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Introduction

According to United Nations reports, the world population will increase from 7.2 billion people to 9.9 billion
people during the years (2016-2050) with 38% growth. With population growth, amount of demand for food
consumption (in order to eliminate malnutrition and demand caused by population growth) will increase by 150 to
170 percent by 2050. Today, one of the problems and threats facing the realization of food security in human
societies is existence of an unusual amount of agricultural product waste.

Every year, about one third and approximately 1.3 billion tons of total food production consumed by humans
with a monetary value of 936 billion dollars, it is lost or wasted, which means that 0.9 million hectares and 306
square kilometers of water required for the production of agricultural products are wasted every year. The presence
of this amount of waste in Iran's agricultural products indicates a significant waste of resources in country, and
management of the country's resources (especially water) according to Iran's climatic situation and forecasting and
drawing the future. It is telling that (resources used in agricultural sector) will soon become an important challenge.
Considering that in country, 93.5% of water resources are used in agriculture, other issues such as pollution of
water reserves, transfer of agricultural water to other sectors and low efficiency of water consumption in
agriculture, increasing demand for water, increasing periods drought, phenomenon of fine dust, human impact on
natural resources, etc. affect the amount of agricultural production.

Subgroups of fruits and vegetables have the largest share in the consumption basket of households, but there
are no specific statistics for recent years about share of consumption per capita of households (separated by
products used) in Iran. It is important to note that the amount of waste generated by consumers varies between 1
kg per household per week and 4.5 kg per person per week, depending on consumer behavior. Given the
significance of agricultural inputs, particularly water, in the production of these agricultural products and their
substantial share in household consumption, this research focuses on the fruit and vegetable subgroups.

Materials and Methods

The case study of this research acknowledges that, in addition to consumers in Mashhad, there is heterogeneity
among retail and wholesale shops, as well as the city's main market squares, each contributing to varying
percentages of agricultural product waste. These differences can fluctuate based on urban areas, necessitating a
model that accounts for the heterogeneity within the studied population. Therefore, the multilevel Bayesian model
was selected as the most appropriate tool, as discussed in the following section on the modeling methodology.

©2024 The author(s). This is an open access article distributed under Creative Commons
EY Attribution 4.0 International License (CC BY 4.0).
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Results and Discussion

Based on the results in Table (7), the gender variable, with a mean value of 0.8285 for its parameter distribution,
falls within the estimated confidence interval. It is identified as one of the factors influencing the reduction of
waste in fruit and vegetable products. Specifically, being a woman and having women manage household affairs
(compared to men) leads to a reduction in waste. Regarding the education level of consumers, waste from fruit and

vegetable products is significant only in the group with a diploma to bachelor's degree (compared to the group
with education levels below a diploma). The negative sign of the average distribution of its parameter (-1.4599)
indicates that this group produces more waste than those with lower education levels. The variable of household

size also affects the amount of waste from fruit and vegetable products, with a mean parameter distribution of
0.3151. An increase in household size is associated with a reduction in waste. Additionally, the number of people
working in the family (mean parameter distribution = 0.3733) also reduces waste, likely because a higher number
of working family members can lead to increased income, allowing for the purchase of higher-quality products.
The relative price parameter of agricultural products, with a mean parameter distribution of 0.1475, reduces the
waste generated by consumers. As the relative price of agricultural products (e.g., fruits and vegetables)
increases—when consumers compare the value of these products to other goods—they realize that consuming
these products will result in less waste. Similarly, the parameter related to the distribution location of agricultural

products, with a mean parameter distribution of 0.1744, also reduces the waste generated by consumers. This
suggests that the more efficiently agricultural products are distributed, the less waste is produced. Suitable places
for product distribution can give better access and power of choice to consumer, and based on this, consumer can
avoid bulk purchases or worry about running out of products in nearby stores; He avoids and the amount of waste
formed by him decreases. Product parameter (goods or services offered to customer) for agricultural products
(parameter distribution mean = -0.1902) causes an increase in the waste formed in agricultural products by
consumers. In other words, with increase in the supply of products (fruits and vegetables), consumers become
more willing to buy and consume (like consuming a specific product during the supply season), and this causes
increase in number of purchases to affect the amount of waste generated. Parameter of promoting agricultural
products (parameter distribution mean = 0.0683) reduces the waste formed in agricultural products by consumers.
With better introduction of product and advertisements related to the production process until its consumption;
consumer understands the value of the product and tries to reduce its waste.

Conclusion

The research demonstrates that individual and marketing mix factors can effectively reduce waste. Beyond the
importance of each link in the food supply chain, consumer-level interventions using the marketing mix (price,
product, promotion, and location) can contribute to reducing agricultural product waste. Therefore, studying
consumer behavior, considering individual and social characteristics and the influence of the marketing mix,
represents a potentially low-cost solution for minimizing agricultural product waste.

Keywords: Bayesian, Consumer, Marketing mix, Retailer, Waste



$329UiS drwgi g dLaiBl dy yuis
https://jead.um.ac.ir %"2%

;w.b:' ‘9}; Jlae

1-VA o AP 5l ) o)l ¥R il
65098 SV gams Slull p oL,k wunel g 0aS S e g Sy S

P ® \
! wlg;laﬁﬂl&—\ 6'\*’“&;’"’"_ S 5o (A0
\\‘~Y/\Y/~V:¢éb.):'c_)l:

daSe>

S Coel 385 g9y G 5 ©Hane Sl (S 4 0l (65)5liS SV guazes Sluls Blatels jlade d92g egilh SIS L illas
Canl (655l OY uame Gluls jials ( olie sl 55 40 gy (alS slacwluw 51 (S5 (wlol fpl p sl odid A5 (6 s molg> )
slee YO 03151 41 9 0o )3 VIV Ll oz 42 Cunmd il )5S 50 (65,5l &Y gumme Syl St ot o8 sl o 51 (S g6 018
wi ul).»l 9 ulf..\u.{d)_.m ‘_sl.m‘_;).}s i3 b.))f [P )_.ol> axlllas .)9_..:&0 UJ'L' 84> oo g{.} 019‘;4’ U’l u_u.ul)Bl "\"9) 9 Ca JLM: 2 d’
Josliwl b (cluls Gl o ymier s sboog)S ) 5l (S plpiedr Clm jius 5 09u0 09,5 5) oiin (5))gliS Y guae b (2b)liL
A Sl ol Sz b regd Olyier (592) Oluld il 1) M e ool el 23 )8 (2b5)] 390 ¢ Hawdiz (nje 3,05,
ul.\m Y 9 (Ps.) c.la_w ).)) u\/9..a.’>u> 0»9)50.)? oy 4(J5| Cja_w ).)) ulf.\u.{d)_.a.c YEA dlass 0 Pl?ul UT Ll5 Y d]olm > d)jd.xﬁm 9
b & ag b ob)ylib FrE| 9 B0 1D 045 )SD (60,8 (sl ygiSlh &S ol LS Baiod gl auh 48 )5 el 13 (poww pdaw j0) b uol b
e (Cuzo ) Cuuin dlon jl BUS Gy ns slainl g (60,8 glayeiSlh )by Gluls Jials (> (655 i ol 48,5 IS 5,80,
(Cuto 1) Jad g5 dCuto ) 03lgils 13 )5 &y Joriiio 31,8l sluws (Custo (1) gl 5181 dlaas o (uilad U olood gdaaw jd dle y3I) WM
e oo 5> plog Ggles Yo (VL (601, 09,5 (sl Cutto 3l g ole > (logs (ysebse Yo 5l 208 (sl3 (slg S el ko ) Jlls ol
Oluls do)d p (o l) 03 58110 a4y dian )d axslpe Sladd 2las g (e S1) (65,0lsS Y gz b B Caa didd (3 0a b )0 sl
il 4l (glo)sS6 EAS G s i I e Al LS 51 (65,5l Slom s 5 g0 elgl Pl Y guamo 095 15 (4l oabolon
5918 Y gmazme Slulis (ials p (Sute S) (Byme g gy g (it ) MWy anlb (e JI) @95 Gl (Cute S) o o 6
1 3l (e puibyly polie 48 ol Lt ol s deuio yod ol (sbayb lise o ()lidg 803 5 Sl &S poww g pgd plass > sl dsld
uobyly 5l asy YEAY 4 YOIYA slool (Sby iy oS aitd (Vo /¥OFA) Lad Mon il ylg 51 iy (VE/AFFQ) pows o (YO/YAYY) pod o
D9 a8l g bl o] ials cla,Saly 5 5,50 )8 ang5 390 55 5L (ke g by yd03,5 (slaails )3 ( old HBEMS B pas pogMe Sluls
L;é):w 9 U9y XY O&A Caogd JAL») @b)l)b wi Lghz’)l}gl )] odlawl b as ol JW UI?G“ ‘Olf_\;zfg_é)_aa L Ja.u),o C"L" 4 d>gf L
el D90 1y (6550liS” Y game Cilxls i (Oluls Jials el dw b Cuto Sl 4 ds g L) OY e

SIS G pune «laylis (g 3035 ¢y i (amdiy ¢ bylik asual 1 guldS” glaojly

Oyl gt cdpaiio g3 8 ol ¢ 6559liS” 2aSild ¢(g )5l Slail 09,5 )
(Email: hoseinmohammadi@um.ac.ir : Jstue sdiw g —#)
https://doi.org/10.22067/jead.2024.87048.1255


mailto:hoseinmohammadi@um.ac.ir
https://doi.org/10.22067/jead.2024.87048.1255
https://orcid.org/0009-0004-3981-6469
https://orcid.org/0000-0001-6661-2569
https://orcid.org/0000-0001-7462-2505
https://jead.um.ac.ir/

VPP jlos o) ojlodd ¥ w6559l drawgs g Slasdl 4y pii ¥

Ol 9 o Caenl ayaa g Ly 598 colie ano)l il Ly
el g g Jli g ol 53 (650t Y5 amo clal s
$290 Spgeo & Glpl P B el 038 sy 5l addllas gy o
S Shs 15—y olwlid il )3 gl Tap—do 25 5
SYgamo Sluls 18 obylib aseel Sl g HEASS, ao
sbaShy e ol glo a5 QL)1 (59—
tlil el slial g (3,5 0970 9 )3y wiile) EAS S, e
Ol s g gm0 Sluld (e (Jgazme 5 Slds (@jr «usd)
sl adlae ool Gun o) cpl 505,15 o il dpmtio j )
il 4ol (5 g (BAS By s (69,8 (oo )y
g b p3Y ol sl (oo &Y gams Syl ials
ondy90 S5m0y gl Gl (2 g (ol); OV guarme a8
25 )l 3

obld gl (ol); Y gmame W95 (e @jg ¥ o>
LS o oo 1y (Aoy =) WAA B VY0 sl Jlw o (595,
N yamma 355 e IS 3 (pow o Lasi) o3 ¥ 9>
VEINY 295 b liwjos lapbinl 4 byje (45) cans ) (21
IMAJ, ) ol 5353 3oy BIA L% 555, sl 3 5 AID Ly oyl
(2021

ol Jsb 55 45 w3 e 5Lt ¥ s 5 zykke cclybof
5t sl ds £33 0)lgad 555 Lol el YWRA b VYD
3 Y guaze 255 e bl (el sl YV ) pgs 45)
Gl 0399 HgulS

ol Gl (B Yy ame Mg (e @i ¥ o
LS o o 1y (Ao pd =) WA B AYAD sl Sl jd (595,
(£l Y gae 5ol pdaw 3 Ao WY/ L (g5 oLl p ol
IMAJ, ) )15 ! 5503 slagbiusl 4 a1 9,k aw (o pier
(2021

sl Job )3 & wimd o LAY Jpiz )3 gytke slolel
3y el Vo sja oylgen (souiy Ll il YWAA B VTAD
Gl 0399 55k £ WY guaso g (500 Ll

o

LV RY-T

Sl JS 51005 3 )uben MY Loy g pogs o 3925 allw ya
Ishangulyyev et al., 2019; ) ¥ Ll oslaz il 550 (olicolse
&9 ooyl b (Magalhdes et al., 2021; Priefer et al., 2016
Pour & Makkawi, ) 355 0 cdy,an b s ¥ 5,Lle AYF
Vo8 o S fyaabee /A YL & ol dme cpy o) (2021
A2 4 55yl Y game 155 (sl L300 ol caxSle ol
(Priefer et al., 2016) 54, .

