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Abstract The current study aimed to determine alternative
configurations of supply chain resilience strategies for
managing supply chain performance (SCP) during a severe
disruption. To do this, a multi-method and multi-study
approach was adopted. Phase 1 of the study employed a
qualitative approach to explore supply chain risk factors
and their mitigation strategies during the COVID-19
pandemic. In Phase 2, the quality function deployment
technique was used alongside quantitative case studies to
determine the most critical risk factors and most crucial
resilience strategies. The final phase, Phase 3, used fuzzy
set qualitative comparative analysis to determine the
alternative portfolio of strategies for SCP to create flexi-
bility when employing resilience strategies. The results
revealed that implementing resilience strategies alone is
ineffective in improving SCP, while resilience strategies
combined with the nullification of risk factors enhance
SCP. The study also revealed two alternative
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configurations of resilience strategies to tackle the relevant
risk factors. These findings can be used to guide managers
toward identifying the most suitable configuration of resi-
lience strategies to manage severe and unprecedented
supply chain risk. The alternative configurations of resi-
lience strategies can also provide flexibility to managers in
deciding the best course of action for their firms.

Keywords Flexible strategies - fSQCA - QFD -
Supply chain resilience - Supply chain risk

Introduction

Risks in supply chains are inevitable (Christopher et al.,
2011) and have increased in recent years. In a recent survey
conducted by Elliott et al. (2023), 11.5 percent of respon-
dents reported facing over ten disruptions in 2022, a fig-
ure more than double the pre-pandemic level (4.8 percent).
Additionally, over 65 percent of respondents reported that
their organizations experienced one or more supply chain
disruptions during this period. Moreover, supply chains
have recently been exposed to many severe disruptions,
such as epidemics and pandemics. For example, 1,438
epidemics were tracked by the World Health Organization
(WHO) from 2011 to 2018 (Hudecheck et al., 2020). These
disruptions in supply chains have severe negative impacts
on operations and performance (Ivanov & Dolgui, 2020;
Singh et al., 2021; Veselovskd, 2020). Strategizing orga-
nizations and establishing robust resilience strategies can
minimize the impact experienced and sustain performance
(Chowdhury & Quaddus, 2017; Dwivedi et al., 2023;
Sharma et al., 2023). As such, researchers have proposed
many resilience strategies, including those pertaining to
agility, robustness, flexibility, collaboration and
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redundancy (Chowdhury & Quaddus, 2017; Dhillon et al.,
2023; Faisal et al, 2024; Kamalahmadi & Parast, 2016).
However, the impacts of some recent disruptions, such as
COVID-19, have shown that supply chains are still vul-
nerable to severe disruptions (Ishak et al., 2023; Linton &
Vakil, 2020; Majumdar et al., 2020; Zaoui et al., 2023).
Thus, investigating supply chain resilience (SCRES)
capabilities to manage severe disruptions is important (Han
et al., 2020).

An appropriate decision model that can identify and
evaluate risk factors and related SCRES strategies simul-
taneously is vital in designing the most suitable strategies
to minimize the impacts of disruption and improve SCP.
However, there is a lack of decision models to identify risk
factors caused by severe disruptions and corresponding
resilience strategies (Chowdhury et al., 2021). Moreover,
research in this area has mostly considered one stage (e.g.,
either risk identification and risk assessment or risk treat-
ment) of supply chain risk and disruption management
frameworks or processes, with most attention given to
developing risk treatment strategies (Fan & Stevenson,
2018). While focusing on only one stage may enable an in-
depth investigation, a holistic investigation of all stages
ensures the most suitable SCRES strategies for disruption.
For example, identifying and assessing risk factors is
essential for understanding the critical risk factors for
developing a risk treatment plan and resilience strategies
(Fan & Stevenson, 2018). Hence, this study aimed to
develop a holistic decision model that enables an explo-
ration of alternative combinations of SCRES strategies to
tackle the impact of various risk factors, thereby improving
SCP. Exploring alternative configurations of resilience
strategies will bring decision-makers flexibility to decide
which configurations are most suitable for their supply
chains.

In general, to overcome the impacts of risks, supply
chain members need to set resilience strategies such as
readiness, response and recovery strategies, which are
interdependent and become more effective when they have
a combined effect (Chowdhury & Quaddus, 2016). More-
over, risk and resilience strategies are also interdependent
(Chowdhury & Quaddus, 2015). Therefore, it is essential to
investigate the combined effects of risk and resilience on
SCP. However, the literature thus far has largely failed to
explain such combined effects of risks and resilience
strategies on performance. Instead, attention has been
given to investigating the net effect of risk and resilience
strategies on SCP (Chowdhury et al., 2024). Such an
investigation of the net effect may fail to explain the
complexity of the phenomenon. In addition, assessing the
net independent effect instead of the combined influence of
causal factors may lead to flawed decision-making (Olya &
Akhshik, 2019). Hence, this study investigated the
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combined effect of risk factors and SCRES strategies on
SCP. Considering all these gaps, the study aimed to
investigate the following research questions:

(i) What are the appropriate SCRES strategies to tackle
the risks caused by a severe disruption?
(ii) What are the most important SCRES strategies for
managing the prioritized risks?
(iii) What are the alternative causal configurations of
risks and SCRES strategies to improve SCP during a
severe disruption?

The following specific research objectives were devel-
oped for the study to address the above-mentioned research
questions:

(i) To identify risks caused by a severe disruption and
corresponding SCRES strategies;

(i) To prioritize the risks and determine the set of most
important SCRES strategies for managing the prior-
itized risks; and

(iii) To explore the alternative causal configuration of
risks and SCRES strategies to improve SCP.

To address the above-mentioned research objectives, the
COVID-19 pandemic was used as an example of severe
disruption. This pandemic has severely affected supply
chains, reducing global domestic product (GDP) and
hampering economic growth (Onyango, 2024; Singh et al.,
2021). The impact of this pandemic on supply chains is
higher than any other previous outbreak, such as the 2009
HINI1 and 2014 Ebola outbreaks, as supply chains have
been exposed to multi-regional risks (Agca et al., 2023;
Koonin, 2020). This study used the Bangladesh apparel
industry as the context. This context is deemed relevant
due to the global nature of Bangladesh’s apparel supply
chains, making them susceptible to multi-regional risks on
both the upstream and downstream sides (Sen, 2020). We
adopted a multi-methodological approach for this study. To
investigate research objective (i), we used a qualitative
approach. We employed the quality function deployment
(QFD) technique to address research objective (ii) (Akao,
1990). To address research objective (iii), we used fuzzy
set qualitative comparative analysis (fSQCA; Ragin, 2008).
It should be mentioned that Study 1 informed Study 2,
which then informed Study 3. fsQCA, which is a set-the-
oretic approach, allows for the identification of configura-
tions of conditions that are sufficient to produce high-level
outcomes (in our case, SCP). Researchers in the busi-
ness/management domain argue that the configurational
approach is a better way of understanding organizational
performance outcomes than the isolated net effects of
various antecedents (Misangyi & Acharya, 2014). In the
current study, we deductively drove the causal conditions
(supply chain risk and SCRES strategies) from Study 2
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(QFD approach) and then inductively combined them to
explore which configurations would lead to a high level of
SCP. Therefore, the methodological approach used in this
study is unique.

This study contributes substantially to the literature.
First, relying on multi-methodological approaches, the
study offers a decision model for modeling resilience
strategies to better manage supply chain risks and perfor-
mance. The findings provide alternative configurations of
resilience strategies for managing the risk factors associ-
ated with severe disruption. The findings will contribute to
our knowledge of flexible resilience strategies. Second,
using fsQCA, a set-theoretic and configurational approach,
the study also opens up a new methodological avenue for
supply chain risk management. Finally, we demonstrate
that improving SCP requires the implementation of a recipe
of resilience strategies along with a recipe of risk negation.
Managing risks and implementing resilience strategies in
isolation is insufficient to create a high level of SCP. Thus,
our study addresses the gaps in the risk management and
resilience literature by providing a decision model that
considers the combined effects of risks and resilience
strategies on SCP.

The remainder of the paper is organized as follows.
Section “Literature Review” presents a review of the
existing literature, followed by a discussion on the
methodology employed in the study. Next, information on
the data analysis and the results are presented, followed by
a discussion on the findings and their implications. Finally,
the last section outlines the limitations of the current study
and discusses the potential scope of further research.

Literature Review

This section reviews the extant literature on supply chain
risk factors raised by the COVID-19 pandemic. It then
reviews the potential resilience strategies to overcome the
risk factors. Finally, the concept of SCP and the theoretical
foundation of this study are provided.

COVID-19 Pandemic and Supply Chain Risk
Factors

Researchers have noted many risk factors that have arisen
from the COVID-19 pandemic, all of which have moved
through supply chains, from sourcing the materials to
delivery of the final products to the customers. For exam-
ple, a recent study by Paul et al. (2023) documented and
analyzed various operational challenges raised by this
pandemic in electronic supply chains. Another study by
Ghadir et al. (2022) listed and evaluated supply chain risks
under various categories such as demand, supply,
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logistical, political, manufacturing, financial and informa-
tion risks caused by this pandemic in the context of the
automotive industry in Iran. Similarly, Bastas and Garza-
Reyes (2022) identified the influence of this pandemic on
the operations of manufacturing firms across various
industries.

