
Citation: Mistarihi, M.Z.; Magableh,

G.M. Unveiling Supply Chain

Nervousness: A Strategic Framework

for Disruption Management under

Fuzzy Environment. Sustainability

2023, 15, 11179. https://doi.org/

10.3390/su151411179

Academic Editors: Katarzyna

Grondys, Oksana Seroka-Stolka and

Marta Kadłubek

Received: 8 June 2023

Revised: 9 July 2023

Accepted: 12 July 2023

Published: 18 July 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

sustainability

Article

Unveiling Supply Chain Nervousness: A Strategic Framework
for Disruption Management under Fuzzy Environment
Mahmoud Z. Mistarihi 1,2,* and Ghazi M. Magableh 1

1 Hijjawi Faculty for Engineering Technology, Yarmouk University, Irbid 21163, Jordan;
ghazi.magableh@yu.edu.jo

2 Department of Mechanical and Industrial Engineering, Faculty of Engineering, Liwa College of Technology,
Abu Dhabi P.O. Box 41009, United Arab Emirates

* Correspondence: mahmoud.m@yu.edu.jo

Abstract: Supply chains are increasingly vulnerable to disruptions due to the complex and intercon-
nected nature of global business operations. Supply chain nervousness (SCN) leads to inefficiencies
and disruptions in the flow of goods and services. Managing SCN is critical for sustaining the conti-
nuity of business operations in today’s dynamic and uncertain business environment. To address
this issue, this study proposes a strategic framework that integrates key components of supply chain
nervousness management and establishes a robust framework that prioritizes these factors based on
their relative importance. By incorporating the fuzzy-ELECTRE methodology into the analysis, the
proposed framework acknowledges the inherent uncertainties and imprecisions present in supply
chain disruptions. It offers a systematic and comprehensive approach to prioritizing and managing
SCN factors, considering both qualitative and quantitative assessments. To validate the effectiveness
of the proposed framework, a case study is conducted in a real-world supply chain context. The
results highlight demand variability as the factor with the greatest impact on SCN. Moreover, the
results demonstrate the framework’s ability to effectively manage SCN by providing valuable in-
sights for practitioners and researchers seeking to understand the causes of supply chain nervousness
and mitigate its impact. The contributions of this research lie in providing decision-makers with a
strategic framework for disruption management under fuzzy environments. The proposed approach
enhances the understanding of SCN and enables proactive decision making to mitigate its negative
consequences.

Keywords: supply chain; nervousness; fuzzy-ELECTRE; SCNM; MCDA

1. Introduction

In today’s rapidly changing interconnected world, supply chains become more compli-
cated to be managed [1]. Due to this complexity, managers face several challenges that may
affect their goal of designing sustainable and competitive supply chains [2,3]. One such
challenge is supply chain nervousness (SCN). SCN can be defined as the disruptions or
uncertainties that occur in supply chain systems due to several factors. These disruptions
have extensively been studied in the literature without linking them to the nervousness of
the supply chains, such as demand disruptions, supply disruptions, production disruptions,
sudden disruptions, unforeseen events, environmental uncertainties, and many more [4].

Supply chain nervousness management (SCNM) is the practice of identifying, eval-
uating, and controlling nervousness in an organization’s supply chain [5]. Nervousness
is any kind of inside or outside factor and effect that makes it uncertain whether and
when a business will make decisions to achieve its goals. Using global SCNM strategies, a
company can operate more efficiently, reduce costs, and enhance customer service. The
supply chain is typically nervous about decisions that are vulnerable to activity, changes,
and disruptions, whether inside or outside. SC instability is a state that both influences
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and is influenced by nervousness. Desirable or undesirable supply chain nervousness
has an impact on industries, consumers, the economy, and organizations. Income and
profit volatility raises unhappiness, dissatisfaction, and investment costs. Markets and
economies are notorious for being uneasy. Inventory, planning, production, profit, and
other uncertain and erratic outcomes are all heavily impacted by SCN. The COVID-19
crises draw attention to SC’s worries about nervousness, including its causes, cures, and
safeguards. Nervousness management techniques preserve the product flow during crises
while offering long-term economic advantages to individual producers, businesses, and
other industries [6].

A nervousness assessment is the best way to identify internal nervousness, as well as
external nervousness presented by SC allies who have a significant impact on a company’s
ability to meet its commitments to produce and deliver quality products [7]. Nervousness
identification is considered the most important activity of a nervousness assessment be-
cause a company cannot manage a nervousness it does not identify. There are two parts
to nervousness: the consequences of an event and the associated likelihood of an event
occurring. A supply chain nervousness assessment goal is to make sure that the company
takes specific actions to better understand its nervousness and the potential effects that ner-
vousness may have. The SCNM process includes three main stages: identifying, evaluating,
and treatment of SCN; and three main components: SCNM elements, SCNM objectives,
and SCNM main pillars.

The vulnerabilities connected to managing the global supply chain (GSC) have gen-
erated discussion amongst researchers and practitioners. This is demonstrated by the
increasing business uncertainties in SCM that endanger the economy and the whole net-
work flow. Action is necessary at all times, including before, during, and after a disruption
event. But so is planning that action in a deliberate and methodical way [8]. Decision
makers must be careful that the steps they take will restore stability; otherwise, the turmoil
in the supply chain may spread as a result. SC mangers need access to trustworthy supply
chain insights in order to make the right decisions and take the appropriate actions. Again,
this is not simply a picture of the present; it is a comprehensive, accurate, and up-to-date
view of operations and circumstances that is updated and analyzed frequently. The man-
agement of supply chain nervousness by executives must take that into consideration all
the time and a cross the whole SC. Truly risk-free decisions will never exist. It is not a
decision maker’s responsibility to completely remove nervousness; rather, they should be
aware of its potential effects and strive to minimize it wherever they can [3].

There are few studies that have looked at nervousness in the supply chain. Previous
research has looked at nervousness from specific aspects, such as changes in demand,
inventory, and MRP systems, but has not examined the entire supply chain nervousness,
its impact, and how it should be managed [9,10]. This research seeks to cover the gap
and get it off the ground for researchers from academics and industry to see the aspects
related to nervousness in terms of definition, evaluation, minimization of its impact, and
management within a practical framework. Therefore, this research seeks to answer a
number of questions, including: What are the components of nervousness management
in the supply chain? How might we identify, evaluate, and minimize their impact and
consequences? What are the objectives of nervousness management in the supply chain?
How might we determine the goals of SCNM in an organization? And how can we identify,
analyze, and shape SCNM pillars?

This research is distinctive in that it thoroughly analyzes the SCN and proposes a
supply chain nervousness management framework. The SCNM frame discusses the process
of identifying the factors that contribute to nervousness in the SCs, including the internal
and external sources and causes of nervousness, assessing the qualitative and quantitative
nervousness factors, and introducing the reactive and proactive methodology to reduce or
mitigate the impact of nervousness factors. Additionally, it examines current supply chain
developments and how they relate to nervousness. It looks at managerial strategies and
how they impact supply chain nervousness. In light of the extraordinary advancements
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and transformations in business, economics, technology, and science, as well as the intense
rivalry that surpassed all expectations, this research offers a framework for SCNM. Other
contributions comprise the identification of a number of open research problems to be
investigated further in the future. Furthermore, the paper offers a methodology for lever-
aging the fuzzy multi-criteria decision analysis (Fuzzy-MCDA), elimination and choice
translating reality (ELECTRE) method to rank SCNM factors based on their importance
and effect. Building SCNM is essential given the present high level of global competition
and the advent of crises like the COVID-19 matter. To achieve this, the following objectives
have been identified:

• Modeling SCNM elements by identifying, assessing, and mitigating SCN factors;
• Determining the SCNM goal and objectives for current and future SC resilience and

sustainability;
• Analyzing the pillars of SCNM in terms of strategies, planning, measuring, and

continuity;
• Propose a fuzzy-MCDA approach to prioritize SCNM factors;
• Assessing SCN in UAE using the proposed technique and framework, then evaluating

and validating the results with the experts and concerned parties.