Y guaze &l Bpas f (i i 03y 9 Gl Bl (S)b
Sy Sy b Ol g 0900 09)5 05 93 13 039 |y (65)eliS
Amarasinghe et al., 2007; ) cusl oal> [iol381 (V Jgdo 3slleo)
(Gardas et al., 2017

9 090 Elgsl By—ime (slp Lslis 13 sl Jlow 3 (nl 2l
(Reynolds et al., 2016) cul 03,8 oy (5, Gxe Ay g
3 Saolgon Tebr js g 0500 09,5 5 > a3 (i 5l
Magalhdes et al., ) s Sluls e o yuio b &Y guame
(2021

Gy (sl 55 33 s sobts 150 LI L33
Sao el slallas (i8] el el (San gV LSl &
Oil38l 4 algs o ol dad oS Dad  Siuwad M e b 13l;
(Bond, Meacham, Bhunnoo, & )iss i e cwlul s
Casto 5 jgsrs Mg Sy JLi8) s i |  (Benton, 2013
4 e Sl (Sae YU Lol bl s 13 ol 0pu505 cu ol
Parfitt et al., ) sg—d cloyls il as 3 g Cuts ials
e Oluls il 4 e (2010

Olul s S5 0 olpl st b Sl )l5 Wl wl p
YO o3l 4 g o d VIV L ply lea 5o (g5y0liS WYy e
(Ol gl 5> 0adobel Glals (5 3)llea VY S l) o5 (gekee
L3 se g5 5 Sl o 050 ¢ Y guazo ol btas 45 coul
olul sl ylie op) (FAO, 2014; Heidari et al., 2020)
O3l aiye |y 485 aaleo VO (ldE 5L Wlg5 o ol )3 eadobxl
{(Berjan et al., 2018)

.(COlin, 1990) LS oo oS 438 g At I lon Cume "ﬂ,';.,.i'..m <" 005 oS s Jlde ol )

2- human consumption

lodds 43,3 Las 13 v JUST 53 6 pdudlud) Syiie sla Shs 5 Cuble Cle 4 Sl juw 5 0910 09,5 15 Slalllae ST )5 ¥
Cal 3 3l s Gl Camen g b re9d cCuman 485 Yo NVAY b jad ) WWAD o Siie 5 (sl o508 (8 lasd pur ol p —F

5- Marketing mixe

5 25 Lo Sl iy slaasy =52 ojlsan 550 gLl g il Sl @ g b (B 1l e 35290 (55,5l dlaz alylel )3 )5t slaglind s 4, g olsl =5
ol 005 By (503 slaylil Lol S5 M Aol 5 5 g5; ol 3 b g5y 2 55503 Can 1 feasl 035y €S 5 o



o) 639l WY gazmo wluls p 2L ,l50 FTEIN] 9 0uSS U pan 5ld S g i o]y Kod 9 (gOg0x0

(07 Crgmn) o s 9 gm0 B paco (512 0800 Sl oy SLOWT ) Jgo
Table 1- Forecasted demand for fruit and vegetable consumption (million tons)
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Row Year Fruits Vegetables
1 2000 40 70
2 2025 67 142
3 2050 106 180

(Amarasinghe et al., 2007; Gardas et al., 2017)
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Table 2- Distribution of Khorasan Razavi's crop production in 2016-2019 (tons-percentage)

Jw =l o2 Egooo
Year Watery Waterless Summation
ylado Aoy slado Aoy slado KW 39S 43 A,
Amount  Percentage Amount Percentage Amount Percentage Rank in the country

1398 4588394 6.1 206548 2.7 4794942 5.8 3

1397 5118537 6.9 39590 0.5 5158128 6.4 3

1396 5332458 7 30018 0.5 5362476 6.5 3

1395 5530833 7.4 190692 2.2 5721525 6.9 3

(VF++) 655liS dlaz sloaslol e

Source: (IMAJ, 2021
https://www.maj.ir/page-amar/FA/65/form/pld3354
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Table 3- Distribution of Khorasan Razavi's horticultural production in 2016 - 2019 (tons-percentage)
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Year Province Watery Waterless Summation
Amount  Percentage Amount Percentage Amount Percentage Rank in Iran
S92y Ol
1398 Khorasan 1060269 4.8 22697 15 1082965 4.6 6
Razavi
S92y Ol
1397 Khorasan 943373 4.9 17180 1.3 958553 4.7 6
Razavi
S92y Ol
1396 Khorasan 959564.7 - 27586.7 - 987151.3 4.7 7
Razavi
S92y Ol
1395 Khorasan 991845.7 - 14319.5 - 1006165.2 4.8 7
Razavi
.(\\°~ ~) ‘5)')5U;§ JLQ@ L;mels)u o
Source: (IMAJ, 2021)
https://www.maj.ir/page-amar/FA/65/form/pld3354
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Table 4- Food waste created in supply chain and role of marketing mix
b 58 0 iy G aills 5250 25U asyel
beds Supply chain cycle* o.\w,-fa &aJ.G () oiansss
Causes Marketing mix Author(s)
R D PP PS Ap Mmentionedineach
cause **
il s e ol (Calvo-Porral et al., 2017; de Lange & Nahman,
SIS %) v v v P1 P3 2015; De Steur et al., 2016; Plazzotta et al.,
Surplus production and ’ 2017; Priefer et al., 2016; Richter & Bokelmann,
storage 2016)
sl i OJ%QKU
Jasg Jos v v v v P1 P3 (Calvo-Porral et al., 2017; Corrado et al., 2017;
Inadequacy of ! Kowalska, 2015; Mena et al., 2014)
transportation systems
(Buzby et al., 2015; Colin, 1990; Corrado et al.,
Sy Cand v v v v 2017; Kulikovskaja & Aschemann-Witzel, 2017;
Poor packaging P1,P2,P3, P4 Lebersorger & Schneider, 2014; Mena et al.,
2014; Parfitt et al., 2010; Priefer et al., 2016)
s eiloe s r
B TR 5 89 v P1 P3 (Calvo-Porral et al., 2017; De Steur et al., 2016;
Poor processing and , Mena et al., 2014)
storage
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O (T 2 o v v P1, P2, P4 (Mena et al., 2014)
Labeling error
0 “ 8o
b b 4 P1, P2, P3 (Mena et al., 2014)

Distance traveled
* AP = Agricultural Production; PS = Post-harvest Handling and Storage; PP = Processing and Packaging; D = Distribution; R =
Retail and Wholesale)
** P1= Product, P2= Price, P3= Place, P4= Promotion
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Table 5- Important variables affect on agricultural products
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ol ¢y (Di Talia et al., 2019; Gaiani et al., 2018; McCarthy & Liu, 2017;
Age, gender Morone et al., 2018; Soma, 2020)
delp (Di Talia et al., 2019; Gaiani et al., 2018; McCarthy & Liu, 2017;
Income Soma, 2020)
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Monthly income percentage for buying fruits and
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Household size
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Having a child in the family, importance of product cost
EMpass e
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NPB Gy Mz 50
Head of household education level
Wlyls Gials 5l ily 2B e (Jaame Gluls cpisy) j0 4 wols
B3 e 4 w5 Sl oolanl
Habit of throwing away food waste, waste reduction
awareness, using a shopping list

(Di Talia et al., 2019)

(Di Talia et al., 2019; Falasconi et al., 2019; Soma, 2020)
(Di Talia et al., 2019; Gaiani et al., 2018)
(McCarthy & Liu, 2017)

(Gaiani et al., 2018; Morone et al., 2018; Soma, 2020)

(Morone et al., 2018)

(Di Talia et al., 2019)
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Figure 2- Questionnaire percentage in different areas of Mashhad city (13 areas)
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5- A multilevel Bayesian framework for predicting
municipal waste generation rates

6- Markov Chain Monte Carlo (MCMC)

7- methods

8- Gibbs sampler approach or a Hamiltonian sampler

9- varying intercept model
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1- Intra-level-unit correlation (I11C)

2- Design Effect Index (Deff)

3- the inflation in variability of the estimates

4- often used as a rule of thumb to indicate whether
multilevel structures should be used
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Figure 3- The percentage of waste formed in the subgroup of raw fruits and vegetables (dependent variable)

Source: research findings
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Table 6- Bayesian multilevel regression by Metropolis-Hastings and Gibbs sampling

MCMC iterations 12,500
Burn-in 2,500
MCMC sample size 10,000
Pk e 0.7586
Acceptance rate
8l
e 0.0024
Minimum
e 0.5714
Average
:S1
A 0.8199
Maximum
Je| 3yl clas
o e Sle “T’i:l ) . < o 2034 lisabsl ol
Variables Mean 2 P g Median [95% Cred. Interval]
Std. Dev. MCSE
S 8285 07943 0047 3063 -5474 1.1422
Gender
Mo laws -1.4599" .0967 .0062 -1.3347 -2.3931 -.2978
Education level .0758" .1010 .0062 .0313 -1.1021 1.1691
15 o5l
Iy eI .3151" .03186 .0019 .2180 -.1289 5580
Household size
5.519515 LR J?‘“‘“" o8l slass
Number of emp|0yed persons in 3733* .03998 .0025 2455 -.2171 7041
family
Jas g9 -0.3076" 0.4404 0.0052 -0.3144 -1.1364 0.5578
Occupation (Job) Type -0.0538" 0.5073 0.0059 -0.0568 -1.0451 0.9519
] -7917" 16273 .0110 -.8041 -1.1107 -.4728
S ESRWN -.3414" .1590 .0097 .0099 -.6532 -.0297
Household income -.17826" 1542 .009 -.0778 -.4805 12404
.3036" 1618 0102 7822 -.0136 62090
Y gasee 4y 5 Caa didd ) Celw e
Silas -.2871" .0303 .0019 -.1514 -.3467 -.2276
Spend time to buy agricultural
products (hours per week= h/w)
Y g 5 39 50 (gl U (o 5 alols
$5r9LiS .00007" .00005 3.6e-06 .00001 -.00003 .0001
Distance (to first agricultural
products shopping center)
LS ey e s IS 1.3417" 4155 .0255 1.6919 5272 2.1563
29 FaTE Y 5 > 07 1.3438" 1312 .0084 9915 -.5027 2.4547
Place of purchase (or distribution 1.0423" 1432 .0093 1.3018 7615 1.3231
place of agricultural products) 2.4510" 1704 0107 3.1333 1.3491 4.9447

