, due to its favorable
geographical characteristics, has the potential to address energy security, reduce greenhouse gas (GHG) emissions,
and create economic opportunities for rural communities. Rice and wheat are major crops in Iran, which produce
residue in the form of rice husk and wheat straw, respectively, which can be converted into energy sources.
Biomass energy production from agricultural residue is currently being carried out worldwide. Although biomass
energy is believed to be an effective option in terms of domestic renewable energy production, its ability to improve
social welfare is controversial. Therefore, this study aims to examine the extent to which increases in biomass
prices affect social welfare. It also investigates the potential for reducing greenhouse gas emissions through
electricity generation using biomass derived from two major agricultural crops, wheat and rice.

Materials and Methods

This study evaluates the welfare and environmental impacts of using biomass derived from two major crops,
wheat and rice. To achieve this objective, a partial equilibrium model was employed to maximize the total surplus
of biomass producers and consumers, subject to resource availability constraints, thereby assessing the economic
implications of biomass utilization. In addition, the potential for carbon dioxide emission reduction was estimated
through a life cycle assessment of biomass-based electricity generation and by comparing its emissions with those
associated with electricity generated from fossil fuels.

Results and Discussion

The results of the model simulation show that the welfare of biomass consumers decreases and that of biomass
producers increases; so that the maximum social welfare is achieved at a price of 28.63 million Tomans per ton
for wheat biomass and 27.59 million Tomans per ton for rice biomass. The results also showed that an increase in
the price of biomass leads to an increase in biomass production, and by using this biomass produced from the two
crops wheat and rice in electricity generation, greenhouse gas emissions can be reduced by 8.2 percent in the
country.

Authors retain the copyright. This is an open access article distributed under Creative Commons
Ev Attribution 4.0 International License (CC BY 4.0)
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Conclusion

Wheat straw and rice straw are among the agricultural residues that are used to produce electrical energy.
Increasing the price of electrical energy produced from crop residue will increase the supply of biomass from
wheat and rice crops, because straw and stubble can be a source of income for farmers in addition to the main
wheat and rice crops, and on the other hand, by collecting straw and stubble, their burning in the fields is prevented.
Given the increasing demand for electrical energy in the country, this study can be a basis for the government and
policymakers to think of a solution for generating electricity from agricultural waste on a large scale that can
produce clean energy and manage agricultural land residue. Therefore, according to the results of this study, it is
suggested that by setting an appropriate price for wheat and rice straw and stubble, it is possible to collect them
and not burn them in the fields, and to invest in biomass energy plants to produce clean energy. In this study,
agricultural producers and power plants are considered as biomass consumers, and potential electricity market
effects are ignored. To inform the sustainable use of biomass resources, the proposed model can be extended to
the electricity sector consumed by the government and households. In addition, further research is needed to
examine environmental impacts, such as biodiversity and water consumption, in a broader manner. The authors
leave these explorations to future work.

Keywords: Agricultural residues, Biomass, Consumer and producer surplus, Partial equilibrium model, Rice,
Wheat



G 5y9WS drwgl 9 38l &yl

https://jead.um.ac.ir

b

T Jle
YYV=YOY. 5o (N E40 50l ¥ o led 0 RIEY

Ol 53 Gk 03 g5 6551 51 eslitml s 5 26, O L5

‘_;;lﬂ Cyee —\J:_,La &Ua.c Jles = 315 el Ao —‘f,@.e ol
VECF/YIY0 1355

VEO/0 N/ Jﬁv\i @)U

dASe

S Ll izl () > ol Sl (5551 25 Sl B sl b S o 3 S (s3gliS Ll J 5551 M
bl clacus b sbnl o GlallS sbajls jlasl (el (il (ol b ablie Juily coglhae ol sl Shy Jdda il Mg ¢l
0359 35 yo3 becylpl 33 (s sk 03g5Cumn (65 51 oalatw] Jaecun g (aly Il bl adllas pl Bua cplpls )05 1) sl mele> (sly
Sudgioe 4y by i 0dgiCuuj GBS Mg 5 039w j BaiS B as dile gaeme il Slis a4 b Sia Jols Jdo 5 5l ool y
pAS Jauazts g3 0dgicum | (Jamecuns g 28y I3l Sbj) Caa adlas cpl sl (olail glassly Jdow gy mlie g (o yiwd )
b oo i3l odgicums ) BaiSalsr o Lials odgicu; HEASC pan oldy &S dad o i o (gilwdnd gl ol odd olatul g5y g
eloal o) s a6y o395 sl (5 2 53 Jby Cselee YVOA g paiS 0395Cuans sl (5 2 53 Jby Oogelee YAPIY a3 o5 (g5l
0l MJgi 0093 j (pl (635 G b g dgu o 0355 Cumnj Mgi il 38l 4y e 03 ) Cuaud ]38 &S b LS ol (pises 33,5 o Juol>
SIS Cuasd ol & do g b cplpli b als' 1y 10dS 3 asd MY B 1) lalodS 58 Ll liue lei oo 3 Mg 10 gy 9 pAS Jguamo 9o
Olysar Slgi e 0355l 5y Mg Golgy ) ()T alepw 5 (55ysliS SV gae Slowy (gy5laer (sl 03655 Slml 5 03I cuslia
S5yl angs (sl (635 Canlis & W55 34855 ) ol ol 3 255 D] o lae S 3318 5 eloin! ol Sl Slacanlie
LS SaS 0355 Cums ) ylglyd mlio b yauiS jd (glaildS slalS Ll ials sl

S P Je (BuiSale 5 GEAS G s dlile (pAiS wdgicuw ) @y «55sliS gLl 1 galS slaaily

205 Slass Bl sy o o 4y 9 995 oo 03Misl (o] 2 595 )
e 035 g 2lo)S (pe) el B ol sy 551 Jelds
Abdullah-Al-Mahbub &) 15l s3] 5 las (sl 551 o)
(Islam, 2023
Olgisds 0358 jobods 035 j (pdydaos sbagi sl e 5
Sl 5 8 3wS1 (o0 Ll alS (ly plppies (5550 S
yob> Jl> 5> (Popp et al., 2021) cuwsl ol duogs Com jlase
Siw 5 5l g ol > 5 kel gte Gresleg 0395

dodbo

sl wre Jolge S (S (ed slacdgw Sl 55l Wy

Wyl opl S el ol plen g Ol Ol g claslxS clajlS
gle jl okl 5 (6551 Bpan (luding dlox I 63b5 (slasd,
Cool 013 Sloidy Gliie g GMelil bwg phibiod 65yl
ol Jb ol hey oyl (Fadai, 2007; Taufig et al., 2007)
i oolall dS; ol sato VL] qopn A5Ls) oysS 5 Lawss

Qlﬁl ‘L;)L.: ‘L;sw.lo ek.o 9 d)‘)sLZ'S 199.\; oKl ‘(_s_cl))‘ (b 0aisly ‘d)')gu;f sl n”f =)

https://doi.org/10.22067/jead.2026.93528.1353

(Email: hamidamirnejad @yah00.COM :Jgtus s g —#)
Syl S oKtils il 095 Y


mailto:hamidamirnejad@yahoo.com
https://doi.org/10.22067/jead.2026.93528.1353
https://orcid.org/0000-0002-4307-1146
https://orcid.org/0000-0002-5108-1993
https://jead.um.ac.ir/

VPO 5l ¥ ojlod Fe ler 1(53y9lisS anwgi g olaidl 425 VY

Sk 5l el 5 Bpae 56 IS 5l aoys A//Y dgas FeY b
Sty 1o y3 YAIY 390yl ol ool 00 prols o (sla guo
Sl pres lpl ol alie Cae Gl 5:S5ke
Gl 03y Moy A g ki Bpas Sl plinaes
B ooyl & cwl sl el el opl (Solaymani, 2021)
b (Y as)) 28l s )3 dil i (2)S a8 (63 S50 gloosisS yuiicie
«5=hj Y gaza gl utS g Cilie bl )3 ol 245 4 g
oh9% 35 oS 5 & (S £95 Sl (R P BB Jesly o
Osalee WWV) (551 59y i slaailily Ll 3,15 03g5cns 5 (55 5
0395 Cumy j Aiile pludydond sl g5l odds el (Y- TYY Jlw j3 ,¥o
1 (IEA, 2024) wisly o, a8 ool b 5l sk
e SRl 038 (5551 1) (salatdl oS0l ¢ ol b (i
@ Ll prals pl asecunj 9 (2) con 4 by Ll
Sl csasil 3 @y ohst i SIPL @y 5 onS weS]
)9S dag oiin ol Blial 3iod 4 Wl oo g Cusl (5905
S8 ool SaS

2 SipguiS SV gase (BUSS pS)i jl S ol
P plniss gl Wy ol mie VAR dad b cwl s
o3l 3y90 i gl el | 8 4 392 (65,9l 039 ]
Jlo V- s o1l (Alavijeh & Yaghmaei, 2016) cé,5 . )l,3
slr 3pgliS o) S (ygakee V1A 390> Lawgie jobdy S
VY g (6550l (il g0 ] wtil ely; OV pame Mg
2o WA 5l i Jad g 08 0 S8 (31 (alBL udg 4 sy
cuis (Statistical Center of Iran, 2023) cosl Cuzes JS !
OB &S sl glul 53 (655liS (bl Clld Sy pAS g
Ly Cygody Sluld Jpaxe 93 (3 (238 Ctel 3 (oo
Y g ol oxiledly yide WIS (o A5 pAS 0 5 g o 4
oMl (51 M sl (505 0> LS g g oo 08ljg £)l50 5
Dy 0

ool 3 pol o 33 (65)5LiS Sbli jlodgicuns; (535l Mg
8ol oo SV (sloygiS Jlio lsiees 390 plxl ol
MVF e Ty oad o sbocud B b cwiar oilf g Jeip o
IEA, ) clslXe YYAD 5 Clglle ¥-VF «lglSo FYAA (lglKs
005 o ynd ) b olyen (65)5liS (Lley s Mg olie (2024
o35 ol 2 JI5 5T Lol e (5558 (bl b
e g piline ol cpl sl 09y Sy g3 g g
Olysar Jypae bl jlodlatul sl o> bawgs 5o 53]yl
slcdsw il Llg o 45 (Gosens, 2015) cuwl céguw

3- Lignin

Sl sl 5351 5 203 1F Loy el ol s S 5
Ayl 51 5 20 WD J Gty Jlo 3 5 45 o s )
Bahrami & ) 3¢5 0 el odgicams) mlo )b jl Shke
Y gasme j pbhlidod auie SO edgicw 5 (Abbaszadeh, 2013
Pl Y928 5 (o pxd sladllj (K> @l (2L Ll <)
4 (Makul et al., 2021) 35 0 <8l Gylas pwlpw yd oS Col
g By (55liS CYgaxe sy Wle (anb S ples
355 it T35 5 " Psboon M Psbo S oS laile
Chowdhury et ) 54 oo 415 (s sk 03g5Cum b (6315l
bl Sl (B siigliS SV gaze byl e @l 2025
soolie oS Jbb j0 g o 0dih, S S & 268 lgieay BLS
b Wb oo o8ligmw dsyie 0 Coles 0 g dile o odlatwIMy (g0b;
Ssho 0393 (LS SLly (p) Wsd odpug b Ngd oo )
EF (FSHh g M (slaS SYgaxe cutby Gl
Quartey & Chylkova, ) siwd (Sjs ,ai jl odd g 03¢5 ;
(2012

Wlo (Y gae | oolasiwl wdgicums (g3l s slas;glis
g Conl 03l (B ) Sl g (S89) S 0)> @iy S
9 218 dge Jl 515 1) 09 Y gae jloe B ) oljyliS
5| oslizsl (Revilla et al., 2022) w8 asye ik 4 pb Sygs
ly 0lioslsS aely (55l dgi (sl (55,9l Y guame (SLlEs
Sboise plo g gjyslas s Juadlsbol el g da3 00 il
4058 Comd Moldbed (6 md 0aiS gy o8 jl a5 2445 0 baiye
2 (e 0393 ) S3 Pl WP S 4 i ol (b ol b
$53laS Mg sladija plajen (IEIL ol yen (ol Y e
el (55,5laS iy aylid b g (655l S ol jal aoes >
9 gl [(Baye et al., 2019) s o b yguiS )3 03y (51,55
Jlis &8 Wy JYawl (Ewing & Msangi, 2009) Sl
G Gl el (65)0liS SV gare bl sl e
Wb )5 e il elaasl oy g oad slie dlge (ol
Silwdde addlas sz )3 (65)5liS syl iz (glacanliw
slans 1y bl Y clacwd polie Lisli8l 5 Cunl o
Von Lampe, 2006; Elobeid & Hart, ) s o olis oss)]
2007; Banse & Grethe, 2008; Rosegrant, 2008;
.(Schmidhuber, 2008

b sl g olod (b lio J olpl y58 oS Jbo
0 (Jond (oS g b (STl (36 (e gtix ol
5 o jlame 3] Clli (liE ol (305 SSlig> sV Sl
VA o Jls Lo (Naderietal., 2021) cool dslgo jlasly axwgs

1- Cellulose
2- Hemicellulose



YYY ol 50 ek ogicam ; (6551 31 oolisiml (Jasmmotoms 5 3 BBy O3 (b3, iyl )50 g 92 0

Hamzeh et al., 2011; Hosseini et al., 2013; Okello et al.,
2013; Gabisa & Gheewala, 2018; Tolessa, 2023;

Ozdil) 1Sl g 355l ¢ Jlio ylgic4s (Sebastian et al., 2025
Y a0l Aol edgicum; Jumslty (& Caliskan, 2022
las s gblie ly g jlodlatl b 3p Wy 5 55)0liS
Jols 0355 j £a0mm0 1535 duwloee Yo e A=Y VA (sla Sl oy
DAANFF &S i dwlie 5slS VWAYDY cl); &Y guames | o
OiohS WYVAA 5 elys V¥ gamo I (5b Jlade oyl 5l op5elS
Srglaes slodly Lolwl p ol 039 (£l Y guame 4 bogsye
Slp VAN A 0)93 13 (Bpan 3 @S5 S5l O)ljg 5l 0ad
a3y Jowly &5 Jb jo cusl cels SlgglS VoA x YYYS 4S5
SlgghS 1+ x AQF dgas oy Jlo lad 45 Y guamo 5l ol cowd
Joly Sl Ol 1y 5l 3590 (51 o3 Y i el casl
355 el (65,9188 Y guao 035y

50 Mg (Hasan & Ammenberg, 2019) 5yl g Cpus
2 CO2 sl Jials (sl jlub (al) lpiear ]y pdyios e 5l
e ol 5l g a5 Jilty 4 ol ol bty 08,5 s
Sl Eb )l Pl 4 B> (o ped 950l ) (g5y5liS Ll
3 Gr Mg g e g ly 29 Jeilty & Wb Lt o]
25 395 £ l3m (5,58 bll 5 sy sloall

il @l 3l ookl (Uzair et al., 2020) 4, Se ¢ 592
9 3Pl il ol lp ol ooy ) Sl > pdidies
AYlo a8 oy L byl sl (Jud Cogw Bpae Lials
So Oy Sy &5 25800 Mg (55038 Sl (6oL e
3 a5 ol i byl gl g edlil 5y i (sl ol odleg
e 59l bl 5l 3 lgle Wer dg0e g5 o0 Egecna
2 155 (g 9 P iy (23 o Jlo plyist) ol Jpans

S Casl oad JoSuts ol gt slez 1 olnl > 36l S S
Ol > & Sy oaiS M elo ol Pl b 15l Wl le
(el ploz 2 093 5 alhoysls 3 sl () el S (sl
5 (305 w1y 93 €y S 3 31ty <IN Lai) K JE;
e lpl S glosl 1LYl 2e8) piaes slacss
8l asn YV conl Glas 0 (IS slaj5 &l puos oaiiS'ad o
S oslisal Jouily 42 d2g5 b g (Dlee ) Sl (slajls L]
4055 0395 (51 il oalil 4 b ol 0dgicun; (65 e
w2 (Mohammadnejad et al., 2011) wisl awsly (g i
&5 3 oolasl gug (gl (ool Ol oly LS Guiss cloal
odlaiwl | Jarounwj g (2B OISl Lol il odds pls] 0355
Ol Sl 0ads cw) i (] )3 gk 035 (555l 5l
Cuod Gl &S it £9290 (pl oy JU> 4 adllas (nl
2 opiten A yos |y elois] oy Wl e ds dx U edgicium

