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Table (5) Percentage Distribution of Dimensions and Themes of the
Organizing Time

U5 51wy (adlgo) suimoylojlw (sl gaudo Solul Glro) olal
Percentage of Total Organizing Themes Dimension_s (Cr_i'geria) of
(Components) Sustainability

16/08 sLlt @bl

5/88 sslatdlossl

3/73 Slyolo ogdlly olgs —3

8/24 S E)

3/73 Jyame oS
15/49 98 5 sl sleanie

10 e @olyz p slenzl slas 135 -

715 Lo )les dnngs 9 Jad olon] j
12/5 PRy gslﬁf’“c‘*i‘i) slas 135 ! A

Sl *}

75 25 ol i

5 42652 el s

100

S e

Source Research findings

Sk p NS, ladale 0,8 Jpame laul mebio sy Jas lp ) JSE
s gloled Jasrecun g seloin! (golazsl olul Jolis 93,5 Jgpase (sl pon)
u.«.a 9 l.ﬁ:jia.of )‘ OMC‘).’?L«.MJ‘ (SLQ‘D&QM 9 Lbd.l.o.‘> g_;)s..ad.: LQJQLC U"‘ ‘)L) 6)‘.)5..\5 4.1.‘>).4c
6 58S b MAXQDA 2022 13318 5 5l oolitusl b cdns al 1o 8 .08 Laseios ra>las



PE-FIY o lad/ 14 W/ (65 59lis SLaidl \YY

@l Wad (gslaex Agie 50 il KuS, b (Soop by o5 pladilis (e
olazdl sl ol sloalgio o5 ol a5 a0 oo Lt (5153l 5 slo oot 5 onalcemsay
osilly Blg5 esolamdl o33l ¢ Lbylil RIS Jali 50,5 Jgpama crmalio n; 5k 2 5e
Sl il gl aites (393 9 (2L)IL sladize  Jpame CodS (andia il olo
locs 35 51 Lol o5 wlont olulid pye sloalgie laicds o cammacions 5 selozs]
harmetans ) T peloiz] &8 Lt das oo dnmgs 5 Jad sloml e galyz p (eloi]

bl ge 425U (elio ) 5 (5 (5918 912 5 2l

9955 Jpamo jlaly (rolio iy goleiiion (2lod Joo (1) S5
Figure (1) Proposed Final Model for a Sustainable Walnut Supply Chain
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Table (6) Direct Relationships Matrix of Criteria (M)
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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
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0/1568
0/1612

0/1869
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0/0492
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0/1967
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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
0/1967
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
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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.

Resulss and dcscusion

ehe findings indica h in h susaainanaasupply chain of food nd
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