1- Monte Carlo standard error
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Vehicles type

oS ey s .
509 FAZE (g0 So? 1475 03315
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Table 7- 11C statistic and Deff Index in Multilevel Model
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Table 8- Deviance Information Criterion statistics (DIC)
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3- Bayesian Information Criterion
4- Akaike Information Criterion
5- Deviance Information Criterion
6- likelihood function
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Introduction

Many governments provide subsidies to members of the agricultural supply chain to ensure food security,
maintain economic stability, and uphold the social benefits associated with the agriculture sector. The conflicting
goals of food security and environmental protection have become a major problem, especially in developing
countries. On the one hand, the government aims to boost food production by offering agricultural subsidies. On
the other hand, the excessive use of chemical inputs due to these subsidies has raised concerns about environmental
pollution. Therefore, one of the most significant global challenges is to balance agricultural production to meet the
increasing demand of the growing population while maintaining the quality of the environment. Any changes in
government support policies for the agricultural sector can lead to fluctuations in input and product prices, directly
impacting farmers' profits. As a result, these changes can influence cultivation patterns and the use of agricultural
inputs, ultimately affecting the environment. Therefore, before implementing any policy changes, it is crucial to
assess both the economic and environmental impacts and make informed decisions based on these considerations.

Materials and Methods

This study uses positive mathematical programming (PMP) on the environmental impact of chemical
fertilizers’ subsidies change and transfer subsidies to crops in Zarandieh city of Markazi province. The necessary
information was collected through the statistical sources of the Ministry of Agricultural Jihad for the crop year
2023 for the three crops including irrigated wheat, irrigated barley, and silage corn, which occupies more than 85
percent of the cultivated area of this region. At the first stage, the amount of greenhouse gas (GHG) emissions by
each product was calculated, and then the environmental impact of different subsidy policies was investigated. To
calculate the greenhouse gas emissions, the emission coefficient of each of the inputs that have been cited in
various studies was used. To model and analyze the data, positive mathematical programming with the cost
function approach was used. Excel and GAMS software has been used to run the models.

Results and Discussion

The results of the study showed that the highest amount of greenhouse gas emissions is related to corn silage,
and electricity, diesel, and chemical fertilizers have the largest share of the greenhouse gas emissions. The
simulation results for the region’s cultivation patterns, considering scenarios where only chemical fertilizers—N-
fertilizer, P-fertilizer, and K-fertilizer—were used separately and together with increases of 25%, 50%, 75%, and
100%, indicate that as input prices rise, both the cultivated area and farmers' income decrease. Additionally,
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increasing the price of P-fertilizer has a greater potential to reduce environmental impact compared to raising the
price of other chemical fertilizers.To assess the environmental impact of reallocating subsidies from chemical

inputs to agricultural products, a scenario was simulated in which the price of chemical inputs increased by 100%,
while product prices rose by 5% and 10%, respectively. The model results revealed that the lowest environmental
impact per hectare of crop production occurs when chemical fertilizer prices increase by 100% and product prices
rise by 5%.Based on these findings, reallocating subsidies to agricultural products rather than production inputs

appears to yield more favorable environmental outcomes. In other words, when the subsidy is allocated to the
product instead of chemical inputs, the environmental impact of crop production in this area would be reduced and
the amount of emissions per hectare of farm or million Tomans of gross profit would be less compared to other
situations.

Conclusion

It is necessary to support the agricultural sector to boost food production but these supports should be done
with the least environmental impact. According to the findings of this study, if subsidies are given to agricultural
products instead of inputs, greenhouse gas emissions will be reduced while maintaining the area of crops and the
amount of gross profit of farmers. The policy of setting a guaranteed price for basic agricultural products in Iran
can be a suitable tool to realize this. In other words, transferring the credits allocated for purchasing chemical
fertilizers to the guaranteed purchase of agricultural products will be an effective step in reducing the emission of
greenhouse gases and their impact, as well as maintaining the country's food security.

Keywords: Crop pattern, Green house gas emission, Markazi province, Positive mathematical programming,
Zarandieh city
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Table 2- Area, Yeild and Gross profit of the selected crops
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Crop Cultivated Area (ha)  Releative Area (%) Yield (kg) Gross profit (Toman)
x5
f 3038 24.15% 3718 8050441
Wheat
= 6167 49.02% 2888 6843643
Barley
ledsle 2 1389 11.04% 48864 15199341
Silage corn
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[al., 2021, Sharafi et al., 2023
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Figure 3- GHGs Emissin from 1 ha of crops

o |y Sl 3 €S 5 s pliord (50358 Canid
SdsS p y0 B o LB (6 Cuud 4 Y500 Jguaw 40

(Y Jods) ol las cuss

(bt (S3gS bl ()5 JalS Gl Sl () jlateds

VO B XD sl Gilieo g ki slas 5 dilaio i (oS
dl.m%)h_w VR W u:'.:m_w L;Lm;cw.zé Edmoyd Voo
G385 5l gLt e slasgS il (o el il

tlpord (G395 Cunsd 1381 51 5 CullS g g S Y Jg>
Table 3- Change in cultivated area due to the increase in the price of chemical fertilizers

AN Ol 25 50%
Increasing rate
395 &9 0395 Howd ] Oj9r P oo iy
Fertilises type  Nitrogen Phosphorus Potassium Nitrogen Phosphorus Potassium
x5
F -0.57% -0.90% -0.25% -1.06% -1.72% -0.42%
Wheat
z -0.37% -0.66% -0.24% -0.69% -1.27% -0.44%
Barley
ladgle )
gledgle <2 054%  -1.14% 0.92%  -099%  -2.20% -1.75%
Silage corn
GRS e 75% 100%
Increasing rate
55 &9 Oisrs e iy O3 S ool
Fertilises type  Nitrogen  Phosphorus  Potassium  Nitrogen  Phosphorus  Potassium
5
F -1.54% -2.53% -0.58% -2.03% -7.30% -0.75%
Wheat
” -1.01% -1.88% -0.64% -1.33% -5.41% -0.84%
Barley
ladgle )3
Gledgle 2 -1.44% -3.25% -258%  -1.89% -8.75% -3.40%

Silage corn
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Table 4- Gross profit (milon Toman) and GHG emissin(kg CO2.eq) of the Area due to the increase in the price of chemical

fertilizers
Coond iy 551
Increase in the price
o3lgs 25% 50%
Input oA daw oAU dgu/ L] chw [ L) oA daw oAU s/ L] chw [ L]
Gross Emission/ Gross Emission/Are Gross Emission/ Gross Emission/Are
profit profit a profit profit a
u’”‘“ .395 86936 400.88 3304 86241 400.63 3289
N-fertiliser
s _3_95 86279 400.53 3288 84940 399.88 3256
P-fertiliser
b
s °_’§ 87039 400.75 3304 86449 400.34 3287
K-fertiliser
Lm:,f @lo)
All 85005 399.83 3255 82442 398.36 3190
fertilisers
S
b 87039 400.88 3304 86449 400.63 3289
Max
5
ﬁ;': 85005 399.83 3255 82442 398.36 3190
i
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Increase in the price
o3l 75% 100%
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Gross Emission/ Gross Emission/Are Gross Emission/ Gross Emission/Are
profit profit a profit profit a
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l.':.l
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K-fertiliser
L(b)sf ‘_;oloa
All 79948 396.76 3125 77521 395.12 3061
fertilisers
S
A 85863 400.29 3272 85282 399.99 3256
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8|
"'\L;l » 79948 396.76 3125 77521 395.12 3061
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Olog ek S (slilas (izmen g o a2y )Ll e
Joi> ol )3 izmen > (EalS (gt liee 2 ]) QA Lagan
Olejer jguods (ol (2adS Cuod (yiuljBl 395 o0 0salitio
A3 e il |y of555liS” Galblagw g adate JS cuiS ) o
2L g (2lord (sladgS yiaS Bpuane I Juols Ll ials” Jg
Olise B ol 00 oo dieam xSl g S350 Ci g s sl baodlys
Sy Ol @ ABL 39w CdS o e 4 Cos Ll
koS (oled o lojon (Al L o )3 9 by ials

shosd gyl > GlO slajl5 Ll e (w0
i 365 Caad Ll 4 5l L pliensd (glodgS Ciliseo
g 25ly 5> GO SlajlE )izl (i b Sl e
Al ansls
il (kg CO2.80) ooy lALHS (slajl5 jLiisl 3
Oleg Osplee S S’ (pizmen g adlaie )3 (£l)j (e JISB S
VUi 50 (alensd 395 iad Ciliseo (glagy )l 53 allblisg
B3 o yhud 3¢5 Cansd 38l 4 39 5 o odmliie .l ol



VEoF s o) oploids ' als (5 5,9biS drwgi g olasdl a4y ol YA

ey g phand 2gS Cuasd 1l 4558 blal (i ol
5 Jgae 93 & G |y (ladgle &> S 5 da
@i lbg (¥ Join) w3 (il i (iee 42 92 9 pS
s 1) e saly 3 il (e cp i sladgle )5 4
2 i i Loodlag ol cad il s )3 (¥ JS—3)

iy anlgs LIS lagls il e ils

3350000
3300000
3250000
3200000

3150000

Kg CO2 eq

3100000

3050000

3000000

2950000

2900000
25% 50% 75% 100%

el 355
K-fertiliser

Lm>9§ flob'
All Fertilises

S 355 8
P- fertiliser

B s
N-fertiliser

el plo 4 Cans (B dgu g pdaw ol )3 jLisl olesss
RWIRVYPEtN S
50 USG5 cpl il ol oaly L 50 ¥ SIS 45 3)lae ()
ol 3gS" olod Cuaid ylojed Lislidl 59 b o saal e
12358 Cuad Gl piomen b aalgd (¢S Ll 4 e
2 B sl Ll el )5 (st b il 5 i
adllas oyl bt 2L .G (alBLsy wljla b ma wisly

401
400
399
398
397
396
395
394

393

392

25% 50% 75% 100%

ol 355
K-fertiliser

L&:)}f ‘Dl.oj
All Fertilises

Yo 355
P- fertiliser

B oy ®
N-fertiliser

SR5S Cuand et a3 g5 b (Ceusly) GAIBU 330 Uy 30 3 () oS g1 ebans U0 o 131 1 1S (615 Ll € S5