) 2K b elanl oy g iyl Wy p g 298 s
Egbendewe—Mopdzozo et al., 2011; Maung & McCarl,
&5 3 oolasiwl 13U 2550 10 Olalllas a8 ol L by sy, (2013
Lol el 08" )loans L"Me.}ﬁ.em? el oy g5k o355
ol Slizel ao ST el 2l s 3y 531 59y Slallas
S5 My 3l e A Sy et iyl & el
bl o) v sl ) QUlF Ll sl (31 pdynaes
b8 Sllllae pols> oy y (Kumar et al., 2023) cusl 3550 e
ly ) S g S5 L @l gl a8 Sl (ST a8 aad o i
Thompson et) A8 e 55 5e3 (e (sl <ol o A8 (oo () 2
o ol olbllae ol 5l 5 .(al., 2010; Havlik et al., 2011
o bl Jlzal b 5l sl del) edgicun; (65,0 45 ximd
oldy 5 olie el o )3 g A 0 Liul38l 1) (golazdl Ay (S
Sulle et al., 2009; Arndt et al., 2011; ) wiso o dee |,
Hung et al., 2012; Kgathi et al., 2012; Headey & Martin,
Sipl GoymS &S s e i s S0 51 Sy (2016
9 8 Cuad (Bl g 1 (g (o pted 3 GEalS sl 05T
Mitchell, ) dgi 0 018, (il 5 olie Cuiel (ialS s
2008; Godfray et al., 2010; Zilberman et al., 2013;
(Renzaho et al., 2017; Brinkman et al., 2020
Gl b uod JeloSods jo  yida e 1 S0d (S
o395 (555 p3le & Joud S g (Sgl g 035
Tofigh & Abedian, 2016; Paolini et ) xles,S" 35 i Wgu o
al., 2018; Jekayinfa & Scholz; 2009. Xin et al., 2018;
Jie olaicay (Welfle et al., 2020; Zheng & Qiu, 2020

Jole cpyimte & oy doxi ol 4 (Landalv, 2017) walluy
bl Jold) edgicumj mle (Ben-lwo et al., 2016) ., Ko
Mg lp s ) 0920 (503 5 SRS (IS wsslas
Joyd Ae &S By dons cpl 4 g 10,87 b5yl edg5cuusj (655
S5 nall g sole 035 |y 5 5 (Byae 555 JS
20V 5Ske (el & (gl (S o3 ) 5 ealiul
O gl 45 238L )3 o] 3 )8 gy 0y Sler sl 31,5 b
5 W )8 oolawl e 3l i 5l e Wb Gaa pl 4
il coles b slaylpl 51 (Kangas et al., 2011) ), Ko
Fesipl W oVl 5 ()l 4k s (59) p 1y 0355 j (55
eyl &b a8 ol ol o] gl 65,8 )y 0395
o3 Sl )3 0395 (5551 5) Car (b pll
sl B AL
sloysiS o 1y dgicumj Ags AVl cud )b lagss I S
Najafi et al., 2009; Singh & Gu, 2010; ) 558" oy calisco



1F00 50y o oyladd Fo ilr (659 LaS dnugd g oLl 4yl YYFY

adlles 4y sl b 5 (Takayama & Judge, 1964) zol> 5 LLKL

bt wlidnngs 0y shpaeby Jie (Wang, 2023) S5y
1wl 04 ooliiw] PN
Max W

= [(Z[Bo + B8] — Z CiLandi>

+ (Z[(pwx@. (1 - txy)Exchange + CostX(L-))Xi]
i

- Z[(pwm(i). (1 + tm(i)) + CostM(i))Ml-]>
i

(1)

+ Z[(Biomass(i).PBiomassi - CostBiomass(i))Land]]

7
+ Z[Pelectricity X Qelectricity]

7
- Z[TVC +TFC + Tcemism]}

7
Subject to:
S; + M; = X;+D; (v)
P < Bowy + BrySi (\“)
(pwmg). (1 + tmgy) + CostMy)) < P; (¥)
(pwxgy. (1 — txy) Exchange + CostX ;) = P; (8)
Z TEP; = Z Biomass; X RPR; X A; X HV; (;«)
EmiSSionC02 =y X Qelectricity (V)
Z L; < Total land (/\)

i

oS Byl Jpazmo 35 b Tase | (o se By ) slas 5>

ell Jpaze 1g5 jlaie S epll Joamo 3g5 @b Jiuno (sl piite
Jyame Slplo ddyei txgy ol Joame Slplo cud pwx(;
Xi pli Joamo &lpdlo a0 COSTX; o5, ¢, Exchange pli
ll Joaze Shylg cuasd pwmegy ll Joae clypplo jlids
el Jgamo bl jlade M; cpli Jgamo cls)lg 4o CostM ;)
Ceaid PBiomass iy «li Joase 035 ,laie Biomass;
Syglee> 4auzp CostBiomassgy ol Jpame 03gcum )
4 a8l janass e laie Landyy li Jaase odgicun;
ooy bwg My Gp cwd Peectricity ¢l Jpame
@395 0B gy bawgs (Mg (5 ylde Qerectricity ©3FCum
ol soayin TFC w3 oS gy yite loaize TVC
ooy (9 sl Ol TComission 9 0355Cuu; ol5g s
ol o 93 goomme I (V) dokee gBly o bl o 0355
2 b o 0aSuder dlile 4 bgyye ol Connd il o S
2 1y olygliS Cadie il38l S Canl (gilire CueS oyl &8y
ol ) 290 S 5)9liS 39w o5 Y guazee | 095 o

SRS L plalds 5 jLasl gald el adlas (ol
390 By g5 3 gy g pAS Joazme 93 | odd Agi 3 ;
28,5 algd 58

staial ol byl g oubiaih g

ool 03¢5 Cuuny &5y Mo adllas sl iisee gl b,y
Ll «(Lobell & Burke, 2010; Chen et al., 2016) cul oud
&S Ldewy a0 oyl 4 (Chang et al., 2012) ) \Kea 4 S
Sdse p (o3l Ghpaely badse 1l isu 5 oo
oloiz oldy Ol pis sl jgboty bl 15 i)l ol (s lel
ool ey S e gl & L Cilisee (sla STy oo 1,
255 B S oo et 1) (08L) siaptelp ool S adlllas
S gy sloizl o) o |y (gilshe 035 ) (655l Canid

15 ke VAT b 3 JUssle Lawgs izl S5 Jobs 4yl
abaly o 348 5> 0 ldl msg & Sja ol .(Canova, 1994)
@ Jlod 0jo> (S Jol s 53 L9 428l baslil b
(sHS (i 3 22 51095 00 (28 Sl ()5 sy JBlia 3)l5a
BT S50 Ll 5,5 o 51,8 4055 390 Cilisea (slanyl3 (o i
odlazusl ¢ pl s el Lol Hls S ol Judos ) lacuolow 5|
ol Jlos! BT Jdos (s wlgi o S Jobs sl s 5
s Sl &y daJae el sbmgl 53 il e ey il
Cubly b &S Cunl Sl ogas POl sloJde &y Cums (55390000
(Sacchelli et al., 2014)

ool hnghy I ol adlas 3 i o)l>
Adams et al.,) 5> adlle pis o (Samuelson, 1952)
b 5 LLL el ous 43,5 (1990; Kung et al., 2013
Plo 4 1) jaudisols 5,55, (Takayama & Judge, 1964)
s 4 b b i g Bl bl Sloj g (S Joles
4 boyie (BauSuly o BasSuas dlile ggame ik,
Lo obaidl Jols g oo cmlio (D9 (o ;0 claudgize
s ©rpots iad do s il s 5l 3 58 Jo 1y )l
Sl slacwd Hlasda 150900 Gypods aSl Wb o5 Jlos!
P O ol S m il gl Slacadgice b by
McCarl & ) cuwl ai8)S 1,8 oslatwl 3y50 (g3daie ()00 Olalllae

Spreen, 1980; Chang et al., 1992; Lambert et al., 1995;
McCarl & Schneider, 2000; Guieysse et al., 2013; Kung

&|931 9 LS)‘”LI‘S s ¢lalsb ‘JJ.o Oi‘ .(& Zhang, 2015
3509y J1 35 cul )3 055 (o0 50 3 |y Jgae (SLla: I alie



YYY ol 50 sk 00gicam 6551 31 oolisius] (Janmmotoms 5 3 BBy O 51 b3, iyl )50 g 92 50

& Bilsborrow, 2013; Milhau & Fallot, 2013; Okello et
ol S5k 5 (A) dslee cules o .(al., 2013; Rivaet al., 2014
Cuwl 05 0315 yawass pli Joame & & uej JS &S ol Cllao

A8l e 5509l Sl JS 51 Sl el

ES)lS L GIGIAIS IS LIS (hals jlue duulas
B il g s o0 gt
S ey S 5 Ll s (A) aobee 1 odlizal |
ol S odlitl (55 58 (sl T hend S50 51 oS a0l
Dgud 0
GHGpossit = Qpossit X EFfossit ()
2 e gM Gp ole IS Sl Qrossit 3) 4ty 5
o e oS Canl ol SlgohsS s yy s B ond S gus
Ministry of ) cusl jauiS ;5 celw @lglKe YAY 4 i V¥ 250
g o8 g5 5l laldlS 5 Ll oy EFf .(Energy, 2023
22 g el pyS ST (60 2,5 AOF ] ke oS cunl Lud
(Wang, 2023) caul 3y cslos Clgshs
(V) Wolro 1 ookl b odg5cuny 5 08 s 3l slaslsdS 518 Ll JS
g oo s

GHGbio=GHGharvest+ GHGpreprocessing+GHGtranspo (\ . )
rtation"'GHGburn

b slalds 5 Ll Tels 48 > GHGpio () +) dlolee )
Sl GHGrarvest «cawl 5y 3gi (gly 0395 5l oolazl |
Calbyp g sl wuils Glles Jdday dsyie 5l slaldlS oo
GHGpreprocessing -Cuwl (6550liS &Y gammo (sLls 5 Y guao
(055 23 ol 0355 j il i b OIS sl Lassl
Phanphanich & Mani,) cul o .& g (jlwo pu3d ¢ Jor ¢ gy Jas
sl lisl GHGrransportation -(2011; Masum et al., 2020
WolSg i 4 yglaer ol ) odgicuny; JUil J| Jolbs glaslds
Sl dols bS5 Ll sxad i GHGpum !
Silg adllas 4y olizw! b ool 3 Adgi (gly 00g5cans) oyl jgu
u.;)f KWy «d r°)§ YYo B YV GHGyjo )I.\.&a (\Nang, 2023)
Aol o395 5 o il 4 By sl SloskS o A5
Rl 5l 36 Gl el jlasl s ials coles 5
2guco 3ygly (V)) ddlee 3l oolisl b 03g5camn ) b o g
GHGsapig = GHGpossit — GHGrossiy )
— GHGy;,

4- Life Cycle
(i) G o Gl aSuie (dg w d Sy (65,0l A b 4 asg L -0

Sgliste 18y (ul Bp W5 3 (il s Gleasily g edli il )50 5y5l i3

sl

AUl cal @)l saiiSade old) olile (> @jle 4 Lm0
Gregory) cul 5,5liS 6 (slyp Mg claan i g JS aelps e
2wl 045 pns dljle 4 bgy e pgd Cuand (Mankiw, 2006
SYE lp oole jobay o35 I G Mg slaelSy s ol
s 813 85 a0 3] 5 nS s (S S (55,) 255 3,
oS Hlde plpls LG5y o ciin caly 4 pils VI ol
Cusl o 008 yuns o o S las AMS | sl ylie 568
B 2 o e b by (S 55l ke
Plola Gyl jbs) (g5ludure s 00585 pas 35l 1N 550, o
Joe jl aiS B pan o8, Jolis oS sl o a8)S a5 > Je
Pl ol 5l cwwd pl Z8ly 5 sl dtows 1S 500 slolas
W Clld gaw mread e Shls 0B g8 slaa o (38)5 jlas
Gregory Mankiw, ) 1l o o Glols el cas 3 Gy
(2006

ol G550 ol (Sile caliseo (glaolBays 5l (A-Y) Yol
3 o s 1y (65,0liS” WY quaze il 3 68" ol (V) dbleo
sl Sy g 0ad g (65,5liS SV gae [ ko ] 3 &S
oS udgr ,lid ) (V) doles cuisl wlyols 5 (31> (slajls (goS5wwly
ajp &S e B Sloj A adye &5 b B Gl )
05 ¥ Yol .uib Mg ol dolp bl by o My
2 Gl Jdo 53 (6559liS Y guazes il palo g iy lg 18061 ,SLy
b o pll Jgpame Cuond Sl Py &Y olee (]

Cuoud (pwmyy. (1 + tm(i)) + CostM;y) «(¥) dolso
Jyans Coasd 45 G5 b ol 1m0 i |y Sy Jpasno
gaw  clyjly sl Jpame ol (b ced pln b 8 Sy
dg Wld A v 3 Slplo Sl pizmen D9 Sales dingo
Jyaseo o (B> Cad bl b 2 Slolo Jpame cod oS
ablee) (Pwx(yy. (—tx(i))Exchange + CostX(j)) (= il
5 5l YodgCns sy oy Sl TBPY (7) aboles 15 (0
o ol 1y (659l Gbles 5l oel Cauwndds 039 ; 4V Lo Ag5
W Cans 5 SV guamo 4Vl g5 jlade 4 diws TBPi 35,1 .3
a3 o i RPR=2 Jlie lgisds .cuwl wiglite (RPR) TLlE 4
Singh, ) 355 0 W Ll (5 9 (Jgare Mg (5 » il 4 oS
03> &gy o Cul Ly g pglean £ Ap dblas ol )5.(2015
o Cunl o950 (tale)S (05l e Lis i HV; 350 ol
Ozturk & Bascetincelik, 2006; lye ) 1l o MI/kg ] a5l

1- Theoretical Biomass Potential
2- Residue Production Ratio

Bl cogu jl had Cogw olgys o Cunlond (25 3udod cpl ) Y
S o odliil HouiS 5D Gy Mg (gl



VPO 5l ¥ ojled Fe aler 1539l anwgi g olaidl 25 YYY

Jae 40 aalewl 3,90 sWodld gole ) Jgas

Table 1- Data sources used in the model
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Table 2- Results of the mathematical simulator model under different wheat biomass energy prices
PV
Wheat
s g oo Y gl Y g1,lw ¥ g2 b £ gl
Simulated value  Scenario 1 Scenario 2 Scenario 3 Scenario 4

KWy 11676.44 12694.41 14786.76 15721.5 16002.21
Production (thousand tons) ) (8.7) (26.6) (34.6) (37)
0P 13152.59 13427.99 13994 14264.64 14323
Biomass (thousand tons) (0 (2 (6.3) (84) (8.8)
Caogd 6125 15375 26154 28630 31524
Price (thousand rials) (0 (151) (327) (367) (414)
045 byuno Sl 19988530 18361150 17523400 15207060 13164600
Consumer surplus (thousand rials) (0 (-8.1) (-12.3) (-23.9) (-34.1)
oaS e 3ljle 27271000 29529800 30171500 36590050 37521060
Producer surplus (thousand rials) (0 (8.2) (10.6) (34.1) (37.5)
ols, 47259530 47890950 47694900 51797110 50685660
Welfare (thousand rials) (0) (1.3) (0.9) (9.6) (7.2)

5200 (gladidly txuie
Source: Research findings
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Table 3- Results of the mathematical simulator model under different rice biomass energy prices
T
Rice
VeI WP VOUR R Kt PR RPN v Y gl Y g5l £ g1,b
Simulated value  Scenariol Scenario2 Scenario3 Scenario 4

KNS} 2776.24 2794.41 2865.76 2878.5 2881.3
Production (thousand tons) (0) (0.6) (3.2) (3.6) (3.7)
03¢5 a2 § 3249.59 3354.99 3373.75 3377.195 3478.251
Biomass (thousand tons) (0) (3.2) (3.8) (3.9) (M
Caosd 8030 15230 27590 32100 37720
Price (thousand rials) 0) (89.6) (243.5) (299.7) (369.7)
0SB puao Sljlo 16573523 16327137 16224969 15735719 15335711
Consumer surplus (thousand rials) 0) (-1.2) (-1.6) (-1.8) (-7.6)
PRVCRWA RN 28936170 29802505 30178716 36592400 37206201
Producer surplus (thousand rials) (0) (3) (4.3) (26.5) (30)
olé, 45509693 46129642 48403685 48328119 48041912
Welfare (thousand rials) (0) (1.3) (6.3) (6.1) (5.5)

Source: Research findings
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Table 4- Greenhouse gas emissions and net percentage reduction in greenhouse gas emissions by replacing fossil fuels with
biomass in different scenarios

JS Mo

W) als e p GHG »

GHG GHG iy S5l jlale 4y Comd 92 5w
gy ,Liws 8395 Cunmnd § _ GHfEs,Sll GHGhio = GHGfossil LR
Scenarios ~ Total biomass (4CO /IIZ:/TI; (9CO2/kwh) — GHGygqy Percentage reduction in GHG
amount (1000 g-La — GHG;, emissions in each scenario
tons) (gCO2/kwh) compared to the Simulated
value
JTER
028 gl 16402.18 14942471356 4592610400 10349860956 0
Simulated
value
sl 16782.95 15195639846 4699226000 10496413846 1.415989
Scenario 1
¥ ke 17367.75 15587052790 4862970000 10724082790 3.615718
Scenario 2
v y"tf” 17641.835 15912095529 4939713800 10972381729 6.014774
Scenario 3
L
Yo . 17801.251 16189093098 4984350280 11204742818 8.259839
Scenario 4

200 (oAl txuie
Source: Research findings
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Introduction

The rapid growth of the global population, ongoing climate change, and limited production resources have
intensified concerns about food security. Sustainable food production systems, particularly grazing-based livestock
production, play a vital role in addressing these challenges. However, these systems face numerous obstacles in
developing countries and arid/semi-arid regions, including heavy reliance on natural resources, climate change
impacts, and drought vulnerability, lower efficiency compared to other production methods, high greenhouse gas
emissions, and competition for agricultural land allocated to feed production. Additionally, high operational costs
and susceptibility to livestock diseases have significantly reduced both the profitability and sustainability of these
systems .In Iran, livestock production systems remain predominantly traditional and are evaluated as unsustainable

in terms of environmental, economic, and social indicators. Kermanshah Province, with approximately 2,500
rangeland systems and 63,000 rural and nomadic households, represents one of the most important livestock
production hubs in western Iran. However, the presence of 1.4 million livestock units exceeding rangeland carrying
capacity, combined with significant climatic changes over the past three decades (including rising temperatures,
declining precipitation, and intensifying droughts), has made this region an ideal case study for examining
sustainability challenges in livestock production systems. This study aims to identify and analyze the challenges
facing livestock production systems in relation to climate change impacts in Kermanshah Province.