In general, the COVID-19 pandemic has disrupted every
area of the supply chain (Shafi et al., 2022). On the sour-
cing side, there is a substantial shortage of the raw mate-
rials required to produce the products (Ghadir et al., 2022;
van Hoek & Dobrzykowski, 2021). This material crisis has
been ongoing since the outbreak began in China, as China
is the primary source of raw materials for many manu-
facturing firms in different industries worldwide (Koonin,
2020; Lalon, 2020). This material crisis has forced many
apparel firms across the globe to shut their operations in
production facilities. For example, a study by Sen (2020)
reported that 20 percent of apparel factories in Myanmar
have closed due to the material crisis. Moreover, reductions
in manufacturing capacity due to limited hours of operation
(Mollenkopf et al., 2020) and employee shortages due to a
need for employees to maintain social distance in the
workplace have been reported in prior studies (Mollenkopf
et al., 2020).

Transportation has also been disrupted, including
delays/longer lead times and shutdown of one or more
modes of transportation. Significant delays in local trans-
portation systems have been reported due to restrictions on
vehicle movement (Singh et al., 2021). On the other hand,
cross-border trade has been disrupted due to restrictions on
international transportation and the movement of cross-
border goods (Nikolopoulos et al., 2021). Moreover, tra-
ditional physical distribution networks have been unable to
distribute products in line with government policies
(Ketchen & Craighead, 2020). Similar to other supply
chain areas, demand has also been severely disrupted.
Fluctuations in demand for products are commonly repor-
ted in studies on the COVID-19 pandemic (Ketchen &
Craighead, 2020; Singh et al., 2021). Comparing 23 dif-
ferent risk factors, including the pandemic, natural
calamities, financial risk and institutional risk in the con-
text of the Indian apparel industry, Dohale et al. (2023)
found that demand uncertainty is the second most critical
risk factor. Further, order cancellations from buyers,
including big international brands, have been reported for
apparel products not deemed critical during the COVID-19
pandemic (Sen, 2020). As a result of fluctuations in
demand, prices of products and their associated materials
have also changed. For example, the price of high-demand
goods and their materials has increased (Gupta et al.,
2020), and that of low-demand goods has decreased
(Arezki & Nguyen, 2020). In addition to the functional
areas of supply chains, this pandemic has disrupted supply
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chain relationships and collaborations (Ketchen & Craig-
head, 2020).

Due to the above-mentioned risk factors, the financial
stability of supply chains, especially apparel supply chains,
has decreased considerably. Many small- and medium-
sized apparel manufacturers have been struggling to man-
age working capital (Lalon, 2020). Moreover, many
apparel producers have been struggling to receive pay-
ments from their buyers, as buyers have also been hit hard
by the pandemic (Sen, 2020). All such risk factors could
lead to a total collapse of supply chain systems (Ivanov &
Dolgui, 2020; Mollenkopf et al., 2020). Due to a lack of
preparedness, many supply chains were not equipped with
appropriate defenses against such risk factors and could not
respond to this extraordinary disruption. Based on the
extensive literature review conducted for this study, a
summary of risk factors arising from the COVID-19 pan-
demic is presented in Table 1.

Supply chain Resilience Strategies

Supply chain resilience has been defined in various ways
(Hosseini et al., 2016). For example, Kamalahmadi and
Parast (2016) described the concept using the capabilities
required in different phases of a disruption, such as antic-
ipation, resistance and the recovery and response phases.
On the other hand, Hosseini et al. (2022) and Hosseini et al.
(2019) conceptualized SCRES using absorptive, adaptive

and restorative capacities of a supply chain system. While
many other forms of SCRES conceptualization exist in the
literature, proactive and reactive measures are commonly
used when explaining SCRES capabilities (Bastas &
Garza-Reyes, 2022) since Rose (2004) summarized eco-
nomic resilience to disaster under mitigation and recovery
management strategies. Proactive measures are undertaken
in the pre-disruption period to minimize the probability of
failure by predicting the potential disruptions and analyz-
ing their reasons (Ozdemir et al., 2022). On the other hand,
reactive measures are taken to respond and recover from a
disruption. These measures help to reduce the immediate
impacts of disruption and return to the pre-disruption state,
or even a better state, quickly (Chowdhury & Quaddus,
2017).

Proactive measures or supply chain readiness (Chowd-
hury & Quaddus, 2016, 2017) have proven to be indis-
pensable for many global supply chains. The
unpredictable nature of global supply chain disruptions
necessitates a proactive approach toward achieving supply
chain resilience for epidemic or pandemic disruptions
(Ivanov & Das, 2020). In this regard, it is critical to have a
disruption orientation that acknowledges the fact that dis-
ruption can occur at any time and can affect one or more
functional areas of supply chains (Queiroz et al.,
2022a, 2022b). As a result, creating supply chain disruption
alertness to detect sudden changes in any areas of a supply

Table 1 supply chain risk factors due to the COVID-19 pandemic Source: Created by the authors

Sl  Risk factors
no.

References

1 Supply shortage or delivery delay by Anner, (2020), Bastas and Garza-Reyes, (2022), Ghadir et al., (2022), Ivanov and Das, (2020),

suppliers
Factory closure of suppliers
Production shutdown
Production capacity decrease

Employee shortage

AN L B~ W N

Transportation disruption

Cross-border trade disruption

[ IR

Limited operations of physical
distribution networks

9 Demand fluctuation

Nikolopoulos et al., (2021), Paul et al., (2023), Sen, (2020), Shafi et al., (2022)
Ardolino et al., (2022), Ghadir et al., (2022), Paul et al., (2023), Sen, (2020)
Choi and Shi, (2022), Paul and Chowdhury, (2021), Singh et al., (2021)

Ghadir et al., (2022), Mollenkopf et al., (2020)
Bastas and Garza-Reyes, (2022), Mollenkopf et al., (2020), Singh et al., (2021)

Ghadir et al., (2022), Nikolopoulos et al., (2021), Paul et al., (2023), Singh et al., (2021), van Hoek
and Dobrzykowski, (2021)

Nikolopoulos et al., (2021)
Ketchen and Craighead, (2020), Paul et al., (2023)

Ardolino et al., (2022), Ghadir et al., (2022), Ketchen and Craighead, (2020), Paul et al., (2023),

Queiroz et al., (2022a), (2022b), Singh et al., (2021)

10 Order cancellation

11 Price fluctuation

12 supply chain relationship decrease
13 Loss of financial stability

14 Deferred payments

15  supply chain breakdown

Lalon, (2020), Paul et al., (2023), Sen, (2020)

Arezki and Nguyen, (2020), Ghadir et al., (2022), Gupta et al., (2020)

Bastas and Garza-Reyes, (2022), Baveja et al., (2020), Ketchen and Craighead, (2020)
Bastas and Garza-Reyes, (2022), Ivanov, (2020), Lalon, (2020), Singh et al., (2021)
Anner, (2020), Paul et al., (2023), Sen, (2020)

Ivanov and Dolgui, (2020), Mollenkopf et al., (2020)
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chain can lead to reconfiguring the supply chain to respond
to the changes (Queiroz et al., 2022a, 2022b).

Many organizations found themselves in a better posi-
tion during the peak of the COVID-19 outbreak due to
early situational assessment and coordinated planning with
key stakeholders (Azadegan et al., 2020). Kilpatrick and
Barter (2020) from Deloitte Consulting suggest organiza-
tions should develop a continuity plan to better prepare for
disruption. As readiness strategies, reducing the number of
suppliers from the same location (van Hoek, 2020) and
including risk measures in supplier selection (Gebhardt
et al., 2022) have been found to be effective in the man-
agement of product supply. Moreover, a detailed supply
chain mapping with both suppliers and customers for
greater visibility and transparency has been found effective
for building proactive resiliency (Gebhardt et al., 2022).
Such mapping also enables the designing of a robust and
optimum supply chain network. Companies are also
increasingly integrating advanced technology and data
analytics into their building of proactive SCRES capabili-
ties. For example, Spieske and Birkel (2021) found that
Industry 4.0 implementation holistically enables effective
proactive risk management.

Many low-cost manufacturers from developing coun-
tries have reported that, due to a lack of demand, major
international apparel retailers have used “Forced Majeure”
to cancel existing orders without any compensation, which
has plunged the lives of impoverished factory workers from
developing countries into uncertainty (Majumdar et al.,
2020). As a remedy for such uncertain order cancellation,
many manufacturers establish a flexible contractual
agreement with retailers where both parties’ interests will
be protected. Organizations can implement redundancy
strategies, such as a backup stock for critical items to
maintain operations (Ivaov & Das, 2020). Supply chain
decision-makers should consider securing backup cash and
finance to maintain operational costs. Finally, to overcome
the crisis of employee shortage during a disruption, com-
panies need to concentrate on building the capabilities of
the staff and developing a multi-skilled workforce
(Majumdar et al., 2020).