Considering that the United Arab Emirates enjoys a strong economy and a large
group of supply chains that link it to the whole world, it is more vulnerable than others
to nervousness [11]. Especially since this nervousness can be caused by natural, political,
economic, or financial changes around the world and outside the control of companies and
institutions within the Emirates. These sudden changes can be the result of crises such
as diseases and epidemics, or human-made such as wars and social unrest [12]. In this
research, the nervousness in the supply chains in the United Arab Emirates will be studied
and evaluated in terms of its causes and how to mitigate and measure it, as well as analyzing
its sources and how to treat and reduce its impact. So, a comprehensive SCNM framework
for nervousness in the UAE supply chains is proposed. A fuzzy-MCDA approach will be
used to evaluate SCNM factors and create priorities based on their importance. The results
will be presented, discussed, and evaluated with the stakeholders and specialists.

The rest of the paper is arranged as follows: Section 2 reviews previous studies
and clarifies the gaps; Section 3 presents the SCNM framework and discusses its main
components; and Section 4 presents the analysis and evaluation of nervousness factors
coupled with a numerical case study. Findings and discussion of results are provided in
Section 5; Section 6 presents conclusions, recommendations, and limitations, and suggests
future studies.

2. Related Work and Background
2.1. Supply Chain Nervousness

SCs face many challenges during crises like COVID-19. Crises and disruptions usu-
ally lead to SCN [9,12,13]. Nervousness identification, assessment, and mitigation are a
significant concern for supply chain managers, and it has attracted attention from several
supply chain segments. The management of nervousness associated with the supply chain
becomes an urgent necessity to help decision makers in the SC to ensure competitiveness,
stability, and increased SCs effectiveness [13]. In previous studies, researchers tend to use
the concept of supply chain management (SCM) to ensure stability [14], effectiveness [14],
resilience [15], and sustainability [16]. They defined the SCM as a systems-based method
to control the whole flow of commodities inventories from the supplier to the final client
in [17]. SCM involves managing the entire process from creating a product to disposing of
it after the sale. It includes product creation, acquisition, planning, manufacturing, distribu-
tion, fulfillment, and post-sale support. It is crucial for the success of any organization [18].
Business performance is now heavily influenced by sustainable supply chain management.
Understanding this relationship is crucial for managers to improve both environmental and
financial performance [19]. Other researchers delve into business performance by focusing
on the risks facing the supply chain and how to minimize these risks. This field of research
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is commonly known as SCRM (supply chain risk management) [20]. Risk management
is crucial for the smooth running of supply chains as it helps to handle uncertainty. Also,
the increased efficiency in the supply chain due to globalization and low inventories has
resulted in new vulnerabilities, leading to disruptions in the economy’s stability. To address
this, risk analysis and mitigation have become crucial to stabilize businesses. It is important
to identify key assets in the supply chain and secure them against potential threats to ensure
the continuity of the company [21]. The most significant long-term risks associated with
supply disruption are human resource regulatory risks, workplace issues, inflation costs,
safety violations, and social welfare violations. Those looking for suppliers in numerous
areas should be aware of the high dangers there that can call for mitigation action [22].

SCRM employs risk management process tools, either independently or in partnership
with supply chain partners, to address risks and uncertainties relating to logistics-related
activities, product availability, or resources in the supply chain [23]. However, analysts
often only consider their immediate surroundings, ignoring potential future issues [24].
Identifying risks and disruptions have been discussed in different fields and at different
levels of the supply chain. For example, the authors of [25] examine six risks affecting
the supply chain with a special focus on supplier selection. The investigated risks are
supply and demand risks, manufacturing risks, logistics risks, information risks, and
environmental risks. Other authors [26] study the same risks, except for the logistics
risks in the SMEs of clothing retailers. The authors of [27] focus on the risks associated
with SC with the aim of achieving resilience and sustainability, they classify the risks
according to their sources; demand-related risks and supply-related risks. The demand-
related risks include market disruption, demand spike, purchase behavior, and personal
protective equipment (PPE) shortage. Supply-related risks or factors include demand
plunge, production disruption, and failed networks. The supply-related risks gain more
focus in the study of [28] by analyzing the dependent and independent disruptions among
suppliers. This analysis can be done by examining the supply risks that affect specific
suppliers and the environmental risks that affect many suppliers in the region. Other
authors classify the disruptions as minor or major surprises according to the warning degree
preceding their occurrence [29]. One of the major causes of environmental disruption is the
COVID-19 pandemic, which affects the resilience and sustainability of the SCs [27]. Supply
and demand disruptions brought on by the COVID-19 pandemic have reverberating
impacts on supply chain management and operations, highlighting a need to increase
flexibility to reduce epidemic and demand risks [30].

Developing SCRM strategies is extremely critical in minimizing the impact of disrup-
tions during the COVID-19 pandemic and increasing the strength and ability to recover the
supply chain. These strategies are critical in ensuring supply chain stability [31] and will
lessen the effects of both natural and human-made disasters [32]. While Industry 4.0 has
revolutionized many aspects of production engineering, the development of supply chains
and supply chain management is still not as advanced [33]. The difficulty lies in figuring
out how to apply supply chain management effectively [34]. So, many researchers develop
strategies for building resilient, effective, stable, and sustainable SCs using Industry 4.0
technologies including artificial intelligence (AI), the Internet of things (IoT), block chains,
and E-supply chains. Firms with these technologies can ensure that they can match up their
information processing capabilities with the requirements, and this will lead to improving
the SCRM capabilities and boosts supply chain resilience [35–38].

The significant consequences of COVID-19 have spurred scholars to develop creative
and effective strategies that can mitigate the impact of disruptions of SCs and ensure
the smooth functioning of operations. Researchers have taken different approaches to
developing strategies. For example, the authors of [39] find that the most significant
long-term risks associated with supply disruption are human resource regulatory risks,
workplace issues, inflation costs, safety violations, and social welfare violations. Those
looking for suppliers in numerous areas should be aware of the high dangers there that can
call for mitigation action [22]. Other scholars develop financial strategies because of the big
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impact on a country’s economy and the financial performance of the companies [40]. Some
scholars focus on resilience while developing strategies to ensure the ability to recover from
disruptions [41]. Others derived their strategies from the concept of flexibility to emphasize
responsiveness and adaptability when dealing with changing conditions [42]. Similarly,
agility has been the focus for scholars who design strategies to enable effective responses
to any unexpected events [43]. Moreover, sustainability has been the guiding principle of
developing strategies for some scholars to ensure long-term efficient supply chains [44].
The most recent articles on developing strategies that mitigate the effects of disruptions,
risks, and uncertainties are included in Table 1 below.

Table 1. Adapted strategies to mitigate the effect of disruptions in supply chains.

Reference, Authors, and Year Adapted Strategies

[45]
Haraguchi et al. (2023)

Develop conversion strategies by considering six conversion types: the location of
production, the type of production line, storage location, usage, distribution
channel, and the skills of the workforce.

[46]
Rinaldi and Bottani (2023)

Prompt two types of strategies: Preventive strategies and sourcing strategies. The
preventive strategies include the use of PPE, the usage of protective barriers, space
layout redesign, and smart working. While sourcing strategies include multiple
sourcing, global sourcing, and local sourcing.
Also, they highlight the need of improving cooperation, information sharing, and
process automation.

[47]
Gurbuz et al. (2023)

They emerged different strategies, such as collaboration strategies to enhance
coordination and information sharing; flexibility strategies to adapt the changes
due to disruptions; responsiveness strategies to highlight the agile response to
customer needs; multi-shoring and multi-sourcing strategies; expanding the
customer base and markets by adapting the customer base diversification strategy;
navigating the complexity of regulations by developing the political advantage
and trade strategy; and, finally, the digitalization strategies.

[48]
Das (2018)

They suggest different practices including the integration of SC practices,
operational practices, environmental management practices, and employee and
community-inclusive practices.

[49]
Zhou and Li (2020)

Highlight the need for the integration of quality management practices with the
information sharing within the SC and supplier-specific investment.

[50]
Patare and Venkataraman (2023)

Discuss the strategies of quality production, marketing efforts, and product
pricing.

[51]
Majumdar et al. (2021)

Develop strategies with a combination of supply chain agility, flexibility,
sustainability, coordination, and collaboration to increase revenues.

[52]
Zhou et al. (2023)

Adapt controlling strategies, flexibility strategies, relationship-based and
policy-based strategies, and marketing strategies.

[53]
Suryadi and Rau (2023)

Supplier selection strategies with a focus on inventories level, level of inventories,
shipping routes, and method of shipping.

