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Table (5) Percentage Distribution of Dimensions and Themes of the
Organizing Time
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Figure (1) Proposed Final Model for a Sustainable Walnut Supply Chain
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Table (6) Direct Relationships Matrix of Criteria (M)

Cc2

C1

B3

B2

Bl

A6

A5

A4

A3

A2

Al

sbxe

0/1457
0/1453
0/1499

0/151
0/1457
0/1599
0/1525
0/1601
0/1599
0/1623
0/1599
0/0492

0/1512
0/1598
0/1635
0/1654
0/1599
0/1439
0/1453
0/1554
0/1457
0/1568
0/0492
0/1689

0/1468
0/1535
0/1577
0/1581
0/1668
0/151
0/1598
0/1457
0/1588
0/0492
0/1457
0/1746

0/1723
0/1689
0/1423
0/1479
0/1488
0/1477
0/1489
0/1527
0/0492
0/1589
0/1757
0/1623

0/1654
0/1757
0/1512
0/1691
0/1426
0/1643
0/1624
0/0492
0/1523
0/1699
0/1654
0/1557

0/1568
0/1694
0/1789
0/1635
0/1557
0/1521
0/0492
0/1399
0/1468
0/1535
0/1584
0/1488

0/1311
0/1967
0/177
0/177
0/1705
0/0492
0/1459
0/1346
0/1488
0/1488
0/1543
0/1479

0/1279
0/1803
0/1049
0/1508
0/0492
0/1443
0/1388
0/1457
0/1346
0/1426
0/1488
0/1446

0/1869
0/1803
0/1934
0/0492
0/1967
0/1934
0/1757
0/1823
0/1487
0/1654
0/1568
0/1612

0/1869
0/1967
0/0492
0/1967
0/1967
0/1967
0/1654
0/1765
0/1723
0/1457
0/1657
0/1589

0/1738
0/0492
0/1672
0/177
0/1869
0/1967
0/1458
0/1588
0/1654
0/1543
0/1754
0/1746

0/0492
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0/1967
0/1967
0/1639
0/0984
0/1346
0/1679
0/1568
0/1789
0/1468
0/1623
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Table (7) Normalized Matrix of Direct Relationships of Criteria

C2 C1 B3 B2 Bl A6 A5 Ad A3 A2

Al

0/0111
0/0111

0/011
0/0112
0/0111
0/0116
0/0113
0/0116
0/0116
0/0117
0/0116
0/000 1

0/0114 | 0/0112 | 0/0131 | 0/0128 | 0/0122 K 0/0099 | 0/0097 | 0/0144 | 0/0144 | 0/0135
0/0116 | 0/0113 | 0/0125 | 0/0131 | 0/0126 | 0/0148 | 0/0136 | 0/0136 | 0/0148 | 0/0037
0/0121 | 0/0119 | 0/0113 | 0/0116 | 0/0138 | 0/0138 | 0/0082 | 0/0148 | 0/0037 | 0/0133
0/0124 | 0/0119 | 0/0111 | 0/0129 | 0/0124 K 0/0138 | 0/0114 | 0/0037 | 0/0148 | 0/0137
0/0117 | 0/0123 | 0/0111 | 0/0112 | 0/0121 | 0/0128 | 0/0037 | 0/0148 | 0/0148 | 0/0144

0/011 | 0/0112 | 0/0111 | 0/0128 | 0/0119 | 0/0037 | 0/0107 | 0/0144 | 0/0148 | 0/0148
0/0111 | 0/0112 | 0/0111 | 0/0116 | 0/0037 | 0/0088 | 0/0083 | 0/011 | 0/0102 | 0/0088
0/0113 | 0/0111 | 0/011 | 0/0037 | 0/0086 K 0/0082 | 0/0094 | 0/012 | 0/0115 | 0/0097
0/0111 | 0/0115 | 0/0037 | 0/0112 | 0/0084 K 0/0085 | 0/0082 | 0/0114 | 0/0108 | 0/0102
0/0115 | 0/0037 | 0/0115 | 0/0112 | 0/0086 | 0/0085 | 0/0093 | 0/0102 | 0/0111 | 0/0095
0/0037 | 0/0114 | 0/0115 | 0/0111 | 0/0116 K 0/0095 | 0/0111 | 0/0108 | 0/0104 | 0/0113
0/0115 | 0/0114 | 0/0117 | 0/0113 | 0/0111 | 0/0095 | 0/0094 | 0/0105 | 0/011 | 0/0112
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Table (8) Complete Relationships Matrix (T)

