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Abstract

The supply chain of the food industry is very important for countries. In recent
years, occurrences such as floods, frost, heatstroke, shutdown of some layers
of the supply chain, cause a ripple effect in the supply chain of food products.
The occurrence of disturbances and specifically the ripple effect can make the
country face many challenges, therefore it is necessary to identify and analyze
the strategies to deal with the ripple effect. This research has been done in two
stages: qualitative (with the aim of identifying coping strategies) and
quantitative (with the aim of scenario modeling and analysis). The method of
analysis is thematic analysis in the first stage and fuzzy cognitive map in the
second stage. The findings show 84 primary codes that were grouped into 21
sub-categories and 4 main categories of "Strategic Management", "Operations
Management"”, "Compilation and Correct Implementation of Laws" and
"Supply Chain Management". The analysis of backward scenarios shows the
importance of "supplier relationship management”, "cooperation and
coordination in the supply chain" and “contingency plans", and the analysis of
forward scenarios shows the importance of "monitoring environmental
changes" and "strategic plan”. Focusing on short-term plans, improving the
capabilities of managers in the field of decision-making and problem-solving
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skills, adjusting supplier selection criteria, improving the design of the supply
network based on backup locations, and the existence of safety stock for
strategic goods should be the attention of industrialists.

Introduction

With the growth of supply chains and their greater dependence on each
other, the vulnerability and probability of supply chain failure also
increase (Kek et al., 2022). One of the most important things that leads
to supply chain failure is the propagation of disruption (i.e. ripple effect)
(Ghadge et al., 2022). The ripple effect has many negative effects on
the agricultural supply chain (Wei & Chen, 2010). Its various situations,
such as climate change, can have many negative effects on the
agricultural sector and the food supply chain (Galli et al., 2023). One of
the most important examples of the ripple effect is the Coronavirus. As
a result of the Corona, the food supply chain faced crises such as the
lack of human resources, transportation problems, and the increase in
the cost of inputs (Waris et al., 2022). In Iran, the destructive effects of
this pandemic on the food supply chain were very evident, and things
like reduced profitability, reduced sales rates, reduced flexibility,
reduced investment return rates, etc. (Afzali and Zare Mehrjardi, 2020)
happened. As a result, it is necessary to investigate this issue in Iran's
food supply. The objectives of the research are:

1. ldentifying the strategies to cope with the ripple effect in the
supply chain of Iran's food products.

2. Presenting a fuzzy recognition map of strategies to cope with
the ripple effect in Iran's food products supply chain.

3. Scenario analysis of strategies to cope with the ripple effect in
the supply chain of Iran's food products.

Materials and Methods

This research is a mixed research that was conducted in two qualitative
and quantitative stages. The participants of the research in the
qualitative stage consist of experts and managers who: have at least 10
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years of working experience in the supply chain of food processing,
have academic education, and have experiences with disruptions in the
supply chain. The statistical population of the second stage consists of
the statistical population of the first stage along with university
professors who have publications in the field of supply chain ripple
effect.

In the qualitative part, the thematic analysis method was used. In the
quantitative part, based on the findings of the qualitative stage, a
researcher-made questionnaire was created and the fuzzy cognitive map
method was used to analyze the findings.

Results

Semi-structured interviews were conducted with experts to identify
strategies to cope with the ripple effect in Iran's food supply chain. 84
primary codes were identified, which were grouped into 21 sub-
categories and 4 main categories of "strategic management",
"operations management”, "drafting and correct implementation of
laws™ and "supply chain management”. Almost half of the obtained
codes are placed in the "supply chain management” category, which
indicates the high importance of this category in dealing with the ripple
effect. In the second stage of the research, to present the model and
scenario, a questionnaire was designed based on the findings of the
previous stage and given to 10 experts to complete. In this
questionnaire, experts were asked the importance of each of the 21 sub-
categories. FCMapper software was used to design a fuzzy cognitive
map of coping strategies.

Table 1: Analysis of strategies to cope with the ripple effect

Total Components| Strategy | Indegree | Outdegree | Centrality | Type
21 1 11/56 5/73 17,29 ordinary
Total Connections 2 9/85 2/45 12/3 ordinary
191 3 0 10/11 10/11 driver
Density 4 2/15 8/97 11/12 ordinary
0.45 5 9/64 0 9/64 receiver
COC””eCt'O”S PErl g 53 2/98 828 | ordinary
omponent
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Total Components| Strategy | Indegree | Outdegree | Centrality | Type

9.09 7 12/04 4,87 16/91 ordinary

Number of Driver| ¢ 1/36 8,91 1027 | ordinary
Components

3 9 10/73 6/91 17/64 ordinary
Number of

Receiver 10 4/15 6/43 10/58 ordinary
Components

1 11 2/64 2/55 5/19 ordinary
Number of

Ordinary 12 0 5/81 5/81 driver
Components

17 13 0 8/9 8/9 driver

Complexity Score 14 10 6/33 16/33 ordinary

15 9/02 7/37 16739 ordinary

16 1/25 7/64 8/89 ordinary

17 9/45 6/36 15/81 ordinary

0.33 18 9/34 4/84 14/18 ordinary

19 7/45 4/19 11/64 ordinary

20 1/46 3/26 4/72 ordinary

21 4,35 7/13 11/48 ordinary

As shown in Table 1, "Environmental change monitoring", "Strategic
planning” and "Technology upgrade" strategies have the highest degree
of effectiveness, "Inventory management”, "Contingency programs”
and "Production flexibility" strategies have the highest degree of
effectiveness and " Production flexibility”, "contingency plans™ and
"inventory management™ have the highest degree of centrality. Figure
1 shows the fuzzy cognitive mapping of strategies to cope with the

ripple effect in the supply chain of Iran's food products.
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Figure 1: Fuzzy cognitive mapping of strategies to cope with the ripple effect

To examine the scenarios, three backward and three forward scenarios
were designed. In the backward scenario, the most effective variables
were selected.

Supplier Relationship . .
[ Management Contingency Planning

Cooperation and

- Inventory Management
Coordination

Figure 2: The first backward scenario of coping strategies
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Figure 3: Second backward scenario of coping strategies

[ Supplier Relationship Contingency Planning

Management

Coopera'tion' and Production Flexibility
Coordination




(V98 Ol | Fojled | Jat b | (o5 <J38) Sl Juad | € ojleis | € UL | uqurup

Figure 4: The third scenario backward coping strategies
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Figure 5: Overlap of the backward scenarios of coping strategies

To draw forward scenarios, strategies No. 3, 4, and 8, which represent
"monitoring environmental changes,” "strategic program,” and
"technology improvement," were selected, respectively.
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Figure 6: First forward scenario of coping strategies
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Figure 7: Second forward scenario of coping strategies
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Figure 8: The third forward scenario of coping strategies
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Figure 9: Overlap of the forward scenario of coping strategies

Conclusions

Food product supply chain managers should consider long-term factors,
price flexibility, and contract support clauses in contracts with
suppliers. For foreign products, it is recommended to contract with
companies that have active agencies in the country, because other
companies may quickly stop their services due to new sanctions. The
purchase of critical parts of the supply chain (vertical integration) is
recommended to reduce risk. Contingency plans are necessary to cope
with the ripple effect, but to develop suitable contingency plans,
environmental and political issues must be monitored carefully, as a
result, it is necessary to create management teams in food products to
investigate environmental issues.

Keywords: Ripple Effect, Scenario Analysis, Coping Strategy,
Flexibility, Fuzzy Cognitive Map, Supply Chain of Food Products.
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