[54]
Alghababsheh et al. (2023)

They focus on different strategies concerning sustainability such as green
purchasing, eco-design, environmental management, collaboration, and
investment recovery.

Although the term nervousness has been used previously in some research studies,
its use has been limited to some aspects such as those related to inventory management,
MRP, and demand. The relationship between demand planning and the bullwhip effect
can be defined by comparing planning accuracy across various demand-supply network
echelons and identifying the areas of greatest nervousness [9]. Nervousness and volatility
are common in a multifaceted planning system. There have been significant technology
and market developments in SCM, which are then compared to the theory’s predicted
adjustments [55]. Supply chain disruptions negatively affect the performance of participants
in the supply chain, making it crucial to reduce risks and improve performance in the field
of supply chain management [56].
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2.2. Fuzzy-ELECTRE Method

To avoid vagueness in decision makers’ and experts’ expressions, fuzzy analysis
is a technique used in many fields, including engineering, to solve problems involving
uncertainty and ambiguity. It has been used in SCs, management, planning, and decision-
making issues.

To assess the generated mitigation strategies and prioritize the risks and disruptions
in the supply chain, different MCDA methods have been followed in previous studies.
For example, the SCOR technique is used to map and categorize supply chain operations,
the integrated methodologies (HOR) and analytic network process (ANP) with Pareto
diagrams and method-based ratings, and evaluations based on the assessment of the FMEA
technique, as well as risk events and risk agents are identified as proper approaches to
assess supply chain risks [57]. The authors of [58] combine AHP, VIKOR, and simulation to
evaluate the practices of GSCM. Others [59] use a hybrid fuzzy MCDA that combines the
fuzzy decision-making trial and evaluation laboratory (DEMATEL) with ANP and fuzzy
ANP to assess and evaluate the factors of their framework and rank the evaluation criteria.
The authors of [60] integrate Delphi, the grey theory, fuzzy set, and Weighted Influence
Non-linear Gauge System (WINGS) approaches to generate a useful policy for a sustainable
supply chain.

A series of MCDA methods known as ÉLECTRE was developed in Europe in the
middle of the 1960s. ÉLECTRE is an acronym for Élimination Et Choix Traduisant la
Realité [61]. The fuzzy-ELECTRE method will be used to evaluate the factors affecting
supply chain nervousness. The ELECTRE methods—elimination and choice translating
reality—assemble a group of decision-making systems whose distinguishing characteristic
is the partial aggregate based on the growth of relations of performance comparisons
between each pair of solutions.

Typically, this type of decision making is referred to as an “outranking approach”.
ELECTRE applied to the three key issues of selecting, ranking, and sorting. They are
employed in the domains of business, growth, design, supplier selection, and development.
An ELECTRE application has two primary components: first, the creation of one or more
outranking relations, which tries to compare every pair of actions in depth; and second, an
exploitation technique, which expands on the recommendations made in the first phase.
The nature of the suggestions varies depending on the issue being handled: selecting,
ranking or sorting. The importance coefficients and veto thresholds are two separate sets
of criteria parameters used in ELECTRE procedures. The weights of the criteria cannot
be determined using the ELECTRE approach. It can be used with other strategies like
AHP and has been utilized in previous studies for supply chain analysis and to identify
and rank barriers to GSCM implementation in the leather sector with the use of AHP-
ELECTRE combination [62], in order to establish an environmental trade-off between energy
consumption and product life cycle in the cold supply chain using the best-worst method
and ELECTRE-I methodology [63]; establish the significance of dealership performance
evaluation in a supply chain; take into account the DEMATEL and ELECTRE [64]; select the
optimum strategy among available alternatives of hazards in the supply chain of a medical
equipment maker company using a combined ANP-ELECTRE technique [65]; use a vague
group framework selection for electronic supply chain management [66]; rank the factors
influencing the green supply chain [67]; compare effective factor rankings in supply chain
management using fuzzy-ELECTRE [68]; analyze and prioritize green health suppliers
using fuzzy-ELECTRE [69]; and rank the green chain suppliers using a fuzzy TOPSIS and
ELECTRE method [70].

Few studies have addressed nervousness management in the supply chain or the
use of MCDA in the evaluation of SCNM factors, especially if the issue is related to the
nervousness of the supply chain in an integrated manner and not a small part of it. There
is also a rebuttal in studies that quantify nervousness to response based on its degree of
impact and importance. This paper proposes a framework for nervousness management
in the supply chain. The proposed framework aims to fill the gap in previous studies
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and provide decision makers with tools to assess and avoid supply chain nervousness in
their organizations. The evaluation of SCNM factors will be done using the fuzzy-MCDA
method to avoid uncertainty and ambiguity in decision making. This research serves as
a resource for future supply chain management and decision making. The most recent
articles on multi-criteria decision analysis methods, which primarily focus on supply chain
nervousness, are included in Table 2 below.

Table 2. Multi-criteria decision analysis (MCDA) methods for supply chain management.

Reference, Authors, and Year Field of Research MCDA Approach

[71]
Korucuk et al. (2023) Supply Chain Management

Bipolar Neutrosophic Stepwise Weight
Assessment Ratio Analysis (BN-SWARA) and
(BN-TOPSIS) methods

[72]
Stević et al. (2023) Supply Chain Management, COVID-19 Rough MCDM Model (rough set theory, SWARA,

and MARCOS)

[73]
Tsai et al. (2023) Green Supply Chain Management Hybrid MCDM Model (DEMATEL-based ANP

(DANP))

[74]
Wei (2022)

Supply Chain Management, Risk
Assessment

Machine Learning-based Linear Regression
Algorithm (ML-LRA)

[75]
Shyur (2006) Vendor Selection AHP, ANP, and TOPSIS

[76]
Tliche et al. (2023)

Supply Chain Management, Bullwhip
Effect Bi-objective Optimization

[77]
Kao et al. (2022) Supplier Selection

Fuzzy Analytic Hierarchical Process (FAHP) and
Weighted Aggregated Sum Product Assessment
(WASPAS)

[78]
Bairagi (2022) Warehouse Location Selection Fuzzy Multi-criteria Analysis (FMCA)

[79]
Roy et al. (2021)

Ranking Barriers of Supply Chain
Management, Disaster Management ELECTRE Method

[80]
Riaz et al. (2022) Supply Chain Management, Uncertainty Cubic Intuitionistic Fuzzy Topology

[81]
Singh (2020)

Supply Chain Risk Management,
Environment Uncertainty Uncertainty Analysis, Hypothesis Testing

[82]
Ganguly and Kumar (2019) Supply Chain Resiliency Fuzzy Analytic Hierarchy Process (F-AHP)

[83]
Chand et al. (2018) Green Supply Chain Management ANP-MOORA

[84]
Luqman et al. (2023) Supply Chain Resilience Partial Least Squares Structural Equation

Modeling (PLS-SEM)

[85]
Misbauddin et al. (2023) Supply Chain Viability (PLS-SEM)

[86]
Wu et al. (2023) Supply Chain Resilience Interval Type-2F-PT-TOPSIS

[87]
Liu et al. (2023) Supply Chain Resilience Disruptive Technologies

[88]
Sharma et al. (2023)

Green, Resilient, Agile, and Sustainable
Fresh Food Supply Chain

Integrated Fuzzy Interpretive Structural
Modeling—Decision-making Trial and Evaluation
Laboratory (FISM-DEMATEL) Techniques

[89]
Hsu et al. (2022) Supply Chain Resilience HOQ-MCDM
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Table 2. Cont.

Reference, Authors, and Year Field of Research MCDA Approach

[90]
Sathyan et al. (2022)

Responsiveness in Automotive Supply
Chain

Fuzzy MCDM (Fuzzy DEMATEL, Fuzzy AHP, and
Fuzzy TOPSIS)

[91]
Hsu et al. (2022) Supply Chain Agility Integrated QFD-MCDM

[92]
Khan et al. (2022) Supply Chain Risk Management Fuzzy VIKORSort

[68]
Sarvestani (2016) Supply Chain Management Fuzzy-ELECTRE (I)

[93]
Mabrouk (2021) Sustainable Supply Chain Management Fuzzy Delphi

[94]
Sumarliah et al. (2021) Risk Supply Chain Management Fuzzy Best-worst

Table 2 provides an overview of the various multi-criteria decision analysis methods
employed in supply chain management. However, there is a noticeable gap in the current
research when it comes to utilizing these approaches to specifically address the issue of
managing and mitigating supply chain nervousness. This indicates a clear need for further
investigation in this area, particularly studies that delve into how MCDM techniques can
be used to assess factors pertaining to the management of supply chain nervousness.