While companies are equipped with various proactive
measures, several reactive strategies have also worked for
many supply chains across industries. Many manufacturers
focus on a leaner production system for optimum usage of
resources (Handfield et al., 2020). Moreover, companies
also realized that the reconfiguration of production systems
or even entire logistics and supply chain networks is
required to respond to this pandemic. For example, taking
the Bangladesh garment industry as a context, Munim et al.
(2022) and Mostafiz et al. (2022) revealed that a global
value chain restructuring is necessary for producers to
respond to this pandemic. The importance of developing
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reconfigurable production systems for supply chain resi-
lience is also highlighted (Linton & Vakil, 2020). This
pandemic has exposed incompetence within the physical
flow of many global manufacturers’ and retailers’ products
(Ketchen & Craighead, 2020). Thus, detecting and elimi-
nating weak links within a supply chain network (Golan
et al., 2020) and maintaining real-time visibility (Ivanov &
Dolgui, 2021) are required in response.

Meanwhile, Ozdemir et al. (2022) found that supply
chain innovation and empowerment are the keys to
responding to a global crisis. Resilient companies come out
of their comfort zone to practice new things and ideas
during a disruption. These companies also collaborate and
share knowledge and information with supply chain part-
ners to enhance resilient capabilities, thereby minimizing
the impacts of the disruption (Juan et al., 2022). Based on
an analysis of sixteen different indicators, Badhotiya et al.
(2022) found that information sharing has the largest
driving power to increase resilience. Many researchers
have found that global organizations can take advantage
during a pandemic by collaborating with their respective
governments to establish social-safety policies and main-
tain liaison within the industry (Bastas & Garza-Reyes,
2022; Majumdar et al., 2020). Taking a long-term per-
spective, Gebhardt et al. (2022) have projected that by
2025, companies will focus more on bridging than
buffering strategies for improving SCRES.

Moreover, deployment of the reserve inventory and
capacity is suggested to reduce vulnerability (Bastas &
Garza-Reyes, 2022). Response measures such as hiring
local drivers and local logistics firms are also needed to
ensure the continuity of transport and logistics during a
global crisis (Bastas & Garza-Reyes, 2022). In addition,
effective health and safety measures for workers and reg-
ular communication with employees regarding wellbeing
should be adopted during a pandemic period (Ivanov, 2020;
Majumdar et al., 2020). Based on the literature outlined
above, a summary of resilience strategies to mitigate var-
ious risk factors is presented in Table 2.

A combination of both proactive and reactive measures
can be more effective in enhancing SCRES (Ozdemir et al.,
2022). For example, Bastas and Garza-Reyes (2022)
reported that several proactive measures (e.g., local and
regional sourcing and technological integration) and reac-
tive measures (e.g., supply chain collaboration, utilization
of reserve inventory and capacity and continuity of trans-
port and logistics) are effective for manufacturers to
overcome the influence of this pandemic. Therefore, the
major challenge for supply chain managers has always
been to adopt the right set of strategies that can be
implemented throughout the supply chain network. There
is no doubt the future of the global economy will be highly
influenced by the country-specific political policy (e.g.,

@ Springer



400

Global Journal of Flexible Systems Management (June 2024) 25(2):395-417

Table 2 Supply chain resilience strategies Source: Created by the authors

Supply chain Strategies for supply chain resilience References
resilience
approach
Proactive Supply chain disruption and resilience orientation  Queiroz et al., (2022a), (2022b)
Supply chain disruption alertness Queiroz et al., (2022a), (2022b)
Continuity planning Azadegan et al., (2020), Gunessee and Subramanian, (2020), Han et al.,
(2020)
Avoid single-sourcing and critical geographic Bastas and Garza-Reyes, (2022), Gebhardt et al., (2022), Kilpatrick and
location Barter, (2020)
Internal and external disruption scenario assessment Ivanov and Das, (2020)
and planning through simulation
Inclusion of risk measures in supplier selection Gebhardt et al., (2022)
Supply chain mapping Gebhardt et al., (2022), Ivanov and Das, (2020)
Supply chain network design and optimization Badhotiya et al., (2022)
Robust technological integration for visibility and  Badhotiya et al., (2022), Belhadi et al., (2021), Choi, (2020), Ivanov and
transparency Dolgui, (2020), Munim et al., (2022), Spieske and Birkel, (2021)
Mutually beneficial contractual arrangements Majumdar et al., (2020)
Resource redundancy Bastas and Garza-Reyes, (2022), Dohale et al., (2023), Gebhardt et al.,
(2022), Ivanov and Das, (2020)
Securing finance and backup cash capital Ivanov and Dolgui, (2021)
Develop a multi-skilled workforce for workplace =~ Majumdar et al., (2020)
innovation
Reactive Lean production or made-to-order (MTO) system  Handfield et al., (2020)

Redesign/reconfigure the supply chain and logistic
network (transportation, supplier and customer
base)

Reconfigurable production system

Detect and eliminate any weak link within the
network

Data-driven, real-time risk monitoring and visibility

Waste optimization (including raw materials, water,
gas and electricity)

Supply chain innovation
Supply chain empowerment

Supply chain collaboration

Knowledge management and information sharing

Following government policy and maintaining
industry liaison

Reserve inventory and capacity deployment
Continuity of transport and logistics

Information support and (pandemic)-related health
safety for workers

Belhadi et al., (2021), Mostafiz et al., (2022), Munim et al., (2022),
Veselovska, (2020)

Ivanov, (2020), Linton and Vakil, (2020)
Golan et al., (2020)

Ivanov and Dolgui, (2021)
Majumdar et al., (2020)

Ozdemir et al., (2022)
Ozdemir et al., (2022)

Bastas and Garza-Reyes, (2022), Belhadi et al., (2021), Dohale et al.,
(2023), Gebhardt et al., (2022), Juan et al., (2022), Sharma et al.,
(2020)

Badhotiya et al., (2022)
Bastas and Garza-Reyes, (2022), Majumdar et al., (2020)

Bastas and Garza-Reyes, (2022)
Bastas and Garza-Reyes, (2022)
Majumdar et al., (2020)

trade wars between countries) that shapes the dynamics of
global supply chain risk management (Veselovska, 2020).
Therefore, depending on global value chain linkages,
companies need to undertake different configurations of
context-specific SCRES strategies during a disruption
(Shafi et al., 2022).
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In measuring and offering SCRES strategies, quantita-
tive methods are commonly used. For example, a recent
review article by Chowdhury et al. (2021) reported that
mathematical modeling is most commonly used in the
supply chain disruption literature, including research on
epidemic disruption. Hosseini et al. (2019) reviewed the
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quantitative methods used in SCRES research and found
that mathematical and optimization modeling, Bayesian
network modeling, structural equation modeling, Markov
chain modeling and multi criterial decision-making
approaches have been used thus far in this area. While
mathematical modeling is extensively used in the literature,
Bayesian networks, which are probabilistic graphical
models, have been found to be powerful and effective in
studies on risk and resilience (Hosseini & Ivanov, 2020). A
substantial number of studies have also used simulation to
assess the impact of this disruption and develop SCRES
strategies (Ivanov, 2020; Moosavi & Hosseini, 2021; Singh
et al., 2021). Readers are directed to Bier et al. (2020),
Fahimnia et al. (2015), Hosseini and Ivanov (2020), Hos-
seini et al. (2019) and Snyder et al. (2016) to further
explore the use of methods and models in supply chain
disruption and resilience literature.

On the other hand, in general, there is a lack of quali-
tative research on supply chain risk management (Bier
et al., 2020). Considering this, we first conducted inter-
views with practitioners in the apparel industry to under-
stand the risk factors caused by the COVID-19 pandemic
and how the firms deal with these risks. Moreover, con-
sidering the importance of implementing multiple resi-
lience strategies simultaneously (Snyder et al., 2016), we
employed fsQCA to determine the set of SCRES strategies
and to understand the combined effects of risk and resi-
lience strategies on SCP.

Supply chain Performance

The term SCP has been conceptualized in various ways in
previous studies (Flynn et al., 2010). Some studies, such as
Beamon (1999) and Chang et al. (2019), recommend multi-
factor measurement to conceptualize and capture SCP.
Accordingly, these studies offer a framework for measur-
ing SCP, which includes three main elements: resources,
output and flexibility. Resource indicator refers to a firm’s
ability to achieve composite efficiency or do the job with
minimum resource requirements, such as inventory,
equipment, energy, personnel and cost. Output refers to a
firm’s ability to meet the quality, quantity and time (on-
time delivery, responsiveness and response time) require-
ments of customers to ensure their satisfaction. Finally,
flexibility refers to how well firms accommodate volume
and schedule fluctuations or other uncertainties in supply
chains to satisfy customers. Additionally, flexibility
includes two sub-elements: range flexibility and response
flexibility. While range flexibility refers to the extent to
which operations can be changed with uncertainties and
disruptions, response flexibility denotes the ease with
which such changes can be implemented (Beamon, 1999).
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On the other hand, considering the challenge of cap-
turing multiple factors, many other studies, such as
Chowdhury and Quaddus (2016) and Mani et al. (2018),
conceptualized SCP as a single factor. However, these
studies utilized multiple indicators that effectively capture
the evaluation of supply chain management in the perfor-
mance. This conceptualization not only overcomes the
challenge of capturing multiple factors but also maintains
completeness by addressing various performance dimen-
sions. For instance, in conceptualizing and developing a
scale for various factors, Chowdhury and Quaddus (2017)
proposed six indicators to measure SCP: sales, cost, profit,
customer satisfaction, on-time delivery and quality. These
indicators assess the abilities of supply chains to maintain
efficiency (cost and profit performance), meet customer
requirements (quality, on-time delivery and customer sat-
isfaction performance) and compete in a competitive
environment (sales performance). The current study
adopted this conceptualization and uses the measures pro-
vided by Chowdhury and Quaddus (2017) to refer to SCP.
A summary of the key SCP indicators is presented in
Table 3.