Materials and Methods

This research was conducted in Kermanshah Province, located in the middle part of the Zagros Mountains.
Kermanshah Province, as one of the livestock breeding hubs in the Middle Zagros, plays an important role in
providing livestock feed from rangelands. The province contains approximately 2,500 rangeland systems
supporting about 63,000 rural and nomadic households. These households primarily rely on rangeland grazing to
meet their livestock feed requirements. Based on forage production capacity, the rangelands can sustainably
support only 1.5 million livestock units, while the current livestock population exceeds this capacity by
approximately 1.4 million units. Recent studies indicate significant climatic changes in the province over recent
decades, particularly increased drought intensity and duration, which have directly impacted natural forage
availability and threatened the sustainability of livestock production systems. Methodologically, this quantitative,
applied research employed a survey approach. The study population consisted of 140 experts and specialists in
livestock production and natural resources management from Kermanshah Province, with 131 participants studied
through census method (with 93 % rate of return) based on their research and practical experience in livestock
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production systems and associated challenges. Data were collected using a researcher-developed questionnaire,
designed through literature review and interviews with livestock production experts. Content validity was assessed
by agricultural and natural resources experts from Kermanshah and faculty members from the University of
Tehran's Agricultural Management Department. Discriminant validity was confirmed using average variance
extracted (AVE). Reliability was evaluated through Cronbach's alpha and composite reliability. Data processing
utilized SPSS 27 and Smart PLS 3 software packages.

Results and Discussion

The findings revealed that the most critical sustainability challenges for grazing-based livestock systems in
Kermanshah Province were, in order of significance: environmental (p=0.756), economic (f=0.683), managerial
(B=0.669), technical (f=0.593), social (p=0.563), and legal challenges (p=0.454) .Environmental challenges
emerged as the foremost sustainability barrier, underscoring their pivotal role in determining the overall
sustainability of pastoral livestock systems according to expert assessments. Among environmental factors, climate
variability and drought (factor loading=0.858) were identified as the most severe environmental challenges. Given
that climate change impacts are projected to exacerbate system vulnerability - particularly when combined with
rapid population growth and economic development that intensify food demand - these findings highlight the
urgent need for adaptive strategies to mitigate climatic effects .Economic challenges represented the second most
significant sustainability obstacle. Within this category, high prices for production inputs and animal feed (factor
loading = 0.856) emerged as the most prominent economic constraint. This finding reflects the substantial
financial burden on pastoralists for procuring inputs and animal feed, which increases production costs and may
compromise their capacity for sustainable rangeland utilization .Managerial challenges ranked third, with poor
community organization in local associations for coordinated action and inadequate service provision (factor
loading=0.837) representing critical management shortcomings .Technical challenges represented another key
sustainability barrier, where low productivity of grazing livestock was identified as a fundamental technical
constraint. This emphasizes the importance of enhancing livestock productivity to improve overall system
efficiency and profitability in the province .Social challenges ranked fifth, with insufficient awareness and
knowledge regarding drought management and its impacts on rangelands (factor loading=0.853) being the primary
social challenge. This underscores the critical need for educational interventions to improve pastoralists'
understanding of drought management and rangeland conservation .Finally, legal challenges (p=0.454) were
ranked as the least severe sustainability obstacle. Within this category, insufficient government budgeting and
credit allocation for natural resource conservation and rangeland management (factor loading=0.874) emerged as
the most significant legal constraint .This hierarchical challenge structure provides valuable insights for

prioritizing intervention strategies to enhance the sustainability of grazing-based livestock systems in semi-arid
regions.

Conclusion

Understanding these challenges can contribute to developing practical solutions for enhancing the
sustainability of these systems. To improve the sustainability of livestock production systems, several strategies
are proposed, including: establishing local cooperatives, enhancing access to technical training, developing
innovative technologies, and providing financial support to livestock producers.

Keywords: Climate change, Grazing-based, Livestock production systems, Sustainability
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Environmental

CutS b Slygs 5 081> 298
Shortage of pasture and quality feed
S5 Juab )3 Bl 39208 4y e o plaiels 5 oS Sk
Low, irregular rainfall causing rangeland shortage in the dry season
Sy el )3 b 9.8

Seasonal shortage in feed supply

o8l il

Climate change
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Lack of technical knowledge and management skills amonge local herders
Oblels o 53 eljg) (B 33 5 (e (g sapllss s
Lack of modern management systems and up-to-date technical knowledge
among livestock farmers
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(Kidanemariam & Fesseha, 2020)
(Tambi & Anyah, 2019)

(Mengistu et al., 2021)
(Chedid, 2019)

(Bayat et al., 2011)

(Gharebash & Ghorchi, 2011)
(Mikhak et al., 2018)
(Forouzeh & Mirdeilami, 2023)
(Muller & Shackleton, 2014)

(Tambi & Anyah, 2019)
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(Muzzo et al., 2023)
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(Becking, 2019)
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(Becking, 2019)
(Becking, 2019)
(Chedid, 2019)

(Chedid, 2019)

(Feldt et al., 2020)
(Eeswaran et al., 2022)

(Eeswaran et al., 2022)

(Eeswaran et al., 2022)

Bayat et al., ) (Becking, 2019)
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(Mikhak et al., 2018)

(Mikhak et al., 2018)
(Tambi & Anyah, 2019)

(Ruvuna et al., 2014)

(Becking, 2019)
(Becking, 2019)

(Chedid, 2019)

Inadequate technology and limited technical knowledge
ol ge e b (e sla gy 4 (Sulg
Dependence on traditional methods with low productivity
e sl (b (G5lpsS
Low technology level of traditional livestock farming
S 3l Caurs Glodd &)l g B Sluiy
Inadequate support and poor veterinary services

el slagslow
Livestock diseases

OB S e o (o> (bl (555050 (05 O
Low productivity of livestock systems managed by women
ph 4 is oM.

Livestock nutrition problems
ooy 5 Mt
Livestock reserve problems
©y9ld Chpmd 45 ye
technology supply Weak
&l 3 Shee
Breed performance
Bt osly 9 laes,les ol.x.ﬁé
Lack of skills and technical data
AP ARS IHREPINC I
Unstable government support policies
8 SBsygld &y (oo yiwd pas g BB gacsloy;

Inadequate infrastructure and lack of access to modern technologies

S slasly Jlo lacolespas
Insufficient financial and credit support
Sl G9yp (&S 9 (o5 halS
Quantitative and qualitative decline of human resources
Sierrely g SpSpranal > olhlaels Lo pas

Lack of livestock farmers participation in decision making and planning

G sl el 5 mudBl s 350 p> CleMbl &y (o yiwd

strategies Access to information on climate change and adaptation

Sl Cope i

management Weak financial

Ag) dguaS’
Budget shortage
Oe) Ol pl slate gl
Conflicting interests of other land users
cdgd Colespie
support Lack of government
A g lg bas gly ons el Sl ly 5 lydlo S

Problems with the export and import of live livestock to maintain herd

productivity
O3 SVl slacied g oS o iwd
Low access to land and high land prices
B 0y o ol3ysliS (il s CunBge
Farmers' weak bargaining position in the food chain
365 3l oalat] (gl &lyS o Jaeciun j ) yie
Strict environmental regulations on fertilizer use
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Managerial
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(Bayat et al., 2011)

O B pad

Land occupation/encroachment

(Bayat et al., 2011)

Qg0 sl 5 2SS (el ool @ el

Encroachment on farmland, deforestation, and excessive grazing

(Becking, 2019)

(Bayat et al., 2011)

(Gong, 2017) (Mikhak et al., 2018)
(Eeswaran et al., 2022)
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Land ownership
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Deforestation
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Unplanned expansion of crop cultivation
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Figure 1- Conceptual model of the research
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Figure 2- The location of Kermanshah Province in the country
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Table 2- Sustainability challenges with factor-loading values

olw JeEnY sles Shle b okl s sz
Construct Indicator Symbol Factor AN
loading t- Sig.
value
Sl g el ol il ENV1 0.858 24.011 0.000
Increasing climate change and drought
(&0 1092 D950 g 39505 ) 39350 slopld (gly &lye CuliS pas ENV2 0.780 10.636 0.000
Shortage and limited extent of rangelands (insufficient for existing
livestock)
Slye il i w50 0 ENV3 0.819 14.192 0.000
@ Non-optimal utilization of rangelands
g. Sl 3 SB Lol il ENV4 0.758 11.385 0.000
3 { Increasing soil erosion in rangelands
2 c”g el gy @y 53 cuslio g (B ST &4y oo pic ENV5 0.759 11.773 0.000
g8 Lack of access to sufficient, suitable water for livestock in
AL rangelands
< il U8 b duglie j3 liasl 1 ba)S g ol anyd il ENV7 0.767 13.334 0.000
Rising summer temperature and heat compared to before
Slye 1S 31y g gk i3l ENV12 0.567 4.945 0.000
Increasing storms and dust in rangelands
ailate (50581 byl yd caslio g digle cutS Sl drwg ENV13 0.740 9.159 0.000

Limited development of forage cultivation suited to the region's
ecological conditions

opaenS EMes sllael s (s)liel wlio 339 pis ECO1 0.831 23.024 0.000
Lack of credit resources for granting low-interest loans
Mg e st Jod 4y (mye glaphy Wi aiia g YU ECO2 0.821 15.143 0.000

High production cost of rangeland livestock due to traditional
production methods

m
8 b Shes 5 3 ol Jlo obly Gans ECO3 0.850 18.252 0.000
> . . . .
g I Herders' weak financial capacity to purchase livestock feed
= E JYRAgg QT duoa)ﬂ)é 5 pb by eolaml Gl deng pas ECO5 0.841 15.768 0.000
m Lack of economic stability in the national livestock and livestock-
8 product market
= 3L 5 pls STt g Laodles caod 39 YU ECO8 0.856 26.405 0.000
High market prices of inputs and livestock feed
bl (gla izt plo b sylels Lise (6 piuculd) g pic ECO9 0.749 7.611 0.000

Lack of competitiveness of the livestock sector versus other
economic sectors
s )l g akepllss g yiny lelidl s oo (sla JSi5 LB 5 pdpe a3(lojl pis MAN4 0.837 18.992 0.000
b slady g wloss
Lack of people's organization into local associations for better,
more systematic action and improved services/support

=z Slye 5l B aSoalinal 2ol )8 5 Jleb claalos] 5 n JSits 390 MANS5 0.745 9.359 0.000
§ Absence of active, effective associations/unions of rangeland users
‘{3 5 Slyo 3 Jlb ol jl gy canlio Colospie MAN7 0.616 7.643 0.000
) ?: Lack of adequate government support for herders active in
2 rangelands
)Z> el ik 53 g 2ol 5L alslne MAN12 0.676 8.819 0.000
~ Ineffective government intervention in the livestock market
o ¥ game 8l 86 550 0 o MAN13 0.806 20.011 0.000
Inefficient value chain for livestock products
ol Y game (L @lis g 3,5 ST 260 MAN14 0.752 11.809 0.000

Lack of purchasing centers and processing industries for livestock
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products
P sl gBgedy anass pis MAN17

Failure to allocate livestock inputs in a timely manner

e sloel ol g0 TEC1
Low productivity of rangeland livestock

o Sloply W 50 s oy o9 Y TEC2

High feed-conversion ratio in native-breed production
ol sodles 4 mBgedy 5 cuwlio g yiwd pas TECS

Lack of adequate, timely access to livestock inputs
o slaodles ol it TEC6
Low quality of livestock inputs

g 0y 43 g (o)0,b Cudlye > Jrendgi o pie b oluil pas TEC7

Unfamiliarity with reproduction management, pregnancy care,
lamb nutrition, etc.
Ohhaels ol s (392 ol S & &lyslid (slacdyin b olKen pac g b sppore TECO
Low productivity and failure to keep pace with technological
advances due to herders' low education level
(o9 il 51 ooliul pac) aalS o e )3 (ogr I 4y lleld 51 (65l By (515 TEC10
Many herders' sole reliance on indigenous knowledge for herd
management (no use of modern knowledge)

St sl s 4 ol 4 plis ©plee SCo1
Migration of nomads to cities due to urban attractions
Sl glal g Lais cg)ld 00500 3)50 50 SleMb] dgueS’ SCO3

Lack of information on rangeland utilization, conservation, and
restoration

el Uiyop 4 barye slaculed jo Cuslio I (6958 4y (y)lely oo yiwd pas SCO4
Herders' lack of access to suitable labor for livestock-rearing
activities
&l g o oll 5 JlocKias b ablis jolateay B il 5 26T pae SCO5

Insufficient awareness and knowledge to cope with drought and its
effects on rangelands

ShE e gy 5 basly ) el e8lis pas SCO6
Herders' lack of participation in rangeland-management programs
and plans
e olp oMol sl b g badoly jo lyliely 8 )lie pas SCO7

Herders' lack of participation in livestock breed-improvement
programs and plans

Blyo 5l (sl (61 y0500 4 bgyyo OISiie LEG1
Problems related to common (shared) use of rangelands

el @lyyly 9 lyplo Mo LEG4

Problems with livestock export and import
0aiS G ymn jl Colos d ply CuboS Cuasd s )0 > slacnls (39 glaxo LEGS8

Government meat-pricing policies being oriented toward consumer
protection
b (slas pS mronas 9 vy liS Canlow LEG10
Misguided policymaking and decision-making
2988 (M (gladaliyp 13 (b glie Cunidg (395 el LEG11
Unclear status of natural resources in the country's macro-level
plans

e 5l o000 5 s @lio bais 5 cdgd @llisl 5 avdg B olais pae LEG12

Insufficient government budget/credit allocation for natural-
resource conservation and rangeland use
23 5 (65y9liS Y guaes dawy by Chrs LEG13
Weak insurance coverage for agricultural and livestock products
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(VE-Y s slaasil) : sl
Source: Research findings, 2023
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Table 3- Discriminant validity: Fornell-Larcker criterion

o3lw
sl gLl heeCune 5 o SPl e
Social Economic Environmental Technical Legal Managerial
RN 0.770 - - - - -
Social
ool 0.204 0.825 - - - -
Economic
G j e 0.230 0.483 0.760 - - -
Environmental
Y 0.318 0.136 0.389 0.719 - -
Technical
Sl 0.154 0.350 0.198 0.004 0.785 -
Legal
St 0.372 0.277 0.295 0.412 0.173 0.739
Managerial

(VE-Y (o slaazly) : sl
Source: Research findings, 2023
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Table 4- Discriminant validity: HTMT ratio HTMT
HTMT
sl goladl cshuomom § L Syt e
Social Economic Environmental Technical Legal Managerial
sl - - - - - -
Social
ol 0.223 - - - - -
Economic
Cangjase 0.275
Environmental
e 0.376 0.175 0.438 - - -