3. Materials and Methods

The research methodology for studying supply chain nervousness management
(SCNM), as depicted in Figure 1, comprises the following steps: Review of prior stud-
ies and literature review analysis; gathering of necessary data and information using
surveys, interviews, and meetings including seminars and workshops with the presence of
experts; and having SC executives, specialists, and managers from an expert team to help
select the SCNM factors according to importance and sequence of application. The expert
group helps evaluate the SCNM framework basics and validate the assessments process
and results; defines SCNM elements cause, evaluation, and mitigation process; analyzes
current supply chain nervousness pillars, strategies, planning, measures, and continuity
phases; proposes a framework to model SCN management components; evaluates and pri-
oritize SCNM factors using a fuzzy-ELECTRE technique; apply the proposed fuzzy-MCDM
technique to a numerical case study; and discuss the results and present the findings.
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3.1. The Study Tools

The study tools of this research were surveys, interviews, and workshops. The surveys
were developed based on reviewing prior studies and conducting a literature review,
gathering data to define the SCNM factors. Prior to this, the respondents were initially
asked about their business type, their positions within their organizations, their years of
experience, and the size of the company they work for. This information helped to ensure
that the data collected would be relevant and meaningful to the research objectives.

3.2. Sample and Population

The study population consisted of all working experts in the supply chain and logistics
field in the UAE. The study sample consisted of (7) experts in supply chain management
within the leading companies in the UAE with diverse expertise, including CEOs, supply
chain managers, logistics experts, and data analysts.

3.3. Analysis and Evaluation of Nervousness Factors Using Fuzzy-ELECTRE Technique

In this section, the fuzzy-ELECTRE I procedure is based on the approach proposed
by [6,95–100]. The study uses a ten-step algorithm as shown in Figure 2.
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Step 2: Choose the appropriate linguistic variables and find the overall fuzzy ratings. 

Select suitable linguistic variables to evaluate attributes and criteria. Determine the ag-

gregate fuzzy rating defined by the experts �̃�𝑒 = (𝑎𝑒 , 𝑏𝑒 , 𝑐𝑒) , 𝑒 = 1,2, …𝐸  as �̃�𝑒 =

(𝑎, 𝑏, 𝑐) , 𝑒 = 1,2, …𝐸. Where 

𝑎 =
1

𝐸
∑ 𝑎𝑒

𝐸
𝑒=1 , 𝑏 =

1

𝐸
∑ 𝑏𝑒

𝐸
𝑒=1 , 𝑐 =

1

𝐸
∑ 𝑐𝑒

𝐸
𝑒=1   (1) 

Consider the eth expert’s fuzzy rating and importance weights are �̃�𝑖𝑗𝑒 =

(𝑎𝑖𝑗𝑒 , 𝑏𝑖𝑗𝑒 , 𝑐𝑖𝑗𝑒) , and �̃�𝑗𝑒 = (𝑤𝑗𝑒
𝐿 , 𝑤𝑗𝑒

𝑀, 𝑤𝑗𝑒
𝑈) , 𝑖 = 1,2, …𝑚;  𝑗 = 1,2, …𝑛 . Following that, the 

agreed-upon fuzzy rating �̃�𝑖𝑗 of the alternatives for each criterion is as follows: 

�̃�𝑖𝑗 = (𝑎𝑖𝑗 , 𝑏𝑖𝑗 , 𝑐𝑖𝑗)  (2) 

Figure 2. Fuzzy-ELECTRE hierarchy model.
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Step 1: Create a panel of specialists and determine the attributes. Form a committee
of E experts. The fuzzy evaluation of each expert Ek : e = 1, 2, . . . E can be denoted as

triangular fuzzy numbers (TFN)
∼
Re : e = 1, 2, . . . E with relationship function µ∼

Re
(x). Then,

define the alternatives and evaluation criteria.
Step 2: Choose the appropriate linguistic variables and find the overall fuzzy ratings.

Select suitable linguistic variables to evaluate attributes and criteria. Determine the ag-

gregate fuzzy rating defined by the experts
∼
Re = (ae, be, ce), e = 1, 2, . . . E as

∼
Re = (a, b, c),

e = 1, 2, . . . E. Where

a =
1
E∑E

e=1 ae, b =
1
E∑E

e=1 be, c =
1
E∑E

e=1 ce (1)

Consider the eth expert’s fuzzy rating and importance weights are
∼
x ije =

(
aije, bije, cije

)
,

and
∼
wje =

(
wL

je, wM
je , wU

je

)
, i = 1, 2, . . . m; j = 1, 2, . . . n. Following that, the agreed-upon

fuzzy rating
∼
x ij of the alternatives for each criterion is as follows:

∼
x ij =

(
aij, bij, cij

)
(2)

aij =
1
e ∑E

e=1 aije, bij =
1
e ∑E

e=1 bije, cij =
1
E∑E

e=1 cije (3)

Then, each criterion’s aggregated fuzzy weights
∼
wij are determined as:

∼
wj =

(
wL

j , wM
j , wU

j

)
(4)

wL
j =

1
E

E

∑
e=1

wL
je, wM

j =
1
E

E

∑
e=1

wM
je , wU

j =
1
E

E

∑
e=1

wU
je (5)

Step 3: Build the fuzzy decision matrix
∼
D

∼
D =


∼
x11
∼
x21

...
∼
xm1

∼
x12
∼
x22

...
∼
xm2

. . .

. . .

. . .

. . .

∼
x1n
∼
x2n

...
∼
xmn

 (6)

∼
W =

(∼
w1,

∼
w2, . . .

∼
wn

)
(7)

where
∼
x ij =

(
aij, bij, cij

)
and

∼
wj =

(
wL

j , wM
j , wU

j

)
for i = 1, 2, . . . m; j = 1, 2, . . . n is attain-

able using positive triangular fuzzy numbers.
Step 4: Normalize and determine the weighted fuzzy decision matrix. Normalize the

fuzzy decision matrix which can be obtained by
∼
Rk

∼
R =

[∼
r ij

]
mXn

i = 1, 2, . . . m; j = 1, 2, . . . n (8)

∼
r ij =

(
aij

c∗j
,

bij

c∗j
,

cij

c∗j

)
, c∗j = max

i
cij (9)
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Next, calculate the weighted normalized decision matrix
∼
V.

∼
V =


∼
v11
∼
v21

...
∼
vm1

∼
v12
∼
v22

...
∼
vm2

. . .

. . .

. . .

. . .

∼
v1n
∼
v2n

...
∼
vmn

 (10)

∼
v ij =

∼
r ij(.)

∼
wj; i = 1, 2, . . . m; j = 1, 2, . . . n (11)

where
∼
wj denote the importance and weight of evaluation criteria Cj.

Step 5: Calculate the concordance and discordance matrices. Utilize the weighted
normalized fuzzy decision matrix and pairwise evaluation of the alternatives, to compute
the concordance and discordance matrices. Consider these two possibilities, and the
concordance set can be calculated using:

JC =
{

j
∣∣∣∼vgj ≥

∼
v f j

}
(12)

JC represent all the index criteria related to concordance coalition using the outranking
relations AgSA f .

The following Equation is used to compute the hamming distance (
∼
A,
∼
B) between two

fuzzy numbers
∼
A and

∼
B.

d(
∼
A,
∼
B) =

∫
R

∣∣∣µ∼
A
(x)− µ∼

B
(x)
∣∣∣dx (13)

when comparing two alternatives g and f for each evaluation criteria, the least upper bound
is determined using max(

∼
vgj,

∼
v f j). Next, the hamming distances d(max(

∼
vgj,

∼
v f j),

∼
vgj) and

d(max(
∼
vgj,

∼
v f j),

∼
v f j) are computed.

∼
vgj ≥

∼
v f j, if d(max(

∼
vgj,

∼
v f j),

∼
v f j) ≥ d(max(

∼
vgj,

∼
v f j),

∼
vgj).

