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Abstract: This paper aims to identify the negative impacts of the COVID-19 outbreak on supply

chains and propose strategies to deal with the impacts in the context of the readymade garment (RMG)

industry supply chain of an emerging economy: Bangladesh. To achieve the aims, a methodological

framework is proposed through a literature review, expert inputs, and a decision-aid tool, namely the

grey-based digraph-matrix method. A total of 10 types of negative impacts and 22 strategic

measures to tackle the impacts were identified based on the literature review and expert inputs.

Then, the grey-based digraph-matrix was applied for modeling the strategic measures based

on their influence to deal with the impacts. Findings reveal that the strategies “manufacturing

flexibility”, “diversify the source of supply”, and “develop backup suppliers” have significant positive

consequences for managing the impacts of the COVID-19 pandemic in the RMG supply chain.

The findings help industrial managers recover from supply chain disruptions by identifying and

classifying the impacts and strategies required to manage the major supply chain disturbances caused

by the COVID-19 pandemic. As a theoretical contribution, this study is one of few initial attempts to

evaluate the impacts of the COVID-19 outbreak and the strategies to deal with the impacts in the

supply chain context.

Keywords: COVID-19 outbreak; readymade garment industry; supply chain; impacts; strategies;

grey digraph-matrix

1. Introduction

The COVID-19 is an infectious disease, which is creating a global catastrophe not only for human

lives but also for economic activity, such as mining, supply chain, and logistics [1,2]. The World Health

Organization (WHO) declared the COVID-19 outbreak as a global pandemic on 11 March 2020 [3].

The COVID-19 outbreak negatively impacted the automobile, readymade garments (RMG), travel,

aircraft, manufacturing, telecommunications, food, and healthcare industries [4]. The COVID-19

outbreak’s impacts on supply chains (SC) have already been brought to the attention of scholars [5] and

business experts [6]. According to Fortune (2020), 94 percent of companies from the top 1000 companies

in the world experienced SC interruptions because of the COVID-19 outbreak [7]. Moreover, global SCs
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experienced severe impacts, i.e., closed or somewhat closed factories, airports running with severe

limitations, and medical equipment scarcities [8].

The components and character of SCs in the RMG sectors differ from company to company

and depend on their goods, global strategy, target market, delivery delays, and supplier integration

considerations [9]. Supply Chain Management (SCM) strategies are also different, as aspects of SCs vary

in the RMG industry. If demand for products is unpredictable, strong emphasis should be placed on a

consistent demand and supply volatility strategy. The RMG sector is full of uncertainty and volatility

and the RMG industry is finding the instability, pace, range, sophistication, and complexities since

the adoption of global SCs [10]. Multinational RMG companies are exposed to major risks frequently

occurring, such as late deliveries, long lead times between returns and resending to clients, inventories

and over-stocks, and single-solution deliveries [11]. However, dealing with an epidemic like COVID-19

is an unusual situation in this new globalized world [12]. The epidemic of COVID-19 first led to

manufacturing delays of fashion goods in China, which then led to the closing of shops worldwide.

The COVID 19 outbreak had severe economic consequences across the globe, product orders tend to be

cancelled [13]. These order cancellations have made the business and SC very vulnerable.

As reported, due to the impact of COVID-19, demand for RMG goods has dropped dramatically.

With the recent outbreak of COVID-19, the fragility of South Asian countries’ clothing supply chain

has been revealed. Millions of staff are out of jobs and look to an uncertain future [14]. The global

SC has been disrupted, which makes a significant impact socially and economically. While demand

is about to increase as lockdown controls become easier, the degree to which it will return is unclear.

With more and more people working from home and going out less often, the essence of the demand

for certain RMG products can be expected to alter. Most RMG companies are currently focusing

on managing the impacts, with their strategies addressing the COVID-19 situation as a temporary

problem. However, the value of sharing best practices for impact reduction is significant during the

COVID-19 pandemic. Several mechanisms require that we center on understanding how to assess the

plan, implement and sustain impact mitigation procedures, along with effective decision-making on

who to provide decision-making on the chain of leadership.

Given the above discussion, the COVID-19 pandemic has shocked the global RMG industry.

In such a rapidly changing situation, the RMG industry experiencing the outbreak of the COVID-19

pandemic have several commons follow up questions, i.e., for how long can SC withstand the impacts,

how much time it needs for SC recover following the COVID-19 outbreak, what SC policy is the most

effective for dealing with these effects at different epidemic dispersal levels of severity [8]. In order to

answer these questions, this research was conducted. This research emphasises the following research

questions:

1. What are the impacts on the supply chain due to the COVID-19 pandemic in the RMG sector?

2. What are the strategies to manage the impacts of the COVID-19 pandemic for the supply chains

of the RMG industry?

3. Which strategies have more positive influences to deal with the impacts?

4. Can the effects of the strategies over the different impacts be quantified?

This study is conducted to address these questions. Therefore, the specific objectives of this study are:

(a) To identify the possible strategies to manage the impacts of the COVID-19 pandemic in the RMG

supply chain context.

(b) To effectively rank the strategies using an integrated method of grey theory and digraph-matrix.

This paper contributes to the literature by proposing ways to identify the strategies to manage

or recover from the impact of COVID-19 on RMG supply chains. In this study, ten crucial impacts

and twenty-two strategies to manage the impacts have been established for the RMG supply chains.