Theoretical Foundation

Based on the literature review above, it is evident that
developing suitable resilience strategies is essential to
minimize or negate supply chain risks and improve per-
formance. These causal associations can be explained
through the lens of dynamic capability (Teece, 2007).
Dynamic capabilities denote the ability of a firm to inte-
grate, build and reconfigure resources and competencies to
navigate the challenges of rapidly changing environments
and minimize business environmental risks (Chowdhury &
Quaddus, 2017; Teece, 2007). Supply chains must also
orchestrate their resources in designing resilience strategies
to tackle the impact of disruption. Hence, using the tenets
of dynamic capability, this study argues that the ability to
design the SCRES strategies is a dynamic capability of a
firm and its supply chain, contributing to the mitigation of
risk factors caused by severe disruption and improving
performance.

Severe disruptions, such as the COVID-19 pandemic,
bring substantial challenges and risks to supply chains.
During such disruption, rapid responses are essential for
the survival of supply chains. Such a quick response
requires the dynamic capabilities of firms and their supply
chains to orchestrate both internal and external resources
efficiently. For example, supply chains must build their
ability to sense disruptions and their impacts to develop
readiness and response strategies. Similarly, they also need
to develop their capabilities to seize opportunities and
reconfigure resources and strategies to recover and
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Table 3 Supply chain performance indicators Source: Created by the authors

SCP measure Main indicators Meaning

References

Supply chain
performance

On-time delivery
lead time

Quality of product and
service products and service

Sales and business
volume

Profit/net income
Cost

Customer satisfaction
time

Ability to deliver products within the desired
Ability to meet the expected quality of
Ability to maintain satisfactory sales growth

Ability to earn expected profit

Ability to maintain cost efficiency

Chowdhury and Quaddus, (2016), (2017), Mani
et al., (2018)

Chowdhury and Quaddus, (2017)
Chowdhury and Quaddus, (2016), (2017)
Chowdhury and Quaddus, (2016), (2017)

Chowdhury and Quaddus, (2016), (2017), Mani
et al., (2018)

Ability to respond to customer requirements on Chowdhury and Quaddus, (2016), (2017), Mani

et al., (2018)

potentially surpass the pre-disruption state (Teece, 2007).
Hence, SCRES has been considered a dynamic capability
of firms and their supply chains (Chowdhury & Quaddus,
2017). Prior studies such as Belhadi et al. (2022) and
Chowdhury et al. (2024) used dynamic capability to argue
that supply chains need to build capabilities of sensing,
seizing and reconfiguring resources to manage the impacts
of disruptions and improve performance effectively. In line
with these studies, we also used the dynamic capability
view in our study to assert that.

e The ability to formulate and implement appropriate
SCRES strategies is a dynamic capability of firms and
their supply chains; and

e This dynamic capability (the ability to build SCRES
strategies) assists supply chains in addressing risks
caused by severe disruptions and improving SCP.

Methodology

In the current study, we deployed a triangulated multi-
method and multi-study research design, combining
sequential qualitative and quantitative data collection
strategies over three phases (Creswell & Poth, 2016) to
ensure the reliability and validity of the research findings.
In Phase 1 of the study, we adopted a qualitative approach
to explore apparel supply chain risk factors and the cor-
responding resilience strategies implemented to mitigate
those risks. More specifically, we used semi-structured
interviews in this phase to identify risks caused by the
COVID-19 pandemic and strategies to tackle such risks
(Galletta, 2013). In Phase 2 of our study, we developed
quantitative case studies to prioritize the risks and deter-
mine the most important strategies to mitigate apparel
supply chain risks. In Phase 3 of our study, we adopted a
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configurational approach using fsQCA to determine the
alternative portfolio of risk and SCRES strategies con-
tributing to supply chain performance. As COVID-19—
similar to any other severe disruption—has put global
supply chains in a vulnerable position, managers need to
design an idiosyncratic portfolio of risk and SCRES
strategies to improve performance (Chowdhury et al.,
2024). As a result, investigation of the appropriate con-
figurations of risk and resilience strategies to improve
performance is essential. Accordingly, we used fsQCA, a
configurational approach, to analyze the configuration of
strategies to explain SCP. We used primary data in all three
phases of the study. However, the responses remain
anonymous in all three phases.

Table 4 presents the systematic steps of the triangulated
multi-method and multi-study research design, data col-
lection and analysis process.

Study Phase I was aimed at identifying apparel supply
chain risks arising from a severe disruption and the relevant
strategies to mitigate those risks. In this regard, the
COVID-19 pandemic was considered a severe risk inci-
dent. The qualitative data from semi-structured interviews
were collected from 14 participants (consisting of apparel
manufacturers and accessory suppliers) in Bangladesh. The
demographic profiles of these respondents are provided in
Appendix 1. A convenience sampling technique was used
to select the interview participants. The rationale behind
the use of convenience sampling is that key informants
who are knowledgeable on the topic should be selected to
ensure the reliability of the data (Zhu et al., 2008). The
sample size for this study was not predetermined; however,
after receiving interviews from 14 respondents, no further
interviews were conducted, as no new themes emerged
after the 14th interview. A comprehensive list of risks and
mitigation strategies was developed by comparing the
findings from the literature review and interviews.
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Table 4 Systematic steps of the triangulated multi-method and multi-study research design Source: Created by the authors

Phases Objectives Method

Systematic steps

Study Aims to identify the supply chain risks arising from a Qualitative
1 severe disruption and corresponding resilience
strategies
Study Aims to prioritize the risk factors caused and
2 resilience strategies
Study Aims to explore the alternative configuration of Quantitative
3 strategies to enhance performance

1. Review of literature to identify the risk factors and corresponding
SCRES strategies

2. Semi-structured interviews with 14 respondents (consisting of
apparel manufacturers and accessory suppliers) from different
supply chain entities

3. Data were analyzed using the content analysis technique

4. Compare the findings from the literature review and interviews to
identify a list of risk factors and resilience strategies

Quantitative 5. Arranged an in-depth discussion with the decision-makers of two

case companies—one apparel manufacturer and one accessory
supplier—to populate the QFD matrix (using a structured
questionnaire). From each case company, three decision-makers
related to operations and supply chain were involved in the in-
depth discussion

The following steps were completed to analyze the case study data:
Prioritize the risk factors using the analytical hierarchical process
(Saaty, 1980)

Develop the relationship matrix between risk factors (WHATSs) and
resilience strategies (HOWSs) to mitigate those risk factors using
QFD

Identify the absolute importance score and relative importance
score of strategies

Determine the most important strategies based on the absolute
importance score of strategies

1. Survey with apparel supply chain managers in Bangladesh. In
total, 51 usable responses were obtained

2. Use fsQCA to analyze survey data and determine the
suitable portfolio of risks and resilience strategies that influence
performance

Study Phase 2 was aimed at prioritizing risk factors and
determining the most important strategies to overcome the
relevant risk factors. In this regard, we conducted two case
studies that comprised a case study involving an apparel
manufacturer and an accessory producer in Bangladesh.
Data were collected from supply chain decision-makers of
the case companies using structured questionnaires. Case
Study 1 was conducted on one of the leading manufacturers
of jeans in Bangladesh. The firm started its manufacturing
journey in 1984. It currently has six production units,
employs over 33,000 employees, produces over 40 million
jeans per year and exports to more than 25 countries in the
world, including the USA, European countries and Japan.
Given the volume of export and the geographically diverse
market, this case company was selected to understand the
impact of COVID-19 on medium- and large-scale apparel
producers. Further, the case company was quite responsive
and successful in withstanding the disruptions due to
COVID-19. Case Study 2 was conducted on one of the
largest accessory producers and suppliers in Bangladesh. It
started its operation in the late 90 s with only 30 employ-
ees, and now it employs over 500 employees. The company
produces various accessories such as fabric, thread,
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padding and buttons and supplies to more than 50 different
apparel manufacturers. We selected this accessory supplier
for our case study because of the volume and variety of
supplies. Further, this supplying firm was successful in
managing the disruptions associated with COVID-19.

We adopted QFD for the data analysis of the case
studies because QFD is a popular tool for determining the
most suitable strategies to be used to target relevant risk
factors (Chowdhury & Quaddus, 2015). Figure 1 shows a
QFD model where WHATS represent the apparel supply
chain risks due to the COVID-19 pandemic and HOWs
represent the strategies to mitigate those risks. The
importance weights of WHATs (“Wi” in Fig. 1) were
determined using the best-worst method (Rezaei, 2015).

Understanding the relationship between WHATSs and
HOWs (as shown by Rj; values in Fig. 1) is a key step
toward understanding to what extent given strategies
(HOWs) are effective in mitigating risk (WHATS). To
develop the WHAT-HOW relationship matrix, our
respondents were asked on a scale of 1 to 9 (where 0 = no
relation, 1 = very weak relation, 3 = weak relation, 5
moderate relation, 7 = strong relation and 9 = very strong

relation) to what extent strategy “j” is effective in
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Fig. 1 QFD outline (Source:
Adapted from Akao [1990])

s
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W
H :
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A (W)
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Rij (WHAT- HOW

correlation)

Absolute Importance (Al)

Absolute Importance weight of strategies

Relative Importance (RI)

Relative Importance weight of strategies

mitigating risk “i” (Chowdhury & Quaddus, 2015). In our
case studies, we also determined the relationships among
the strategies (shown by the roof matrix in Fig. 1) to
understand how simultaneous implementation of two cor-
related strategies may save cost and time.