‘j‘ &

Figure 4- Emission of greenhouse gases per hectare of cultivated area (left) and thousand rials of Gross profit (right)
according to the change in the price of chemical fertilizers
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Table 5- Crop pattern and greenhouse gas emissions in the conditions of increasing the price of yield and chemical inputs
Jypaze Cond 70 Lyl 581 Jgeazxo Caond 7LV ! 581

Jgpasw Increase of the yield price 5% Increase of the yield price 10%
Crop CulS 15 o SIS glajls” Lt CulS ;g SIS a5 Lol
Cultivated area(ha) (kg CO2.eq) GHGs Emissin  Cultivated area(ha) (kg CO2.eq) GHGs Emissin
P 3044 9677676 3236 11055136
Wheat
7 6284 16136892 6697 18495516
Barely
ledsle <0 1329 9194772 1399 10237230
Silage corn
& 10657 35009340 11332 39787882
Total
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Table 6- Total Emission per cultivated area and Gross profit in different subsidy allocation modes
cuiS 2 g oAU 2w oABL dgu/ L] o [ LS
Cultivated Area(ha) Gross profit Emission/ Gross profit Emission/Area
(Million tomans) (kg CO; eq./ Million tomans) (kg CO: eq./ha)

&, amass gbedls
Subsidy allocation modes

Jpame o 70 53 10657 87691 399.24 3285
Increase of price of yield 5%
Jpame b I 33 11332 98926 402.20 3511

Increase of price of yield 10%
b o3les Casd 70+ yiul38l

. . 10295 82442 398.36 3190
Increase of price of inputs 50%
1o o3l o 2V 1158 10150 79948 396.76 3125
Increase of price of inputs 75%
b o3l Cuod 11 -+ 13 10008 77521 395.12 3061

Increase of price of inputs 100%
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Introduction

In the continuity of human life, agriculture as a strategic activity plays a key role in providing food. In addition,
the agricultural sector plays an important role in economic development, social welfare and environmental
sustainability of all countries. However, this sector is facing many challenges in recent years. Some of its most
important challenges include the increasing growth of the world's population, a 40% reduction in water and soil
resources, the destruction of a quarter of agricultural land, climate change, a lack of specialized labor, poor access
to financial resources, strict laws, and a decrease in the number of farmers due to a decrease in motivation.
Therefore, in order to meet the growing demand for food and overcome its challenges, the agricultural sector is
forced to look for new solutions such as adopting digital transformation enhanced by artificial intelligence
technology. The use of artificial intelligence (Al) technology has recently become increasingly prominent in the
agricultural sector. Al-based solutions assist farmers in achieving higher productivity with fewer resources,
ensuring the production of high-quality and healthy products, and accelerating the marketing process. Given the
significance of Al technology in enhancing the overall efficiency of the agricultural sector, this research aims to
identify the key predictors that influence the behavioral intention and adoption of Al technology in agricultural
companies.

Materials and Methods

The main objective of this research is to determine the key predictors of behavioral intention and behavior of
using artificial intelligence technology in agricultural companies through the combination of the developed
UTAUT2 model and TOE factors. The statistical population of this research is the total employees of nine
cultivation and industry of Razavi Agricultural Company, which are about 465 people. Data were collected by
completing multidimensional questionnaires along with semi-structured interviews from households in 2023. In
total, 250 questionnaires were completed. Data of 39 respondents were excluded due to missing values. The
questionnaire is designed based on the seven-point Likert scale (strongly disagree = 1, strongly agree = 7). The
questionnaire used in this research includes 14 constructs in the form of 60 items. Excel 2019 software was used
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to analyze the raw data of the questionnaire and SmartPLS software was used to test the research hypotheses. In
order to guarantee the stability of the data, a complete bootstrap method with 5000 sub-samples was performed.

Results and Discussion

The results revealed that the values of Cronbach's alpha and CR for all constructs were higher than 0.7, which
shows acceptable internal consistency of the model and adequate reliability of the research constructs. AVE scores
and factor loading values for all constructs are above 0.5, which indicates the correct definition of constructs and
high convergence between constructs and its items. The values of rho_A as an important reliability measure for
PLS-SEM for all constructs are greater than the acceptable value of 0.7. The results of the Fornell-Larcker criteria
and the Heterotrait-Monotrait ratio (HTMT) indicate that the model is confirmed in terms of the constructs'
discriminative validity. In addition, the research model was able to explain 89.4 and 51.7 percent of the variance
of the variables of behavioral intention and the behavior of people to use artificial intelligence technology in the
agricultural sector. According to the results, all research hypotheses are confirmed and the behavioral intention to
adopt artificial intelligence technology is positively and significantly influenced by expected performance, social
effects, hope for effort, facilitating conditions, pleasure-seeking motivation, price-value, habit, trust in technology,
technological aspects, organizational aspects, and environmental aspects. However, the fear of technology variable
has a negative and significant impact on people's behavioral intention.

Conclusion

This study highlights the determining the role of expected performance constructs, social influences, fear of
technology, and organizational and environmental aspects compared to other constructs in predicting people's
behavioral intention to adopt artificial intelligence technology in the agricultural sector and provides important
information for different stakeholders. According to the results, it is suggested that the government should invest
in the development of the necessary infrastructure for this technology and provide a platform for its development
by establishing efficient laws and paying low-interest facilities. In addition, Designers should create user-friendly
tools tailored to the agricultural conditions of the country.

Keywords: Agricultural sector, Artificial intelligence technology, Behavioral intention, Structural equation
modeling, Use Behavior
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Table 1- Utilization of artificial intelligence tools in agriculture and their outcomes
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The results indicated that the Al-based system

accurately monitors livestock's vital signs and

behavior in real-time, providing farmers with

valuable data that enhance animal health,
reduces losses, and boosts productivity.
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The results indicate that machine vision can
effectively identify and classify medicinal
plants, offering a faster and more accurate
alternative to current methods.

ool (6350 lge 39ueS 095 lulid ol L ol
S 0pble (§5L 5 ogea (D]l Medgn slagshy,
9 LAslS sy s 4 5l alEiulejl cla Jsoly 4
sl (g picamlio obgy CED (puizmen
The results showed that the automatic
detection of nutrient deficiency based on
intelligent methods of image processing and
machine learning is more appropriate than
laboratory solutions in terms of cost, detection
speed, and accuracy.
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The results indicated that machine vision
effectively classifies hawthorn products,
reducing waste and enhancing grading quality
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The results showed that the use of drones and
deep learning models has high accuracy and
speed in identifying citrus pests and can help
farmers in pest management and control.
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The results indicated that artificial

intelligence tools can diagnose and classify
plant diseases with high accuracy and speed.
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The results indicated that artificial
intelligence technology enhances pest
detection speed and accuracy for farmers,
minimizing misdiagnosis and mitigating
negative impacts on farms
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The results indicated that deep learning, a
powerful Al tool, accurately determines the
optimal harvest time for agricultural products,
paving the way for the advancement of
‘harvesting robots

(Saedi, 2023)
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The results indicate that artificial intelligence (2024
tools accurately and quickly predict water
.quality parameters
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1- Unified Theory of Adoption and Use of Technology
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1- Technology Acceptance Model
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Table 2- The use of artificial intelligence tools in Cultivation and Industry

Jpl oL 83w A} Jyae £ Caruo g CuiS
Tool name Context of use Type of product Cultivation and Industry
e BL25S 5 Bl S asS g puS oo 5 cuiS plas
Drones Spraying and fertilization Wheat, barley and tomatoes All Cultivation and Industry

2505 Gy 5 odle (ol
Machine vision and Image
processing
Owdle 53k 5 ygmolegi]
Automation and Machine
Learning

e dlols yy itee )30 Mobon 5l
Smart irrigation of fields based on the water
intelligence system
529188 B 593 ol 5l S8 g diedgn e
Smart management and remote control of the
agricultural fleet

Ay g (0,8 4 gS ‘OIA)ig\:.éi o> pAiS
Wheat, barley, sunflower,
tomato and cotton
&ygkss Bk
Agricultural fleet

Q> Cup g dged 4 )je
Mazreh Nemouneh and
Torbat-e Heydarieh
Q> Cup g dged 4 )je
Mazreh Nemouneh and
Torbat-e Heydarieh

W g Caxivo g Sl p S 4y diged 0311 =Y g

Table 3- Sample size for each Cultivation and Industry and Headquarters

Wgums OUS)lSJS JS)‘W «mﬁalw
Cultivation and Industry  All personnel  Share of the total Number of questionnaires
k‘u
> 27 6% 12
Headquarters
0 36 8% 16
Anabad
ool 37 8% 17
Esfarayen
olel
: 74 16% 34
Baghat
k> S 14 3% 6
Torbat-e Heydarieh
Qe 17 4% 8
Semnan
oS 88 19% 40
Sarakhs
WS 17 4% 8
Gonabad
Sy 43 155 33% 70
Mazreh Nemouneh
F 465 100% 211
Total

1- Stratified Random Sampling
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Table 4- Structures and items of research

£ )‘L.o
Constructs

Laygs
Items

)Ly Lab
Behavioral intention (BI)

In

polde &g odlitl & los
Intention to use continuously
3 gy edlaiwl 4 Jsles
Intention to use if needed
Ciallsg plosl (gl o3litl & plos
Intention to use to perform tasks
oalitwl &y Jolod w3 (g yiwd & j90 53
case of permanent access, intention to use
odisl ) oolasiwl 4 iles
Intention to use in the future
S Sy JB g zsly Jalss

Clear and understandable interaction of technology

S )90 (BN
Effort expectancy (EE)

coly g ool oolazal
Easy and convenient to use
Ol 5ol
Easy to learn

&yold HEaS ealazal b OL‘"] g coly bls)l o)y
Easy and convenient communication with technology users

9l i SlaeS 1 b ol s bl

Easy direct contact with technology research companies

oaS L‘-Q i ]agl).w
Facilitating Conditions (FC)

Y ale cuals )Lzt
Having the necessary resources
59U jloslatul gl (SIS il )10y05

Having enough knowledge to use technology

&9 3l odlaiwl y> St dbul ygo 1> 1,500 4 aw yiwd
Reach out to others if you have problems using technology

Hasl 550 3,Slos

Performance Expectancy (PE)

&9l 3l ookl )39y Sute
The usefulness of using technology
Sclld yim o plol
Perform activities faster
W5 559082 Ll
Increasing production productivity
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Use Behavioral (UB)

sloal oyt
Social Influencers (SI)