A combination of grey and digraph-matrix methodologies was used to identify and quantify strategies

to deal with the impacts effectively. The remaining sections of this article is ordered as follows:
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Section 2 offers the literature review related to supply chain risks and strategies, existing approaches,

proposed recovery strategies, and research gaps and contributions; Section 3 includes the framework

to identify and quantify supply chain impact strategies for proposed methodologies using a

combination of grey theory and digraph-matrix approaches.; Section 4 contains data collection,

analysis, and implementation of the proposed methodology; Section 5 presents the results and

discussion of findings. Section 6 describes the research implications for managers and policymakers.

The conclusion and recommendation for further work are given in Section 7.

2. Literature Review and Theoretical Development

Each pandemic is unique, and due to this reason, it will be more challenging to forecast their

impacts. Concerning SC activities, some scant details on past epidemic outbreaks can be retrieved.

The pandemic situation significantly impacts every type of supply chain, i.e., the drug supply chain [15],

and the food supply chain [16]. Fan, Jamison, and Summers [17] discussed the pandemic risk and

estimated the possible annual income losses. Barua [18] illustrated the possible impacts of the COVID-19

pandemic using a standard macroeconomic model. The COVID-19 outbreak shows that pandemics

can severely damage global supply chains. Hobbs [19] made an early assessment of the impact on food

SC resistance and the potential disruption of food SC during the COVID-19 pandemic. Joshi et al. [20]

studied the impact of the COVID-19 outbreak on exports of Indian fruits and vegetables and suggested

future post-harvest SC policies. In China, with the exception of the basic sector, which was less affected,

the majority of the industries were greatly affected by the COVID 19 outbreak [21]. The COVID-19

pandemic causes indirect value-added losses and direct losses [22] and also draws a substantial

negative impact economically [23]. However, it has started to affect every type of supply chain

network, i.e., negative impact on agricultural SC [24], scarcity of personal and protective equipment

(PPE) [25], and ripple effects [26]. In this paper, ten impacts and twenty-two strategies are proposed

based on the literature review, articles, and expert opinions (Table A1). In many previous studies,

there are limitations. As an example, describing the impacts using standard macroeconomic models

could be complicated and is incomplete [27]. The limitation of the threat assessment critical control

point (TACCP) model is that it deals with threats assessment within a construction environment or

within an organization. Still, its practical use to evaluate suppliers, that is, from the point of delivery,

is problematic [28,29].

2.1. RMG Supply Chain and the COVID-19 Pandemic

Several types of research have been conducted to find the risk and impact strategies of the RMG

supply chain. SCs must develop strategies for “digital readiness and data sharing” in pandemic

situations like COVID-19 [30]. At the same time, “transport and production” and “job movement”

could be the short-term focus in this case. The digital revolution of SCs could, under such circumstances,

improve the reaction quality to epidemic disorders by increasing the operations and supply chain

management (OSCM)-flexibility [31].

The RMG supply chain draws a substantial impact during pandemic situations. Son, Kang,

and Jang [32] discussed the impact of order cancellation and out of stock in the RMG sector. Foremost

brands delayed and canceled orders due to COVID-19, and millions of workers are at the risk of job

losses [33]. Sánchez-Ramírez et al. [34] evaluated the impact of production process disruption in a

glass factory. Unfilled orders [35], shipping delays [36], and stalled productions [37] are some common

impacts on the global supply chain in the COVID-19 situation. Publicis Sapient’s [38] report concluded

that contingency plans should be created to change the delivery time. Tang and Zimmerman [39]

discovered the importance of information and communication technology for managing excess

inventory. Vidya and Prabheesh [40] published an article about the issues and activities of international

trade in the COVID-19 pandemic.
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2.2. Existing Multicriteria Decision-Making (MCDM) Approaches

Sofyalıoğlu and Kartal [41] used the fuzzy analytic hierarchy process (FAHP) to select strategies

for managing risks in the global iron and steel supply chain. Khan et al. [42] prioritized the risks in

the management of a halal SC using the fuzzy best worst method (BWM). Ali et al. [43] proposed a

grey-based decision making trial and evaluation laboratory (DEMATEL) model to find the interactions

among the key food SCs risks. In addition, Surya et al. [44] analyzed risks for a perishable food

SC and ranked the possible mitigation strategies using the interpretive structural modeling (ISM)

technique. Shahbaz et al. [45] utilized the FAHP to assess risks in a halal food SC. Mzougui et al. [46]

evaluated SC risks in the automotive industry through failure mode, effects, and criticality analysis

(FMECA). Pourjavad and Shahin [47] proposed an integrated fuzzy DEMATEL and fuzzy technique for

order of preference by similarity to ideal solution (TOPSIS) model for prioritizing the risks in a green

supply chain (GSC). Moktadir et al. [48] evaluated risks in a sustainable supply applying the BWM

technique. Chand et al. [49] proposed an analytical network process (ANP) model to select the best SC

by risk analysis. Most of these studies focused on risk assessment rather than proposing strategies

for managing disruption risks in supply chains. Few studies ranked risk mitigation strategies in the

supply chain but did not model the influence of the strategies to deal with the impacts imposed by a

disaster on the supply chain. To characterize such influences, this study employs the grey theory and

digraph-matrix methods to manage supply chains in the context of the COVID-19 pandemic.

2.3. Grey Theory and Digraph-Matrix Methods

Grey theory and digraph-matrix methods are used to solve decision-making problems.

Golinska et al. [50] suggested a grey decision-making tool to classify restructured operations to

identify and prioritize companies’ operations. Rajesh and Ravi [51] selected a resilient supplier in

the supply chain using grey relation analysis. Chen et al. [52] used a grey incidence and clustering

analysis to identify key indices for Chinese remanufacturing. In order to examine the effect of

dynamic capabilities on the performance of a sustainable supply chain company, Mathivathanan,

Govindan, and Haq [53] suggested the combination of grey relation analysis and analytical Hierarchy.