Technical
Sob 0.170 0.382 0.228 0.135 - -

Legal
e 0.410 0.304 0.324 0.475 0.197 -

Managerial

0.535 - - - -

(VE-Y (i slaasly) : sl
Source: Research findings, 2023
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Table 5- Cross-loadings of the measurement model

by Rl @bl et P SPE aye
Social Economic Environmental Technical Legal Managerial
ECO1 0.127 0.831 0.409 0.173 0.144 0.291
ECO2 0.167 0.821 0.445 0.035 0.300 0.235
ECO3 0.246 0.850 0.355 0.091 0.366 0.191
ECO5 0.125 0.841 0.448 0.160 0.260 0.223
ECO8 0.182 0.856 0.457 0.135 0.410 0.272
ECO9 0.165 0.749 0.247 0.067 0.232 0.144
ENV1  0.297 0.497 0.858 0.352 0.254 0.359
ENV2  0.140 0.443 0.780 0.281 0.179 0.121
ENV3  0.233 0.260 0.819 0.387 0.115 0.342
ENV4  0.196 0.388 0.758 0.259 0.141 0.216
ENV5  0.163 0.254 0.759 0.333 0.034 0.262
ENV7  0.216 0.211 0.767 0.333 0.063 0.320
ENV12  0.010 0.446 0.567 0.124 0.198 0.040
ENV13  0.056 0.458 0.740 0.243 0.216 0.035
LEG1 0.191 0.251 0.191 0.065 0.781 0.163
LEG4 0.068 0.310 0.132 0.049 0.683 0.170
LEGS8 0.113 0.166 0.157 -0.027 0.810 0.130
LEG10 0.074 0.239 0.171 -0.110 0.710 0.038
LEG11 0.193 0.303 0.134 0.008 0.854 0.089
LEG12 0.111 0.319 0.139 0.057 0.874 0.176
LEG13 0.073 0.320 0.172 -0.062 0.764 0.159
MAN4  0.406 0.254 0.295 0.277 0.145 0.837
MAN5  0.242 0.244 0.154 0.212 0.135 0.745
MAN7  0.279 0.237 0.259 0.339 0.162 0.616
MAN12  0.142 0.100 0.225 0.357 0.019 0.676
MAN13  0.393 0.212 0.231 0.441 0.163 0.806
MAN14  0.234 0.214 0.143 0.236 0.206 0.752
MAN17  0.137 0.142 0.195 0.242 0.026 0.721
SCO1 0.745 0.155 0.195 0.172 0.061 0.162
SCO3 0.820 0.094 0.171 0.289 0.100 0.299
SCO4 0.698 0.134 -0.021 0.249 0.023 0.235
SCO5 0.853 0.089 0.142 0.214 0.054 0.352
SCO6 0.844 0.284 0.274 0.309 0.181 0.261
SCO7 0.639 0.148 0.219 0.217 0.233 0.385
TEC1 0.291 0.164 0.305 0.823 -0.081 0.271
TEC2 0.042 0.107 0.254 0.731 0.110 0.391
TEC5 0.186 0.144 0.321 0.719 0.070 0.292
TEC6 0.347 0.063 0.274 0.666 -0.041 0.225
TEC7 0.223 0.143 0.201 0.573 -0.038 0.224
TEC9 0.291 0.023 0.343 0.798 -0.075 0.424
TEC10  0.227 0.041 0.238 0.695 0.086 0.218

(VY cauios slaaiil) : isle
Source: Research findings, 2023



VPO 5l ¥ ojled Fe ler 153yl anwgi g olaidl 4y p25 YFA

OUolid )5 08w 51152 3 (Ko old (Sl g luly Gl (5 la L Jao CodS 2L5,1 T Jos
Table 6- Quality assessment of structural model

G i  Sig AVE A CR
Beta t-value Sig AVE Alpha CR
RN 0.563 7.434 0.000 0594 0.861 0.897
Social
eolaidl 0.683 8.298 0.000 0.681 0.906 0.928
Economic
e j 0.756 13.104 0.000 0.578 0.894 0.915
Environmental
e 0.593 6.882 0.000 0517 0.841 0.881
Technical
Sls 0.454 4.635 0.000 0.616 0.895 0.918
Legal
ETw 0.669 6.842 0.000 0547 0.860 0.893
Managerial

(VE-Y (o slaazly) : sl
Source: Research findings, 2023
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Figure 3- Factor loadings and path coefficients of the sustainability challenges model of grazing-based livestock systems
(Source: Research findings, 2023)
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Figure 4- t-Statistic values for observed and latent variables of the sustainability challenges model of grazing-based livestock
systems (Source: Research findings, 2023)
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Introduction

Smart agriculture refers to the use of modern technologies- such as artificial intelligence, the Internet of Things
(10T), big data analytics, and other innovations- to enhance agricultural productivity. It represents a transformative
paradigm in modern farming practices, leveraging advanced technologies to boost efficiency, productivity, and
sustainability. At its core, smart agriculture integrates a diverse array of technological components, beginning with
the deployment of sensors and 10T devices. Smart agriculture operates based on key principles such as resource
optimization, precision and accuracy in farming practices, data-driven decision-making, sustainability, and
integration with market access platforms. Virtual reality is transforming the way we experience and interact with
digital content. By creating a simulated environment capable of replicating real-world scenarios, it offers
unprecedented levels of interaction and immersion .In agriculture, virtual reality and augmented reality assist in
training farmers through simulations of new farming methods, examining farm conditions to monitor plant and
soil status, and simulating various scenarios. Digital transformation is defined as a process of fundamental change
enabled by the innovative use of digital technologies combined with the leveraging of strategic resources and key
capabilities aimed at radically improving an organization and redefining its value proposition for stakeholders.
Digital transformation is widely regarded as a driver of change across all field particularly in business and impacts
every aspect of human life that relies on technology. The term "transformation™ encompasses the ability to
recognize and undertake necessary actions when confronted with new technologies, and it should not be confused
with simple change.

Materials and Methods

In terms of purpose, this study was applied, and regarding its methodological nature, it was descriptive-
correlational. The statistical population consisted of all agricultural producers in Ardabil Province. Given the
infinite size of the population, a sample size of 384 was determined using Cronbach's alpha formula; these
individuals were selected from the population via simple random sampling, and the research questionnaire was
distributed among them. The validity of the questionnaires was assessed and confirmed through confirmatory
factor analysis, while their reliability was verified using Cronbach's alpha. Data analysis was conducted using
structural equation modeling with the aid of SPSS 26 and Smart-PLS 3 software.
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Results and Discussion

Data analysis was conducted using the structural equation modeling (SEM) method with the aid of SPSS 26
and Smart-PLS 3 software. The findings indicate that virtual reality, augmented reality, and digital transformation
have a positive and significant impact on smart agriculture. As an emerging technology in this field, virtual reality
can enhance training, decision-making, system design, and farm management. Augmented reality technologies
facilitate the simulation of various agricultural stages and methods, allowing collected data to inform relevant
decisions; meanwhile, digital transformation by establishing technological infrastructure and fostering smart
advancements, productivity gains, and resource optimization—creates a robust foundation for the development of
smart technologies.

Conclusion

This study was conducted to analyze the roles of virtual reality and augmented reality technologies in the
development of smart agriculture, with digital transformation serving as a mediating factor. It posits that, given
the necessary infrastructure, virtual reality has a positive and significant impact on smart agriculture—a finding
consistent with the results of research by Chatterjee er al. (2025). Accordingly, it can be concluded that virtual
technologies play a significant role in the development of smart agriculture. Indeed, as an emerging technology in
this field, virtual reality can facilitate improvements in training, decision-making, system design, and even farm
management. Given the existence of the necessary infrastructure, augmented reality has a positive and significant
impact on smart agriculture. This finding aligns with the results of research conducted by Sara et al. (2024).
Accordingly, it can be stated that augmented reality plays a vital role in the development of smart agriculture by
integrating the real world with digital data within agricultural processes; specifically, through the use of smart
glasses or augmented reality-based applications, agricultural producers can visualize—in real-time and in a
graphical format—data collected by specialized tools. Given the existence of the necessary infrastructure, virtual
reality has a positive and significant impact on digital transformation. This finding aligns with part of the results
from the study by Rath e al. (2019). Consequently, virtual reality can be considered a key technology in the
process of digital transformation; by enabling users to be present in digital environments, this shift from mere
viewing to actual experiencing renders human interaction with technology deeper, more natural, and more
effective. Given the existence of the necessary infrastructure, augmented reality has a positive and significant
impact on digital transformation. This finding aligns with the results of the study by Rath et al. (2019).
Accordingly, it can be stated that augmented reality can play a crucial role in digital transformation. Given the
existence of the necessary infrastructure, digital transformation acts as a bridge between virtual reality and smart
agriculture. As a key technology within digital transformation, virtual reality transforms agriculture from a
traditional activity into a smart, data-driven, and sustainable system.

Keywords: Augmented reality, Digital transformation, Smart agriculture, Virtual reality



G5y9WS drwgl 9 3laidl &yl

https://jead.um.ac.ir

b

IR Jlae
YVYV-YAQ . NEeo }ﬁ\g} Ay GJLA.n: & -u>.

L Ll ga (65)9L0S daw g )3 en 938l Condly 9 (solme Condly slas,5l8 S8 5915
(Jeo,) Olwl tandlan 3, 90) Jlioms J g0 ol S

#) ;é-u‘%-«'.* J«ﬁu
VECF/AA/OA S8 5 U

daSe

Wadgp (lal Gl (5y90 5 il s jlaze i )l o oel8l Ol o gl 39S wile byl 4 da g L wjg el

RS .&.u.{‘_ga LQ.J‘ )‘AJLJ 9 M)AM Caxwo L{; LY d))}“ J.JJ» ).) uwlml u..m JLOU.) J9>u 9 u)y dhd)gl.d )l bJLm.ml ‘AL)}A Ja;l).w )
ol el Jlzed oo (oole i b dedign (65,5liS drwg ) 03938l Cusbly g (gilme Cumbly slag)glis i (g9lSTy pils imgs
Ol (659l Y gaze (BAS 0S5 AL imgh (5)lol dnoly gy (Siusod— o by Cuble Jlai 1 g (63,8 «Ban Jlas I Liagd,
d)LoT deoly jlal,81 ol Q] a8 Wb (s 585 YAY (4],8°6S 90,9 5l oolitnl b diged poe ‘d)LaT dasly po> (091 2gamel &y da g Uy dgy Jud)l
b bl bl g sinl ole Jlod gy sy gy 355 @j55 bl o > Limgl Doty § €85 & 90 o3l (ol B, b
Smal’t-PLS 3 9 SPSS 26 L;Ltb)l)ﬁ"n); gin.{ L: 9 &)blm UY.}L{A LS)L.:J.\A u»a) LJ Lmbb le.’?u W .\...)L 9 N Cl""ﬁ)g le.nﬂ u»a)
$ilbme Cusdly 5)l> Jblins g Cate 5L iagn (5gliS 2 Jlowd Jsoo g 03958l Cundly ((silre Culy 45 ol i nassly 0 plos]
5 oozl 8 S8 50 oo 5 It (S (S mrea (sl gt 4 Blgioe dadgn (53l )3 Hsrbg syld Sy gty
J975 9 800 )5 4 o Laiye (slags pS mmonad )3 1) 00l (65900,5 (slaodly g uiiS o il ) (659liS calisia (glasil b g ol je c0dg38] Conadly
.Lm.d}h d))gu :\.n.oy (_5l).: AW)AB d)u.u} ‘C;Lm «_SMA‘ u.mlf 9 (590 )R u,«.ul)Bl sLtb.\uT)S d)bw% m.:l)al.d dmwl.w).:) Jl}u‘ l; Jt}}o.}

S (o0 ol 8

Silome CusBly 03933l Cusdly hindgn (65,5liS (Jloms Jooo 1 glS (sWaojlg

Jas Jbs o ely; lacme; o ps Fe ol 2908 JWdoas s
9 RS Gh S iz Al Vgo pé L2l 4
DRl 4 e i e (2] slime) bl jglatedy ol K>
b ol crge o Gy S D9 o0 o) ol llo g
SB Ghale g el g0 ol s>l Gl sl 5 =) ol laeyg

20,5 o
Do B YY oy sl (6,500 pte Ao wi liE Slgo BV

https://doi.org/10.22067/jead.2026.96257.1394

dodbo

ol 031> s |y b sl SlAE 05y (ondid yo il puae jd

S sl e 5)9UiS oSl s ploil 4y gy b 2l
Faep Y0 ol Jo > &Sysba Ngde culiel £)5 4
FF 5 wiloasliol (55)0liS (sl ol yoboas 39290 (£hyj sloone
cwlie (5)y5liS (g)lbpo e sl 5l ook o b s S sy

Ol edmd)l e o)l Base ol&uisly ¢ sloinl pole 0uSisly cy pto 04,5 —)
(Email: n.seifollahi@uma.ac.ir : Jstue sdiw g —)


mailto:Email:%20n.seifollahi@uma.ac.ir
https://doi.org/10.22067/jead.2026.96257.1394
https://jead.um.ac.ir/

VPO saaly ¥ olad Fe il 1559l anwgi g olabl ey p2d YA

oS sl adiS 5l Grals o 455 S sline 4 iz
9 3jkoiee Joie |y Slilos g (gytti b by, g slasnl )3
29 0 )8 gumS (gla)linlo plod 1o SBMS G oo Ol puss 4 e
6 o 45,5 )5 amgiyg0 i oyl §) porie ol (Klein, 2020)
slp 50t 5 ll (65)0liS Glp o5 e slagys (S
SloJsos slogsygls Cusl okl (slodmd > by, gblie
ol ol Jus plgiss 5 aitn olan (55,ltS Y505 by Sl
ilisee OMSde g Plus 3929 4 4295 L g 395 o (polal
L g g Madgn (55)5liS sy S > poil g (s (559l3S
Sibre Cusdly gmen (ng slaisygls Lid (8L Cuenl 4 a2 g5
ol g 595 Sl Jso5 42 oo Wil o 45 03938 Cundly
Cupndly sl )old b lojen (wyn & Ol slaingly &5
529U dnwgi 5> Jlomd J90 b o]y 03933l Cuably 5 (e
03 yo p o yuiite A (o Lallyy oy W ilaidls s wiadign
Slo (g onl gl & 39) 00 il 258 o0 (A (5955 0l
9 $H9liS Bjo> 5> (ngh Sbasyolid jl eoliul @ B9l 4 oie
2 ShliS Gilediader coles 3 9 Jhomdy Jpd S sl
23)5 S
OB sgl8ly ol imgg ploxl Sl (Lol Gua el
b Sedgn (55,5laS 53 03938] Cunsdly 9 (gilone Cusdly (slags sl
ook ol el Jaw @ly 53 ol Jizms Jpo (ole A
oo 31 039381 Candly g (glome Canebly (sl yglid LT 48 el )

Cgd Madgn (6))9liS dawg & yomio Wlg5 oo Jlomd Joo5

O3 (§ M (e

Siadiga (5 gLis
S9y 2 ) g S Jols oS ol (glad > g i iple «(gj,9liS
9 Uh9n e g =hi OVgame (bygn jehled (e
Siwodlw (slize & @dly o cld Cpl Cwlapl (6)l0SS
Ol B puao gl (655 Colir g Caaubs > olie buuony (slaasiui
Sogld 4 g P dmio 03)S 455 ) (odaaie dilygld slacs iy
Lowb g L;Lmd”b.é 51 ealal dfd)}bd.g FE W )Sd;c...u,b
S g e oygn p e JyuS Bl oljy5liS 4 (g5)liS
ol gl Ll g opd s g 0dld (65)9LiS SV gae
L &S ¥, (5j)5kis (Raj & Prahadeeswaran, 2025) ool osl
g oo LS 15 Jlznd (55)0liS b 5 el (65)5liS (slapl
» L{z’d)gl)é fl.C.)] l.: &S Ccul UM d})5t~‘;§ JEELY] j.l>).a

Sl oled )3 D)0y Glor plpw 3 (2138 Blge o)
Slge g el plas 5 Ceul ity JIo )3 (5345 s b ol
HLisl @sdS Jlo 8 Job 3 wcanl o3l )3 45t cos 1, Slic
Fimobn BBy i)k glagl g 0ad ply 5> LS sl
Mitra et ) bcMow 5 (JlwSis d)lse il L ol jon tailonss
b &S Cuwl odumy 1) ‘_'ﬂ ole 0881y e 4 .(al., 2024
oz Jl dedgr 5 Cumjlae b5l laa)Shg) By
P e 9 Ombey SR, jl @y IS dl 39 (655 5l 2ail
(Hu et al., 2023) cusl 555 80 (opol 395 (5y5liS 5o
b9 & Cledbl (5)5lib (13,53 ly (sline & bpo ciaibgn (5 )5lS
3o 5 xSene 5 3Ll » el ) Gl 4L s (5555l
@ bl (55laS Slimas g bowile ) SHed ()5l 5k
LGS Judow g il 1y eodly wisleis U digas jeome coleMbl (6,qL8
g3 das O ygods oS Cud b 03,8 Ml leseual «wuled 4o 4
w@dly M (sl g )gld Wy HL 2,559, opl 5o o3Le] [ Lm‘_’j
s g o S gboodly (slojlamle laalie bl oyl
S0 02leilty (5,918 (e 8055 Jolye soled )3 csopime
.(Zinke-Wehlmann & Charvat, 2021)

b oylil ol 4y 368 (slajlaw 3 4 olacsyslis 95
SiogwsS (elp (sl daxg €og38l CunBlgh g K gilre Cuablyy
@l gblas)je doje ar (luil B)bgd 59)9 9 Cuwl Madgn 5 (55
2 okl 53l 5 Skt s b o ool Ll ool el lio)
Ol i g lgmacl Laulpd 2 )3 g ae)je (sl o 5 oloj 50
Cope olex jldas o 5l p5Y Clyss jeied jehe g Cudlye
(Silbre Cusdly (Hakimi, 2021) suw, salgs o3 4 dcjie
Ol (Shal w3 1) (ibre slalaze &5 Cunl (4lis)5lé
G 1S ol md e )5 1y 813 (s g il e
g9 ¥ oddbua) dl.b:)i“ul.a.s ke ‘u..MDU ul).ug?u )‘ ool
bl bty olmls 5 3,5 0 ©yg0 daSapal 5
03438l Cuxdly .(Zheng & Feng, 2024) sil awsly Jolss (g jloxo
iy (g lasme Gl (HBly (o 3 pgal S plgisd 5o
b Cost al), hwg oidids (jlre cloodls b &5 g0
3 ilome Capsdly 9 03933 Cusdly (slags sl canl ond (gilo e
S o Jgie | bt (S 5 Joles a3l 5ol

