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Purpose: This study aims to identify the optimal scenario within the realm of sustainable food supply
chains, utilizing a set of meticulously designed indicators and scenarios. The research also aims to
analyze the nature, direction, and extent of influence among these indicators to develop a
comprehensive solution that minimizes the environmental footprint of food production. Furthermore,
the study seeks to promote self-sufficiency in domestic food production, enhance income generation,
and alleviate the financial burdens associated with both food production and imports. By addressing
these multifaceted goals, the research contributes to the strategic planning efforts of the Ministry of
Agricultural Jihad and bolsters national food security initiatives.

Design/methodology/approach: The proposed framework is organized into three distinct phases. In
the first phase, relevant indicators and scenarios concerning sustainable food supply chains are
identified through a systematic review of existing literature and prior studies in the field. This phase
also includes data collection from authoritative sources such as the Statistical Center of Iran and the
Ministry of Agricultural Jihad, ensuring the reliability and relevance of the input data. The second
phase involves the design and mathematical modeling of the system, which incorporates six objective
functions representing sustainability indices, along with a set of equations and constraints. The model
is solved using the goal programming method, where specific goals and targets are assigned to each
index to guide the optimization process. In the third phase, the scenarios developed in the first phase
are prioritized using the TOPSIS (Technique for Order Preference by Similarity to Ideal Solution)
method. This prioritization assumes equal weights for all indicators to ensure an unbiased evaluation.
Additionally, a structured questionnaire was designed and distributed among domain experts to assess
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the degree and manner of influence among the indicators. The collected data were analyzed using the
DEMATEL-Fuzzy method, which enabled the identification of causal relationships and the strength
of interdependencies among the indicators. The final step of this phase involved a comprehensive
analysis of the results obtained from both the prioritization and influence assessment.

Findings: The study effectively prioritized the proposed scenarios based on six sustainability
indicators and revealed significant interrelationships among them. Scenario 4 emerged as the most
advantageous option, demonstrating notable improvements in both economic and environmental
dimensions. Specifically, this scenario resulted in increased self-sufficiency in the production of
plant-based foods while simultaneously reducing water consumption and greenhouse gas emissions.
These outcomes indicate that strategic and optimal allocation of resources in food cultivation can
yield substantial environmental benefits and enhance national self-reliance. Among the indicators,
greenhouse gas emissions and self-sufficiency in plant-based food production were identified as the
most influential and causal factors, with the latter having the greatest impact on other indicators.

Research limitations/implications: Despite its contributions, the study acknowledges certain
limitations. A key limitation is the exclusion of secondary food products such as cheese and yogurt,
which restricts the model's applicability to a broader range of food items. Additionally, the diversity
and complexity of food products in the market present challenges for generalizing the findings across
all categories.

Practical implications: The results of this research offer valuable insights for policymakers and
stakeholders in the agricultural sector. They can be utilized to tackle existing challenges in the food
supply chain, including insufficient domestic production, rising food prices, and inefficiencies in
resource allocation. However, the model’s limitations should be considered when applying its
recommendations to various food categories.

Social implications: The study highlights the significance of social dimensions in sustainable food
systems by incorporating indicators related to self-sufficiency in both plant-based and animal-based
food production. These indicators reflect the broader societal goal of ensuring equitable access to
nutritious food for all segments of the population.

Originality/value: This research presents a novel approach by designing four distinct scenarios, six
sustainability indicators, and evaluating seventeen types of food products of plant and animal origin.
The scenarios are tailored to address specific weaknesses in Iran’s sustainable food supply chain.
Each scenario involves optimal resource allocation based on environmental factors (e.g., water usage,
greenhouse gas emissions), economic factors (e.g., import/export prices), and social factors (e.g., self-
sufficiency). The findings provide actionable guidance for the Ministry of Agricultural Jihad to
enhance food production strategies and rectify existing imbalances in the national food system.