Xue et al. [54] prioritized naval traffic security influencing factors using grey and fuzzy theories.

Wang, Zhang, and Yang [55] prioritized failure modes by combining fuzzy sets theory and grey theory.

Liu et al. [56] represented the fuzzy digraph and matrix approach to determine the risk priorities

of the failure modes of the systems, designs, products, processes, or services of an organization.

Geetha and Sekar [57] presented the methodology and application of the graph theory matrix approach

for evaluating the optimal combination of operating parameters of a diesel engine. Rajesh, Ravi,

and Rao [58] proposed possible strategies and ranked them using a grey and digraph-matrix approach.

Yue et al. [59] analyzed the dynamical system’s global properties using a modified digraph cell

mapping method. Srivastava et al. [60] presented a fuzzy digraph-matrix to analyze the risk of the

compressed natural gas (CNG) dispensing unit. Dias et al. [61] developed a framework for evaluating

the sustainability index using the graph theory matrix approach. In addition, Rajesh and Ravi [62] also

proposed a blend of grey theory and DEMATEL approaches to rank the risk mitigation strategy in

electronic SCs.

2.4. Research Gaps and Contributions

Identification and ranking of the strategies of COVID-19’s negative impacts on the RMG have

been the central focus of this study. In a situation like the COVID-19 pandemic, finding the impacts

and strategies in the RMG industry is complicated. On the other hand, investigating SC strategies has

commonly been studied under different situations and considered different industries. The strategies

could play an essential role for the decision-makers to make strategic and premeditated decisions.

Over the years, the importance of identifying risk elements and potential strategies has grown,

especially in the rice seed industry [44], the food and beverage industry [63], the toilet paper industry [64],
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the electric industry [65], etc. Organizations are giving importance to SC strategies identification

because of several pandemic outbreaks, i.e., influenza outbreaks and cholera, which cause a substantial

negative impact on their SC. Some research papers are related to the SC impact, i.e., recovering the

impact of the COVID-19 on Alzheimer’s virus [66], a production recovery plan in manufacturing SC [64],

expecting the impacts of the pandemic on global SCs, etc. [67]. Several researchers work on short

and long-term effects of a rapid response approach on the apparel industry [68], social sustainability

issues in the clothing SC due to COVID-19 [67], and COVID-19 impact on the apparel industry [69].

Still, there is no research regarding strategies to manage or recover from the impact of COVID-19

on RMG supply chains. Most of the studies simply have ranked strategies, not focusing on the

impact strategies. The existing studies did not rank the strategies to mitigate the impacts due to

COVID-19. The paper uniquely contributes through ranking the strategies considering the impacts

using a combination of grey theory and digraph-matrix approach. Similar studies on supply chain

did not consider the COVID-19 case. These studies only considered arbitrary unforeseen emergency

cases. For these reasons, the current study is a unique contribution to existing SC literature. In this

research study, a combination of grey theory and digraph-matrix methods for efficiently recognizing

and prioritizing strategies of the RMG industry assists in overcoming the research gap.

This research contributes to the literature as follows:

i. Identifying a comprehensive list of strategies to manage or recover from the impacts of

COVID-19 outbreak on supply chains for the RMG industry from the literature review.

ii. Proposing a combination of grey theory and digraph-matrix methods for efficiently recognizing

and prioritizing strategies to manage the impacts.

iii. Guiding decision-makers to make strategic and premeditated decisions to implement strategies

in the context of the RMG successfully.

3. Research Methodology

The goal of this research work is to prioritize possible strategies leading to organizations providing

a more efficient and robust supply chain system to manage significant impacts of the COVID-19

outbreak. Possible strategies are identified and further sorted out based on reliable feedback from

experts’ opinions and literature reviews. An integrated model of the grey based digraph-matrix

approach has been proposed where the model has been used to establish a structured framework

of the stated objective. This model is considered more reliable and rational in setting strategies as a

priority since the suggested method prioritizes strategies with incomplete as well as vague information.

However, the suggested model has been tested for the possible strategies for Bangladesh’s readymade

garments industry. A detailed flow chart of the proposed methodology has been discussed in the latter

portion of this section.

3.1. Grey System Theory

Ju-Long [70] initially introduced and suggested grey system theory (GST) from a set of grey

numbers, which can handle incomplete, limited, partial as well as uncertain judgments of the

environment. It is also capable of handling imprecise information, which includes: unquantifiable

knowledge, incomplete information, inaccurate information, and partial ignorance. In previous

literature, it has been observed that GST performs better when a system has external boundaries

structured or defined; on the contrary, its output deteriorates when the system’s complexity as well as

vagueness increases. Unlike GST, fuzzy mathematics reveals the opposite nature of results, restricted

to internal uncertainty or vagueness but not to externally defined or formal boundaries. A system

is called a grey system when the knowledge is partly understood by the degree of detail. In GST,

notation ⊗ P is a grey number that can be interpreted as an interval with a given lower limit value (P)

and upper limit value (P). Thus, a grey system is presented as a system containing unknown details

with a grey number and grey variables, as shown in the following Figure 1.



Sustainability 2020, 12, 9483 6 of 25

𝑚 𝐿 𝑖𝑗 𝐾𝑥 𝑦 𝐾 𝐿𝐿 𝑖 𝑗𝑥𝑦 𝐾

⊗P୧୨୐
⊗P୧୨୐ ⊗ P୧୨୐ ⊗ P୧୨୐

⊗Q୶୷୐ ⊗R୶୷୐ 1 ≤  𝐿 ≤  𝐾 1 ≤  𝑖 ≤ 𝑚;  1 ≤  𝑗 ≤  𝑚 1 ≤  𝑥 ≤  𝑛;  1 ≤  𝑦 ≤  𝑚. 
⊗𝑃෨୧୨ 

Figure 1. Grey system.