By o slaluse (0 1) odly wdg38l cusdly &S 50k
Swobn by Sl de ) @ gl wad e il
Wl Ghislas Glagualy dacdlop) o)l 5 lgasc]
e A glalase o 1) )l ee (gilre Cuxdly LS e
J5or o 355 Ml oraen Sl oSes |y wL1Sedls



YAY .. Woigh (69l Arwgi 50 00938l Caadly g (g 3lro Cardly gla 5,9US i (599 ! i

.(Lei et al., 2022) cosl 03y 505

03958 Cuaadl g
olysar 1) 03938l Cudly «gyglis g djlulinl o dute
sobds sibre bl by W8y glias o7 WS o 5 (sl gl
b Olssd Glgice 1) 03958l Cunlly LS plidl Glojen
She dw gl & Cuiild otumw ;> Sluil cuadly 5l slasl],
Olej 3> 09 (Jolsi cgilre sl g Cumbly oS 5 el IS
oS 5yl 2,5 o )l silme s> g Cunbly e Hlogy s
Db oy il g (HBly b le b (lpea
Olpeas 4 (s)5lid Jl ol JSS 6 plgisar & 03953l Cundly
039381 Cunbly cilin jobody 295 0 485 ylai )3 98 pogda Sy
S Olgisds Bl a8l 050 dgam0 (555L8 5l 0B g9 e 4 WL
A 5> 098 (Siluparde 5)sld I 515 Slgs oo &S 0350 porde
JoSo (A8 (Jame a3 b 03958l Cusbly oyl ply 9 ad)S
29 ool s D Cudly (il &Sl & sl aush
d))s‘.w.{ 2 039)5| u.».t.%‘s 9 d)l.‘?!.;o c.«uuﬁb .(Alzahrani, 2020)
slobgy (bigel sl sl 5l odlisol b of5yltS” bjsal 4
OBLS Cundg p )las gl ds o bl yd (o) 9 (55ygliS

JBaaas Jgas
Balitil b & gl i A012 S lgisay Jlioms Jsoo
5 Sopliiol glo ppal b olen Jlmd clagygld ) alygly
Gy 5l g ol SO bl Dgy Bun b &S gullS slac s
29550 iy 55 35 oo pd el (e 63 (sl o odlay 53]
Oleeds 00,18 jobay «Jluswy Jsoo (Pereira et al., 2022)
d9dse (A S gemnS e 3 0faga s dad 53 i S e
ol g y5lid 5l odlatnl e 45 Ll (S5 slaais den y g
Sloladl ol 555 s Jolis & Jgoo» e M 3,35 o s
25 by ol s g sl s slacsygld b agalge plSim 3 oY
kia Jsud Jeo (Kraus et al., 2022) s )8 olosl ool
byl aSly ] D390 (sla g yslid (AT deays B lis
g Cwl Sl g Wy Gl g (Slb 890 ) (el s
S oo pledl (55 00255 slaasix plad 3 1) Jluoms slacs)slis
a9 dp e o il ) Sl lalles g slaailys (g5l 8045
Cud b o 50 S Cullad polis jobay U dad o ojlal s yi
5k 4 Y game adye sy oY loj 5 o0l ialidl |y adgs
ool b mlee (giluaigy (Jb oue 0 amd e el
Age 3 (k2P I8 (292480 4 oo Slg5 oo 48 ply (Sl oSl

Nosigr (53y0liS .(Singh et al., 2022) 54 oo oot (559l
bl oyl (eguas Giab Able ¢yyte (slasyelid I el 4
gt Ol Gl biygly pls g oy NS Julooiga o0
L dedsn (gjyskiS (El Etaiby, 2023) sl oLl (gjslisS
5 oot @bl ORIBl Gl adiiy claggls I el
el (e (55,98 slroged 3 oS e (58U S is)luk
$9l8 izl 5l ggtie (Slasgoome iadgn (6))gliS g3 At 5
SET Ll i) clmolSas g S il b o5 15 o plésl ],
Siloaisg ile (oS Jgol (bl Niadbgn (659l 2950
P e S el ($5)9l0S Slaoged )3 Cono g By gl
S oo Joo il 4 qwyies sbapyith b plesl 5 (g)luly ool
dyarme a8y Jold wiadign (55)0liS G5 2, sladie;
5 SBl U8 ailel Copte s Cypte Jpaze o)l

Ahmed et al., ) cul opé g ol 5,505 (5jlwdings daslon
(2024

ol Cundly
Sndw be Sl Jliond ledjl plyisd gjlre cusdly
Sl o 59y 2 odbua Siboled Sy Gobo 1 45 29000 a5
Lie et al., ) 1 o ol |, 018 yoaboé SalS glity o5 5 o
ble Jolss g 495 8920 JS5 s Jlo 53 (gjlome Canadly (2022
Sl bme S5 0ol b (gilore udly ol Jluons (lygioce
ok S S5 |y Ladly slid (sl Slge 45 oad
9k > i b and o )l ]y (5y54boe g ol 5 labil o
5 )l g el (gilme cuadly ol Blecin sladize ialS
ST Sl (g d )3 g oleSe Hsbar JEUS S pae
Gl e Bles ¢gjlre Cuxdly (g)5kd (Rahman, 2024)
21y 330 Gy g sl el ol W55 oo &S sl LML
bz cpl 3 Wl o ()5 S y9eose (ol (g5lone laee S
oy 4 pasb] Sadly glayos g asl ansly Jobos slsl b (goman
Canl Jrmo (65lodnd (5)5kd S (55lre Cunbly (gy5ld g4 &)
rlo g Kuo (5)9ld gl (Biy (s FomelS (ilodnd b &5
$y9k8 83,8 25 L uils s j0 ol abldrwgs bagqlis
obee i g S e dloul oly3l S55 50wl Sl le M)
a9 b (WU, 2023) &S o ] 5,84 pastio sladine) Sy 50
S i glgl 5 ()5 slooje> dnaid) By il 4
5 eb Sliios Slaal (pizen 9 3pS 0 2 5> Sibre Cudly
laptas 5l hlote glaaiod Glge ol @ slajl
&yokd 5l ealaiwl )8 sl calisee (gblg 5l 1y (gibre Cuxdly
(2590l dois 5 (15252505 calon 5 Lilises gliio 1 (gjlome Canadly
e g (ol B Ladlgn (o (il lacudle (Slhb



VP05l ¥ ojled Fe alor 1(55y9lisS anwgi g olaidl 4y p25 YAY

b 659liS” slagsbyy sl ) Sl xS mreal 5 Slos
L kg ,o (Sara et al., 2024) ) Ken ¢ Lo a2 ]38l
Bl 039)'§| M‘Q L5Lm‘5)9l;.é )] odlaiwl  Lab w u‘yf—
Jlsud (659l oMl 1 iso Jieder slacSie LT gj,0lis
Ghiodgmw ¢ 49,50 &S Wlddl cusd ls cpl 4 «Sog Ll
Nobgr (bShe Ghpdy p paliae jobds 5yl 5 025510
S50 slacled | Sy gl Wil 5 wae )13 Glgiea
g Ll Sl ogMedy (05188 o 13U (g)5liS e 6D (sou ]l
9 OlingliS o 5> 03933 CuBly (slags)sld cuslie (jluodly
o s Maden clacSie o bl 5 pleol iyl (elb S
Sz Bloks 43,5 IS 4 (55,5l )l > Wb & ol syl
» (Dayioglu & Turker, 2021) S )55 5 55515 39 dlss w0
s 25,988 —)hasly Bl sl S Jyo» lgie b otmgy
Lglmd”i?} olub loass] Gy &8 Slal sy gls pl 4 €pjles
) Jpame CadsS g wmd 0 a3l Jgame (559002 45 (55l
51 a8 8okl S o cdablote o jlaxe I ciiSu o dgu0
e GielS 1) (g9)9 laanie 5 LS ealp | ple
Sl tlle ol p B A oS gl (65)9liS 4 Lilgi
Rath ] Kes 5 &y A8 4lé oy 5 eloia] (ool
_d)bu ua.xﬁ]ﬁ 9 Dbs}él ua.xﬁ]a u]9..c l) u.wma)) 2 (et al., 2019)
9 Sly Ghagn 9 Sileiie > Jlomd Jps sl JUE
Cuzbly g 03938] Cualy &5 Wladly, cuwd domi opl @ u;g,)éi)lf
S (oA Jlows JpS bond (p paillieden plyied (il

S o Wl pylen s b imino

O 953 sladud B g o0 5¢de Jus
Sogods Giagk shol slaars s () UKE) (esrde Jao bl
ol )

Virtual Reality

00933l Codly

Augmented Reality

Jboed Joo
Digital

. Transformatio

Virzaru) &S SoS Sldas aosddy (o)l 4 5 395 (5551 9 agl
.(& Bocean, 2024

& a 95{‘ ;’ 0“ 3 )

098 5 b (B ety sbgiagn ole )
Sl s leie b aiss 4o (Seifollahi & Frozan, 2025)
e B b @SBl g p i) e
2 o) uydler a8 0ol Lis 63938 Cusdly 5 (gilre Cusdly
Cusbly g Silme Cundly B3 G Slen (e (5)Sbd)S
)1 b (gylsline g aiitan yobdr (530 ($5X5)5 1 (sbne
5 0553 R dlen daily )3 039381 Cousbly g (g3lome Cansbly opizen
65 5wl b mle G b 6S5S
-0l ololis e b audss 4> (Seifollahi & Akbari, 2023)
0b3 SB s  genS dnngi ) Jlizm slatdl lacus )b 5 bn
Sl by o) (KB sla)lsy s o5 aibs Gl ol
Llyogs b s W)l 1) b59e] (sloaaliy g A8 odliiul (g yolid
J9S sk 53 el iy 81338 5o camslio (S laee I (lae goona
Jlwd clbasis g Juail o gyliSalo juw L L e o Jliowd
S Cuwl oS Lm‘j Qo alead &S Sliwgy Jelio glp
o a9 ob el Jlswd slgw ¢ baes)lpe L 4l s S
28 SaS we Sl (slacsysly
OSer 5 2k (2B Omdn ik ole
I oolad lgie b dweiy o (Chatterjee et al., 2025)
ol 4 € lpaliST Goygy sl il Cunbly (loand (slmoged
P el (i Cusbly sl a5 slasdl, cad b
523U 55,9l Y gazme (gilone (Giludnd Wlo olmoje
Siloaie 9 Jiomd Sjen p (e b Cupde ieder
b Sl o (gilre Cumdly oopl po0aMe )y ol (gbro po;
sl Siuwsls g 1S 055l ouldl il s Dyg0 50 Cawydl Cleb]

Kaigh (55,9LaS
Smart Agriculture

ORBgR (oghde Jae —) JSS

Figure 1- Conceptual model of the research
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Table 1- Summary of measurement model fit indices
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Table 4- Summary of the results of testing the research hypotheses
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Introduction

Iran’s agricultural sector plays a strategic role in ensuring food security and generating non-oil export
revenues. However, growing water scarcity, climatic constraints, and global market instability have posed
serious challenges to the sustainability of agricultural exports. Policies restricting exports of water-intensive
crops-often implemented without considering economic water productivity-have further distorted the export
structure and reduced overall efficiency. This study aims to identify the optimal export pattern of low water-
consuming agricultural products in Iran while examining the dynamics and stability of target export markets.
The central research question is whether Iran can restructure its agricultural exports in a way that either (a)
maximizes export revenue for a given level of virtual water consumption, or (b) minimizes virtual water
consumption while maintaining the same export earnings. To address this, a hybrid analytical framework
combining the Markov chain model and mathematical programming was developed.

Materials and Methods

The research consisted of two complementary stages:

Stage one: Market Stability Analysis (Markov Chain Model): The Markov model was applied to analyze the
persistence and transition probabilities of Iran’s major agricultural exports across key destination markets during
2013-2022. This probabilistic approach enabled the identification of market stability, volatility, and dependence
patterns for products such as saffron, pistachios, dates, apples, raisins, figs, almonds, and watermelons.

Stage two: Export Optimization (Mathematical Programming): Two models were formulated:

Model a: Maximize export revenue subject to a constraint on virtual water consumption.

Model b: Minimize virtual water consumption subject to a constraint on export earnings.

These models were solved under different water and income scenarios to explore the trade-offs between
economic performance and water sustainability. Scenario analyses tested the impacts of stricter or more relaxed
water constraints on the optimal export composition.

Results and Discussion

1. Market Stability and Dynamics

The Markov chain analysis revealed that Iran’s agricultural exports are highly unstable and geographically
concentrated, relying heavily on a few volatile markets. Generally, smaller markets showed greater stability,
whereas larger markets were more volatile.

Saffron: Afghanistan, with only a 5% share, showed the highest stability (57%), while Spain-despite a large
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share-was highly unstable.

Pistachios: China and “other destinations” had the highest stability (27%), whereas the UAE, which absorbed
most exports, was volatile.

Dates: India was the most stable destination (73%) with a moderate share.

Apples: Iraq was both the dominant and most stable destination (44% share, 24% stability).

Similar trends were observed for raisins, figs, almonds, and watermelons, indicating the need for market
diversification and strategic reorientation toward more stable destinations.

2. Optimal Export Composition

The optimization results demonstrated a clear trade-off between water use and income. When stricter water
constraints were applied, low water-consuming crops (e.g., saffron, figs, and almonds) gained larger shares in the
optimal export mix. Conversely, under relaxed constraints, water-intensive crops (e.g., watermelons, apples)
expanded, yielding higher revenues but lower water productivity.

Among all crops, saffron emerged as the most efficient in both water and economic terms, consistently
appearing as a core component in all optimal scenarios. Quantitatively, restructuring the export composition
could reduce virtual water use by 5-40% without lowering export income, or increase export revenue by 5-55%
while maintaining current water consumption.

These findings underscore the potential of aligning trade policies with water resource management to
enhance both economic and environmental outcomes.

3. Policy Implications

The results indicate that export earnings could increase by approximately 5-55% while maintaining water
consumption at its current level in the export pattern. Considering these findings, export incentives for products
that the optimal pattern recommends reducing could provide an effective policy instrument.

The findings also call for a shift in the basis for classifying agricultural products from physical water
intensity to economic water productivity. Even under a virtual-water minimization objective, the export of some
physically water-intensive products may remain economically justified when they generate high economic
returns per unit of water. Export policy should also account for demand conditions in individual destination
markets. Accordingly, agricultural export policies should adopt a destination-oriented approach, with decisions
to restrict or promote the export of each product informed by economic water indicators, the importance of the
destination market, demand in the target market, and the strategic contribution of each market-product
combination to national foreign-exchange earnings.

Conclusion

Integrating Markov chain analysis with optimization modeling provides a practical framework for sustainable
export policy design. The results indicate that Iran’s current export strategy compromises both market stability
and water efficiency. Strategic market diversification and prioritization of water-efficient crops can
simultaneously enhance export performance and reduce water stress. This study suggests that Iran can save up to
40% of virtual water without reducing export income or increase export earnings by up to 55% while
maintaining current water use. These findings align with Article 11, Clause 2 of Iran’s Seventh Development
Plan, and emphasizing incentives for water-efficient agricultural exports. Future research should incorporate
climatic variability, global price fluctuations, and partner-country trade policies to refine the model further,
ultimately promoting alignment between agricultural trade strategy and sustainable water management.