Study Phase 3 aimed to determine the suitable configu-
ration/portfolio of risks and resilience strategies that can
influence performance. In this regard, we adopted config-
urational analysis using fsQCA, as configurational analysis
is highly suited to determining the best combination of
strategies to achieve the desired goal (Roy et al., 2016).
The literature reveals that fSQCA considers complex causal
patterns among independent variables as well as addresses
causal asymmetry (Roy et al., 2016; Woodside, 2014).
Further, fsQCA is an effective tool for exploring the best
causal conditions, which can alternatively be termed the
combination of strategies leading to the outcome (Fiss,
2011). Thus, fsQCA addresses the complex causal patterns
among the independent variables, which, in our research,
are the risk factors and resilience strategies that determine
the outcome/SCP.

Another key advantage of fsQCA is that it considers
contrarian relationship cases between causal and outcome
variables (Woodside, 2014). Therefore, it goes beyond
traditional regression-type analysis and addresses the tenets
of complexity theory (Woodside, 2014). The problem
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addressed in this research is complex, as many combina-
tions of risks and resilience strategies may be formed to
obtain the desired performance. Revealing such combina-
tions is critical as this will bring flexibility to decision-
makers to implement resilient strategies. Hence, fsQCA is
an appropriate method for further analysis. For the fSQCA
analysis, data were collected using a structured question-
naire (see Appendix 2), and 51 usable responses were
obtained. It is worth mentioning that a fsQCA-based
analysis is suitable for small- and medium-sized samples
(Fiss, 2011). Therefore, the sample size used in this
research is considered suitable for configurational analysis.

Analysis and Results

In this section, we present the results from the three study
phases in three sub-sections, outlined below.

Study Phase 1: Identification of supply chain risk fac-
tors and resilience strategies From the semi-structured
interviews, we identified 14 risk factors arising from a
severe disruption (i.e., the COVID-19 pandemic) and 12
strategies to overcome those risk factors. The results from
the interviews are presented in Table 5.

From the qualitative study, it was revealed that the risk
factors and strategies derived from the literature review
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Table 5 Risk factors and mitigation strategies in the apparel supply chain Source: Created by the authors from interview findings

Risk factors

Resilience strategies to mitigate risks

Lack of alternative sources of supply (R1)

Sudden factory closure by the supplier (R2)

Lack of purchase orders from buyers (R3)

Order cancellation (R4)

Buyers are shifting to a low-risk region of supply (R5)
Lower working capital (R6)

Lack of worker safety (R7)

Transportation disruption (R8)

Factory closure due to lockdown (R9)

The high price of raw materials (R10)

Currency fluctuation (R11)

Border closure in supplier country (R12)

Employee training and development (Stl)
Knowledge sharing (St2)

Sourcing flexibility (St3)

Contract flexibility with buyer and supplier (St4)
Trust building (St5)

Alternative market (St6)

Business continuity planning (St7)

Backup resource (St8)

Fund for post-pandemic business operations (St9)

Leaning capacity to minimize loss during low-demand periods

(St10)
Improve health and safety measures of employees (St11)

Improve disaster preparedness (St12)

Lack of awareness of management and employees regarding health and safety

(R13)
Lack of top management leadership in handling crisis (R14)

(Tables 1 and 2) were relevant to our contextual findings,
which were derived from the interviews (see Table 5).
However, some of the risk factors (e.g., R13 and R14) and
strategies (e.g., St 9) in Table 5 appear new, as they were
revealed in the context of the apparel supply chain in
relation to the COVID-19 disruption.

Study Phase 2: Prioritization of supply chain risk fac-
tors and resilience strategies In this phase, we conducted
two quantitative case studies using QFD to prioritize fac-
tors and SCRES. The findings of both case studies are
provided below.

Case Study I: Case Study 1 was conducted on an apparel
manufacturing company in Bangladesh. A discussion was
had with three decision-makers of the case company to
complete the QFD matrix.' The findings from Case Study 1
are provided in Fig. 2. From Fig. 2, we can see that the
most important risk factors were determined to be R3 (lack
of purchase orders from buyers; weight = 0.1835), R4
(order cancellation; weight = 0.1260), R1 (lack of alter-
native sources of supply; weight = 0.0840), R9 (factory
closure due to lockdown; weight = 0.0840) and R12 (bor-
der closure in supplier country; weight = 0.0840).

We also found that the most important strategies were
St6 (alternative market), St8 (resource redundancy), St3
(sourcing flexibility) and St9 (fund for post-pandemic
operations), with absolute importance (A.I) values of
7.155, 6.066, 5.729 and 5.044, as well as relative

! For the sake of brevity, detail on the full data collection process for
all QFD matrices is not presented in this paper. However, this
information is available upon request.
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importance (R.I) values of 0.156, 0.132, 0.125 and 0.110,
respectively.

Case Study 2: Case Study 2 was conducted on an
accessory-producing company that supplies accessories to
apparel manufacturers. We discussed with three decision-
makers in the case company and collected the required data
to complete the QFD matrix. The findings from Case Study
2 are provided in Fig. 3.

From Fig. 3, it is evident that the most important risk
factors are R3 (lack of purchase orders from buyers;
weight = 0.157), R10 (high price of raw materials;
weight = 0.143, R4 (order cancellation; weight = 0.129),
R9 (factory closure due to lockdown; weight = 0.101) and
R6 (lower working capital; weight = 0.087). We also found
that the most important strategies were St7 (business con-
tinuity planning; relative importance weight = 0.135), St8
(backup resource; relative importance weight = 0.134), St6
(alternative market; relative importance weight = 0.128),
St3 (sourcing flexibility; relative importance weight =

0.124) and St5 (trust building; relative importance
weight = 0.107).

Study Phase 3: Development of the alternative
configuration of resilience strategies

In this section, we further analyze the data examined using
the fSQCA method. Notably, the objective of this research
was to explore the alternative configuration of resilience
strategies to overcome the risks arising from a severe dis-
ruption to improve SCP. fsQCA is a configurational
approach that explores the necessary and sufficient
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] = Strong
O =Medium

A = Weak

No Wi S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 | S11 | SI2
R1 |0.0840 0 0.084 | 0.588 | 0.756 0 0.756 0 0.588 | 0.420 0 0 0
R2 | 0.0630 0 0 0.441 | 0.567 | 0.441 | 0.567 | 0.315 | 0.567 | 0.441 | 0.441 | 0.063 | 0.567
R3 | 0.1835 0 0 1.284 0 0 1.651 | 1.284 | 1.284 | 0.917 | 1.284 0 0.917
R4 | 0.1260 0 0 1.134 | 0.882 | 0.882 | 1.134 | 0.882 | 0.882 | 1.134 | 0.882 0 0.630
R5 | 0.0420 0 0 0.378 | 0.294 | 0.378 | 0.378 | 0.210 | 0.294 | 0.126 | 0.042 0 0.210
R6 | 0.0504 0 0 0.252 | 0.050 | 0.353 | 0.151 0 0.353 | 0.252 | 0.050 0 0.050
R7 10.0164 | 0.115 | 0.148 0 0 0.082 0 0 0 0 0 0.115 | 0.049
R8 | 0.0630 0 0 0 0 0 0.441 | 0.315 | 0.063 0 0 0 0
R9 | 0.0840 0 0 0.420 | 0.588 | 0.588 | 0.756 | 0.588 | 0.588 | 0.588 0 0 0.588
R10 | 0.0630 0 0 0.441 | 0.315 0 0.567 | 0.063 | 0.441 | 0.189 0 0 0.315
R11 | 0.0360 0 0 0.036 | 0.108 0 0 0.252 | 0.252 | 0.180 0 0 0
R12 | 0.0840 0 0 0.756 | 0.588 | 0.588 | 0.756 | 0.588 | 0.756 | 0.588 0 0 0.588
R13 | 0.0630 | 0.567 | 0.567 0 0 0.441 0 0 0 0 0 0 0
R14 | 0.0420 0 0.378 0 0 0.378 0 0.294 0 0.210 0 0 0.294
Al 0.682 | 1.176 | 5.729 | 4.147 | 4.130 | 7.155 | 4.790 | 6.066 | 5.044 | 2.699 | 0.178 | 4.208
RI 0.015 | 0.026 | 0.125 | 0.090 | 0.090 | 0.156 | 0.104 | 0.132 | 0.110 | 0.059 | 0.004 | 0.091
C 12 3 4 8 10 4 9 3 4 7 10 13

Fig. 2 Quality function deployment (QFD) model 1 (Created by the authors based on the data from the decision-makers of the case company)
Note: R = risk, S = strategy, Al = absolute importance, RI = relative importance, C = cost (in millions of dollars), W; = weight of risk factors.

configurations of causal conditions leading to relevant
outcomes (Fiss, 2011). Hence, fSQCA was used to deter-
mine the alternative configurations of resilience strategies
that could be used to mitigate risks toward improving SCP.
The findings will provide flexibility to managers as they
can use a configuration that is best suited to their firms.
For the fsQCA analysis, we followed on from the
important risks and SCRES strategies explored from case
studies 1 and 2 through the use of QFD. It was found that
an overlap existed between the resilience strategies and
risks identified in both Study 1 (an apparel manufacturing
company) and 2 (an apparel accessory production com-
pany). Taking a set-theoretic union approach, the combined
list of risk factors is as follows: R1, R3, R4, R6, R9, R10
and R12. Accordingly, the combined list of SCRES
strategies is as follows: St3, St5, St6, St7, St8 and St9.
Taking a fsQCA approach, our objective was then to
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identify the configurations of SCRES strategies (Sts) that
negate the necessary and sufficient configuration of risk
(Rs) toward maximally improving SCP. Figure 4 shows the
model that was used when the fsQCA approach was taken.