3.2. Digraph-Matrix Theory

The theory of ‘digraph and matrix’, which is based on “algebra graph theory” and “matrix”

proved itself as a useful and efficient method in numerous cases since it has some attractive properties

such as “modeling interactions of parameters”, “capacity to produce hierarchical models”, etc., to solve

multiple problems [56,71]. A digraph consists of a collection of nodes and a collection of direct edges

that represent the relative importance of the nodes. A node stands for the element, factor, or attribute

represented by numbers [72]. A directional arrow or edge is drawn from factor to factor if there is

relative importance or significance among cycle factors. Nonetheless, with the number of variables

increasing and their interrelations, the digraph is complicated, and the digraph’s visual analysis is

expected to be intuitive. Hence, a matrix is used to represent the digraph while this constraint is

being resolved.

3.3. Proposed Model

To assess the ranking of possible strategies, a blended grey theory and digraph-matrix were

proposed. The research procedures are summarized as follows:

Step 1: Compute the initial relation matrices

Let m be the number of identified impacts, and n be the possible strategies for managing the

identified m impacts. Respondent L has the task of ranking the importance of impact i over impact j and

influence of strategy x over impact y, where the respondents’ total number is K. The rating on a scale

of 0 to 4 reflects “no influence” to “ very high influence” between m impacts and n possible strategies.

Both positive and negative influences of strategy x over impact y will be evaluated on the same scale.

Therefore, 3 × K comparison matrices are established in this phase using the grey rating scale based on

experts’ judgments, opinions, and intuition. For example, if a respondent L assigns a linguistic variable

“very high influence-score 4” to rank the importance of impact, it implies that respondent L believes

that impact i has a very high influence over impact j. Similarly, if a respondent assigns a linguistic

variable “no importance-score 0” to rank the positive influence of strategy over impact, it implies

that the respondent assumes strategy x has no positive influence over impact y. In order to compare

impacts over impacts, the positive influence of strategies over impacts, and the negative influence of

strategies over impacts, the linguistic evaluation of K respondents will, therefore, be defined.

Step 2: Changing the linguistic variable into the grey linguistic scale for average grey

relation matrices.

The integer scale grading or ranking of importance amid impacts, the positive influence of

possible strategies over impacts, and the negative influence of possible strategies over impacts will be

transformed into corresponding grey scales defining an upper and lower range of values. The grey

relation matrix ⊗PL
ij is computed using Equation (1).

⊗PL
ij =

(
⊗PL

ij ,
_
⊗ PL

ij

)
(1)

Similarly, the grey relation matrices are computed for ⊗QL
xy, ⊗RL

xy. Where 1 ≤ L ≤ K;

1 ≤ i ≤ m; 1 ≤ j ≤ m; 1 ≤ x ≤ n; 1 ≤ y ≤ m. Thus, the initial relation matrices for K respondents
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are transformed into grey relation matrices. The average grey relation matrix [⊗P̃
ij

] can be determined

from k grey relation matrix using Equation (2). Using similar type of equations, the average grey

relation matrices for [⊗Q̃xy ], [⊗R̃xy ] are determined.

[
⊗P̃ij

]
=

∑K
L=1 ⊗PL

ij

K
,

∑K
L=1 ⊗PL

ij

K
(2)

Step 3: Determine the crisp relation matrices from the average grey relation matrices.

Using the modified converting the fuzzy data into crisp scores method (CFCS), grey values can

be transformed into crisp values. The CFCS method, introduced by Opricovic and Tzeng [73], is the

process to defuzzify the global fuzzy weights into crisp scores. A modification has been made to the

CFCS method in which de-graying has been used to arrive at a crisp number in a grey environment.

There are three steps in the modified CFCS process in which the conversion from grey values to crisp

values is accomplished [74,75]. The three steps are as follows:

(a) Normalization of the grey value

⊗

.
Pij = (⊗ P̃ij −

min

j
⊗P̃ij) / ∆

max
min (3)

where ⊗
.

Pij represents the normalized lower limit value of the average grey number [⊗P̃
ij
], similarly

⊗

.
Pij represents the normalized upper limit value of the average grey number [⊗P̃

ij
].

⊗

.
Pij =

(
⊗P̃ij −

min

j
⊗P̃ij)/ ∆

max
min (4)

Using similar type of equations normalized upper limit value ⊗
.

Qxy, ⊗
.

Rxy,. and normalizaed

lower limit value ⊗
.

Qxy, ⊗
.

Rxy are determined where αmax
min

and βmax
min

have been used. Here,

∆
max
min =

max

j
⊗P̃ij −

min

j
⊗P̃ij (5)

αmax
min =

max

y
⊗Q̃xy −

min

y
⊗Q̃xy (6)

βmax
min=

max

y
⊗R̃xy −

min

y
⊗R̃xy (7)

(b) Computing total normalized crisp values

aij=

(
⊗

.
Pij

(
1−⊗

.
Pij

))
+
(
⊗

.
Pij ×⊗

.
Pij

)

(
1−⊗

.
Pij + ⊗

.
Pij

) (8)

bxy=

(
⊗

.
Qxy

(
1−⊗

.
Qxy

))
+
(
⊗

.
Qxy ×⊗

.
Qxy

)

(
1−⊗

.
Qxy + ⊗

.
Qxy

) (9)

cxy=

(
⊗

.
Rxy

(
1−⊗

.
Rxy

))
+
(
⊗

.
Rxy ×⊗

.
Rxy

)

(
1−⊗

.
Rxy + ⊗

.
Rxy

) (10)

(c) Calculating the final crisp value

uij = (min ⊗ P̃ij+
(
aij × ∆

max
min

)
) (11)
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vxy = (min ⊗ Q̃xy+
(
bxy × α

max
min

)
) (12)

wxy = (min ⊗ R̃xy+
(
cxy × β

max
min

)
) (13)

And,

U∗ =
[
uij] (14)

V∗ =
[
vxy

]
(15)

W∗ =
[
wxy

]
(16)

Step 4: Calculate the strategy selection matrices from the crisp relation matrices.