Keywords: Exports, Foreign exchange earnings, Instability, Low water-consuming products, Virtual water
JEL Classification: Q17, Q25, F14, Q56, C61
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Table 1- The proportion of the main agricultural product in Iran’s total agricultural export value and the mean annual
exports over the period 2013-2022
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Table 2- Water consumption and export performance of nine major Iranian agricultural products in 2022
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The numbers in parentﬁ;ses are the product ranklngs e ranklngs range from 1 (hlghest value or most positive dlfference) to 9 (lowest value
or most negative difference) in each column.
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Value and quantity of plstachlo exports Total figures of tarlff codes 080251 and 080252 plstachlo export price: Average fi ?)E]ures of tariff
codes 080251 and 080252
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A factor of 4 was applled to raisins in the production section because, on average, one kilo of raisins is produced from every 4 kilos of grapes.
)a.la.»Jf)bcja.mbbd‘ ‘Muld)m]awwu).o&ob umfy)@awwlwl):&).muly
Total water consumptlon based on cultivated area: The product of average water consumption per unit area by the total cultivated area.
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Total water consumption based on total production: The product of average water consumption per unit of production by total production.
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Export price: The result of dividing the export value (thousand dollars) by the export quantlty (tons).
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Export value to total water consumptlon The resuit of dﬁl’fialrlg export value (dollars totaTLoater consumptlon (m3) for each method (area
under cultivation or total productlo %
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cultivation (column 3): Approximate values for dates, saffron, apple, grapes, and almond (may differ from local realities).
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1- Support Vector Machine

2- Autoregressive Integrated Moving Average
3- Dow Jones Industrial Average

4- Water Footprint

5- Virtual Water

6- Gravity Model
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2- Transition Probability Matrix
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2- Residuals
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Table 6- Optimal stability probability and average export share of major agricultural export commodities of Iran by trading

destination during the period 2013-2022

Jgpazma Wuaio o lo! oli il asade 5yl
Product Directions China UAE Germany Iraq des(t)i;gi{ons
e sl Jlas!
(\A-YOV) diy Optimal stability 0.27 0.13 0.11 0.21 0.27
Pistachio probability
(080251) L e oo 0.12 0.08 0.06 0.06 0.67
Average market share
blaio <l bl ol RTINS aS Iouaito L
(+A-VOY) sy Directions UAE Germany India Turkiye Other Destinations
P(;Ztgggilo e &)l Jlos! 0.16 0.35 0.16 0.15 0.18
( ) Gl e SSlee 0.14 0.15 0.15 0.08 0.47
PRV oyl Ll o Obaslial s duniio L
olyis Directions UAE Spain China Afghanistan  Other Destinations
Saffron A 6yl Jlexs! 0.13 0.06 0.16 0.57 0.08
G5 e S5l 0.31 0.23 0.10 0.05 0.32
blaio v olusl obudls aS Iodeaito L
lojs Directions India Pakistan Kazakhstan Turkiye Other Destinations
Date Ao 6yl Jlexs! 0.73 0.14 0.03 0.05 0.04
Gl e pSSlee 0.16 0.15 0.10 0.09 0.50
b Lado él); "Jl:;wili.él Q\)lnl OW)J me‘dn).g'lw
5D Directions Iraq Afghanistan UAE Turkmenistan ~ Other Destinations
Apple e o)l Jless 0.24 0.24 0.19 0.12 0.21
E3L e S5l 0.44 0.19 0.08 0.09 0.20
[FRWSY:5% alys oyl sy dpg) lasuais o
et Directions Iraq UAE Turkiye Russia Other Destinations
Dried Grapes A 6yl Jlexs! 0.15 0.21 0.15 0.27 0.22
ol e SSlee 0.15 0.14 0.12 0.09 0.50
b Lado él); Ql)l.cl UL.MSL Ol;wili.él me‘dn).g'lw
S dagS Directions Iraq UAE Pakistan Afghanistan ~ Other Destinations
Tomato e o)l Jless 0.12 0.29 0.20 0.23 0.16
E3L e S5l 0.66 0.10 0.06 0.10 0.08
[P alys Slylel sy Oles lasuais o
lyin Directions Iraq UAE Turkiye Oman Other Destinations
Watermelon A 6ylub Jlexs! 0.19 0.14 0.39 0.11 0.17
ol e pSSlee 0.60 0.22 0.07 0.03 0.09
duais plisys o EARN ol s denito L
el Directions Vietnam China UAE Japan Other Destinations
Fig Ao sl Jlexs! 0.22 0.23 0.11 0.22 0.22
E3L e Sl 0.62 0.18 0.08 0.01 0.11
[PV KW a5 bl ol el lasuaio yslo
5 phal Directions India Turkiye Germany UAE Other Destinations
Almond Ao 6yl Jless! 0.28 0.19 0.15 0.11 0.27
ol e pSSlee 0.43 0.37 0.04 0.09 0.06

Uike el isle

Source: Research findings
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Table 4- Average water requirement, production quantity, cultivated area, and water requirement per unit of produced
agricultural product

. aEf . Zo L 1 . - ‘:3' - )‘.’.5 )'h "\'ﬁ"’: ‘5’)‘- )'lﬁ'; 3)90 ‘?"i
Sy =5 Average water Irrigated Irrigated 0 o
5:33323 requirement (net *productive yield productive Water reqU|reme2:%per
(m3ha)* requirement) (ton) *eultivated area ton of p3roduct
(ha) (m3/ton)
Date L s 15669 1710725 256269 2347
Pistachio ai., 4300 439186 599420 5869
Grape ! 10740 799268 226185 3039
Apple cww 5902 4006443 239871 353
Tomato 5 jsas 5 7221 5385993 96977 130
Watermelon «lgss 7180 2705930 78735 209
Saffron lac; 4769 298 110890 1774612
Fig el 5808 83990 8006 554
Almond (_z5 ) pbl, 5902 125657 88400 4152

Source: NETWAT  NETWAT :zo #
(Vo¥¥ b Joleo) VEo¥ Jlo )3 (65598 dlaa )l 4ol )lol 1S 35 pdaw g g5 jlako auio s
Source of production and cultivated area data: Agricultural Statistics Yearbook of the Ministry of Agriculture Jihad, 2023
Source: Research findings imgs (cloasl :xie s

Yore g Yoy gl slp (51p3le g5lme OF g lo Jgl a0 8,055 b 00wl (g 5lwvdemsd &l jobo a0 —0 Jgu>
Table 5- Simulated export volumes based on the first-order Markov chain and virtual water exports for the years 2023 and

2024
Y guamo G5l O y3lo oyl 5u0 &3 O3l oyl 5a0 POl gl O Jlw pd F1sle gilxe O
Slle YeryY Juo gl oo YoV Jlw gl o0ud Yory Juw Yove
Exported Simulated export volume  Simulated export volume  Virtual water exportin  Virtual water export in
products for 2023 (ton) for 2024 (ton) 2023 (m?3ton) 2024 (m3/ton)
Date L 497023 879810 2916647086 5162928301
Pistachio aw., 88951 108173 1305089084 1587126462
Grape %! 112632 117797 855829404 895073373
Apple cow 882210 993335 779311078 877474637
e 673971 732976 219065447 238244298
Tomato
863262 903526 450854648 471883645
Watermelon
Saffron .l c; 164 168 728955675 743560413
Fig ! 16805 18535 23259101 25654008
(2) bl 3076 3944 31926434 40941300
Almond
Total ggeme - - 7310937958 10042886437

5 odlitl ol VAL ply a5 Joame 5 (59 4 Sl 59 Coms LS M5 (6l 55 590 O duslome (gl %
* The estimation of water requirements for Dried Grapes was conducted using the ratio of dry weight to fresh weight of the product,
which equals 0.29.
Source: Research findings iaep (loasl :isl
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Table 6- Determination of the optimal composition of export products aimed at minimizing virtual water exports (Case A)

under three scenarios

o i wlpbe gl Optimal values augys y5lio
Product code | su5 85wt
Jolomms b | (A)) Ugl g1law ek s s g3 3l
G5 )b Scenario | (B2) (B3) o 92,0
. 2 i Scenario VI(B3)
Ses Jrame () | D Ve
Exported product Simulated Ranges e;l
exports based _
onthefirst- | 2023+109% | 2023+2006 | MIN<2023<
order Markov Max
Chalgo(ztgn) - Syl dig olsse
India sc» X11 358850 322965 287080 9206
. Pakistan s\, X12 70376 63338 56301 12901
g;: Kazakhstan .l X13 8619 7757 6895 10805
Turkey 45 X14 14065 12659 11252 11810
Others Laaia o X15 45113 40602 36090 94408
China .y X21 9117 8205 7294 194
Ly UAE oLl X22 2079 1871 1663 3854
(AT Germany ;i X23 1124 1012 899 2760
E’(;;tggg'lc; Iraq 3, X24 6050 5445 4840 3373
Others o.uaiis L X25 56062 60682 66800 26991
UAE bl X211 1773 1950 2128 9731
(A VOY) i Germany Ll X222 6303 6933 7564 4363
Pistachio India s X233 2451 2696 2941 4429
(080252) Turkey 45 5 X244 490 539 588 9286
Others Laaia o X255 3501 3851 4201 50190
Iraq sl,e X31 16824 15142 13459 14040
ot UAE &bl X32 18665 16799 14932 12583
Dried Turkey 45 X33 7318 6586 5854 4290
Grapes RUSSia auss, X34 18518 16666 14814 6604
Others losais L X35 51308 46177 41046 44971
Iraq g, X41 434048 390643 347238 98623
Turkey «s X42 166432 149789 133146 15193
Ar:;]; UAE eyl X43 61165 55049 48932 22790
Turkmenistan s X44 18357 16521 14686 3800
Others La.aia L X45 202208 181987 161766 20727
Iraq g, X51 99949 109944 119939 443261
- UAE &bl X52 262299 288529 314759 176207
..._}5(?;5;:095 Pakistan .sl X53 128056 140862 153667 131677
Afghanistan k.l X54 131886 145075 158263 137605
Others La.aia L X55 51780 56958 62136 88918
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Table 6 continued- Determination of the optimal composition of export products aimed at minimizing virtual water exports
(Case A) under three scenarios

o et wlpbe gl Optimal values augs ol
Product code | sy 85wt
51 . Pk 92, U
Joloris b | (A) Ul g ylws (Ba) i g1yl
; | (B2) 3) e 92
P Scenario | ) s i0 VI(B
Slple Jpazo Yerr—(s) (A1) Scenario cenario VI(B;)
- IV(B,)
Exported product ; 2
Simulated Ranges bo;l
exports based . i <3003 <
onthefirst- | 2023+10% | 2023+20% e
order Markov ax
chain (ton) — sl dons -
2023 7o R o
Iraq l,e X61 419622 461584 503546 318640
UAE o)l X62 175037 192541 210044 106321
mlysin Turkey a5 5 X63 160303 176333 192364 26521
Watermelon
Oman ;s X64 15571 17128 18685 184
Others laiuaiso Lo X65 92729 102002 111275 12367
UAE ol X71 47 42 38 43
Spain Ll X72 13 12 10 29
SaLl)‘llc/;:I; China s X73 56 50 45 1.48
Afghanistan k.l X74 25 23 20 0.16
Others lasais o X75 23 21 18 25
Vietnam el X81 281 309 337 10923
‘ China ;> X82 14426 15869 17311 11753
“‘“’ )?”" UAE ol Ll X83 187 206 224 1841
Dried Figs
Japan .yl X84 245 270 294 211
Others lasaio plo X85 1665 1832 1998 1555
India s X91 2572 2829 3086 2546
. Turkey 45 5 X92 74 81 89 4579
) et Germany o] X93 50 55 60 226
Almond
UAE ol X94 21 23 25 827
Others lasaio plo X95 359 395 431 297
(Ys 3) Y game @lplo j Jols IS ol 2171949 2171949 2171949 2171949
Total revenue from product exports (thousand USD) _ _ ~ B
Percentage change in revenue ol,s olyus as )
(csSe i) (Sl gjlome O ol 7310937958 6917313000 6543364000 4397163000
1 3
Volume of virtual water exports (m3) _ 53 105 398

Percentage change in virtual water  ¢;lxe ol ©lyuss 4oy

P LYY Jlo pn alple I ol sl gjlemSls dus
w552y ol 4 gl cwl gl dw 05l
Voo Ve Oy 4 Jpaze 1 jeis (Bl Jpaze 2 ST
Mae pled badl ash Jlole digy Sy 0 1) 0% doyd
C s P e (aSe o YV AYYADA) (ilxe Ol @lpplo

Shdlo dw ol 5l Jols (659155 lime o ps V/Y g O/Y d90

Source: Research findings  iegs slaasl (sl
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Table 7- Determination of the optimal composition of export products aimed at maximizing export revenue (Case B) under
three scenarios

Olyabe ol Optimal values ag 3o
ol (Gilwdmd | 093 g1 )l Pk g2l
Jol 0253 (81) (B2) (B3) ol 52,00
ERN Sﬁ?ér)io Sf@,zgr;o Scenario VI(B3)
5ly0lo . 1 2
Ex‘;'po)rted ‘;ﬁ:ct Jyazme S Y.-W_(u’) Ranges o3l
Product code Simulated Min < 2023 <
exports based | 2023 +10% 2023 + 20%
on the first- Max
order Markov
chain (ton) — lplo aie i
2023
India x» X11 358850 322965 287080 9206
Pakistan s, X12 70376 63338 56301 12901
mslo Kazakhstan l.lss X13 8619 7757 6895 10805
Date Turkey a5 X14 14065 12659 11252 11810
Others Lousia o X15 45113 40602 36090 94408
China e X21 9117 10029 10940 83758
Ly UAE Ll X22 2079 2287 2495 12274
~(+A- YY) Germany X23 1124 1236 1349 9850
E’(;Ztggg'l‘; Iraq ), X24 6050 6655 7260 9310
Ohers Louaia o X25 56062 61668 67274 89967
UAE oLl X211 1773 1950 2128 9731
(-A-YaY) st Germany Ll X222 6303 6933 7564 4363
Pistachio India s X233 2451 2696 2941 4429
(080252) Turkey 45 5 X244 490 539 588 9286
Ohers Louaia o X255 3501 3851 4201 54032
Iraq 3, X31 16824 15142 13459 14040
S UAE Ll X32 18665 16799 14932 12583
Dried Turkey 45 5 X33 7318 6586 5854 4290
Grapes RuSSia 4w, X34 18518 16666 14814 6604
Ohers Lauai o X35 51308 50173 48379 44971
Iraq ), X41 434048 477453 520858 98623
Turkey 45 5 X42 166432 183075 199718 15193
e UAE Ll X43 61165 67282 73398 22790
APPIE i rmenistan ote.cas 5 X44 18357 20193 22028 3800
Ohers Lauai X45 202208 222429 242650 84352
Iraq ), X51 99949 109944 119939 443261
- UAE Ll X52 262299 288529 314759 176207
e Pakistan s, X53 128056 140862 153667 131677
Tomato Afghanistan .l X54 131886 145075 158263 137605

Others lasaiso Lo X55 51780 56958 62136 88918
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Table 7 continued- Determination of the optimal composition of export products aimed at maximizing export revenue (Case
B) under three scenarios

Olyalo ol Optimal values aygs y5l%0
o (gilwdmd | 093 g1 )l Pl 92,0
sl 0253 (B1) (82) (Ba) uitd 52,
RN Scenario Scenario Scenario VI(B;)
Slydlo Jpaze J P YoTY- (o) 1(By) IV(By)
Exported Product yase simulated Ranges a;L
Product code Imufate Min < 2023 <
exportsbased | 2023+10% | 2023 +20% M
on the first- ax
order Markov
chain (ton) — lplo due i
2023
Iraq l,e X61 419622 461584 503546 607676
UAE ol X62 175037 192541 210044 267098
cedilgi
Vg Turkey 45 s X63 160303 176333 192364 79703
Watermelon
Oman ;les X64 15571 17128 18685 53771
Others lasaio plo X65 92729 102002 111275 114468
UAE o)l X71 47 52 56 43
' Spain Ll X712 13 14 16 29
gﬁ;‘ff“) China s X73 56 62 67 1
affron .
Afghanistan ;l.sl X714 25 28 30 0.2
Others lasuaie Lo X75 23 25 28 25
Vietnam el X81 281 309 337 10923
China (y.»> X82 14426 15869 17311 11753
St el UAE ol Ll X83 187 206 224 1841
Dried Figs
Japan 5 X84 245 270 294 211
Others lasais o X85 1665 1832 1998 1555
India X91 2572 2829 3086 2546
. Turkey 45 5 X92 74 81 89 4579
) et Germany ,LJl X93 50 55 60 226
Almond
UAE ol X94 21 23 25 827
Others lasuaie Lo X95 359 395 431 297
(Y J32) &Y gase Slpplo 5 Juols S el 2171949 2288137 2394418 3370634
Total revenue from product exports (thousand USD) _ 53 102 55.2

Percentage change in revenue.sl s lyuss 1o )

(S 52) Sl s5tome o ol 7310937958 7310937958 7310937958 7310937958

Volume of virtual water exports (m3)
Percentage change in virtual (¢jlxe ol @lpuss ao,d - - - -

water
Source: Research findings sasj (loal sl
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Figure 3-b- Results of Maximizing Income Export
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Figure 3-a- Results of Minimizing Exported Virtual Water
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Table 8- Sensitivity analysis of exported crops’ water requirements by major destination markets (Objective: minimization of

virtual water exports)

(A1) Jg! 9250w (A2) pg 92 ylins (As) w2y 92,0

o B e 6 3l 300 o Scenario | (Al) Scenario 111 (A2) Scenario V (A3)

Jyacse 35 YU 2wl YU o oF oS

Product code Jyae \ 2 oS omb ol 2 ol ol i onb ols
GWC per ton (m>) Upper Lower Upper e : Lower
Bound Bound Bound Lower | Upper Bound
Bound Bound