It is worth mentioning that the model can be executed by
any regression-type approach (e.g., structural equation
model); however, we chose to use fsSQCA for the reasons
discussed in the methodology section. Consistent with our
objectives, Fig. 4 presents the three fSQCA models used.
The corresponding equations are shown below. Notably,
the bubble resilient strategy contains the combined list of
resilient strategies obtained from Phase 2. In contrast, the
bubble negation of risk comprises the combined list of
negation of risks from Phase 2. The performance indicators
are taken from Table 3.

Supply chain performance (SCP) = f (~ R).

SCP = £ (St).
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=
1 = Strong U - o )
O =Medium A 2 A
[
A = Weak | || || O -
O = o O > A ><O O ]
0O ><0O O >0 > -
(| |- |- | 1 E] O .
No Wi S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 | S11 S12
R1 | 0.050 | 0.000 | 0.050 | 0.404 | 0.353 | 0.000 | 0.454 | 0.353 | 0.454 | 0.000 | 0.000 | 0.000 | 0.000
R2 | 0.067 | 0.000 | 0.000 | 0.337 | 0.067 | 0.067 | 0.606 | 0.471 | 0.606 | 0.471 | 0.606 | 0.000 | 0.606
R3 | 0.157 | 1.100 | 0.157 | 1.100 | 0.000 | 1.100 | 1.100 | 1.100 | 1.100 | 0.471 | 1.100 | 0.000 | 0.471
R4 | 0.129 | 0.129 | 0.000 | 1.161 | 0.387 | 0.645 | 1.161 | 0.903 | 1.161 | 0.129 | 1.161 | 0.000 | 0.903
R5 | 0.040 | 0.000 | 0.000 | 0.364 | 0.283 | 0.283 | 0.364 | 0.364 | 0.364 | 0.121 | 0.121 | 0.000 | 0.283
R6 | 0.087 | 0.000 | 0.000 | 0.609 | 0.261 | 0.609 | 0.261 | 0.783 | 0.609 | 0.609 | 0.609 | 0.000 | 0.087
R7 | 0.014 | 0.098 | 0.126 | 0.000 | 0.000 | 0.098 | 0.000 | 0.000 | 0.000 | 0.014 | 0.000 | 0.126 | 0.070
R8 | 0.040 | 0.000 | 0.000 | 0.000 | 0.121 | 0.202 | 0.000 | 0.283 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
R9 | 0.101 | 0.000 | 0.000 | 0.303 | 0.707 | 0.909 | 0.707 | 0.707 | 0.505 | 0.707 | 0.303 | 0.000 | 0.909
R10 | 0.143 | 0.000 | 0.000 | 1.288 | 1.001 | 1.001 | 1.288 | 1.001 | 1.288 | 0.429 | 0.000 | 0.000 | 0.715
R11 | 0.067 | 0.000 | 0.000 | 0.202 | 0.202 | 0.000 | 0.337 | 0.337 | 0.471 | 0.337 | 0.000 | 0.000 | 0.000
R12 | 0.040 | 0.000 | 0.000 | 0.364 | 0.283 | 0.121 | 0.283 | 0.283 | 0.283 | 0.283 | 0.000 | 0.000 | 0.202
R13 | 0.029 | 0.260 | 0.202 | 0.000 | 0.000 | 0.202 | 0.000 | 0.029 | 0.000 | 0.029 | 0.000 | 0.087 | 0.087
R14 | 0.034 | 0.000 | 0.303 | 0.236 | 0.168 | 0.236 | 0.000 | 0.303 | 0.000 | 0.101 | 0.168 | 0.168 | 0.303
Al 1.587 | 0.839 | 6.365 | 3.834 | 5.473 | 6.560 | 6.916 | 6.840 | 3.701 | 4.068 | 0.381 | 4.636
RI 0.031 | 0.016 | 0.124 | 0.075 | 0.107 | 0.128 | 0.135 | 0.134 | 0.072 | 0.079 | 0.007 | 0.091
C 7 1 3 5 7 4 8 4 5 5 5 9

Fig. 3 Quality function deployment (Created by the authors based on the data from the decision-makers of the case company) Note: R = risk,
S = strategy, Al = absolute importance, RI = relative importance, C = cost, W; = AHP weight.

~ R =f (St).

Notably, the model SCP = f(~ R, St) could not be
implemented, as “St” is an antecedent of ~ R; hence, the
configuration of risk negation (~ R) and resilience strat-
egy (St) to support SCP was not a meaningful one.

Before conducting the fsSQCA analysis, we ran a series
of cross-tabulations of the various risks and SCP items.
Numerous studies support the notion that the negation of
risks can improve SCP (see, e.g., Mishra et al., 2016;
Wagner & Bode, 2008). However, our cross-tabulation
revealed some contrarian cases. For example, the cross-
tabulation result of R1 (lack of alternative sources of
supply) and SCP 1 (delivery products within the desired
lead time) revealed that 17.8 percent of the respondents
agreed or strongly agreed that R1 is a significant issue.
Despite this, they still agreed or strongly agreed that SCP 1
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is very much achievable (contrarian case). Similarly, the
cross-tabulation of the result of R9 (factory closure due to
lockdown) and SCP 1 revealed that approximately 13.2
percent of respondents believed R9 was a significant issue.
Despite this, however, they also believed that SCP 1 is very
much achievable (contrarian case). Given that fSQCA can
deal with the contrarian cases of relationship, it was con-
sidered an appropriate method for this study.

Configurations from the fsQCA

The results from the fsSQCA analysis using the models as
per Fig. 4 are outlined in Table 6.

The results of the FSQCA were evaluated for consis-
tency and coverage. Regin (2008) states that consistency is
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Fig. 4 Configural model of
supply chain performance
(Source: created by the authors)

~R
(Negation
of risk)
(>r213. 14,
Sr6Nar9Ner10)
S712)

Table 6 Configural models Source: created by the authors based on data analysis

Configurations for predicting the high score of SCP RC ucC C
Model: SCP = f (~ R)

Configurations:

crl0*cr6*crd*cr3*crl 0.656 0.134 0.639
crl2*cr9*cr6*crd*cr3*crl 0.521 0.004 0.631
~ crl2* ~ crl0* ~ cr9* ~ cro*crd* ~ cr3* ~ crl 0.131 0.028 1.00
crl2¥crl0* ~ cr9* ~ cr6* ~ crd* ~ cr3* ~ crl 0.118 0.034 1.00
crl2* ~ crl0*cr9* ~ cr6*crd*cr3* ~ crl 0.22 0.042 0.945
Solution coverage: 0.776549

Solution consistency: 0.608530

Model: SCP = f (St)

Configurations:

cst9*cst8*cst7*csto*cst3 0.866 0.053 0.638
cst9*cst7*csto*cstS*cst3 0.865 0.052 0.603
Solution coverage: 0.918584

Solution consistency: 0.610050

Model: ~ R =f (St)

Configurations:

cst9*cst8*cst7*cstb*cst3 0.83 0.033 0.898
cst9*cst7*cstb*cstS*cst3 0.877 0.082 0.90

Solution coverage: 0.910675
Solution consistency: 0.890643

RC, Raw coverage, UC, Unique coverage, C Consistency

equivalent to the concept of significance in the statistical
sense of a configuration and, to be meaningful, should
be > 0.8. On the other hand, coverage refers to the
empirical relevance or importance of a configuration
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(Regin, 2008). It is believed that a configuration can be of a

higher consistency with lower coverage and vice versa.
The model SCP = f (~ R) produced five risk configu-

rations (the cr’s) and their negations to yield a high score
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for SCP. Two of the configurations had a perfect consis-
tency score of 1. However, their unique coverages were
found to be on the low side. The most promising config-
uration of this model was identified as crl2* ~
crl0*cr9* ~ cré*crd*cr3* ~ crl, with a high consis-
tency score of 0.945 and reasonable raw coverage of 0.22.
This configuration can be interpreted as follows: accept
crl12 (border closure in supplier country) as they are, negate
crl0 (high price of raw materials—e.g., the source for low-
cost raw materials), accept cr9 (factory closure due to
lockdown), negate cr6 (low working capital—e.g., increase
working capital), accept cr4 (order cancellation), accept cr3
(lack of purchase order) and negate crl (lack of alternative
sources of supply—e.g., source from alternative/extra
suppliers). Essentially, this configuration is ~ crl0* ~
cr6* ~ crl—that is, strategies developed to counter risks
1, 6 and 10. Further examination of this configuration
revealed that it had a consistency score of 0.95 and
coverage of 0.5. Hence, configura-
tion ~ crl0* ~ cr6* ~ crl was found to be the most
effective configuration for improving SCP.