Discordance can be calculated using:

JD =
{

j
∣∣∣∼vgj <

∼
v f j

}
(14)

JD represent all the index criteria related to discordance coalitions where Ag is at least
the same as A f . Similarly, when comparing two alternatives g and f for each criterion, the

Hamming distances assume that
∼
vgj <

∼
v f j if d(max(

∼
vgj,

∼
v f j),

∼
v f j) < d(max(

∼
vgj,

∼
v f j),

∼
vgj).

Step 6: Define the concordance and discordance matrices. Specify the concordance

matrix
∼
C for each pairwise comparison:

∼
C =



− · · · ∼
c 1 f · · · ∼

c 1m
...

. . .
... · · ·

...
∼
c g1 · · · ∼

c g f · · · ∼
c gm

...
. . .

...
...

...
∼
c m1 · · · ∼

c m f · · · −


(15)

The concordance matrix’s components are calculated as the fuzzy aggregation of all
the fuzzy weights assigned to the concordance sets criteria.

∼
c g f =

(
cL

g f , cM
g f , cU

g f

)
= ∑

j∈JC

∼
W j =

(
∑
j∈J

wL
j , ∑

j∈J
wM

j , ∑
j∈J

wU
j

)
(16)
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Then, express the discordance matrix D, where:

D =



− · · · d1 f · · · d1m
...

. . .
... · · ·

...
dg1 · · · dg f · · · dgm

...
. . .

...
...

...
dm1 · · · dm f · · · −

 (17)

hdg f =

max
j∈JD

∣∣∣∼vgj −
∼
v f j

∣∣∣
max

j

∣∣∣∼vgj −
∼
v f j

∣∣∣ =
max
j∈JD

∣∣∣d(max(
∼
vgj,

∼
v f j),

∼
v f j)

∣∣∣
max

j

∣∣∣d(max(
∼
vgj,

∼
v f j),

∼
v f j)

∣∣∣πr2 (18)

Step 7: Assess the concordance matrix and set up the Boolean matrix. To assess the

concordance matrix members’ values, calculate the concordance level
∼
C =

(
cL, cM, cU)

such as the average of the components in the concordance matrix is calculated using the
following Equation.

cL =
m

∑
f=1

m

∑
g=1

cL
g f /m(m− 1),

m

∑
f=1

m

∑
g=1

cM
g f /m(m− 1),

m

∑
f=1

m

∑
g=1

cU
g f /m(m− 1) (19)

After that, form the Boolean matrix B based on the minimum concordance level
∼
C. Hamming distance is utilized to compare

∼
c g f and

∼
C. In the matrix B alternative, g

dominates alternative f if bg f = 1.

B =



− · · · b1 f · · · b1m
...

. . .
... · · ·

...
bg1 · · · bg f · · · bgm

...
. . .

...
...

...
bm1 · · · bm f · · · −

 (20)


∼
c g f ≥

∼
C
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Step 7: Assess the concordance matrix and set up the Boolean matrix. To assess the 

concordance matrix members’ values, calculate the concordance level �̃̅� = (𝑐𝐿, 𝑐𝑀, 𝑐𝑈) 

such as the average of the components in the concordance matrix is calculated using the 

following Equation. 

𝑐𝐿 = ∑ ∑ 𝑐𝑔𝑓
𝐿

𝑚

𝑔=1

𝑚

𝑓=1

𝑚(𝑚 − 1)⁄ , ∑ ∑ 𝑐𝑔𝑓
𝑀

𝑚

𝑔=1

𝑚

𝑓=1

𝑚(𝑚 − 1)⁄ , ∑ ∑ 𝑐𝑔𝑓
𝑈

𝑚

𝑔=1

𝑚

𝑓=1

𝑚(𝑚 − 1)⁄  (19) 

After that, form the Boolean matrix 𝐵 based on the minimum concordance level �̃̅� . 

Hamming distance is utilized to compare �̃�𝑔𝑓  and �̃̅� . In the matrix 𝐵  alternative, 

𝑔 dominates alternative 𝑓  if 𝑏𝑔𝑓 = 1. 

𝐵 =

[
 
 
 
 

− ⋯ 𝑏1𝑓 ⋯ 𝑏1𝑚

⋮ ⋱ ⋮ ⋯ ⋮
𝑏𝑔1 ⋯ 𝑏𝑔𝑓 ⋯ 𝑏𝑔𝑚

⋮ ⋱ ⋮ ⋮ ⋮
𝑏𝑚1 ⋯ 𝑏𝑚𝑓 ⋯ − ]

 
 
 
 

 (20) 

{
�̃�𝑔𝑓 ≥ �̃̅� ⬄𝑏𝑔𝑓 = 1

�̃�𝑔𝑓 < �̃̅� ⬄𝑏𝑔𝑓 = 0
 (21) 

Step 8: Measure the elements of the discordance and Boolean matrix. The measures 

are accomplished by stating the discordance-level �̅� as the average of constituents in the 

discordance matrix. 

bg f = 1
∼
c g f <

∼
C
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following Equation. 

𝑐𝐿 = ∑ ∑ 𝑐𝑔𝑓
𝐿

𝑚

𝑔=1

𝑚

𝑓=1

𝑚(𝑚 − 1)⁄ , ∑ ∑ 𝑐𝑔𝑓
𝑀

𝑚

𝑔=1

𝑚

𝑓=1

𝑚(𝑚 − 1)⁄ , ∑ ∑ 𝑐𝑔𝑓
𝑈

𝑚

𝑔=1

𝑚

𝑓=1

𝑚(𝑚 − 1)⁄  (19) 

After that, form the Boolean matrix 𝐵 based on the minimum concordance level �̃̅� . 

Hamming distance is utilized to compare �̃�𝑔𝑓  and �̃̅� . In the matrix 𝐵  alternative, 

𝑔 dominates alternative 𝑓  if 𝑏𝑔𝑓 = 1. 

𝐵 =

[
 
 
 
 

− ⋯ 𝑏1𝑓 ⋯ 𝑏1𝑚

⋮ ⋱ ⋮ ⋯ ⋮
𝑏𝑔1 ⋯ 𝑏𝑔𝑓 ⋯ 𝑏𝑔𝑚
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{
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Step 8: Measure the elements of the discordance and Boolean matrix. The measures 

are accomplished by stating the discordance-level �̅� as the average of constituents in the 

discordance matrix. 

bg f = 0
(21)

Step 8: Measure the elements of the discordance and Boolean matrix. The measures
are accomplished by stating the discordance-level D as the average of constituents in the
discordance matrix.

D =
m

∑
f=1

m

∑
g=1

dg f /m(m− 1) (22)

Then, measure the Boolean matrix H by the least discordance level. The matrix’s
elements measure the strength of the discordant coalition; therefore, if an element value
exceeds a specific level, D, the statement is no longer true. A discordant coalition never
has any influence when dg f < D, i.e., the matrix H elements with values of 1 depict the
dominance relationships amongst the possible solutions.

H =



− · · · h1 f · · · h1m
...

. . .
... · · ·

...
hg1 · · · hg f · · · hgm

...
. . .

...
...

...
hm1 · · · hm f · · · −

 (23)
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{
dg f < D
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Step 8: Measure the elements of the discordance and Boolean matrix. The measures 

are accomplished by stating the discordance-level �̅� as the average of constituents in the 

discordance matrix. 
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Step 8: Measure the elements of the discordance and Boolean matrix. The measures 

are accomplished by stating the discordance-level �̅� as the average of constituents in the 

discordance matrix. 

hg f = 0
(24)

Step 9: Compute the global matrix Z using the peer multiplication of the components
of the matrix B and H using the following Equation.

Z = B⊗ H (25)

where the element zg f in matrix Z is calculated using:

zg f = bg f ·hg f (26)

Step 10: Rank the alternatives based on their importance. Exploit outranking rela-
tion from matrix Z to determine the smallest collection of choices from which the best
compromise option could be chosen.

4. Case Study
4.1. Supply Chain Management in UAE

The proposed framework was demonstrated using a numerical case study, which took
place in the United Arab Emirates. The United Arab Emirates is more susceptible to anxiety
than other countries because of its robust economy and extensive network of supply chains
connecting it to the rest of the world [97], particularly given that these uncertainties may
result from global ecological, political, economic, or financial shocks that are beyond the
control of businesses and organizations inside the Emirates. These abrupt shifts may be
brought on by natural disasters like disease outbreaks and epidemics, or by human-made
events like wars and societal instability.