The selection of the possible strategies is achieved by generating strategy selection matrices for

positive and negative influences of possible strategies over various forms of impacts. The positive

strategy selection matrix consists of elements, Vi on diagonals reflecting the positive influence of

strategies over impacts (1 ≤ i ≤ m) and vi j elements on rows are reflecting the importance of impacts i

over j. This matrix is defined as matrix D; the permanent of the matrix gives the positive influence of

possible strategies over impacts. Likewise, the matrix defined as E reflects both the negative influence

of possible strategies over impacts and the significance of impacts. Consequently, the permanent of

matrix E gives the negative influence of possible strategies over impacts. i.e.,

D =




V1 v
12
. . . v

1m
v

21
V2 · · · v

2m
...

...
. . .

...

v
m1

v
m2

· · · Vm




(17)

E =




W1 w
12
. . . w

1m
w

21
W2 · · · w

2m
...

...
. . .

...

w
m1

w
m2

· · · Wm




(18)

Step 5: Compute the permanent function of the matrices.

A matrix I, representing N parameters/criteria, has permanent function N! (Factorial N) terms

grouped in N +1 groups. However, these groups are the measurement of factors of parameter and

loops of relative importance. Hence, matrices D and E’s permanent function can be determined for n

possible strategies.

Assume,

I =




A1 a
12
. . . a

1N

a
21

A2 · · · a
2N

...
...

. . .
...

a
N1

a
N2

· · · AN




(19)

Step 6: Ranking of the strategies.

For D and E matrices, the permanent function values for n possible strategies have been determined.

Per (D) reflects the positive impact of strategy x over impacts, and per (E) typifies the negative impact

of strategy over impacts. The calculation of the net positive influence values (NPIV) represents the net

positive effect of strategy x on the overall impacts i.e.,

NPIV = per (D) − per (E) (20)

The possible strategies are graded in the descending NPIV value order, based on their efficacy.

The proposed methodology is summarized in Figure 2.
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Figure 2. Proposed methodology.

4. Data Collection and Analysis

This section focuses on the implementation of the developed framework in the context of the

RMG in an emerging economy like Bangladesh.
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4.1. Company Profile

ABC Fashion is a state of the art and uncompromising knit garments manufacturing set-up,

with modern types of machinery. Besides knitting, the set-up also has fabric finishing, dyeing,

embroidery, sewing, garment washing, print, finishing facilities, etc., fulfilling all the RMG industry’s

business needs. ABC Fashion started its journey in 1988 as a local textile manufacturer. Now, it is

under Bangladesh’s largest export-oriented (around US$400 million) knit garments family, ABC group.

Currently, ABC Fashion Ltd. exports around US$80 million in a year, and around 8600 people are

working for the RMG Company.

4.2. Selection of Possible Impacts and Mitigation Strategies of COVID-19 Outbreak on the RMG Industry

The preliminary list of impacts of COVID-19 and strategies to deal with the impacts determined

from the literature survey was put in front of the experts. The expert team consisted of representatives

from some top-ranked RMG companies in Bangladesh. The details and profile of the expert team

member have been presented in Table A1 in the Appendix A. Several rounds of discussion sessions have

been conducted with the expert team over the phone and face-to-face. The members were explained

the essence of the study and its purposes. Based on the input from the expert team members and from

the literature study, 10 possible impacts of the COVID-19 outbreak have been identified (Table 1 ).

Table 1. Possible impacts of COVID-19 outbreak on RMG supply chains.

Impact Code Impact Name Description Reference

IM 1
Orders cancellations from brands
and retailers

Less customer arrival, unable to reach
their respective customers due to lack
of delivery options

Son, Kang, and Jang [32]

IM 2
Reduced production and
unfulfilled orders

Decreased raw material supply and
reduced production lead to
unfulfilled orders

Sánchez-Ramírezet et al. [34];
Altig et al. [35]

IM 3
Slow shipments and inconsistency
in delivery

Ports are closed due to lockdown,
Lower capacity for distributors to
send goods, inflated delivery costs,
and delayed delivery

Gereffi [36]

IM 4 Stalled production
Lack of raw materials, lack of workers,
Factory shutdown

Pradhan, Ghose, and Shabbiruddin [37]

IM 5
Unavailability of the operator
due to sickness

The operator may be
COVID-19 affected

Proposed by experts

IM 6
Shortage of operation, maintenance,
and surveillance (OMS) workers

OMS may be COVID-19 affected; they
may be at the lockdown area.

Proposed by experts

IM 7 Change of delivery and order cycle
Because of COVID-19, delivery time
may be delayed as well as affect the
order cycle.