The model SCP = f (St) produced two strategy config-
urations (St’s) to produce a high SCP score. Both config-
urations were found to have high coverage (0.866 and
0.865) but low consistencies (0.638 and 0.603). Hence,
these configurations were insufficiently significant to ele-
vate SCP. From these results, it can be said that improving
SCP through the use of mitigation strategies alone does not
produce the desired results. Hence, the negation of risk
needs to be achieved to improve SCP. The question now
becomes, which configuration of strategies can reduce risk?

The model ~ R =f (St) produced two configuration
strategies that were found to have high consistencies (0.898
and 0.9) and coverage (0.83 and 0.877). For example, one
of the configurations was identified as
cst9*cst7*csto*cstS*cst3 (C =0.9 RC = 0.877), which
calls for implementing strategies 9 (funding post-pandemic
businesses), 7 (business continuity planning), 6 (sourcing
alternative market), 5 (trust building) and 3 (sourcing
flexibility). This configuration can lead to a significant and
strong negation of risk. In model SCP =f (~ R), we
observed that the negation of risk resulted in significant
improvement in SCP.

Discussion and Implications

Discussion of Findings

Using the apparel industry in Bangladesh, this study
(a) Comprehensively identified supply chain risk factors

arising from a severe disruption, as well as potential resi-
lience strategies to deal with such risk factors;
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(b) Prioritized the risk factors and strategies; and (c) Iden-
tified the alternative configuration of strategies that reduced
the risks associated with a severe disruption and improved
SCP. By providing alternative configurations of a resilience
portfolio, the findings bring flexibility to decision-makers
when undertaking resilience strategies during severe
disruptions.

The results of the semi-structured interviews in stage
one revealed that (1) Apparel supply chains had been
affected by numerous (14) risk factors during the severe
disruption of the COVID-19 pandemic. This finding is
consistent with other recent studies, such as Chowdhury
et al. (2023), Mostafiz et al. (2022) and Sen (2020), who
also documented the impacts of COVID-19 on the apparel
sector of Bangladesh. The findings of all these studies
suggest that the COVID-19 pandemic has had, and con-
tinues to have, multi-dimensional impacts on Bangladesh’s
apparel supply chains. In other words, the Bangladeshi
apparel sector is more susceptible to various risk factors
during a severe disruption. This is likely because apparel
supply chains are complex and involve partners from many
countries across continents (Hira & Benson-Rea, 2017). In
particular, both upstream and downstream networks of
Bangladesh’s apparel industry include global partners.
Such a supply chain configuration is prone to multi-re-
gional risks (Sen, 2020).

Moreover, throughout the COVID-19 pandemic, lock-
downs and restrictions have been imposed at various times
in different countries. Consequently, apparel supply chains
have been the most affected and have been exposed to
several risk factors, as one or more of the relevant partners
have been unable to function simultaneously. This finding
is consistent with Ivanov (2020): the timing of facility
closures and reopenings at different levels in the supply
chain has determined the extent of losses in the system
throughout the pandemic period. In documenting the risks
caused by a severe disruption, our findings reveal two new
risk factors: a lack of awareness of management and
employees regarding health and safety (R13) and a lack of
top management leadership in handling new risk factors
(R14). This comprehensive investigation of risk factors
will help in the formulation of SCRES strategies.

This study also identified 12 resilience strategies to
combat the risk factors. This finding suggests that a single
resilience strategy has been insufficient to combat the
various risk factors throughout the pandemic period—in-
stead, a combination of strategies is required. This obser-
vation is consistent with Ali et al. (2021), Chowdhury et al.
(2023) and Su et al. (2022), who also suggest that apparel
supply chains need a holistic resilience approach that
combines several strategies to manage risks caused by a
severe disruption. Our findings indicate that some strate-
gies, such as backup resources (St8) and leaning capacity to
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minimize loss during low-demand periods (St10), help to
overcome the immediate shock of severe disruption tem-
porarily. On the other hand, other resilient strategies, such
as alternative markets (St6) and sourcing flexibility (St3),
strengthen resilience through structural changes in supply
chains. Our results echo the findings of Mostafiz et al.
(2022), who revealed that the COVID-19 disruption led to
three dynamics in the restructuring of the global apparel
value chain. The first dynamic is temporal changes for
minimizing immediate shocks, while the other two are
structural and spatial changes to build robust and resilient
apparel supply chains. Similar to risk factors, our findings
reveal the new resilience strategies (e.g., funds for post-
pandemic business operations [St9)]) required to overcome
the challenges of severe disruption.

The quantitative analysis in Stage 2 provides the ranking
of the risk factors and potential strategies based on two
case studies. The results of the first case study, Case Study
1, which was conducted with an apparel manufacturing
firm, revealed that a lack of purchase orders from buyers,
order cancellation, a lack of alternative sources of supply,
factory closure due to lockdowns and border closures in the
supplier country were the five most critical risk factors. On
the other hand, the results of the second case study, Case
Study 2, which was conducted on an apparel accessory-
producing company, showed that among the top-five risk
factors, only three overlapped with Case Study 1 and two
were new—namely, the soaring prices of raw materials and
lower working capital. Based on our knowledge, this is the
first study that ranks the risk factors for both apparel
manufacturers and accessory suppliers during a severe
disruption. Differences in the ranking of risk factors for
apparel manufacturers and suppliers suggest that all part-
ners in a supply chain do not face the same challenges
during a severe disruption. This understanding can help to
guide the formulation of SCRES strategies. When com-
paring the findings with that of Paul et al. (2023), whose
study was conducted in the context of the electronic
industry, we noted that some of the five most critical risk
factors of our study were not in their five most critical
operational challenges. Paul et al. (2023) found that over-
stock of goods, low final consumer demand, order can-
cellation from dealers and retailers, high inventory holding
cost and a lack of transportation were the five most critical
challenges that the electronics industry faced during the
COVID-19 pandemic. Only two challenges, the lack of
purchase orders and order cancellation, were common in
both studies [the current study and that of Paul et al.
(2023)] in the five most critical risk factors. This result
denotes that the COVID-19 pandemic poses different
challenges across different industries.

Similarly, three strategies (alternative market, sourcing
flexibility and business continuity planning) were found to
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be common among the top-five most effective strategies in
the two case studies conducted in this research. These
results are consistent with the findings of Sarkar and
Kumar (2015): the benefit of a strategy is not the same as
the different echelons of a supply chain. Unlike Chowd-
hury et al. (2023), who suggest that government support
and policy constitute the most important strategy to man-
age the impacts of severe disruption, our results indicate
that flexibility in the supply chain, specifically in the
upstream supply chain, is vital for building a resilient
supply chain. For example, our findings in Phase 2 revealed
that sourcing flexibility is critical for apparel manufactur-
ing and accessory manufacturing firms to remain resilient
during a severe disruption.

The significant finding from the configurational analysis
in Stage 3 using fsQCA was that resilience strategies alone
do not ensure performance; rather, risk negation and the
simultaneous implementation of resilience strategies gen-
erate the best outcomes for apparel manufacturers toward
improving their performance. Based on our knowledge, this
is the first empirical study investigating the configuration
of risk and resilience strategies for improving SCP. The
results suggest that while firms should accept some risks,
they need appropriate strategies for reducing other risk
factors. In terms of reducing risk, two alternative config-
urations offer strong consistency and coverage, meaning
that they both could significantly reduce risks to enhance
SCP. These findings enable firms to remain flexible in
implementing SCRES strategies as they can decide which
configuration is most suitable for them. Notably, the
common strategies in these two configurations were strat-
egy 9 (fund for post-pandemic business operations), 7
(business continuity planning), 6 (alternative market) and 3
(sourcing flexibility). Implementing these strategies
enables apparel firms in developing nations, particularly
those in Bangladesh, to overcome the challenges posed by
resource constraints, order cancellations and material crises
experienced in relation to COVID-19 (Ali et al., 2021; Su
et al., 2022). Hence, managers should simultaneously
implement these strategies to reduce pandemic-related risk.

On the other hand, they can be flexible in implementing
strategy 5 (trust building) or 8 (backup resources). In line
with the observations of Snyder et al. (2016), the findings
of the current study indicate that the implementation of one
strategy is not effective in improving performance—this,
instead, requires a portfolio of strategies. As mentioned in
the results and analysis section of this paper, the configu-
ration of ~ crl0* ~ cr6* ~ crl (i.e.,, the negation of
risks 10, 6 and 1 simultaneously) can significantly improve
SCP, while other risks are accepted. Therefore, practi-
tioners in supply chains should simultaneously negate risk
and implement SCRES strategies to manage performance
during a severe disruption.
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Theoretical and Managerial Implications

The findings of the current study substantially contribute to
knowledge in the area of supply chain resilience and risk
management. Our contribution spans four areas. First, we
synthesized the most recent literature on supply chain risk
for the apparel supply chain arising from a severe disrup-
tion, namely COVID-19, and the strategies needed to
enhance resilience. Second, we identified the main risk
factors to which apparel supply chains have been exposed
during the pandemic period. The findings suggest that
apparel supply chains face diverse risk factors on both the
upstream and downstream sides due to their complexity
and the involvement of multiple partners across continents.
Third, we determined the most important resilience
strategies to mitigate risk factors. Fourth, this study pro-
posed a decision model developed based on multiple
studies and multiple methods to unveil a complex rela-
tionship between the most critical risk factors, resilience
strategies and SCP during the pandemic period. Our model
revealed that the combination of risk negation and resi-
lience strategies could optimize SCP in the context of a
pandemic, a novel finding in the literature on supply
chains. This result indicates that apparel supply chains
must accept some risk factors. For example, during a
severe disruption, people focus more on emergencies than
fashion products. As such, apparel supply chains must
accept the lack of purchase orders from buyers (R3) and
order cancellation (R4).