C3 C2 Cl1 B3 B2 Bl A6 A5 A4 A3 A2 Al =
0/01 | 0/01 | 0/01 ©0/01 | 0/01 | 0/01 | O 0 |01 O 0 0 Al
0/01 | 0/01 | 0/01 K 0/01  0/01 | 0/01 | 0/01 | O/01 ' ©O/01 O/01| O |0/01| A2
0/01 | 0/01|0/01L O |0O/01|0/01 001 O /001 O |0/01 0/01 A3
0/01 | 0/01 | 0/01 | O/O1 | 0/01 | 0O/01 | 0/01 | 0/01 | O | 0/01 0/01  0/01 | A4
0/01 | 0/01 | 0/01 A 0/01 | 0/01 | O/O1 | 0/01 | O |0/01 | 0/01 | 0/01 0/01 A5
0/01 0 0 0 |0/01|001 O 0 |0/01 0/01|0/01 O A6
0/01 0 0 0 |o0/01 O 0 0 |o/01 O 0 0 B1
0/01 |o0/01| O 001 O 0 0 0 |01 O 0 |0/01 B2
0/01 0 0 0 |o0/01 O 0 0 |o/01 O 0 0 B3
0/01 |o0/01| O 0 |o001 O 0 0 |01 O 0 0 C1
0/01 0 0 |0/01 001 O 0 |0/01 001 O 0 0 C2

0 0 0 |0/01 001 O 0 0 |01 O 0 0 C3
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Table (9) The model of causal relationships of the main criteria

ey (Ri) (Di) oo
CTr)i/tr«Jaeri?)fn Di-Ri Di+Ri defuzzy  defuzzy Criterion
Jslee  -0/357 /504  4/93  4/573 Al Sl S
cle  0/403  10/447 5022  5/425 A2 ol o3l
Jsse  0/957  10/315  5/636  4/679 A3 o pslo sgill ol
Jske  0/317  10/511  5/414  5/097 A4 Sty
cle 1189 9173  3/992  5/181 A5 e oS
ol 0/039  9/565  4/763  4/802 AB sy bl sbanse
sl 0039  9/801  4/881  4/92 pr  FeTebeS
e sloassl>
Jske  -0/032  10/058  5/045  5/013 B2 s 5 Jas o
ol
Jse  -0/326  9/868 50097  4/771 B3 elain! o5 e
S L"’G)L“f > !
ol 0/219  9/871  4/826  5/045 c1 5 5 e
LQ)ST)é
Jse  -O/167 /475 4/821  4/654 c2 25 853
Jslee  -0/08 9/72 14 4/82 C3 a2, (eelio e
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Figure (2) The causal diagram of the criteria for a sustainable walnut supply
chain
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Extended Abstract

Introduction

The supply chain of agricultural products, especially high-value-added
products like walnuts, plays a crucial role in ensuring food security and
economic development. Walnuts, due to their numerous nutritional properties
and widespread applications in the food and pharmaceutical industries, are
recognized as a strategic product in many countries. On the other hand, the
walnut supply chain is considered one of the main pillars of agricultural
development, as it not only contributes to environmental protection but also
plays a significant role in improving farmers' living conditions and increasing
productivity in agricultural activities. Particularly, the sustainability of this
chain encompasses various dimensions, including economic, social, and
environmental aspects, and paying attention to each of these facets is essential
for achieving desirable outcomes. Therefore, this research aims to provide a
comprehensive and practical framework for assessing the sustainability of the
walnut supply chain in Iran, helping decision-makers and managers of
agricultural product supply chains to improve the sustainability of this chain
and reduce its negative impacts on the environment and society through data-
driven decision-making.

Materials and methods

This research employs a mixed-methods approach (qualitative-quantitative)
to identify and rank the factors influencing the sustainability of the walnut
supply chain. In the first stage, information was gathered through library
studies, and relevant sustainability criteria were identified. Subsequently, the
opinions of 15 agricultural experts were analyzed through semi-structured
interviews using thematic analysis. Ultimately, 12 main criteria were
selected: marketing efficiency, economic return, potential for exports,
packaging, product quality, marketing and sales costs, social impacts on local
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communities, job creation and skill development, social participation,
environmental impacts of production and processing, innovative technology,
and integrated supply chain.

Thus, the sustainable walnut supply chain model was designed through
interviews with experts and open coding using MAXQDA 2022 software.
Finally, after validating the sustainability factors using the fuzzy Delphi
method in three iterative rounds, the causal relationships between the criteria
were evaluated using the fuzzy DEMATEL method.

Results and discussion

The findings indicate that in the sustainable supply chain of food and
agricultural industries, criteria such as economic return, product quality,
on local communities play a marketing and sales costs, and social impacts
vital role as causal factors in enhancing the overall performance of the supply
chain. Optimizing these criteria will have a direct impact on outcome factors
reation, such as marketing efficiency, potential for exports, packaging, job ¢
skill development, and innovative technologies. Overall, this research serves
as an affirmation of existing theories in the field of sustainable supply chains,
demonstrating that attention to these factors can lead to improved
.ainable development in this areaperformance and sust

Conclusion

According to the results obtained from the fuzzy DEMATEL analysis, it is
emphasized that walnut producers should focus on optimizing economic
in returns through the use of innovative technologies and mechanization
planting, harvesting, and processing processes. Another key recommendation
is to enhance walnut product packaging using biodegradable materials and
attractive designs. These actions, in addition to protecting the environment,
roduct and differentiate it in competitive markets. can add more value to the p
In this context, it is essential for producers and other supply chain members
to engage more with local communities and leverage their capacities to create
.Job opportunities and develop skills
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