=L u.\J b}gﬁ}l
Hedonic motivations

Sloel
Trust

Sl
Technology fear

NSO

Price- Value

N gao oS il
Increasing the quality of products
polle odlazul
Continuous use
s @90 > ool
Use as needed
iplly plosl (g osliul
Use for tasks
o]y el
future use
O & odliiw] dogs
Recommend use to others
9l oslatl 3)90 53 (po & Sy 311 jlas
Opinions of people close to me about the use of technology
69l 3l ookl 350 50 ye 38,31 031 Jlas
Opinions of people who influence me about using technology
et JB (35 ool o o381 )L
Opinions of people I value
Laiye Sl 2,5 03,95
Fulfilling a related need
olgds &Y gaxe Ay g Ay Cilisee Jolya plox]
Carrying out various stages of production and production of desired products
Sl Jlodlil jl ol 5 salis ulus
Feeling pleasant and satisfied with the use of technology
&yolid 4y yily slazel
Believing in technology
6393 HLal 3590 3,5k 31 25U slose!
Trust resulting from the expected performance of the technology
ol g oslos (o3l slezel
Trust resulting from experiences and satisfaction
&9l 3l oleMbl cidlyyd 5 (2B SU sleisl
Trust resulting from awareness and receiving information from technology
9l bawsgi ncllad s> ploxil pae 1 (36 (55
Fear caused by technology not doing things right
Gl L8 b ey
Fear of working with technology
Soglid d (Sualy 5l (8L oy
Fear of dependence on technology
a9l 5l oalial (Ul )3 35 51 (236 o5
Fear caused by doubting the ability to use technology
$98 j] Cuting g 28T pac I 3L oy
Fear caused by lack of knowledge and fear of technology
Eas ign (gloylil cuslio Cuod
Reasonable price of artificial intelligence tools
Ol Cuasd g (S gimn (ben laylpl b))l canls
Proportion of the value of artificial intelligence tools and its price
ol 95)) 5 esias Ghgn ol leb Cod cnls
Appropriateness of the current price of artificial intelligence tools and its value
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Habit

&9k 5l edlanl 4y cole
Habit to use technology
Sy9ld 4 (St
Dependence on technology
d)9t-é )’l ool O 6:'&

The normalization of the use of technology

b5 b 658l oslital (g

Aligning the use of technology with experiences

&9 3l ookl Hlaul 350 CBlanl s

Achieving the expected goals of using technology

Gld sloa>
Compatibility Aspects (CA)

e ladis

Environmental Aspects (EA)

Sl sase
Compatibility aspects
o9l &S slaas
Qualitative aspects of technology
S5l (63, 8es ladix
Functional aspects of technology

o5kd g pdpd )l slaa>

Applicability aspects of technology
9l 3 oalisl castal
Security of using technology
Cpnbab pie g S
Risk and uncertainty
38 31 eolasdl gl yzal b
Effective economic parameters
<old,) s
Intensity of competition
ik Cunsdy
Market situation

Ay e g bocuwslew
Government policies and regulations

Copde Slutdy 5 )
Leadership and management support

olojle Glanl g syl ¢l e

Vision, strategies and goals of the organization

Slojle sladis

Exl g il byl plojls ol

Organizational Aspects (OA) Organization size, absorption and learning capacity

ool Sl 5 Jo mlio cudS

The quality of financial and human resources of the organization

sl (8 glocslop;
Technical infrastructure of technology
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Chikoye et al., 2018; Ribcke ) 5,5 1y (5;,5liS 0394 caliseo
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1- Theory of Planned Behavior
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Table 5- Types of multivariate data analysis methods
eI ] Sl
Multivariate Methods Exploratory Confirmatory
ladgs s by Jelos
Cluster analysis Analysis of variance
. Slast Lele Llos S g
Jol Jus sl b, : it :
g ] Exploratory factor analysis Logistic regression
First-generation UL VRGN ¢
techniques i >R 092y
GHm L (g3l olide Multiple regression
Multidimensional scaling (CFA) (anb Jole Sl

pg> s slasby,
Second-generation

techniques (PLS-SEM)

(PLS-SEM) 33> @lauye JBlas (g)lidlo &Yoles (s5ludso
Partial least squares structural equation modeling

Confirmatory factor analysis (CFA)
(CB-SEM) (il lgs8"  (sitee gyl lo ©¥oleo (3ludae
Covariance-based structural equation modeling

(CB-SEM)

Source: Hair et al., 2021
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Table 6- Demographic characteristics of the study sample

Lh,.”m“a Lﬁbs; J'j‘)ﬁ MJQ
Variables Groups Frequency  Percentage
) 25-35 78 3%
o 36-45 111 53%
Age 46-55 22 10%
10< 68 32%
&) 4 15-11 99 47%
Work Experience 16-25 17 8%
26-30 27 13%
ool 83 39%
Bachelor's
e gl oled B8 93 44%
Education level Master's
55> 35 17%
Ph.D.
2l gl 18 9%
Senior Managers
e Ol 22 10%
b Cundg Middle managers
Employment status -\_>‘5 o 50 24%
Unit supervisor
el 8 121 57%
The experts
~s 49 23%
Low
Eghan Ubed (5)3ld b Wil lise Luogie 70 33%
The degree of familiarity with artificial intelligence technology Medium
b 92 44%
High

Uingh ol sisle
Source: Research Findings
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Table 7- Results of the measurement model

Col::t’::cts d"’é”;o@rﬁ; 3 il:;i ‘f/l:; g)su”l* Cronbach’sa.  CR Rho A AVE
PE B Y Y 0.838 0891 0846 0.672
EE oo oo 08 0gte 0oy 0.901 0927 0902 0.718
S gt e o3 0.842 0.905 0843 0.760
FC e oz Pl 0.854 0911 085 0.773
Tst el T TR 0.850 0909 0854 0.770
HM e O o e 0.857 0903 0860 0.701
Habit o aibe e e 0.911 0933 0912 0.737
TA e e o (L e 0.900 0926 0901 0.714
EA oo oom oo omabt 0o 0.893 0921 0894 0.701
AV AN A g 0.825 0896 0830 0.741
OA o . ok o O 0.908 0932 0911 0.732
BI o 0o 0ol O ofoge 0876 0910 0877 0670
UB  orim ooee ot ooe omene 0911 0933 0913 0737

(deoyd Vw3 (6 I3 gine i) imghr (slaasil risle
Significance at the 1% level) Source: Research Findings (x+*:
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2- Discriminant Validity
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Table 8- The results of discriminant validity criteria in the measurement model evaluation

Fornell-Larcker criterion

Bl EA EE FC HM Habit OA PE PV Si TA TF Trust UB
BI  0.850
EA 0.785 0.837
EE 0783 0.731 0.847
FC 0.769 0.682 0.655 0.879
HM 0.674 0.590 0594 0.552 0.837
Habit 0.696 0.540 0.593 0.613 0.526 0.859
OA 0744 0671 0605 0.673 0534 0.663 0.855
PE 0500 0.310 0.369 0.387 0.399 0417 0271 0.820
PV 0596 0451 0506 0574 0489 0560 0.461 0.476 0.861
Sl 0.700 0.681 0.539 0.618 0.548 0.473 0574 0.370 0.462 0.871
TA 0733 0571 0638 0647 0545 0.684 0585 0.482 0.611 0.533 0.845
TF -0.605 -0.677 -0.640 -0.686 -0.616 -0.650 -0.642 -0.431 -0.614 -0.593 -0.649 0.860
Trust 0.666 0.605 0.633 0.595 0.465 0.598 0.604 0.243 0.484 0436 0.555 -0568 0.877
UB 0.694 0.562 0569 0.653 0.373 0.523 0571 0414 0540 0519 0574 -0562 0455 0.859

Heterotrait-Monotrait (HTMT)

Bl EA EE FC HM Habit OA PE PV SI TA TF Trust
Bl
EA 0.688
EE 0.781 0.715
FC 0.636 0.782 0.748
HM 0.777 0.673 0.676 0.647
Habit 0.775 0.598 0.654 0.695 0.594
OA 0831 0744 0669 0.763 0.603 0.728
PE 0581 0.358 0.421 0455 0472 0479 0.309
PV  0.698 0526 0.587 0.683 0581 0.647 0.533 0.569
Sl 0.815 0.785 0.618 0.729 0.644 0541 0.654 0.439 0.553
TA 0823 0636 0.708 0.737 0.619 0.755 0.646 0.551 0.708 0.612
TF 0706 0.792 0.742 0.819 0.728 0.746 0.742 0.512 0.738 0.713 0.749
Trust 0.770 0.693 0.723 0.699 0.543 0.679 0.685 0.288 0578 0514 0.635 0.676
UB 0775 0.622 0.625 0.739 0.419 0570 0.624 0469 0.623 0.592 0.632 0.647 0.516

Source: Research Findings
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SRMR =0.047,d_ULS =3.017,d_G =) wsbs ;i 1y Jso
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Table 9- Coefficient of determination (R?)

)'~":h“'° RZ Gﬁb
Variable Results
(Bl) 5k, a3 0.804 oy L
Behavioral intention (BI) ' Significant
(UB) s3lizl ,lis, 0.517 Lawgie
Use Behavioral (UB) ] Moderate

Model fit: SRMR =0.047,d_ULS =3.017, d_G = 2.357, NFI = 0.755, GOF = 0.700.Note
O sl :isle
Source: research findings
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Table 10- The results of the structural model

Ol )8 JESWV O] JUV. Y K] Ve - B ) t-Value p-Value =W
Hypothesis Path Coefficient Standard deviation Results
H1: PE =>BI 0.339 0.072 4.723 0.000  Supported
H2: EE => BI 0.100 0.024 4.236 0.000  Supported

H3: SI =>BI 0.240 0.072 3.351 0.001  Supported
H4: HM => BI 0.132 0.029 4574 0.000  Supported
H5: PV=> BI 0.070 0.032 2.210 0.027  Supported
H6: Habit => BI 0.102 0.028 3.594 0.000  Supported
H7: Trust => BI 0.180 0.067 2.699 0.007 Supported
H8: TF => Bl -0.276 0.039 7.104 0.000  Supported
H9: FC => BI 0.166 0.040 4.186 0.000  Supported
H10: FC =>UB 0.292 0.077 3.782 0.000  Supported
H11: TA =>BI 0.132 0.037 3.604 0.000  Supported
H12: OA =>BI 0.284 0.069 4.128 0.000  Supported
H13: EA =>BI 0.229 0.045 5.080 0.000  Supported
H14: Bl =>UB 0.473 0.088 5.401 0.000  Supported
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Source: Research Findings
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Figure 1- The findings for path coefficient
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Table Al- The average yield of the strategic products of the country and the average of the world (kg/hectare)

Fri%59% olx oks B
Area lran  World Gap
P 1,667 3689 121%
Wheat

# 1,818 3285 81%
Barley

s Sl

R 1,032 1,855 80%
Sunflower

& 3750 4,705 25%
Rice

S 55556 60,766 9%
Sugar beet
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Introduction

The growing virtual water trade globally reflects economic principles associated with international trade,
particularly the Heckscher-Ohlin theory. Each nation tends to export products that utilize relatively abundant and
inexpensive production factors while importing those that necessitate scarce and costly resources. The strategic
use of virtual water in the management of water resources is a critical issue, mainly, considering that a significant
portion of Iran experiences arid and semi-arid conditions, leading to severe and increasing water shortages. Among
the agricultural products that Iran requires are oilseeds, such as soybean and sunflower, which the country produces
and imports in substantial quantities annually.