X11 +00 3839 00+ 3839 +o0 4743
X12 +00 3839 00+ 3839 +00 4743
X13 5868 +o0 3839 00+ 3839 +o0 4743
X14 +o0 3839 0o+ 3839 +o0 4743
X15 +o0 3839 0o+ 3839 +o0 4743
X21 400 0 00+ 0 400 6533
X22 +00 0 00+ 0 +00 6533
X23 14672 +00 0 00+ 0 +00 6533
X24 +00 0 0o+ 0 +00 6533
X25 0 602 0 602 +o0 6533
X211 11777 -00 11777 -00 0 -00
X222 11777 -00 11777 -00 0 -00
X233 14672 11777 -00 11777 -0 0 -00
X244 11777 -00 11777 -0 0 -00

X255 11777 -00 11777 -0 10692 0

X31 +o0 3763 +0 3763 +o0 5471
X32 +o0 3763 +0 3763 +o0 5471
X33 7598 +o0 3763 +0 3763 +o0 5471
X34 +00 3763 +0 3763 +o0 5471
X35 +o0 3763 +0 3763 +o0 5471
X41 +o0 240 +0 240 +o0 526
X42 +o0 240 +o0 240 +o0 526
X43 883 +o0 240 +o0 240 +o0 526
X44 +o0 240 +o0 240 +o0 526
X45 400 240 400 240 400 526
X51 863 -00 526 -00 334 -00
X52 863 -00 526 -00 334 -00
X53 325 863 -00 526 -00 334 -00
X54 863 -00 526 -00 334 -00
X55 863 e 526 -0 334 -00
X61 22 e 22 -0 +o0 220
X62 22 e 22 -0 +o0 220
X63 522 22 e 22 -0 +o0 220
X64 22 -00 22 -00 +o0 220
X65 22 -00 22 -00 +00 220
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Table 8 continued- Sensitivity analysis of exported crops’ water requirements by major destination markets (Objective:
minimization of virtual water exports)

(A1) Jg! 92)bw (A2) oo 92,60 (As) o2y 92w
Sy 55 o 2 Mg Sl 390 ol Scenario | (A1) Scenario 111 (,:i)s ‘)S'():?nario V (A3)
Product code Jyame Yools  ombols | Ybols " g, omtols
GWC per ton (m°) Upper Lower Upper oRE : Lower
bound bound bound Lower | Upper bound
bound bound
X71 +o0 1701031 +o0 1701031 +o0 2919083
X72 +o0 1701031 +o0 1701031 +o0 2919083
X73 4436530 +o0 1701031 +o0 1701031 +o0 2919083
X74 +o0 1701031 +o0 1701031 +o0 2919083
X75 +o0 1701031 +o00 1701031 +o00 2919083
X81 5841 -00 5841 -00 2624 -00
X82 5841 -00 5841 -00 2624 -00
X83 1384 5841 -00 5841 -00 2624 -00
X84 5841 -00 5841 -00 2624 -00
X85 5841 -00 5841 -0 2624 -00
X91 12012 -0 12012 -00 2041 -00
X92 12012 -0 12012 -00 2041 -00
X93 10380 12012 -0 12012 -00 2041 -00
X9%4 12012 -0 12012 -00 2041 -0
X95 12012 -0 12012 -00 2041 -00
X71 400 1701031 400 1701031 400 2919083
X72 400 1701031 400 1701031 400 2919083
X73 4436530 400 1701031 400 1701031 400 2919083
X74 +o0 1701031 +o0 1701031 +o0 2919083
X75 +o0 1701031 +o00 1701031 +o00 2919083
X81 5841 -0 5841 -00 2624 -00
X82 5841 -0 5841 -00 2624 -00
X83 1384 5841 -0 5841 -00 2624 -00
X84 5841 -0 5841 -00 2624 -00
X85 5841 -0 5841 -00 2624 -00
X91 12012 -0 12012 -00 2041 -00
X92 12012 -0 12012 -00 2041 -00
X93 10380 12012 -0 12012 -00 2041 -00
X994 12012 -0 12012 -00 2041 -00
X95 12012 -0 12012 -00 2041 -00
ol )3 Cydgame
Income 2171949 5847 60640 2809 130166 | 41069 494136
Constraint

Source: Research findings iag} (loasl :isl
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Table 9- Sensitivity analysis of export prices by major destination markets (Objective: maximization of export revenue)

s . ) (B1) g 92, (B2) 5k 52U (Bs) pitad 92w
O (St (I ydle Cuosd Scenario 11 (B1) Scenario IV Scenario VI
Jyasee VoyY 2 e¥gace Yools  ombols | Yuols  ombols | Yeols ombols
PE%%th Export Price (USD per Kg) Upper Lower Upper Lower Upper Lower
bound bound bound bound bound bound

X11 0.38 -0 0.38 -0 0.91 -0
X12 0.38 -0 0.38 -0 0.91 -0
X13 0.82 0.38 -0 0.38 -0 0.91 -0
X14 0.38 -0 0.38 -0 0.91 -0
X15 0.38 -0 0.38 -0 0.91 -0
X21 400 2.94 400 2.94 400 1.61
X22 400 2.94 400 2.94 400 1.61
X23 5.93 +o0 2.94 +o0 2.94 +o00 1.61
X24 400 2.94 400 2.94 400 1.61
X25 400 2.94 400 2.94 400 1.61
X211 +o0 7.70 +o0 7.70 +o0 6.37
X222 +o0 7.70 +o0 7.70 +o0 6.37
X233 10.69 +00 7.70 +o0 7.70 +0o0 6.37
X244 +o0 7.70 +o0 7.70 +o0 6.37
X255 +o0 7.70 +o0 7.70 +o0 6.37
X31 0 -0 0 -0 0.69 -0
X32 0 -0 0 -0 0.69 -0
X33 1.55 0 -0 0 -0 0.69 -0
X34 0 -0 0 -0 0.69 -0
X35 0.34 0 0.34 0 0.69 -0
X41 400 0.08 400 0.08 0 -0
X42 400 0.08 400 0.08 0 -0
X43 0.26 400 0.08 400 0.08 0 -0
X44 +00 0.08 +00 0.08 0 -0
X45 400 0.08 400 0.08 0.10 0
X51 400 0.41 +o00 0.41 400 0.38
X52 400 0.41 400 0.41 400 0.38
X53 0.48 +o0 0.41 +o0 0.41 +o0 0.38
X54 400 0.41 400 0.41 400 0.38
X55 400 0.41 400 0.41 400 0.38
X61 +00 0.11 +00 0.11 +00 0.07
X62 0.22 +00 0.11 +00 0.11 +00 0.07
X63 400 0.11 400 0.11 400 0.07
X64 +00 0.11 +00 0.11 +00 0.07
X65 400 0.11 400 0.11 400 0.07
X71 400 200.55 400 200.55 200.73 -00
X712 1105.61 400 200.55 400 200.55 200.73 -00
X73 400 200.55 400 200.55 200.73 -00
X74 +00 200.55 +o0 200.55 200.73 -0
X75 +00 200.55 +o0 200.55 200.73 -0
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Table 9 continued- Sensitivity analysis of export prices by major destination markets (Objective: maximization of export

revenue)
(B1) 95 92t (B2) p5leer 92U (Bs) o 92yl
Jyoen 35 b sttt 13l Cuond Scenario 11 (B1) Scenario IV Scenario VI‘ '
Product YeVY o &Y gazw YL oS oeb oIS | Yuals  oambolsS | Yuls ol
code Export Price (USD per Kg) Upper Lower Upper Lower Upper otk
bound bound bound bound bound Lower
bound
X81 400 2.64 400 2.64 400 2.51
X82 400 2.64 400 2.64 400 2.51
X83 2.92 +oo 2.64 +00 2.64 +00 251
X84 400 2.64 400 2.64 400 251
X85 400 2.64 400 2.64 400 2,51
X91 400 6.93 400 6.93 400 5.99
X92 400 6.93 400 6.93 400 5.99
X93 9.05 400 6.93 400 6.93 400 5.99
X94 400 6.93 400 6.93 400 5.99
X95 400 6.93 400 6.93 400 5.99
Ol Codgame
Water 7310937958 14621880 -0 14621880 -0 14621880 -0
Constraint

Source: Research findings a5 laasl, sk
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Introduction

Despite its vital importance, the agricultural sector in Iran faces structural challenges and weaknesses in an
efficient marketing system. The issue of gaining competitive advantage and higher profitability must be
accompanied by a full understanding of international and export markets. The development of greenhouse
cultivation is expanding owing to water-saving policies under climate change conditions. The international
entrepreneurial marketing (IEM) approach, as an innovative and opportunity-oriented strategy for creating value
in foreign markets, is a strategic necessity for greenhouse units in Tehran Province. However, in practice,
numerous obstacles, such as structural and operational barriers, have limited the ability of these entrepreneurs to
transform global opportunities into economic value and sustainable economic development and have negatively
affected the key dimensions of IEM, namely, risk-taking and innovation at the international level. The main
objective of this study was to identify, analyze, and prioritize the barriers and limitations of international
entrepreneurial marketing of greenhouse products from the perspective of greenhouse producers in Tehran
Province.

Materials and Methods

This study was applied in terms of its objective and employed a descriptive—survey (quantitative) research
design. The statistical population comprised 1,934 greenhouse producers across four counties in Tehran Province.
A sample of 322 producers was selected using stratified simple random sampling. The main data collection
instrument was a researcher-made questionnaire, the face and content validity of which were confirmed by an
expert panel. To conduct an overall evaluation of the measured indicators, the preliminary draft of the survey and
questions prior to the interview stage with rural respondents were reviewed by an expert panel consisting of faculty
members in agricultural extension and education, environmental sciences, psychology, social sciences, sociology,
and rural planning. Based on their views, the necessary revisions were applied until final approval was obtained.
Cronbach’s alpha coefficient was used to assess the internal reliability of the research instrument, which ranged
from 0.7 to 0.9. The barriers to international entrepreneurial marketing were measured using seven latent variables
(economic-financial, supportive-legal, infrastructural-institutional, policy-planning, green marketing,

educational-informational, and socio-cultural) and 28 observed variables. To analyze the barriers, confirmatory
factor analysis (CFA) was performed using SmartPLS v.3.
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Results and Discussion

Confirmatory factor analysis (CFA) results indicated that the seven-factor structure of the barriers
demonstrated satisfactory model fit, validity, and reliability, and all components were statistically significant at
the 99% confidence level. Economic and financial barriers (path coefficient = 0.848), supportive-legal barriers
(0.820), infrastructural-institutional barriers (0.819), green marketing barriers (0.766), educational-informational
barriers (0.753), socio-cultural barriers (0.627), and policy-planning barriers (0.607) were ranked first to seventh,
respectively. Among all dimensions, economic and financial barriers emerged as the most critical constraints in
international entrepreneurial marketing. Within the economic and financial dimensions, factor loadings
highlighted that the lack of adequate capital for standardizing and equipping greenhouse production units, coupled
with insufficient governmental support in providing loans and financial incentives, particularly the high interest
rates of bank loans, represented the most significant challenges. Following this, supportive-legal barriers were
strongly characterized by government-imposed sanctions, restricted access to high-quality and authorized
production inputs, and procedural difficulties in obtaining permits for exports and international marketing. The
infrastructural-institutional dimension ranked next, primarily due to the absence of smart digital infrastructures for
global and online marketing and persistent weaknesses in the transportation systems. Green marketing barriers
ranked fourth, influenced by global market threats such as inflation, economic sanctions, and geopolitical conflicts,
alongside the lack of governmental support for guaranteed purchasing of certified green or healthy products. The
fifth-ranked dimension, educational-informational barriers, was driven by shortages of specialized human
resources in market management and international trade and the absence of effective training and extension
programs related to export procedures. Socio-cultural barriers were also notable, including insufficient cultural
and educational foundations for entrepreneurship, creativity, and innovation, and low levels of public trust in
online purchasing platforms. Finally, the policy and planning barriers, characterized by weaknesses in agricultural
insurance systems and limited awareness of national strategies for regional and international markets, were ranked
last but remained significant barriers to international entrepreneurial marketing from the perspective of greenhouse
producers in Tehran Province.

Conclusion

The results further indicate that macro-level environmental and institutional barriers, particularly economic
and financial constraints, constitute the most fundamental and influential challenges limiting international
entrepreneurial marketing. The prominence of economic and financial barriers as the highest-priority constraint
suggests that the primary obstacles originate from the external business environment rather than from
entrepreneurs themselves. As long as stable access to credit, investment support, and relief from sanctions are not
available to facilitate production standardization, innovation, and risk-taking, progress along the export pathway
will remain constrained. Furthermore, the findings indicate that these barriers have direct negative effects on the
key dimensions of international entrepreneurial marketing (IEM). Therefore, overcoming these constraints
requires substantial government intervention in export financing, administrative facilitation, and the development
of smart infrastructure and cold supply chains. In this regard, designing a mechanism for targeted export
investment facilities with low interest rates-aimed at standardizing and mechanizing cold storage and packaging
equipment in greenhouse units-is recommended. In other words, addressing or reducing a single barrier alone

cannot lead to a significant improvement in the performance of international entrepreneurial marketing. Instead, a
comprehensive and coordinated approach is required that simultaneously considers economic, legal,
infrastructural, and human capacity dimensions. These findings highlight the importance of designing and
implementing integrated policies and programs by the government, supporting institutions, and the private sector
to enhance export capacity and increase the international market share of greenhouse units.

Keywords: Barriers and constraints, Confirmatory factor analysis, Export, Greenhouse units, International
entrepreneurial marketing
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Table 2- Reliability of the Research Instrument

Variable Alpha coefficient Variable Alpha coefficient
Infrastructural-institutional barriers Educational-Information barriers
Economic and financial barrier Legal-supportive barriers
Sl g 8yl b Sy 0.855 3o )il &lse 0.803
Barriers to policymaking and planning Barriers to green marketing

Socio-cultural barriers
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Table 3- Personal and professional characteristics of respondents

L putilo ol KW
Variables Frequency Percentage
Woman /; 8 2.5
Gender /s <
Man /s, 314 975
Less than 30 11 34
Oy 31-45 137 425
old 46-60 169 52.5
More than 60 3 0.9
Less than a diploma /Ls> 55 34 10.5
Diploma / 1 .
Sl A p_t /w.LTJK 96 60.9
Education ssociate / b, 40 124
oibd 31 5Vl 5 il & 161
Bachelor's degree and above
O] $5y5kiS 4bles (Sl _ 1212
Experience Average agricultural experience
SIS s g5 Traditional/ . 7 2.2
Type of greenhouse Modern /. 298 925
system Traditional and Modern /s ¢ i 16 5.0
Green Cucumber /5w L5 107 33.2
SIS oY gane Tomato/ 55,8 <55 144 44.7
Greenhouse products Bellied Pepper/ clads Jals 62 19.3
Eggplant/ ;,lxesl; 7 2.2
. Fuel Subsidy/cs g 4l 297 86.6
St 8L slasin; Fiber and Optical Panels/ ¢ s L 5 yu 1 0.3
St o Drip Irrigation/ clo ks (¢l 23 7.1
Areas for receiving . o0
bank facilities slojhad (g)lul 5 g L)l 17 53
Fuel Subsidy and Drip Irrigation
Major supply to / ksl J315 ;5 ladawly g ,boy g ogee (pobo 4 odas asye 303 941
Ll fruit and vegetable markets and intermediaries within the province '
ProL(J:i}udct;Ms L:r'l.: ;t‘i i Share of Internet sales /laclocsy g (gjlre sloaSus (3 5yl (ba )b woew 3 0.9
g on virtual networks and websites
Exports to other countries /lae:8 yle 4 <lplo 3 0.9
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Table 4- Coefficient of variation values of international entrepreneurial marketing barriers

RIS

Ladlgo g5 ke Cagly!
Components Items Average 3;3?;?52 Priority
S s 5y 3,1kl 51055 (sl B dylopus i 370 135 5
Lack of sufficient capital to equip the business unit to the standard
bt 5 s Vb eizja 418 0.38 3
High cost of seasonal labor
8 slaply VL oj0 Wl (5> O g ply by 3 g cunlie Colos 295
= .
s St 3.66 1.04 6
3 2 Lack of proper government support in paying loans and
2 S government facilities, such as high interest rates on bank loans
3 S SMF DY game Cuad ol lug g Gl pas 3.77 1.04 4
3 £ Instability and high volatility of product prices
_:;\ g L)"’L’ Caosd 9 L?“’?)‘e odos Oy 4 J?‘"“’ [<314 3.67 1.02 7
) g Product distribution in wholesale and low prices
S J8 5 o> sl 023l 3.35 1.05 8
L|8J High transportation tariffs
il 2B lB) Foml g calie Caid 4.98 013 1
Reasonable price and lower than foreign competitors in the market
2545 ) hyskiS SV gaze clpplo (VL aja g S
The high risk and cost of exporting agricultural products in the 4.86 0.55 2
country
Total/ Js 4.02 0.51 1
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Lack of security and stability for investment in the agricultural 4.43 1.04
sector
Y gase Sljpalo calises glalojlw 9 wlbl (SKales pac
Lack of coordination between various departments and 3.72 133
organizations for exporting products
C,Jg) d})l dlzzsg;wlw Y wl;nli
Inappropriate government currency policies
Y gase Ol plo Cous glad)lsliwl 5 (ylgd
Strict rules and standards for exporting products
539188 Sl plss Cans
Weakness of the agricultural insurance system
el g sladlaia Jl3l 53 )5S Cusls J| T 5 cSLs pas
Lack of knowledge and awareness of the country's policy in the 3.56 1.07
regional and international market