Keywords: Sustainable Food Supply Chain, TOPSIS, Fuzzy Dematel, Goal Programming, Multi-
Objective Optimization
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Table 3- Objective function values
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Table 4- Self sufficiency values in the production of products of animal origin
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Table 5- Self sufficiency values in the production of products of animal origin
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Table 6- Option matrix and indicators
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Table 7- Normal matrix
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Table 8- Positive ideal and negative ideal answer
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Table 9- The weight of each index
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Table 10- Eucliden distance of each option from the positive and negative ideal answer

S S “ 8
" CFED \ st
Yindi <100V Y gl
Y ¥4 Y gk
N ATV \

G 43 5 By F ol (S35 G lS Al F o8

ol 0l plo (gt ockef Cows 0 Slods) g2 i o 35 K3 5 Ipos ) gl o

Lo gl bay 51 1) Jsr

Table 11- Prioritizing scenario
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Table 12- Sensitivity analysis of the mathematical model
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Table 12- Corresponding relations between fuzzy numbers and linguistic terms of the questionnaire
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Table 13- Direct relationship matrix
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Table 14- Normal direct correlation matrix
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Table 15- Total fuzzy realation matrix
Cl1(-) C2(-) C3(+) C4 (+) C5(+) C6 (+)
CLE) (/YN NOPNFOV) (/oY NARNYER)  (+/+VANAZN/OVA)  ((/NIY,0/YAYNFPR) (AT YYY,V/EYE)  ((/AT),0YTE,\/550)
C2() COTEFALANG) (/0 N VEYE)  (AYEPFOVAA) (00, /NN FNA) (FAEEYVAFF)  (/15),0/FFE, 1 /A¥Y)
(+/+9A,
3 (+) (I FVNOPS)  (/EY S AAVOYE) ATV XOYNOF)  (/NOF, /ERANAYY)  (+/)8Y, 0 /EYS VAT
Y, /500)

Ca(r) CINVLESVVAY)  (AVEY, O AVANNG)  CATARRVEVASY) (/0 FY, TR FN0) (/) F 4 /ARY)  (+/VEY,e/F10,1/40%)
C5(H) (A /FEONNVAY)  (/VFE YA /E5Q)  ((/VOR, VANV VAQ) (/2 XV, /YEON/EY)  (+/08,0 SV, /504)  (/YYE,/FAV,\/AYA)
C6(+) C/VPOMFFENVATY)  (+/+AY, /FYVV/EY0)  ((/VYYV,0 FOLV/WYE)  (/VF,e /0,0 /000) (VB /SOVVATA)  (+/+%,0 /YAAN/5VY)
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Table 16- The total deterministic relation matrix

C1(-) C2(-) C3(+) C4 (+) C5(+) C6 (+)
C1() 00 VS /080 +VY4 /54 VY
c2() VWY SOV +/VOA +/VY4 IS +IAD)
C3(4) V/FAY il +/OAF V/EVY +/VAD C/AVY
C4 (+) +/ASA VYV +/VAY (inZ4 YNY C/AYO
Ccs5(4) JATA VYT +/VVA 2% /55 VN
C6 (+) AN IPVA V0¥ VY AT ia%e
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Table 17- Thereshold value matrix

C1(-) C2(») C3 () C4 (+) C5(+) Cé6 (+)
c1e ' ' ' ' ' :
20 VW . +/VOA SVY4 VIS JAD)
C3 (+) . . . . ARTA VY
ca(h) “JA¥A CVEY VY . JAVE < JAYO
s () ASA VYT VWA . ADY
C6 (+) Z3R < /VOY . «JAYY .
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Table 18- Values Di,Ri

Di Ri Di defuzzy Ri defuzzy Ri+ Di Ri- Di
C10) (+/FAAN SEVONAAY) (+JAYO,Y/YAD,) + /VFY) /5 /%0 AV ZVJAY
20 (*IWAY/TE\,) +/5FT) (+/OFY, 1 WVA,4/¥ 1) /00 Y/4) IS 5
@ (+/74Y,1/2V4,4/4V¥) (+/5VF 1 /ALY +/YAY) £\ /Y5 AYA o
C4(+) (/AYY/YVY, ) 2 /24)) (/£ VAYEAANY) /04 Y/AY A/YY V%4
C5(+) (/AYVLY/YYE NN Y) (/ALY YY) /VYY) AARY \tian q/Y —+/Y¥
C6 (+) (*/VOAY/YFO,) + /YY) (*/AVY,Y/¥40,) +/4YY) /Y0 /vy 4/\A —+/YA




GPY IO RPN RPN N PRIl S R P E S WP I P POV PR O P

V4 o fomt IS ol sl a0 b il (slajlrs 5 pdo b 5 (610800 5 bls ) Lle X IS
G

1.00
0.80
0.60
0.40
0.20
0.00
_0.208.00
-0.40
-0.60
-0.80
-1.00

(Di-Ri)

9.40

cs Co6

(Ri +Di)

Cl

R b il gl s s ST 5 6,108,505 b, -Y K

Fig 3- The relationship and effectiveness of different criteria with each orther
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