Materials and Methods

The present study aims to assess the trend of importing virtual water from oilseeds through trade partners and
determine the effects of economic and environmental factors influencing their import during 2005-2020, utilizing
the generalized gravity model. Economic and trade variables such as the ratio of Iran's GDP to other countries,
import tariff ratio, real exchange rate growth, country risk index, distance between countries, and sanctions are
considered. Environmental variables such as area under cultivation, access to water, and lack of access to water
per capita are also included. The variables related to access and lack of access to water consist of four
environmental factors: total water withdrawal, total renewable water, agricultural water withdrawal, and total
freshwater volume.

Results and Discussion

The virtual water trading model is considered a scientific model and a practical solution to address the water
shortage crisis in countries, especially Iran. In this research, through gravity models, the determinants affecting
the volume of oilseed imports to Iran were identified. The variables of the ratio of Iran's GDP to the trading partner
country and the access to water of the trading partner country were effective in both estimations, while the variable
of the import tariff ratio was not effective in any of them. The risk variables of the countries have also been
effective in importing virtual water. The variables of access to water and lack of access to water are environmental
variables that influence the model, similar to economic variables. Therefore, the import of oilseeds is affected by
economic variables; however, since the importation of oilseeds is supported to meet the country's needs and
government currency has been utilized during the studied period, the variable of real exchange rate growth has
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less effect on imports. On the other hand, the variables of access and lack of access to water, which consist of four
environmental factors (total water withdrawal, total renewable water, agricultural water withdrawal, and total
freshwater volume), play an important role in the import of virtual water through oilseeds to Iran.

The following suggestions can be made: Considering the significance of the variable distance between
countries in the estimation, instead of meeting the demand for oilseeds from producers located at a large
geographical distance, it is suggested to exchange these products with neighboring countries and regional markets
if they are capable of producing these products. In other words, the Iranian government should accept the risk of
importing oilseeds from neighboring and regional markets that are closer, rather than necessarily from the
production hub. This may reduce the cost of importing this product by choosing these countries. Additionally,
based on the role of the risk index, it is expected that countries with lower risk will be chosen as trading partners.
Although the area under cultivation may be associated with a reduction in virtual water imports, considering the
state of Iran's water resources and the need to import these two types of oilseeds, increasing the area under
cultivation may not be feasible. Importing virtual water can play an important role in the sustainability of water
resources while simultaneously meeting domestic needs. Based on the significance of access to and lack of access
to water in the estimated relationships for soybean and sunflower production, certain countries have a relative
advantage in cultivating these crops. Therefore, to enhance the management and sustainability of water resources,
it is recommended to import from countries with greater water availability and higher production capacity. As a
result, importing more virtual water supports the conservation of local water resources while ensuring the
cultivation of these crops.

Keywords: Gravity Model, Risk, Soybean, Sunflower, Virtual Water, Water Footprint
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Figure 1- Import of soybean oilseed virtual water from Iran's trader partners (million cubic meters)
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Figure 2- Import of sunflower oilseed virtual water from Iran's trader partners (million cubic meters)
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Table 1- Results of cross-sectional dependence (CD) test and stationarity test of soybean and sunflower oilseed models
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2- Levin, Lin, and Chu (LLC)

1- Im, Pesaran, and Shin (CIPS)
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* ** *%* are significant at 1, 5, and 10 percent levels, respectively.
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Table 2- Statistical tests to estimate the panel data of two gravity models of soybean and sunflower oilseeds
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Table 3- The estimation results of virtual water import gravity model of soybean and sunflower oilseeds import
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Introduction

Effective measures in grape production and processing are essential for understanding market needs. By
leveraging acquired knowledge, products should be aligned with market demand, which requires a thorough
understanding and application of the value chain. The value chain is a network of actors who are involved in the
supply, production, processing, marketing, and consumption of a product or service, and its actors seek to realize
added value in each of the links of the chain and add value as a whole. It is for the activities that take place along
the chain. An efficient value chain plays a key role in reducing poverty and food security in the country and has
inherent potential for the development of job opportunities. The benefits of the value chain include reducing
production costs, increasing productivity, providing valuable services to farmers, a variety of new services with
added value, innovation at a faster speed, creating new circles, creating more jobs, reducing rural poverty,
transparency in the price of agricultural products, balance of supply and demand, improvement of quality and
health of agricultural products, reduction of product waste, increase of product health quality, increase of real
profit, consumer satisfaction, reduction of mediation and brokerage, increase of flexibility power and sustainability
in production and export.

Materials and Methods

In this research, data was collected from each agent (link in the chain) using a questionnaire. Various methods
exist for analyzing the value chain, with the SWOT analysis (identifying strengths, weaknesses, opportunities, and
threats, as well as determining strategic positioning) being the most significant. This method was utilized in the
study and will be briefly explained in relation to the SWOT matrix analysis process. However, since the SWOT
analytical matrix generates multiple strategies without prioritizing them, the QSPM matrix was employed to
establish priorities. This matrix is used in the last stage of strategy development and for selecting and prioritizing
strategies. This matrix prioritizes different strategy options according to their attractiveness score.

Results and Discussion

In the present study; 74 components in the template (15 strengths, 23 weaknesses, 19 threats and 17
opportunities) were extracted and categorized. To evaluate the internal factors of the grape value chain with an
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emphasis on its yield, the internal factors evaluation matrix (IFE) was used. In this matrix, the strengths and
weaknesses were listed and scored using special coefficients and ranks to determine the final score of the
evaluation of internal factors. The analysis of internal factors revealed a total score of 61.2, indicating that the
grape value chain in Hamedan Province is in a strong position. In other words, its internal strengths outweigh its
weaknesses. Similarly, the analysis of external factors showed a weighted score of 2.87. Therefore, the grape value
chain in Hamedan has an external opportunity. In other words, the opportunities of the grape value chain are more
than its threats.

Conclusion and Suggestions

To improve this situation, the raisin value chain model was designed based on observations and research
findings. This model is an executive model that has five main actors including 1- Input supply link (without timely
supply of inputs and without creating a basis for the development of a competitive environment in this link, one
cannot hope for sustainable production and export), 2- The link of grape growers is 3- the circle of packaging and
processing factories, 4- the circle of distribution and marketing, and 5- the circle of consumption and
communication with customers. This model also has a support link (providing consulting, training, and support
services to investors to help create and launch new businesses within the chain) that supports all the links in terms
of structure, design, research, training, financial management, and resource management. Humanity supports.
These measures attract investment, create employment, develop chain links and growth, and help to achieve the
goals of economic and social development of the region. The most significant missing link in the grape value chain
is the production and processing of the product under a specialized brand. Establishing these processes is essential
for attracting foreign markets. Given the high quality of grapes in Hamedan Province and their potential to compete
with international products, it is crucial to transform this potential into reality. This requires the development of
high-quality processed products to gain a competitive edge and capture market share from competitors.

Keywords: QSPM matrix, Raisins, Strategy, SWOT matrix, Value chain
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Figure 1- General pattern of SWOT analysis model
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Table 2- The results of alpha coefficients

dlay! g5 dlax ol Wl o
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Threat Rank
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Table 3- Estimated number of samples in each city
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3l 33l CulS 5 ”
. Number of
County Cultivated area (ha) . -

guestionnaires
Malayer M. 12744 105
Razan .;, 2519 19
Bahar k. 2484 17
Hamedan ;e 1746 9
Kabodarahang sl e, 1333 105
o> 20826 150

Source: Research Finding
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Table 4- Demographic characteristics of the respondents in the studied area
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Age Number Percentage Education Number Percentage
| |
3040 12 8.2 dpo oS 9w gy 42
Illiterate
41-50 40 40.4 @_'w‘) 37 25
Guidance
5160 23 23.9 ok 44 27
Diploma
6170 25 275 Aty 7 6
University
&z 150 100 &z 150 100
Total Total

Source: Research Finding
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Table 5- Internal factors evaluation matrix (IFE) of grape value chain development with emphasis on raisin crop in Hamedan

> Jolse yo)e ; : -
-0) Cuon V-£) as )¢ Lol
Codess Internal factors (1-0) e (1-2) o5, (+=3) s e it
Weaknessescizs bl Importance Rank Weight Final score
w1 bl sl _ 5 2 0.035 0.070
Production tonnage of less than one variety
- Lias 40 1,6 clbols
W2 Ol 2 59,0 SLHIS 392 pae 2 2 0.044 0.080
Lack of processing factories in the county
w3 S N pama o Lo 2 2 0.015 0.030
Low demand for organic products
wa Rm 5 S Mg oS 390 4 2 0.035 0.070

Lack of raisin and currant production facilities
29590 918 5 e i ey Sl il ye st S il pas

W5 Lack 0f_ guf‘ficient knowledge among farmers about 3 1 0.015 0.015
traditional methods of grape conversion and
processing
5 i ses
W6 S S 290 5 2 0.044 0.088
Lack of a strong union
w7 e ik plize 2 GiadS g bt 158 1 2 0.016 0.032

The effect of seeded raisins on marketability
B 6 35 pranal )d (Simsad pis g 1050 500 2L j Slass
wa Large number of farmers and lack of solidarity in 3 2 0.010 0.023
decision-making
3l walals > o> 5l GBS agr Wb g L]
w9 Producers' expectations from the government in 3 2 0.026 0.052
regulating the market

Jyaze doye )3 cunlio (G40 Ay 5 Gjgw D90

W10 Lack of proper assortment and packaging in product 4 2 0.044 0.088
supply
wi1 oy S5y pae 2 1 0.015 0.015

No festival held
(585 ooy oslel auze 99 b ) adgi ase (9 Yl
w12 High production costs (high land and labor rental 4 2 0.015 0.070
costs)
dilaie > S5 (59,0 298

Lack of sufficient labor force in the region

Jyae adye (g 1 )ik CleMbl &y (awyiwd pas

W14 Lack of access to market information at the time of 3 2 0.015 0.030
product supply

Jyase aaass s pw Codgioe g 5Ll 290

W15 Lack of store and limited specialized cold storage 4 1 0.035 0.035

for the product

w13 4 2 0.035 0.070

18 Conlio Y1 s 5
W16 2318 elio Ylgntle 295 4 2 0.035 0.070
Lack of suitable processing machinery
Slplo cas pi¥ She balubvl cole)y pas
w17 Failure to comply with global standards required for 5 2 0.026 0.052
export
Jyaze Lb)lil g &5 lp (ol Sl aclyy g 055 598
w18 Lack of a specific brand and advertising program to 5 1 0.015 0.015
promote and market the product
o9 9 b gl irs
W19 Weakness of the transformation and processing 4 2 0.026 0.052
industries
L) L awglio )5yl o plod dlyjo
Higher cost compared to competitors
S 4 Wazsly Jl 55 gy g 5o pllss el ST
w21 Inefficiency of the research and extension system in 3 2 0.015 0.030
transferring findings to producers

W20 5 1 0.026 0.052
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W22 Lack of professional exporters of raisins in the form 3 2 0.026 0.052
of well-known companies
w23 e > 398 3 2 0.026 0.052