4.2. SCNM Framework

The SCNM framework aims to manage nervousness in the supply chain by going
through six stages to identify, analyze, prioritize, treat, and monitor factors that cause
nervousness. As shown in Figure 3, SCNM is a technique used by organizations to manage
supply chain anxiety by identifying, evaluating, and mitigating risks. SCNM involves
continuous assessment of risks to ensure the continuity of the supply chain and reduce its
vulnerability.
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4.3. SCNM Elements
4.3.1. Identifying SCN Factors

The SCNM process starts by identifying the sources of nervousness in the supply
chain. This includes both internal and external risks such as product design, staffing
arrangements, external disruptions, and environmental concerns. Internal risks are the
dangers that can be affected or controlled by the organization, while external risks are those
that the organization has little to no control over [28].

The main factors that lead to SCN include demand variation, flows interruptions,
SGE factors, unplanned events, business uncertainties, operations disruptions, and SC-ICT
vulnerabilities, as described below.

a. Demand variations. Client demand variability refers to the unpredictability of con-
sumer demand, which can be driven by factors such as complexity and international
differences. The main factors affecting demand variability are volatility, uncertainty,
complexity, and ambiguity, and managing it can be a challenge for supply chain
executives due to the cost and impact of the bullwhip effect [29].

b. Flows interruptions. Supply chains are complex systems that need cooperation from
all participants to function effectively. The main supply chain flows are product,
negotiation, risk, information, and promotion. Disruptions to the supply chain can
have serious consequences and can be caused by various events such as pandemics,
conflicts, political instability, financial crises, social unrest, and natural disasters
[29,31].
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c. SGEC factors. The supply chain can be influenced by various factors including social
issues, government policies, economic conditions, and cultural attitudes. These
factors can impact the growth, safety, and welfare of communities and human rights.

d. Unplanned events. The supply chain can be disrupted by unexpected events such as
sudden increases in demand, weaknesses in partners, economic shocks, cyberattacks,
and natural disasters. The COVID-19 crisis highlights the potential impact of these
events on supply and demand [6].

e. Business uncertainties. Business uncertainty refers to the difficulty in predicting
future outcomes due to changes in the economy, competition, and society. This
can result from expanding into new markets, economic uncertainty, or competitors’
actions.

f. Operations disruptions. The supply chain and its internal systems and processes are
prone to operational issues that can cause disruptions in the manufacture, sale, or
distribution of goods.

g. SC-ICT vulnerabilities. Information and communication technologies (ICT) play
a vital role in the supply chain process as they facilitate connections and improve
management of time, cost, and quality. However, ICT also brings security risks, as
hackers often target supply chain vendors to gain access to a corporation through
a backdoor attack, causing potential harm to operations, finances, and reputation.
This has caused concern among supply chain managers and partners, requiring
immediate action to address these vulnerabilities.

4.3.2. Assessing SCN

The second part of the supply chain nervousness management process involves assess-
ing the factors that cause nervousness in the supply chain. There are two main methods for
assessing nervousness, quantitative and qualitative. A quantitative assessment relies on
objective data, while a qualitative assessment uses knowledge and experience. The process
of SCN assessment involves ten steps, including evaluating organization preparedness,
quantifying probability, and impact, and updating decision systems. Organizations can
manage their supply chain nervousness through four processes, including identifying and
documenting nervousness, observing it, and conducting regular reviews. A supply chain
nervousness assessment checklist is used to make sure the company takes specific actions
to understand its nervousness and potential effects on the bottom line.

The supply chain nervousness assessment is a continuous monitoring and examination
process to identify any potential weaknesses in current nervousness management proce-
dures. It aims to enhance industry standards and raise awareness of exposures, threats, and
vulnerabilities related to goods and services moving through the supply chain. Nervous-
ness quantification gives a numerical representation of vulnerabilities and helps businesses
prioritize problems. Nervousness factor scoring is a useful tool to quickly identify the most
pressing issues and prioritize them based on their score.

4.3.3. Mitigate SCN

As shown in Figure 3, the third aspect of SCNM is the mitigation process, the process
involves creating a strategy to manage, eliminate, or limit the hindrances causing nervous-
ness. The four common methods of nervousness reduction are acceptance, transference,
reduction, and avoidance, and organizations need to understand these methods to effec-
tively reduce nervousness in their business [9]. The next step is to evaluate each source of
nervousness based on its potential consequences. There are two main strategies for supply
chain risk management: reactive and proactive. Reactive management focuses on minimiz-
ing the harm from potential threats and quickly recovering from them but assumes that
interruptions will happen. Proactive management aims to predict and prevent problems
before they occur, reducing both the likelihood of accidents and the time it takes to resolve
them. This approach leads to stronger and more successful supply chains compared to
reactive management [98].
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4.4. SCNM Main Goals

The SCNM framework consists of four pillars: stability, competitiveness, resilience,
and sustainability. Effective management of supply chain nervousness requires ongoing
monitoring, planning, and execution. The four pillars of SCNM help minimize the effects
of unexpected events and ensure smooth operations. The ultimate objective of SCNM is to
be vulnerable to a range of problems that may result in higher prices, postponed deadlines,
and faults in quality and delivery. To safeguard the company’s resources, it is essential to
implement effective nervousness management.

4.5. Pillars of SCNM

As shown in Figure 3, there are four nervousness pillars to ensure efficient SCNM.
These pillars include SCN strategy, planning, measuring, and continuity. Any SCNM
system should thoroughly consider these pillars for the effective building of a model or
framework to make sure SC nervousness is minimized [99,100].

4.5.1. SCN Strategy

SCNM helps organizations avoid negative consequences in the GSC by understanding
and managing nervousness in the supply chain. The key to building a successful SCNM
framework understands the appropriate strategies for managing nervousness. A compre-
hensive SCNM strategy can help the organization to operate efficiently, reduce costs, and
improve customer satisfaction.

4.5.2. SCN Planning

A supply chain nervousness management plan is a strategy to minimize supply chain
disruptions by identifying and managing sources of nervousness. The steps include under-
standing the sources, defining boundaries and responsibilities, managing trade-offs, and
modeling nervousness. Organizational boundaries refer to the divisions within a company,
such as departments, business units, and supply chain affiliations. The management level
in charge of control is also important. The company plans to strengthen relationships with
government and corporate entities through outreach and involvement, and exchange infor-
mation with supply chain partners about threats and mitigation strategies. Supply chain
responsibility means managing partnerships in a socially and environmentally responsible
manner. Supply chain (SC) decision making can lead to improvements in key metrics if
trade-offs are understood and decisions are made with model risk management in mind to
control negative impacts and ensure accurate modeling.

4.5.3. SCN Measuring

To measure SCN several steps are designated for quantifying nervousness in the
supply chain. The recommended steps include forming a scale, defining nervousness
boundaries, quantifying SCN, outlining nervousness levels, categorizing nervousness
levels, and calculating the aggregated SCN factors score. There are different methods to
quantify supply chain nervousness (SCN) factors, including financial impact assessment,
process mapping, and group approach. The supply chain management process has three
levels—strategic, tactical, and operational—while the SCN management levels include
managerial, commercial process, and system levels.

4.5.4. SCN Continuity

The SCM continuity strategy is a comprehensive plan for managing disasters and
ensuring the uninterrupted flow of information, goods, and services. It includes six
phases: regular review, risk assessment, impact analysis, plan development, maintenance
and testing, and communication. This plan is essential for protecting the organization’s
operations and preserving the interests of all parties involved. The plan should be reviewed
annually by an outside specialist and updated to reflect changes in the environment.
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Communication with internal and external parties is crucial to keep everyone informed
about events and updates.

5. Results and Discussion

The article discusses the importance of revisiting global supply chain strategy in the
current high competition and crisis such as COVID-19. It highlights the need to determine
nervousness elements in the supply chain and establish a framework for decision making.
The research approach includes a review of past studies, SCNM strategies, and the impact
of nervousness on the supply chain. The proposed framework connects the main SCNM
elements for analysis, improvement, and responsiveness, allowing decision makers to
support future flexibility and competitiveness. The article also presents methods and
techniques for dealing with SCNM factors and offers recommendations for an innovative
solution for the global supply chain.