Publicis Sapient’s [38]

IM 8 Excess amount of Inventory
Excess inventory due to order
cancellation or reduced order

Tang and Zimmerman [36]

IM 9 Increased level of job cuts
Due to reduced production, there are
many job cuts

Proposed by experts

IM 10 Impact on international trade
The foreign investors have pulled out
as well as Slow credit flow from banks
and non-banking financial companies

Vidya and Prabheesh [40]

Based on the discussions and suggestions from the expert team, 22 possible managing strategies

have been considered for further study. The responses are collected from each member individually

through telephonic conversation or personal interviews, depending on their geographical location.

The possible strategies to deal with the impacts of the COVID-19 outbreak in the RMG supply chain

are presented in Table 2.
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Table 2. Possible strategies to deal with the impacts of COVID-19 outbreak in the RMG supply chain.

Strategy Code Strategies Description Reference

MS 1 Pricing flexibility Price reduction by offering a discount. Y. Wang and Yu [76]

MS 2
Looking for alternative
buyers/markets

Decreasing effect of canceled orders
due to COVID-19 outbreak

Proposed by experts

MS 3
Diversify the source of supply and
develop backup suppliers

Dividing up sourcing activities
between multiple suppliers serves to
protect a business against the impacts
on supply chain

Hou and Sun [77]

MS 4 Government incentives
Government incentives are required
for the organizations when business
is stranded

Sharif [78]

MS 5
AI and big data-based supply
chain transparency

Integrate all the supply chain
information to avoid
possible disruptions

Proposed by experts

MS 6 E-commerce enablement
Launching applications,
tracking system

Proposed by experts

MS 7 Manufacturing flexibility
Production and volume flexibility,
varied products at varied volume

P. S. Kumar and Priyabrata [79]

MS 8
Using analytics to predict
net requirements

Using advanced analytics and
experience to understand how
production or supply chain changes
affect inventory and operating capital.

Proposed by experts

MS 9 Keeping buffer inventory
Decrease the effect of factory
shutdown keeping buffer inventory

Sen, Antara, Sen, and Chowdhury [80]

MS 10
Introducing a generalized system
of preferences

Decreases capacity risks Rajesh, Ravi, and Venkata Rao [58]

MS 11
Health and safety training facilities
for the staff

Train all the staff on COVID-19
outbreak transmission systems,
methods, and implication

WHO [81]

MS 12 Train backup operators
Make backup operators
readily available

Proposed by experts

MS 13
Develop and adopt social and
behavioral change materials

The habit of using PPE, ensuring
social distance, use of soap, and hand
sanitizer in the garments.

Proposed by experts

MS 14 Flexible work shift or overtime
Government restriction for in-house
gathering to prevent transmission of
COVID-19 outbreak

Kramer & Kramer, [82]

MS 15
A campaign of “social distancing”
measures such as isolation, work
from home, quarantine, etc.

Improved security system Proposed by experts

MS 16
Make backup operators
readily available

Basic OMS Training of staffs Proposed by experts

MS 17 Supply chain design adjustment
Adjusting strategies for
COVID-19 outbreak

Novak and Loy, [83],
Rajesh, Ravi, and Venkata Rao [58]

MS 18 Increase agility
Prioritizing cost over responsiveness
for slow-moving product and vice
versa for fast-moving products,
making payment method flexible

Parast, [84],
Rajesh, Ravi, and Venkata Rao [58]

MS 19 Flexible payment method

MS 20
Attracting more buyers offering
products at lower price

MS 21
Increase the number of
contractual workers

Decreases liability and reduces the
probability of firing
permanent workers

Proposed by experts

MS 22
Globally coordinated policy for
effective control

• Sharing information with supply
chain partners located globally
• Provide funding by government/
banks with less or no interest
•Multi-layered international and
Intra- and inter-organizational
coordination

Baofeng Huo, Muhammad Zia Ul Haq
& Minhao Gu, [85]

This study has merged the grey theory with digraph- matrix methods to define the best and most

effective strategy to manage the impacts of the COVID-19 pandemic on the RMG supply chain and to

distinguish the possible strategies based on their effectiveness in managing the impacts. The method

ranks the mitigation strategies considering the importance of the relationship of the SC risks and the
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positive and negative influence of the mitigation strategies on the impacts. The importance relation

among impacts of COVID-19 on SC and positive and negative influences of mitigation strategies on

the impacts are represented as digraphs, as shown in Figures 3 and 4.

 

Figure 3. Digraph to represent the importance relationships among the impacts.

 

Figure 4. Digraph to represent the the influences of mitigation strategies on impacts.
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4.3. Data Collection and Implication of Grey-Digraph-Matrix Method

In this section, the ranking of possible strategies to alleviate the impacts of COVID-19 outbreak

on the supply chain of readymade garments has been explained by grey-digraph-matrix approach.

The task of rating the influence of possible strategies on impacts was granted to a group of three supply

chain experts from the tested firm ABC. Expert descriptions are mentioned in Table 3.

Table 3. Experts and their designation for analyzing strategies.

Expert Code Designation Experience

Exp 1 Head of Operations 25 years

Exp 2 Head of Sales and Marketing 20 years

Exp 3 Head of Supply Chains 18 years

The list of impacts of the COVID-19 pandemic and strategies were e-mailed to the experts

presented in Table 3. The experts have assessed the importance of one impact over other impacts.

Besides, they have rated the influence of possible strategies over the impacts of the COVID-19 outbreak.

The grey numbers presented in Table 4 represent the five-point scale that has been used for pairwise

comparison of rating and evaluation.

Table 4. Grey Linguistic Rating [86].