No guaranteed purchase
Jyae W5 (ol shy2eby g slyl d95

W24 Lack of specific product production strategy and 2 1 0.026 0.070
planning
OB g L b (s (o890l sl culs pae
W25 Inadequate educational extensional programs with 3 2 0.026 0.052
producers' needs
W26 4‘;BJ)’“’ 2 JM d)l-\@ sV Ay 2 1 0.015 0.015

High cost of storing the product in cold storage
Pl g% 5 5 slais sl 0 4 g ytid 5 Gl (i

wz7 Lack of knowledge and access to more efficient 4 2 0.026 0.052
production and processing technologies
Mo cogus -
w28 £ SRt OO T 3 2 0.026 0.052

Traditional production methods
Strengthscgs b

dilaio )0 I8 ele o S99

S1 ; K . 5 4 0.044 0.176
The presence of investors in the region
Sl cusS gl canlio 5l Loyl s
2 e ey ewle B BLE 4 4 0.035 0.140
Suitable climatic conditions for grape cultivation
S3 ailaie )3 oS g 60l Mg dine ,d Vb 45 g pagy Ll 2 3 0.016 0.048

Local knowledge and high experience in grape and
raisin production in the region
s4 R okl oy 4 3 0.035 0.105
The existence of professional expert
OlLu‘ 2 J}.a}g: J.a.: 9 J.¢> Sloss OO H‘“"t*’
S5 The suitability of product transportation services in 3 4 0.026 0.105
the province

CheiS (i (x5l b ol3ysliS o s

S6 Farmers are well acquainted with traditional raisin 5 4 0.044 0.176

processing
s7 Jpae Vb ke 3 3 0.026 0.078

High product durability

Sl o i

S8 sl g ks 3 3 0.026 0.078
Good quality grapes
L1500 00 gyl
s9 OISR P 0D 2 4 0.015 0.060
Good knowledge of farmers
29953 WleudS 05 )3 bl (VL sl

S10 The province has high potential for raisin production 2 4 0.015 0.060

in the country
Sl s (598 (Jpame dnug Cax Jlb sleisls
S11 Active cooperatives for product development, sales 3 4 0.026 0.106
and marketing
dailaio 13 5650l (YU Sy ; o
High area under grape cultivation in the region
Liwg) bl > o s Slus! 5
s13 @ 9y Gblie » oly> 9 JUb 5 s 5 3 0035 0176
Active and young human resources in rural areas
Ol 3 baye @lio 392

S12 1 4 0.011 0.044

S14 . . T . 1 3 0.026 0.078
The existence of related industries in the province
si5 5 slesled & gl (g 1 3 0.044 0.078
Easy access to production inputs
Inner matrix sum _I5l> L slo ggaxe - - 1 2.61
Source: Research Finding o claasil, 1islo
ool Slils sl 5 0y 395 "WIB "l plo cas oY Sk Sa il oS s 5 "W sladysS can s LlE sy
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Table 6- Evaluation matrix of external factors (EFE) of grape value chain development with emphasis on raisin product in

Hamedan
B el . sy
oy Jelye (1-0) o (V-£) &3, (Vo w2l bl
External factors
FYRVY] Importance Rank Weight Final score
5 Threat
g oo b )53l (5 91,8 slaals 5 s cbluwe
T1 The long distance between grape processing 3 2 0.038 0.076
factories and the production site
3 g ds)ie Caand Lisld gl
T2 Huge difference between farm and market 2 1 0.023 0.023
prices
Slylo yasuie doliy 390
T3 . 3 2 0.038 0.076
Lack of a specific export plan
S ylbe gy 4y55 g ()5 Cund Al ) (6 S pren
T4 ey 2 2 0.024 0.048
Decision-making on pricing and tariffs without
public participation
5 Sl & pmans S8l 39,5 5 2 0.064 0.128
Entry of non-specialists into the raisin market
Sl oyl ol Sllo a¥le ol e
T6 Lack of annual stability in Iranian exports in 4 2 0.050 0.10
global markets
ailaio  3bj (sladawly 3929 2 1 0.023 0.023
T7 The presence of many intermediaries in the
region
o a - ‘.l
T8 2l e 3 2 0.038 0.076
Increase in input price
Mol g lely 4 drwg Caps > Cgd (652540l 5 s
C)l).)lao wl«a fw@)l
T9 Weak government planning for the 2 2 0.022 0.044
development
into orchards improvement and breeding
varieties suitable for export
T10 w2 4 2 0.050 0.10
Sanction
. L3 P
1 Gl LTy o plasbal s 1 2 0.013 0.026
Unions' weakness in power and information
T12 (G Loy 2 1 0.023 0.023
Price fluctuations
Ol (65l L5 3 1 5 e 25 52
T13 The existence of sanctions and their impact on 3 1 0.037 0.038
raisin trade
DS S yois Dbl )3 18 L g Cuwd gyl (glaySg 5l
T14 Cumbersome administrative mechanisms in 3 2 0.038 0.076
creating the Raisin Town
ui ‘ L..S....o s ¢ l
T15 21395 el st 5 2 0.064 0.128

Climate change; drought, water shortage
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il 55 Jgame ol b alad, 5 155 361 399
Ti6 Lack of think tanks regarding this product in the 2 2 0.023 0.046
province
OliglsS & (ol (21 g grg)s cnd
T17 Weak extension and awareness raising for 1 1 0.014 0.014
farmers
bye sladlojls g dles e (Slojls (Sinlon pas
Ti8 Lack of organizational coordination between 3 2 0.038 0.076
related institutions and organizations

B Ls
T19 B , 4 2 0.033 0.10
The existence of foreign competitors

a - e 2 - - ‘.l
T20 A 1 1 0011 0.026
Increasing customs tariffs in the target country

opportunity Cwe ,8

ol bl plo o d)si)é T{ETHES LR YO
01 The existence of processing factories in other 4 4 0.032 0.128
parts of the province
A5 odas (gloslin o 4 S5 wlBd w3959

02 The presence of cold storage facilities close to 2 4 0.012 0.048
major production counties
o5l sl
03 SRZP 0% 295 3 3 0.015 0.045

The existence of a transit road
SlygiS g ghe S )9S @) Soi sl s
04 0 gl 059> 3 4 0.015 0.6
The existence of large markets abroad, such as
Iraq and the Persian Gulf countries
GatS Sleer S 5 hetS st Sy
05 The existence of the Raisin Festival and the 4 4 0.032 0.128
World Raisin Registry
b g CadsS L 5L b pll (hadS Cglés

06 The difference between Iranian raisins and 5 4 0.040 0.160
those from around the world in terms of quality
and taste
Ml olyie & laen Gl (45 (Byme g (S Sy
07 2948 el 5 3 0.033 0.099

Raisin Town and the Introduction of Hamedan
Province as the Country's Raisin Market
Juzdl g ool Lo ) el 3 S SVl oo
08 High potential for raisins in the region in terms 3 4 0.016 0.064
of economy and employment

Jsaze sl 5o o5 Jlzdl oISl

09 Possibility of women's employment in product 4 4 0.035 0.140
processing
010 e 5 edlale Spme i Jousle 4 4 0.033 0.132

Regional and global consumer market potential
. | A s . “
o11 oot 2 oS (5 ) 1 3 0.009 0.027
Commercialization of raisins in Hamedan
b ades cilisen Jslpe j3 6313,5 (55,0L3S (sl Sl
012 Sy 2 3 0.012 0.036

Possibility of implementing contract farming at
various stages of production to consumption

o 25 S S )3 a9

013 Prioritizing raisins in the national cultivation 1 3 0.044 0.088
pattern
OheidS Slydlo  pamss S wb sl
014 Establishing specialized raisin export 1 3 0.015 0.030
companies
o) il Egeie - - L 287

External matrix sum

Source: Research Finding o claazl, sisle
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Table 7- SWOT matrix (defensive, conservative, aggressive and diversified strategies for the development of the grape value
chain with an emphasis on the raisin crop in Hamedan province)

[FYR P93 gd
Weaknesses Strengths
w8 &1, dhdlow sy 5551wl ol sl 1 5mnl

Opportunity

WO (Conservative strategies)

SO (Offensive strategies)

odlizl g (gloykad ()bl e IS cutS (glaydgy o8 cal jls

(255 )18 a2y 3,90 )bl )30 slos599iSS )
WO1: Development of low-water cultivation methods
(Given the water shortage in the province, there is a need
to consider low-water cultivation methods such as drip
irrigation and the use of modern irrigation technologies).

ln) S LByt (S gt 9 (olione 85 WO2
«ulS JBye Lol 50 oSl CulS g e milie Copde dene
L 513)Si9) 9 99 (6 e x5 il o) Jpeol 4 conl jls

(305 B8 (oo 2590 (2l ol 5l s odlal sl
WO?2: Improving the geology and productivity of
uncultivated lands (To improve land resource management
and grape cultivation on uncultivated lands, more attention
needs to be paid to geological principles and new

approaches need to be explored for the optimal use of these
lands).

elie Co e 3 sdieiles il WO3

WO3: Increasing capability in resource management.
2 Jates B b (65,5liS” (sla Sl (518 g 2ln) WO4
gl 0 )S1ie )38 I3l g o (yuels
WO4: Establish and expand agricultural cooperatives with

the aim of facilitating resource provision and increasing
farmers' negotiating power.

sbie coulil Lsly &y e 5L) 5583l 55 b la ol anwgs SOL
255 Jpame 318 5 Mg b laiye s ol b Jols SB

(29 e (5y90 50 & F kS L gy Mg & Wlgi e
SO1: Developing research related to grape production (given

suitable climatic conditions and fertile soil, conducting research
related to grape production and processing can lead to greater
production and higher quality and productivity).

9 055 CutS a3 Vb 428 & daglb) )oKl (5908 anwy :SO2
Ob3) 9 b i)l polateds WL e (598 L ol pglilS o ol

(e 29200 5559l (5518 5 g5 AT, Y guama 0395
SO2: Development of grape processing (given the high
experience in grape cultivation and farmers' familiarity with
traditional processing, the grape production and processing

process should be improved in order to enhance the quality and
added value of the products).

Giys) i hle sl Gis g 36, cype dbnl SO3
& Slplo 86l Gl by ;5 lbdiw 5 Mg )0 p3Y (sl luilil
b jlnilinl 5 Calisee (sl youiS 5o (dseidio; b ol yor s (glayuiS
(2B cojo dbl 4S5 L
SO3: Creating a competitive advantage and attracting new export
markets (defining the necessary standards in production and
packaging in order to increase the possibility of exporting to new
countries, while monitoring the needs of different countries and
their standards, relying on creating a competitive advantage).
Gl )5S slaosyglyd g Jgama (silocs o 5 i anags 1SO4
2 6908 Uil g Cany bame bais gl (65l 3,05k 5653l 2
(Mg
SO4: Development of cultivation and commercialization of grape
crops and products (increasing grape production, sustainable yield
to protect the environment and increase productivity in
production).
s & ye 6y Caslie yiww dbul) (ool ,8 (5)5liS (glyal :SO5
(Jgpamme (b)) 020 clnl caa ()8 4L 5 Jammo
SO5: Implementing contract farming (creating a suitable platform
for continuous product supply and laying the foundation for
revitalizing the product value chain).
g5 cawlio Lulps dbool) 5635l oadigygl @Y guamme (giloggine :SOB
5 055 gl g WP L iy glio) Sabop dly s
(20} ol > pogad (i S wbop (5l i
SO6: Diversify processed grape products (creating appropriate
conditions and facilities for investment in industries related to

grape production and processing and creating a platform for
private sector investment in this field).