To our knowledge, the limited previous research has considered SC nervousness
management and determined the SCNM process in terms of identifying, assessing, and
effective handling. Particularly with the interruptions created by crises such as the
COVID-19 pandemic, which has a unique and exceptional impact that has resulted in
a great deal of SC instability and an increase in the expenses of maintaining the supply
chain and its relationships. An investigation of the objectives of SCNM and potential solu-
tions is offered in this research. A questionnaire was developed to explore and evaluate the
nervousness of the UAE-SCNM factors, and F-ELECTRE was used to analyze the SCNM
factors and prioritize the factors that are most important in supply chain nervousness
management.

A questionnaire was sent out to businesses and organizations to gather information
on the factors affecting supply chain nervousness as a first step in the research. A team of
experts was then formed to evaluate the supply chain concerns and determine the weight
of the evaluation criteria. The experts evaluated the alternatives based on the criteria and
identified the most significant variables and alternatives related to nervousness.

This research paper evaluates and arranges factors related to supply chain nervousness
and its impact on the supply chain network. It identifies factors from the literature and
uses a questionnaire to gather data from companies and organizations. A group of experts
in supply chain and logistics was formed to conduct assessments and determine the most
important factors and alternatives related to nervousness, as well as evaluate alternatives
according to the chosen criteria.

To complete the assessment, the experts identified five factors and five evaluation
criteria from among the previously discussed factors. Factors include demand variation
(DV), flow interruptions (FI), SGE factors (SF), unplanned events (UE), and business uncer-
tainties (BU). The evaluation criteria compromise is supply chain resilience (Re), total SC
cost (Co), customer satisfaction (Sc), SC visibility (Vi), and the SC integration and partners
collaboration (Ic). The proposed fuzzy-ELECTRE method and steps described previously
in Section 2.2 are used to prioritize the influence of factors on supply chain nervousness.

First, the specialist group includes seven experts (E1–E7). The experts define the
five factors (A1–A5) and the five evaluation criteria (C1–C5) as discussed in the previous
paragraph. Then, the linguistic expressions for the importance weights of the evaluation
criteria and the performance rating for the alternative factors are determined. Table 3 shows
the linguistics variables and their corresponding TFN values.

The decision makers assess the importance weights for each evaluation criterion using
linguistic terms. Subsequently, the TFN weights of each criterion are aggregated using
Equations (3) and (4). Table 4 shows the criteria linguistic important weights and their
equivalent aggregated fuzzy weights.

Equations (3) and (4) are used to combine the fuzzy ratings of options for each criterion.
Table 5 provides an example of the linguistics assessment values of the seven experts for
alternative DV with respect to criterion Co and Sc and their aggregated fuzzy values.
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Table 6 displays the combined fuzzy ratings of the alternatives for each criterion with the
fuzzy decision matrix.

Table 3. The linguistic variables for the weights of the criteria and performance rating.

The Linguistic Terms for the Importance Weights of
the Criteria The Linguistic Terms for the Performance Rating

Linguistic Terms Equivalent Fuzzy Number Linguistic Terms Equivalent Fuzzy Number

Very Low (VL) (0,0.1,0.3) Very Poor (VP) (0,1,2)
Low (L) (0.1,0.3,0.5) Poor (P) (2,3,4)

Medium (M) (0.3,0.5,0.7) Fair (F) (4,5,6)
High (H) (0.5,0.7,0.9) Good (G) (6,7,8)

Very High (VH) (0.7,0.9,1) Very Good (VG) (8,9,10)

Table 4. The important weights and aggregated fuzzy weights of criteria.

Expert/Criteria Re Co Sc Vi Ic

E1 H M H VL VL
E2 M H VH M M
E3 VH H H L VL
E3 H M VH L L
E4 M H H M M
E5 H M VH M VL
E6 M M M H L
E7 H M H VL VL

Fuzzy
weights (0.3,0.64,0.83) (0.3,0.59,0.79) (0.3,0.76,0.91) (0,0.41,0.61) (0,0.27,0.47)

Table 5. Sample calculations of the aggregated linguistics values.

Expert E1 E2 E3 E4 E5 E6 E7 Aggregate Fuzzy Values

FI-Re
H M H L L M M

(6,7,8) (4,5,6) (6,7,8) (2,3,4) (2,3,4) (4,5,6) (4,5,6) (4,5,6)

SF-Re
VH H M M H VH H

(8,9,10) (6,7,8) (4,5,6) (4,5,6) (6,7,8) (8,9,10) (6,7,8) (6,7,8)

Table 6. Fuzzy decision matrix.

Alternative/Criteria Re Co Sc Vi Ic

DV (8,9,10) (8,9,10) (6,7,8) (6,7,8) (8,9,10)
FI (4,5,6) (2,3,4) (4,5,6) (8,9,10) (8,9,10)
SF (6,7,8) (4,5,6) (4,5,6) (6,7,8) (8,9,10)
UE (4,5,6) (4,5,6) (2,3,4) (6,7,8) (6,7,8)
BU (2,3,4) (0,1,2) (2,3,4) (4,5,6) (0,1,2)

Using Equations (8) and (9), Table 7 shows the normalized fuzzy decision matrix.
Table 8 presents the weighted normalized fuzzy decision matrix using Equation (11).

Table 7. Normalized fuzzy decision matrix.

Re Co Sc Vi Ic

DV (0.69,0.65,0.63) (0.78,0.74,0.7) (0.69,0.65,0.62) (0.44,0.44,0.44) (0.53,0.53,0.52)
FI (0.34,0.36,0.38) (0.2,0.25,0.28) (0.46,0.46,0.46) (0.58,0.57,0.55) (0.53,0.53,0.52)
SF (0.51,0.51,0.5) (0.39,0.41,0.42) (0.46,0.46,0.46) (0.44,0.44,0.44) (0.53,0.53,0.52)
UE (0.34,0.36,0.38) (0.39,0.41,0.42) (0.23,0.28,0.31) (0.44,0.44,0.44) (0.4,0.41,0.42)
BU (0.17,0.22,0.25) (0.2,0.25,0.28) (0.23,0.28,0.31) (0.29,0.31,0.33) (0,0.06,0.1)
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Table 8. Weighted normalized fuzzy decision matrix.

Re Co Sc Vi Ic

DV (0.21,0.42,0.52) (0.24,0.44,0.55) (0.21,0.49,0.56) (0,0.18,0.27) (0,0.14,0.25)
FI (0.1,0.23,0.31) (0.06,0.15,0.22) (0.14,0.35,0.42) (0,0.23,0.34) (0,0.14,0.25)
SF (0.15,0.33,0.42) (0.12,0.24,0.33) (0.14,0.35,0.42) (0,0.18,0.27) (0,0.14,0.25)
UE (0.1,0.23,0.31) (0.12,0.24,0.33) (0.07,0.21,0.28) (0,0.18,0.27) (0,0.11,0.2)
BU (0.05,0.14,0.21) (0.06,0.15,0.22) (0.07,0.21,0.28) (0,0.13,0.2) (0,0.02,0.05)

The distance between two alternatives g and f is calculated using the Hamming
distance Equation (13). Table 9 presents the concordance matrix using Equation (16). The
last row in the table indicates the minimum concordance level. The concordance level is
calculated using Equation (19).

Table 9. Concordance matrix.

DV FI SF UE BU

DV - (0,0.68,1.08) (0,0.68,1.08) (0,0.41,0.61) (0.3,0,0)
FI (0.9,2.26,3) - (0.9,2.26,3) (0.6,1.23,1.62) (0.3,0.59,0.79)
SF (0.9,1.99,2.53) (0.3,1.44,1.99) - (0.3,1,1.4) (0.3,0,0)
UE (0.9,2.67,3.61) (0.6,2.08,2.82) (0.9,2.67,3.61) - (0.3,0.76,0.91)
BU (0.9,2.67,3.61) (0.9,2.67,3.61) (0.9,2.67,3.61) (0.3,0,0) -
∼
C (0.53,1.44,1.94)

The discordance matrix is calculated by using Equation (18), as shown in Table 10. The
last row in the table indicates the minimum discordance level. The discordance level is
calculated using Equation (22).

Table 10. Discordance matrix.