1545 5155 3590 Jgae Mg Can (slailaie Coli g paseio il 392 pas

3.47 1.08

3.65 1.15

3.51 111

Sl g 6yl Cusliw glgo
Obstacles to policymaking and planning

The absence of a specific and stable regional market for the 4.18 1.10
production of the product needed by that country.
Total / JS 3.78 0.76
Sl 9 Bl Gk Gy edgn (cdloy g «ud 295
Lack of smart networks and infrastructure for internet and global 3.91 1.26
marketing

L;AJy Lgl.m»\s 2 QY;M Q).hl.o )'1 Colos LSI){ ol L;J[Qé le.m;,»%)l% Do

Ses 3.59 0.98

Lack of appropriate institutional frameworks to support the export
of products in small production units
b Jsammo 3dg5 sl (g oo ) pllos 5 Smo sloodles sy ol (o 203 pas

Sl 2yt 3.76 0.97

Lack of easy access to authorized and healthy inputs (seeds,

pesticides, ...) for producing products with global standards
sy Y game 5SS sy al2yw 3929 pac 376 1.02

Lack of cold storage for storing manufactured products

g Bloyj Elge
Infrastructural-institutional barriers

5o g 2 n 3.55 1.08

Weakness in the transportation system
s 055 Slaptuss 25 3.90 0.96

Lack of mechanized packaging systems
Total / Js 3.74 0.74

A'.LJ}J Sow )l CJI)DLD Lf3'5 u»%lo o)'.:i;'l Dbul pis
The government's failure to create real tangible incentives for 4.91 0.40
exports

o Y guaze 365l (Lo pus (VL o g 3.03 1.19

High investment cost for producing green products
ol adaw 53 Wl (IO Jaase (4bg,8 5 )il 5l laeb] ladd

Lack of market confidence and international sales of healthy 3.03 0.87
greenhouse products

Global market threats: inflation, economic sanctions, and war
lolloye g 3 BB (odg Jgame o ndy <o) Laylyd 290
Lack of conditions for competitiveness of domestically produced 341 114
products at the international level
Al g jao B OV guaste el B B 50 Cgd Coles pie
Lack of government support in guaranteed purchase of green and 3.78 110
healthy brand products

oo il &lse
Obstacles to green marketing
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Total /_Js 3.58 117 4
Jsame ik anwgi g Clplo lajsome 331 () oazmy (S5
Complex administrative bureaucracy in obtaining export licenses 4.38 1.06 1
and developing the product market
ety 2bylil 9 @lydlo (glys jemme <l > MU 339 110 4

Problems obtaining permits for export and international marketing
Slxe g S L a5 slmodles 399 pas g (9o 250
Government sanctions and the lack of import of quality and 3.49 114 3
authorized production inputs
el (bl ) ERSg @ (SyeS 5 S 5 laon paseie cules 350
Lack of specific insurance, tax, and customs support for producers 3.74 1.08 2
in international marketing

Shle gl Joame 1dgs (gl Mg 5 Ak 395

S —ule> glge
Legal-supportive obstacles

Lack of subsidies and facilities for producing healthy and 2.90 115 5
exportable products
Total / Js 3.57 0.65 3)
ko 5 o Y gasme 155 el ol )l oDl g il 39508
Lack of expert knowledge and information for producing green 241 0.74 7

and exportable products
cHedlops @slos g il o pae y3 (aastie Sl (g9 3508
Lack of human resources specialized in market management and 2.88 1.00 6
international trade
bl o 0By Coje b Y sz glgl calis (5 caslio glojglie lodd dgmaS

el 311 0.83 5
Lack of appropriate consulting services in identifying types of

products with competitive advantages in international marketing
Y guame lallogs bl 53 &l SIS clacs oo jojgel laas
Lack of entrepreneurial skills training in international product 343 119 3
marketing
Y gz Syl 0 3)50 )3 (g~ (sl Sloasly 292 pis
Lack of educational and promotional programs on how to export 3.42 133 4
products
Hellom @bl aiej 53 (ollin sbrolRisles )3 9l wile Sge gl 395
SIS Y g
Lack of effective advertising, such as attending international
exhibitions in the field of international marketing of greenhouse
products
3kl Jyamo (b3l g Mai ) ol SIS las 5 i3 &)les d9se8
Lack of technical and practical skills of greenhouse owners in 4.06 111 2
producing and marketing standard products

oy bl = (Bj50] lge

Educational-Information Barriers

4.15 111 1

Total /_Js 3.35 0.58 6

3,)lbil Jgame Slydlo 5 udg slaasslos] gla ol JuSis pas

Lack of formation of cooperatives and unions for the production 243 0.92 5
and export of standard products

ik 93 s S dlanly o JV> SKiny CoeSls

. L . 31 1.00 1
The dominance of brokerage and mediation culture in the market

W5 Gxglgh 5 B hygp 5 (LIS hjgel 5 Simyd jtuw 295
Lack of a cultural and educational environment for 293 0.93 3
entrepreneurship and fostering creativity and innovation in
production

TR R R o S A e R RS PORICRPE

Ok 3 s 3.06 0.57 2
Inability to contact and communicate with potential customers

abroad due to various reasons, including language difficulties

NENC RN
Socio-cultural barriers
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. . . 2.88 1.03 4
People's lack of trust in online shopping

Total / s 2.88 0.61 7

3Ly i 0 ol =Y dawgie =Y (o8 =Y o8 ) 1o S wlide
Likert scale: 1- very low, 2- low, 3- moderate, 4- high, 5- very high

Hollom 6l 31,5 ol )15 (scudgacme ((adlie (gb e o il 9 (ole (gl )l -0 Jguo
Table 5- Factor loadings and path coefficients of the international entrepreneurial marketing constraints components

Wailga slod ST gl peiio Gelel e G,
Components Symbols Observed variables Factor Path T-value
P y loading coefficient

Sk 9 Bl Gk Gy edgr iy g 4d 395
l1B1 Lack of smart networks and infrastructure for internet 0.803 37.048
and global marketing

2 Y game Syl jl Coles (gl cuslio (o3l sase )l D9
11B2 SesS sy lasly 0.702 20.819
Lack of appropriate institutional frameworks to support
the export of products in small production units 0.819
395 Gl (g pyoms k) el g e slaosles 4y ol (s yuos pas
Sk dylubinl b Jaaes
Lack of easy access to authorized and healthy inputs

(seeds, pesticides, ...) for producing products with
global standards

11B3 0.756 24.827

g (B Loy glge
Infrastructural-institutional barriers

11B5 S8 g Joo s 3 nd 0.782 33.268
Weakness in the transportation system

ESB1 Lack of sufficient capital to equip the business unit to 0.844 52.870
the standard

o4 Al (o> Mg 5 ply iy 10 Cdgd Cunlio Colos g4
St glaely YL
Lack of proper government support in paying loans and 0.715 2.205

government facilities, such as high interest rates on 0.848
bank loans

ESB3

Mg Y gaste Caand 3bj lugi g S pas
Instability and high volatility of product prices

ESB4 0.710 0.103

ESB5 Oy Suasd 5 o3 0dos g0 & Jpae i 0.697 17.428
Product distribution in wholesale and low prices

Economic and financial obstacles

ESB6 S5 Jo> sl 0293 0.688 17.197
High transportation tariffs

c;J9> Lg)')l Lglmwl.,,m Y wl.bclj
Inappropriate government currency policies
EigliS i 53 S le e gl Sl g cutal 3929 pas
PPB4 Lack of security and stability for investment in the 0.681 16.566
agricultural sector 0.607
$5s5LS glaony pllss cins
Weakness of the agricultural insurance system
llallies 5 gladlato Jljl 53 )5S Cusls BT 5 S pus
PPB6 Lack of knowledge and awareness of the country's 0.793 29.739
policy in the regional and international market

PPB3 0.711 21.841

PPB5 0.814 32.156

Sty 5 6yl sl glge
Obstacles to policymaking and
planning

—% - 5ylkinl Jgame @l pslo g Wg5 sladdlosl gla Sgles JuSuis pac
+ 7258 scBl Lack of formation of cooperatives and unions for the 0.750 0.672 21.446
—3 ‘;33 3 =R production and export of standard products

) o o

|

SCB2 il s g Selauls o JYs Kiny coaSls 0.745 18.650
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SCB3

SCB5

The dominance of brokerage and mediation culture in
the market
2 Sslg 9 B (hygn g (LIS bjgal g Simyd yiw 395
Mg
Lack of a cultural and educational environment for

entrepreneurship and fostering creativity and
innovation in production

@y Fo 3 S 4 p3 e dlaisl pas
People's lack of trust in online shopping

0.766

0.755

19.740

25.645

oy b1 = (Bj50] il

Educational-Information Barriers

EIB2

EIB3

EIB4

EIB5

el @)l 9,5k Co e 3 paaste Sl (95 39008
Lack of human resources specialized in market
management and international trade

o b @Y g glyl calis o culio gloyglie Gloss 4008
ol bl ) (2B,

Lack of appropriate consulting services in identifying
types of products with competitive advantages in
international marketing
Y guazmo Mol (obl3L > Sl 318 slaclen bjgal (s
Lack of entrepreneurial skills training in international
product marketing
Slpalo 0570 3y90 1> (g —(hjsel slbasly 392y pas
Lack of educational and promotional programs on how
to export products

0.851

0.670

0.717

0.718

0.753

51.522

14.407

22.548

23.712

Sl — ke ailse

Legal-supportive obstacles

SLB2

SLB3

SLB4

SLB5

ol byl 5 wlple (gl jeome cdly)d oM
Problems obtaining permits for export and international
marketing
Jlre 9 CutsS L g5 (soodled 399 pas 5 (J9d w20
Government sanctions and the lack of import of quality
and authorized production inputs
2 OB e 4 (eSS g slaen asuie coles 340
Hellipe b lL
Lack of specific insurance, tax, and customs support for
producers in international marketing
Shbo g plls Jgame ag gl ©Moged 9 &k 255
Lack of subsidies and facilities for producing healthy
and exportable products

0.773

0.797

0.685

0.584

0.673

30.620

31.331

17.125

11.443

s 25k glge

Obstacles to green marketing

EMB3

EMB4

EMB5

EMB6

o 3 ol SIS Jgaa )8 5 i 51 olisebo] i
Helle
Lack of market confidence and international sales of
healthy greenhouse products
Sz g oolaidl 5125 )58 Sl ik lanag
Global market threats: inflation, economic sanctions,
and war
olloe gaw 3 31 g Jgame (6ol klyd dgs
Lack of conditions for competitiveness of domestically
produced products at the international level
Wl g o Ly O guasre (roudl b 3 50 Cgd Coles pus
Lack of government support in guaranteed purchase of
green and healthy brand products

0.770

0.829

0.765

0.804

0.766

27.235

40.147

24.865

36.010
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Iy Jte o5l (olgy 48 del Cowds +/0 51 5YL AVE Slsée g} ;|

Lk slacuagaas g gilgs s paSelal Jus G5l s
WETNPRtFE

Syl polos gl ol slajly olie b Jga> 4 a2g5 L
bl slacudrgime 5 xilge ddlie can ja (gly sl Ol
5 (Hair et al., 2017) +/& aliwl > 51 YL Mol ko,
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Figure 1- Factor loading values and path coefficients of the international entrepreneurial marketing constraints model
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Introduction

Global population growth and shrinking natural resources have intensified pressure on agricultural systems,
positioning sustainable waste management as a national priority, particularly in arid and semi-arid countries like
Iran. Agricultural activities generate substantial biomass residues, yet inefficient handling (e.g., open burning,
uncontrolled dumping) contributes significantly to greenhouse gas (GHG) emissions (CO, , CH, ), energy
overuse, and economic losses. Globally, one-third of food production is lost or wasted (FAO, 2011, 2013), with
profound environmental and food security implications. In this context, the Circular Waste-Based Bioeconomy
(CWBE) framework offers a strategic pathway: integrating circular economy principles into agricultural systems
to transform waste into compost, biogas, animal feed, and bio-based materials—thereby enhancing resource
efficiency and reducing environmental footprints. However, existing efficiency assessments in agricultural waste
management in Iran predominantly ignore undesirable outputs, yielding an incomplete picture of sustainability.
This study addresses that gap by evaluating the Eco-efficiency of agricultural waste recycling across Iran’s 31
provinces over 2014-2019 (1393-1398), using a Dynamic Network Data Envelopment Analysis (DN-DEA) model
that jointly accounts for desirable and undesirable outputs.

Materials and Methods

We construct a dynamic network model inspired by Lu et al. (2022), conceptualizing waste recycling as a
two-stage system: (1) waste collection and preprocessing, and (2) valorization and environmental mitigation. The
DN-DEA model allows efficiency scores to reflect carry-over effects—such as investment in fixed assets—across
time periods, making it suitable for assessing policy persistence and technological lock-in.

Inputs include: (i) monetary cost of managing agricultural waste (IRR, adjusted for inflation), and (ii) energy
consumption (GJ) in collection, transport, and processing. Desirable output is the quantity of recycled biomass
(tonnes), while undesirable outputs encompass: (a) CO, emissions (tonnes), (b) CH, emissions (tonnes), (c) total
energy consumption (as above, dual-counted to penalize inefficiency), and (d) waste management cost (as a proxy
for incomplete valorization). Data were compiled from the Statistical Center of Iran, Agricultural Jihad provincial
reports, and the Central Bank’s economic databases. All monetary values were deflated using the consumer price
index (base = 1390), and emission factors were standardized using IPCC Tier 1 guidelines adapted to Iran’s
agronomic conditions. The model was solved using GAMS 36.2.0 (with CONOPT solver), and statistical
validation—including Pearson correlation matrices and significance tests—was performed in SPSS 28.

Results and Discussion

Authors retain the copyright. This is an open access article distributed under Creative Commons
Ev Attribution 4.0 International License (CC BY 4.0)
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Results reveal striking regional heterogeneity. Five provinces—Tehran, Bushehr, llam, Khuzestan, and South
Khorasan—consistently achieved full efficiency (score = 1.00) across all six years, functioning as benchmarks. In
contrast, Golestan (avg. 6 = 0.34), Kurdistan (0.35), Sistan & Baluchestan (0.36), East Azerbaijan (0.41), and
Kermanshah (0.41) exhibited chronic underperformance. Nationally, average efficiency declined from 0.72 in
2014 to 0.61 in 2019, signaling systemic deterioration—potentially linked to subsidy distortions, energy price
volatility, or drought-induced feedstock scarcity.

Crucially, Pearson correlation analysis confirmed strong, positive, and statistically significant (p < 0.01)
relationships between recycling efficiency and the management of undesirable outputs .This implies eco-efficiency

synergy: provinces excelling in one dimension (e.q., lowering disposal costs) tend to outperform across all
environmental and economic metrics. Moreover, undesirable outputs are highly inter correlated (e.g., energy—
CO, : r=1.000; CO, —CH, : r = 0.999), suggesting that interventions targeting energy efficiency will likely
reduce multiple emissions simultaneously. Spatial mapping (Figure 2) further confirms a pronounced east—west
efficiency gradient, with high-efficiency clusters in central/southern/eastern provinces and low-efficiency zones
concentrated in the northwest and southwest—mirroring disparities in infrastructure, technology access, and
institutional capacity.

Conclusion

This study advances the literature by: (i) applying DN-DEA to Iranian agricultural waste for the first time; (ii)
integrating four undesirable outputs simultaneously; and (iii) linking efficiency diagnostics to concrete, region-
specific policy levers. Findings underscore that a one-size-fits-all approach is inadequate: instead, precision
sustainability governance, where efficiency metrics inform spatially differentiated interventions, is essential. We
recommend:

Region-targeted interventions for low-performing provinces (e.g., Golestan, Kurdistan, Sistan & Baluchestan).

Knowledge diffusion mechanisms, such as peer-learning networks, to transfer best practices from benchmark
provinces

Efficiency-based budgeting, where provincial subsidies or green credit access are tied to annual DN-DEA
scores.

Ultimately, improving eco-efficiency in agricultural waste recycling is not merely a technical challenge but a
governance imperative, one that can simultaneously bolster rural livelihoods, enhance resource security, and
advance Iran’s commitment to low-carbon development.

JEL Classification: Q15, Q53, Q56, C61
Keywords: Agricultural waste recycling, Dynamic network DEA, Greenhouse gas emissions, Pearson
correlation coefficient, Undesirable outputs
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Table 1- Explanation of the calculation of model parameters along with the sources used
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Table 2- Periodic efficiency of agricultural waste recycling in Iranian provinces (2014-2019)
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Figure 2- Food waste recycling efficiency map in Iran
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Table 3- Governance priority status for variables used in food waste recycling efficiency
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Figure 3- Overall efficiency and total-factor of undesirable outputs in food waste recycling by province
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