Linguistic Variable Score Grey Number

No Importance/Influence 0 [0, 0]

Very Low Importance /Influence 1 [0, 0.25]

Low Importance/Influence 2 [0.25, 0.5]

High Importance/Influence 3 [0.5, 0.75]

Very High Importance/Influence 4 [0.75, 1]

Initial relation matrices to rate the importance of one impact over other impacts, positive influence

of possible strategies over impacts, and negative influence of possible strategies over impacts have

been developed using expert input displayed in Tables S1–S5. After collecting the pairwise comparison

matrices (Tables S1–S5), the matrices were converted into grey relation matrices that eventually resulted

in three 10 × 10 grey relation matrices representing the importance of impacts, and six 22 × 10 initial

grey relation matrices representing the influence of possible strategies over impacts shown in Tables

S6–S11. With aggregation, the average grey value [⊗P̃L
ij

] has been determined from the initial matrices

displayed in Tables S12 and S13. Following this, the crisp relation matrix [U*] among impacts has

been determined in Table 5. Similarly, the crisp relation matrices for the positive influence of possible

strategies over impacts, the negative influence of possible strategies over impacts [V*] and [W*] have

been determined, respectively, in Tables 6 and 7. In the next step, the possible strategy selection

matrices D and E have been developed for the positive influence of possible strategies over impacts

and negative influence of possible strategies over impacts, respectively. The permanent function of the

positive influence of possible strategies over impacts and negative influence of possible strategies over

impacts were calculated in Tables 8 and 9.

Similarly, crisp relation matrices have been developed for the positive influence of possible

strategies over the impacts and the negative influence of possible strategies.
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Table 5. Crisp relation matrix displaying relative importance of impacts using step three mentioned

on methodology.

Final Crisp Value

IM 1 IM 2 IM 3 IM 4 IM 5 IM 6 IM 7 IM 8 IM 9 IM 10

IM 1 0 0 0 0 0.35 0 0.56 0.28 0.59 0.44

IM2 0 0 0.07 0 0 0.21 0 0 0 0

IM 3 0 0.42 0 0 0 0 0 0 0 0

IM 4 0 0 0 0 1.55 1.55 0.63 2.38 −32.61 0

IM 5 0 0 9.95 0 0 0 0.63 0.63 0 0.74

IM 6 0 0 0 0 0 0 1.11 0.63 0 0

IM 7 0 0 0 0 0.30 0.21 0 0 0 0

IM 8 0 0 0.42 0.21 0.75 0 0.21 0 0.42 0

IM 9 0.75 0.75 0.56 0.49 0.49 0.49 0.42 0.63 0 0.21

IM 10 0.21 0.63 0 0.58 0.42 0.42 0.42 0.56 0.63 0

Table 6. Crisp relation matrix displaying the relative positive influence of possible strategies

over impacts.

Final Crisp Value

IM 1 IM 2 IM 3 IM 4 IM 5 IM 6 IM 7 IM 8 IM 9 IM 10

MS 1 0 0.0395 0 0 0.5221 0.0049 0.8117 0.4256 0.7594 0.5742

MS 2 0 0.2037 0.093 0.0185 0.0185 0.3291 0 0 0 0

MS 3 0.1366 0.6186 0 0 0 0 0 0 0 0

MS 4 0 0 0 0 0.8879 0.8879 0.9082 0.7473 14.426 0

MS 5 0 0 −1.4605 0 0 0 0.9082 0.9082 0 0.9446

MS 6 0 0 0 0 0 0 0.6661 0.9082 0 0.0395

MS 7 0 0 0.0395 0 1.0136 0.3291 0 0 0 0

MS 8 0 0.2704 0.6186 0.3291 0.75 0 0.3291 0 0.6186 0

MS 9 0.75 0.75 0.8117 0.7151 0.7151 0.7151 0.6186 0.9082 0 0.3291

MS 10 0.3291 0.9082 0.1366 0.5833 0.6186 0.6186 0.6186 0.8117 0.9082 0

MS 11 0 0.0395 0 0 0.5221 0.0049 0.8117 0.4256 0.7594 0.5742

MS 12 0 0.2037 0.09316 0.0185 0.0185 0.3291 0 0 0 0

MS 13 0.1366 0.6186 0 0 0 0 0 0 0 0

MS 14 0 0 0 0 0.8879 0.887 0.9082 0.7473 14.426 0

MS 15 0 0 −1.460 0 0 0 0.9082 0.9082 0 0.9446

MS 16 0 0 0 0 0 0 0.6661 0.9082 0 0.0395

MS 17 0 0 0.0395 0 1.0136 0.3291 0 0 0 0

MS 18 0 0.2704 0.6186 0.3291 0.75 0 0.3291 0 0.6186 0

MS 19 0.75 0.75 0.8117 0.7151 0.7151 0.7151 0.6186 0.9082 0 0.3291

MS 20 0.3291 0.9082 0.1366 0.5833 0.6186 0.6186 0.6186 0.8117 0.9082 0

MS 21 0 0.0395 0 0 0.5221 0.0049 0.8117 0.4256 0.7594 0.5742

MS 22 0 0.0395 0 0 0.5221 0.0049 0.8117 0.4256 0.7594 0.5742
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Table 7. Crisp relation matrix displaying the relative negative influence of possible strategies

over impacts.