DV FI SF UE BU

DV - 0.84 1.00 1.00 1
FI 1.00 - 1.00 1.00 1
SF 1.00 1.00 - 1.00 1
UE 0.43 0.20 0.54 - 1
BU 0.65 0.31 1.00 0.79823 -

D 0.900

Based on the concordance matrix and by using Equation (21), the Boolean matrix B

is calculated based on the minimum concordance level
∼
C. Table 11 shows the Boolean

concordance matrix.

Table 11. The concordance index matrix.

DV FI SF UE BU

DV 1 1 1 1 1
FI 0 1 0 1 1
SF 0 1 1 1 1
UE 0 0 0 1 1
BU 0 0 0 1 1

Based on the discordance matrix and by using Equation (24), the Boolean matrix H
is calculated based on the minimum discordance level D. Table 12 shows the Boolean
discordance matrix.
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Table 12. The discordance index matrix.

DV FI SF UE BU

DV 0 0 1 1 1
FI 1 0 1 1 1
SF 1 1 0 1 1
UE 0 0 0 0 1
BU 0 0 1 0 0

Equations (25) and (26) are used to calculate the global matrix Z by compeer multipli-
cation of the matrices B and H’s entries are shown in Table 13.

Table 13. Global matrix.

DV FI SF UE BU

DV 0 0 1 1 1
FI 0 0 0 1 1
SF 0 1 0 1 1
UE 0 0 0 0 1
BU 0 0 0 0 0

From the global matrix and according to Figure 4, it is clear that: (DV > SF, DV > UE,
DV > BU), (FI > UE, FI > BU), (SF > UE, SF > BU), and (UE > BU) which indicate that the
ranks based on their importance are DV > FI > SF > UE > BU. FI and SF have the same
importance and could be interchangeable.

Sustainability 2023, 15, x FOR PEER REVIEW 20 of 26 
 

Table 11. The concordance index matrix. 

 DV FI SF UE BU 

DV 1 1 1 1 1 

FI 0 1 0 1 1 

SF 0 1 1 1 1 

UE 0 0 0 1 1 

BU 0 0 0 1 1 

Based on the discordance matrix and by using Equation (24), the Boolean matrix 𝐻 

is calculated based on the minimum discordance level �̅�. Table 12 shows the Boolean 

discordance matrix. 

Table 12. The discordance index matrix. 

 DV FI SF UE BU 

DV 0 0 1 1 1 

FI 1 0 1 1 1 

SF 1 1 0 1 1 

UE 0 0 0 0 1 

BU 0 0 1 0 0 

Equations (25) and (26) are used to calculate the global matrix 𝑍 by compeer mul-

tiplication of the matrices 𝐵 and 𝐻’s entries are shown in Table 13. 

Table 13. Global matrix. 

 DV FI SF UE BU 

DV 0 0 1 1 1 

FI 0 0 0 1 1 

SF 0 1 0 1 1 

UE 0 0 0 0 1 

BU 0 0 0 0 0 

From the global matrix and according to Figure 4, it is clear that: (DV > SF, DV > UE, 

DV > BU), (FI > UE, FI > BU), (SF > UE, SF > BU), and (UE > BU) which indicate that the 

ranks based on their importance are DV > FI > SF > UE > BU. FI and SF have the same 

importance and could be interchangeable. 

 

Figure 4. The resulting diagram of the ranking. 

This rank is compatible with the survey and experts rank results of the alternatives 

based on their important DV > FI > UE > SF > BU. The only difference is that the experts 

Figure 4. The resulting diagram of the ranking.

This rank is compatible with the survey and experts rank results of the alternatives
based on their important DV > FI > UE > SF > BU. The only difference is that the experts
rank alternative UE before alternative SF. Demand variations (DV) are designated as the
factor that has the most effect on the supply chain nervousness. Demand fluctuation can
cause disruptions in the supply chain, so it is important to plan for supply chain resilience
to reduce the impact of these disruptions. Supply chain resilience involves resistance and
recovery capabilities to mitigate these disruptions.

6. Conclusions, Implications, Limitations, and Future Work
6.1. Summary of Findings

The purpose of this research was to create a holistic framework that allows companies
to attain a long-lasting competitive advantage in their supply chain operations by profi-
ciently managing and mitigating nervousness. In order to fulfill this aim, the investigation
examined the concept of supply chain nervousness within the United Arab Emirates and
put forward a comprehensive framework that considered the essential sources, objectives,
and pillars involved in effectively managing supply chain nervousness. The research em-
ployed the fuzzy-ELECTRE technique to assess and prioritize the importance and influence
of different factors associated with supply chain nervousness. The evaluation findings
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indicated that supply chain nervousness is primarily influenced by demand variations.
Additionally, interruptions in flows, supplier-generated events, unplanned events, and
business-related events were identified as other significant factors affecting the supply
chain. The experts and survey respondents agreed with this ranking, with the only differ-
ence being that the experts rated un-planned events higher than the alternative SGE factors.
Organizations can enhance their ability to manage supply chain nervousness by identify-
ing and giving priority to these critical factors. This recognition allows them to allocate
resources effectively and develop strategies aimed at minimizing the impact of uncertainty
in the supply chain. Moreover, businesses can channel their efforts toward managing risks
more efficiently by adopting appropriate measures based on this framework. This study
emphasizes the significance of efficiently mitigating uncertainties in demand to improve
competitiveness.

6.2. Interpretation and Implications

The results offer a significant understanding of the factors that give rise to supply chain
nervousness. The most influential factor found was fluctuations in demand, which have
the capacity to cause severe disruptions throughout the entire supply chain system. This
indicates that it is critical for organizations to engage in robust resilience planning within
their supply chains so as to effectively respond and adapt to unexpected shifts or increases
in demand. By doing so, they will be better equipped with higher levels of resistance,
recovery, and mitigation capabilities necessary for reducing the negative impacts caused
by disturbances. In addition, the research highlights the crucial responsibility of decision
makers to effectively implement strategies that not only improve overall performance but
also foster resilience and sustainability within the supply chain. Developing such a holistic
approach not only enhances the effectiveness of the supply chain but also holds substantial
importance in establishing a sustainable competitive advantage in the industry.

6.3. Limitations

While the study offers valuable insights into strategies for supply chain resilience, it
is crucial to acknowledge certain limitations. One such limitation pertains to the study’s
small sample size of participating experts and its focus exclusively on a select number
of companies in the United Arab Emirates. Consequently, this limited sample size may
impede the generalizability of findings and restrict their application to a broader popu-
lation. Another potential limitation pertains specifically to the geographic scope of this
investigation as it solely focuses on UAE-based organizations. Hence, these conclusions
may not comprehensively capture or represent a diverse range of supply chain practices
and contexts prevalent across various countries worldwide.

6.4. Recommendations for Future Research

Future studies could expand the scope of this research to include international compa-
nies along the supply chain. The study can also be applied to specific areas of the supply
chain such as supply chains related to industries, food, pharmaceuticals, clothing, and
others. This would help to validate and refine the framework and could potentially reveal
additional factors that contribute to supply chain nervousness. Furthermore, different
assessment methods such as F-PROMETHEE, F-ANP, F-VIKOR, F-TOSIS, or a combination
of any of two or more MCDM techniques can also be used to provide a more comprehensive
evaluation of SCNM factors.

6.5. Management Insight

In light of globalization, automation, the fourth industrial revolution, virtual reality
and augmented reality, and digital transformation, a framework is offered to explain the
SCNM and examine its impact on the global supply chain’s competitiveness. The proposed
supply chain nervousness management (SCNM) framework identifies the primary sources
of supply chain nervousness, sets objectives for resilience and sustainability, and establishes
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strategies for planning, measurement, and continuity. It also provides insights into mitigat-
ing risks associated with uncertainties in operations, improving customer satisfaction, and
reducing costs related to inventory management. These insights highlight the need for man-
agers to adopt the SCNM framework to effectively manage supply chain nervousness. The
research introduces a method for ranking SCNM components based on their significance
and impact, using the fuzzy-ELECTRE approach. This approach is particularly useful for
managers as it helps in evaluating causal relationships and prioritizing elements, which is
crucial for achieving a sustainable competitive advantage. The framework is also designed
to respond to rapid transformations in business, economics, technology, and science, as
well as intense competition. This is making it a valuable tool for managers and decision
makers to effectively navigate the complexities of supply chain operations.
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