Wy
Threat

N s g5
WT (Defensive strategies)

Eoo 5l 5551 nn
ST (Various strategies)
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ool gw 4igS o hilde )d

WT1: Extension and raise awareness about the rights of gardeners and

producers in order to protect their rights against any abuse.

bl Gy paveie g gsly labae s 3 Slas b)) slajlse e WT2

omsie G il (ol p Cgllas 3Slas. ol uesd 5 (g slasles 3,Skos
WT2: Determining performance evaluation criteria: Determining clear and
specific criteria for evaluating the performance of government institutions and
determining desired performance levels based on specific standards.

5 ohlel 4 B Cledbl @l o alsl sl cugi STL

A3k 5 155 Ll 3 g 051k €038 QI3 sl (Sl
ST1: Strengthen union institutions and provide sufficient
information to gardeners and producers to increase their
negotiating power and improve production and market conditions.

‘5)91)3 u\/9.a.’>t.n Czl.))lg 9 Q‘).)l..o d‘)_» o) dlbducl:): .)l?ul :STZ
el aels (3l g il g5 jslatoa ,5S0 o
ST2: Establish formal programs for the export and import of

processed grape products in order to diversify the market and
increase the income of gardeners.

&9y Y guamo (gl y 03938] b3l Sl g (g Mdims Caxio 5185, :ST3
Saglages Rl g b ol yide Gl jlaie 4 Sl 00
ST3: Upgrading the packaging industry and creating added value

for processed grape products in order to attract new customers and
increase profitability.

g Sl ahlud glus gy den bulyd S g Jues ST4

.Ol)l,\bl{ djb.&;&ly’
ST4: Facilitate and improve insurance conditions to compensate
for possible losses and empower gardeners.

Source: Research Finding
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Figure 2- Implementation strategies and priorities for the development of the grape value chain with an emphasis on the
raisin product in Hamedan province
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Introduction

Food prices are an important indicator of societal well-being, and food inflation can deepen poverty in
developing economies. Severe food price fluctuations not only affect food security in developing countries, but
also affect economic growth and social stability. Any increase in food prices can push many people back below
the poverty line. Rising food prices hit low-income households hard, as the household food basket accounts for
nearly half of household living expenses. Therefore, food price stability is of particular importance to policymakers
trying to lift households above the poverty line. Food prices in Iran have always been on the rise, and even in
recent years, the rate of food price growth has accelerated. Today, inflation, especially food inflation, remains a
major problem in Iran, and policymakers are always trying to reduce food inflation. In this regard, and with the
aim of controlling food prices, different policies have been implemented in Iran, and the effectiveness of these
policies has been discussed. Therefore, understanding the behavior of food prices in response to macroeconomic
factors is essential for policymakers to implement appropriate policies at the right time and place to keep domestic
prices stable. In this regard, in the present study, the asymmetric effect of macroeconomic variables (money supply,
GDP per capita, exchange rate, and trade openness) affecting food inflation in Iran is examined using the nonlinear
ARDL approach.

Materials and Methods

The main objective of this study is to examine the asymmetric effect of domestic macroeconomic factors on
food prices in Iran using a Non-linear Autoregressive Distributed Lag (NARDL) model. According to the
theoretical literature, in this study, it is assumed that food prices are a function of macroeconomic variables,
including money supply (MS), GDP per capita (GDPER), exchange rate (RATE), trade openness (OPEN), and
global economic policy uncertainty index (EPU). Therefore, in accordance with Shin et al. (2014), the NARDL
model used in this study is developed to examine the asymmetric effect of domestic macroeconomic factors (for
example, money supply) as follows:

ALFPI, = ay + o, LMS;; + a,LEMS;_; + a3LGDPER,_, + a,LRATE,_; + asLOPEN,_; +
@6LEPU._y + 37_; BiLFPI_; + Y9_(B2;LMS; ; + B3;LMS;_;) + Bay;LGDPER,_; + Bs;LRATE, _; +
B6]L0PENt—j + ﬂ7]LEPUt_} + U

In the above relationship, each of the macroeconomic factors (including the money supply, GDP per capita,
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exchange rate, and trade openness) is separated into the sum of positive and negative components. In fact, two
additional variables are created in each equation, one indicating an increase in the variable of interest with a
positive sign and the other indicating a decrease with a negative sign. The variable of global economic policy
uncertainty index also plays the role of a control variable. Due to the availability of data, the time period in this
study is 1991 to 2022.

Results and Discussion

The results of the linear and nonlinear bounds test in the ARDL model showed that there is a long-term relationship
between macroeconomic variables including money supply, GDP per capita, exchange rate, trade openness, global
economic policy uncertainty and food prices in Iran. In addition, the results of short-term and long-term symmetry
tests using the Wald test showed that the effect of the exchange rate variable on food inflation in Iran is asymmetric
in the long and short run, while the effect of the money supply and GDP per capita variables is asymmetric only in
the long run; the effect of the trade openness variable is also symmetric in the short and long run and has a linear
behavior. The results of the ARDL linear model estimation showed that in the short and long run, the effect of the
growth of the variables of money supply, GDP per capita, exchange rate and global economic policy uncertainty on
food inflation in Iran is positive and significant, while the effect of trade openness is negative and significant. The
results of the NARDL model estimation also showed that the response of food inflation to increases and decreases in
money supply and GDP growth is positive and significant, and their increase on food inflation is greater than the
effect of their decrease. The response of food inflation in the long and short term to increases in the exchange rate is
positive and significant, while the effect of decreasing the exchange rate in the long and short term is negative, but
not statistically significant, and the effect of increasing the exchange rate on food inflation in the long term is greater
than its effect in the short term. The effect of trade openness on food inflation is symmetric, with an increase in trade
openness leading to a reduction in food inflation in both the short and long term.

Conclusion

Linking the prices of agricultural products to market conditions and liberalizing the market for these products
is an appropriate method for coordinating the effects of macro policies and specific agricultural policies that should
be considered by policymakers. Given the importance of the agricultural sector, the government's economic
policies in relation to food prices will be of high importance and sensitivity. Considering the results of
implementing contractionary monetary policies in coordination with other Central Bank policies, increasing
investment and efforts to increase productivity in the agricultural sector, appropriate foreign exchange policies are
recommended to prevent unreasonable increases in the exchange rate, and reducing tariffs and trade restrictions to
increase trade openness.

Keywords: Asymmetric effects, Iran, Food inflation, Macroeconomic variables, NARDL model
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Table 1- Studies on the asymmetric impact of macroeconomic factors on food prices
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rate and oil price on food prices is asymmetric in
Iran.
@ (238 Slge pyg 9 )l £ o taolisS 5 Cerily >
2,15 3555 y)liel g yloline Cuo dlal,
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Table 2- Results of Augmented Dickey-Fuller test for study variables

35 ADF ol lado

Joli5 > ADF ol ladie

bl The type of c= e Stationary
Variables stationary The statistic value of ~ The statistic value of ADF condition
ADF in level in difference
he dlge Cuad adls p1y)I8 lee Sl 2 b 0.71 -2.93** I(1)
Log of food price index Intercept
Log of money supply Intercept
L9y 9l 3l yo,e b
Wl 315 AL A5 oS0 9950 ) O
it Mectwg 405 - ©
9 P p trend
oy pé 3 5 e ) e L p2pe b 0.81 -4.35%* I(1)
Log of unofficial exchange rate Intercept
Log of trade openness Intercept
b Sluebll (asls oo,
Sl golaidl leo 5l ooye b 0.98 -5.95* I(1)
Log of global economic policy Intercept

uncertainty index

o pd iy g S g jO (gD gime s g — ey (slaadly sl
Source: Research findings - * and **: The significance level at the 1% and 5%

L oplite s NARDL Juo (30055 )3 e J>1y 51 (S0

Sl il aoolisS g aedidy 6y5d )0 B 3y50 yusie (J)lael
P pep g Gdedil o o Sylaels ey o3 L als e oyl
ool 5l ealil b g 3¢5 0 035 pess NARDL e cesliS
Slale a8 cowl joad P dls o cpl gl b i 0,5 o
daolisS (3 b g Saedil 13 ob S)lEteli deng (7 9 loolisS
3y9l NARDL (ol Juo ( 5)lieli g5 olssl p cals
OB 0903l (o sy AWy el 5l J—ola gl 29—
2 2l dlas Cagd p he (sl pxio (gl Ll g GasolisS
O o a5 )d ‘O}"ﬂ ol pd ! odol ¥ Jsd> o ol
o0 5 a8 (allg 905l o)l b lai o) p-value Sluce (ST.co il

124 Lo ARDL s i b s (o Jae 3351 J i

g5l 5l ealai ol L o piie yle ool abasly 3 g a8 c il
by (oolpinin sl S O}nﬂ Walllan pl D9 awyp ]S
abaly 3929 4ol ¢l 1, (Pesaran et al., 2001) e g o yun
ol 3l J—ols ol a8 aad o pladl Jas (slo jpusie (o codaaily
Foylol aS ams o s ol .ol oanl ¥ Joda 55 90)]
5 S0y sl o 5 ARDL ot Jio sl o (5lenlma
liE Sgo Ceasd 1 50 sl ysita (NARDL) s yé cslo Jia
52 3 4y 9 301 5l 83 il (1> (alBL g sy a0
SV L3 A lisolo] g 13 YU S e ol 31 (o5l
3l il g oplite o 3 tanily dlasly 3929 culplis 5 o

ity



VPP jlos o) o yloud ¥ ol (559U drawgs g Slasdl ag pis V0 F

2k g Sdodil )3 @b (o) pf 5l £ ke Sl ciomen (ol
D9 ik da g pxie Bl ecpl g 958l il y)latels cossolisS
S8y hls 5 035 o)l tedily )3 o g GdaolisS )3 o (g)lxS

Gl (o

)5 (9)aell 4o 5 398 00 3, D aw )3 jhuo 4 b il
2 o gdd,d sl <Nl S p-value jlade (5155 5
bysite 3l Jgia ol @l (elwl 2 29800 3, 70V o
izl oatily o baid iy I81s LSl g5 g gy dye

Oyl 33 (1€ Blg0 Coond 9 p50 (g3LaiBl WS 6 paiie 51y LAI1,S 90l gl -Y Joua
Table 3- Results of bounds test for macroeconomic variables affecting on food prices in Iran
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Table 4- Results of the symmetry test of long-run and short-run for macroeconomic variables affecting on food prices in Iran
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