The configural principle adopted in this study also
supports the complexity theory tenets that Woodside
(2014) advocates. One such complexity is managing the
existing contrarian cases via the configural principle. Our
fsQCA results revealed that some risks can be accepted to
enhance SCP if this is combined with negating other risks.
For example, we found that the combination of cr12* ~
crl0*cr9* ~ cr6*crd*cr3* ~ crl enhanced SCP with
strong consistency and coverage. This combination accepts
risks 12, 9, 4 and 3 but negates risks 10, 6 and 1 to achieve
a high level of SCP. This is a unique contribution to the
literature on supply chain management. The configural
approach used in this study thus contributes significantly to
the theory. Moreover, our study is one of the first that
empirically shows alternative configurations of resilience
strategies to minimize risks. These findings can contribute
to the knowledge of flexible resilience strategies.

In terms of managerial implications, apparel supply
chain managers can benefit by following the approach
taken in the current study toward identifying and priori-
tizing risks by combining the configuration of resilience
strategies to address those risks and improve performance.
Our research approach and findings can assist managers in
the apparel industry to prioritize risk factors and resilience
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strategies during a severe disruption. Further, our research
approach enables supply chain managers to identify a
context-specific configuration of risks and resilience
strategies to improve performance during severe disrup-
tions such as the COVID-19 pandemic. Therefore, apparel
supply chain managers can determine the right combina-
tion of strategies to manage the risks associated with a
severe disruption while also maintaining performance.
Further, the approach enables managers to identify the
complex causal relationship between risks, resilience
strategies and performance to identify the most suit-
able combination of strategies.

Based on the study findings, managers also suggested
there should be a focus on both risk negation and resilience
strategy development toward improving SCP. For instance,
our findings highlight the necessity for Bangladesh’s
apparel firms to negate R1 (lack of alternative sources of
supply). This underscores the industry’s heavy reliance on
a single market, primarily China, for sourcing materials. In
times of severe disruption, enhancing sourcing flexibility
through local sourcing or diversifying the sourcing market
becomes crucial. The two most suitable configurations of
strategies provided in this study could assist them in
determining the combination of strategies that would best
safeguard their supply chain. These findings can help
decision-makers remain flexible in building a resilient
supply chain as they can decide from these two configu-
rations. The findings can also help them use resources
optimally as they can easily see which combination of
strategies should be used to tackle a severe disruption.

Conclusion and Future Research

Using a multi-method and multi-study approach, this study
determined a suitable configuration of risks and resilience
strategies for managing the SCP of the apparel industry of
Bangladesh based on the experiences associated with a
severe disruption, namely COVID-19. Our study findings
revealed that implementing resilience strategies alone was
ineffective in improving performance. In contrast, a com-
bination of resilience strategies and the nullification of risk
factors was required to improve SCP. Our unique finding
enriches the current body of supply chain risk management
knowledge. Our results also offer significant value to
supply chain managers, specifically apparel supply chain
managers, by showing that they can be flexible in deciding
a combination of resilience strategies for improving SCP.
Moreover, the findings provide a systematic and holistic
approach to managing resilience capability and improving
performance during a global crisis.

While this study has many merits, it also has several
limitations. First, the generalizability of the study’s
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findings is limited. The study was conducted in the context
of the apparel supply chain in Bangladesh, which means
the findings may not be generalizable to other supply
chains or country contexts. Hence, future research in the
context of the supply chains of other products could be
conducted. Moreover, future research could be undertaken
in the context of other countries where the institutional
setting is different from that of Bangladesh. Second, the
data for each phase of this study were gathered at a single
point in time. Generally, severe disruptions, such as the
COVID-19 pandemic, will continue for a prolonged period
and pose different challenges in the response and recovery
phases of resilience strategies. Hence, we suggest a lon-
gitudinal study during a severe disruption to explore resi-
lience strategies and their impacts on SCP at different
periods.

The other limitations of this study are related to the data
collection and sampling process. For example, we used
convenience sampling to select interviewees. We recom-
mend future studies adopt a random sampling approach in
selecting respondents. Moreover, for the fsSQCA study, our
usable sample size was 51 and, consequently, the subgroup
sizes (i.e., apparel manufacturers and their suppliers) were
somewhat inadequate for the multi-group fsQCA test.

However, a subgroup analysis could explore a more
specific portfolio of strategies for both manufacturers and
their suppliers toward enhancing SCP. Hence, a fsQCA-
based future study could be conducted with larger samples
to provide a detailed subgroup analysis. In our decision
model, the input for the fSQCA method was based on QFD.
However, data collection and analysis in the QFD method
are highly time-consuming and rigorous. As a result, con-
ducting a large number of case studies is difficult with this
method (Chowdhury & Quaddus, 2015). In addition,
cooperation and consensus among the QFD team members
(i.e., case company decision-makers who were involved in
data collection) are also challenging (Wolniak, 2018). As
such, this research analyzed the risk factors and resilience
strategies in Study 2 based on limited case companies.
Therefore, future research should focus on larger sample
sizes to develop innovative decision models for effectively
managing performance in highly uncertain crises.

Appendix 1: Profile of Interview Participants

Participants Designation Type of company Company size (Number of Age of the Turnover (Million
employees) company USD)

P1 Senior Manager Garment 10,000 28 Years 110
Manufacturer

P2 Assistant Manager Garment 5900 21 Years 55
Manufacturer

P3 Senior Manager Garment 7280 21 Years 18
Manufacturer

P4 Manager Garment 16,500 35 Years 190
Manufacturer

P5 Assistant Manager Garment 13,500 26 Years 350
Manufacturer

P6 Senior Merchandiser Garment 2700 13 Years 30
Manufacturer

P7 Head of Operation Garment 16,000 30 Years 127
Manufacturer

P8 Assistant Manager Garment 3500 14 Years 90
Manufacturer

P9 Senior Merchandiser Garment 12,000 20 Years 250
Manufacturer

P10 Assistant General Garment 10,500 22 Years 240

Manager Manufacturer

P11 Deputy Manger Accessory Supplier 1800 30 Years 100

P12 RMG Finance Expert Accessory Supplier 300 6 Years 10

P13 Director Accessory Supplier 500 11 Years 20

P14 Managing Director Garment 5000 9 Years 40
Manufacturer
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Appendix 2: Survey Questionnaire
Listed below are the statements that reflect the apparel supply chain Very Strongly Disagree Neutral Agree Strongly Very
risk factors arising from COVID-19. Please circle the most appropriate strongly disagree agree strongly
answer disagree agree
O O O O | O O
1 2 3 4 5 6 7
1. Our supply chain is at risk due to a lack of alternative sources of [J O O O O O O
supply
2. Our supply chain is at risk due to a lack of purchase orders from [J O O O O O O
buyers
3. Our supply chain is at risk due to order cancellation by the buyers [ O O O O O O
4. Our supply chain is at risk due to a lack of working capital O O O O O O O
5. Our supply chain is at risk due to the factory closer as a result of the [J O O O O O O
lockdown
6. Our supply chain is at risk due to the high price of raw materials [ O O O O O O
7. Our supply chain is at risk due to border closure in the supplier [ O O O O O O
country
Listed below are the statements that reflect the resilience strategies to Very Strongly Disagree Neutral Agree Strongly Very
mitigate the risk factors arising from COVID-19. Please circle the strongly Disagree agree strongly
most appropriate answer disagree agree
O | | O O O O
1 2 3 4 5 6 7
1. We need to adopt the sourcing flexibility strategy to maintain the [ O O O O O O
smooth supply of material
2. We need to enhance trust among supply chain members O O O O O O O
3. We need to diversify and develop an alternative market O O O O O O O
4. We need to develop a business continuity plan O O O O O O O
5. We shall keep backup/extra resources to meet contingencies O O O O O O O
6. We need to manage funds for post-pandemic business operations [ O O O O O O
Listed below are the statements that reflect the firms’ Very Strongly  Disagree Neutral Agree Strongly Very
performance. Please circle the most appropriate answer strongly Disagree agree strongly
disagree agree
O O O O O a |
1 2 3 4 5 6 7
1. We deliver products within the desired lead time O O O O O O O
2. We are able to meet the expected quality of our supply chain [J O O O O O |
partners
3. Our sales growth is satisfactory O O O O O O O
4. We are able to earn our expected Profit O O O O O O O
5. We are cost effective O O O O O O |
6. We can respond to our customer requirements on time O O O O O (| (]
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Key Questions

(1) What are the appropriate SCRES strategies to tackle the
risks caused by a severe disruption?

(2) What are the most important SCRES strategies for
managing the prioritized risks?

(3) What are the alternative causal configurations of risks and
SCRES strategies to improve SCP during a severe
disruption?
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