Final Crisp Value

IM 1 IM 2 IM 3 IM 4 IM 5 IM 6 IM 7 IM 8 IM 9 IM 10

MS 1 0 0.0238 0.0238 0.0064 0.1225 0 0.0833 0.0064 0.1225 0.0238

MS 2 0.05 0.0833 0.05 0.0238 0.1225 0.1666 0.1225 0.6944 0.5 0.0064

MS 3 0.0064 0.1225 0.05 0.05 0.05 0.05 0.1666 0.1666 0.05 0.0064

MS 4 0 0 0.0238 0.0064 0.4384 0.2666 0.1225 0.1225 0.6282 0

MS 5 0.05 0.05 0.9704 0.0238 0.0833 0.05 0.1225 0.1666 0 0.3214

MS 6 0.0064 0.05 0.0238 0.0833 0.1666 0.05 0.5 0.1666 0.1225 0

MS 7 0.05 0.05 0.1225 0.05 0.2149 0.05 0.05 0.05 0.0238 0.0064

MS 8 0.0833 0.1666 0.1225 0.1666 0.2149 0.0833 0.1225 0.1225 0.1225 0.0064

MS 9 0.0833 0.2666 0.02381 0.1666 0.1666 0.1666 0.1225 0.1666 0.05 0.0064

MS 10 0.0064 0.05 0.02381 0.0238 0.2149 0.0833 0.1225 0.6944 0.8304 0

MS 11 0.05 0.05 0.1666 0.0238 0.0833 0.0238 0.2666 0.2149 0.05 0.0833

MS 12 0.0064 0.0833 0 0.05 0.05 0.08333 0.0833 0.1666 0.05 0

MS 13 0 0.0238 0.0238 0.0064 0.1225 0.0064 0.0064 0 0.0238 0

MS 14 0.05 0.05 0.1225 0.05 0.5633 0.3787 0.1666 0.1225 0.6282 0.0064

MS 15 0.0833 0.1666 0.9704 0.1225 0.1225 0.1225 0.2666 0.3214 0.05 0.3214

MS 16 0.0064 0.05 0.0238 0.0833 0.1225 0.0238 0.4384 0.1225 0.1225 0

MS 17 0.05 0.1225 0.05 0.0238 0.0833 0.05 0.0238 0.05 0 0.0064

MS 18 0.0064 0.05 0.0238 0.0833 0.3214 0.1666 0.2149 0.6944 0.8304 0

MS 19 0.05 0.05 0.2149 0.0833 0.1666 0.05 0.1666 0.1666 0.0238 0.0238

MS 20 0.0833 0.1666 0.05 0.05 0.05 0.05 0.0833 0.3214 0.05 0.0064

MS 21 0.0064 0.05 0 0.05 0.2149 0.0833 0.1666 0.0833 0.1666 0.0238

MS 22 0 0.0064 0.0833 0.0238 0.1666 0.0064 0.0238 0 0.0833 0

Table 8. Permanent function matrix displaying the positive influence of strategies over impacts (D).

V1 0 0 0 0.3510 0 0.5619 0.2808 0.5931 0.4447

0 V2 0.0784 0 0 0.2105 0 0 0 0

0 0.4213 V3 0 0 0 0 0 0 0

0 0 0 V4 1.5597 1.5597 0.632 2.3803 −32.6148 0

0 0 9.9532 0 V5 0 0.6322 0.63232 0 0.7416

0 0 0 0 0 V6 1.1132 0.6322 0 0

0 0 0 0 0.3078 0.2105 V7 0 0 0

0 0 0.4213 0.2105 0.7509 0 0.2105 V8 0.42133 0

0.7509 0.7509 0.5619 0.4916 0.4916 0.4916 0.4213 0.6322 V9 0.2105

0.2105 0.632 0 0.5839 0.4213 0.4213 0.4213 0.56191 0.6322 V10
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Table 9. Permanent function matrix displaying the negative influence of strategies over impacts (E).

W1 0 0 0 0.3510 0 0.5619 0.2808 0.5931 0.4447

0 W2 0.0784 0 0 0.2105 0 0 0 0

0 0.4213 W3 0 0 0 0 0 0 0

0 0 0 W4 1.5597 1.5597 0.6322 2.3803 −32.6148 0

0 0 9.9532 0 W5 0 0.6322 0.6322 0 0.7416

0 0 0 0 0 W6 1.1132 0.6322 0 0

0 0 0 0 0.3078 0.2105 W7 0 0 0

0 0 0.4213 0.2105 0.7509 0 0.2105 W8 0.4213 0

0.7509 0.7509 0.5619 0.4916 0.4916 0.4916 0.4213 0.6322 W9 0.2105

0.2105 0.6322 0 0.5839 0.4213 0.4213 0.4213 0.5619 0.6322 W10

5. Results and Discussions

5.1. Discussion on the Findings

According to Equation (20), NPIV values were calculated for the strategies. The possible strategies

were ranked in the ascending order of the NPIV values. The ranking of the NPIV values is presented

in Table 10.

Table 10. Ranking of strategies.

Strategy Per (D) Per (E) NPIV Rank

MS 7 −1.2802 −3.8688 2.5886 1

MS 3 −0.9208 −2.4776 1.5568 2

MS 12 −1.469 −2.0219 0.5529 3

MS 17 −1.2802 −1.623 0.3428 4

MS 18 −4.1754 −3.9085 −0.2669 5

MS 13 −1.6747 −1.281 −0.3937 6

MS 4 −2.6059 −2.0845 −0.5214 7

MS 2 −4.6474 −3.5555 −1.0919 8

MS 8 −4.1754 −2.4619 −1.7135 9

MS 6 −6.178 −3.8988 −2.2792 10

MS 16 −6.178 −3.3972 −2.7808 11

MS 15 −8.2864 −5.3848 −2.9016 12

MS 19 −5.8082 −2.6276 −3.1806 13

MS 11 −6.843 −3.2602 −3.5828 14

MS 14 −7.3064 −2.5106 −4.7958 15

MS 1 −6.6461 −1.6591 −4.987 16

MS 5 −8.2864 −3.2741 −5.0123 17

MS 22 −6.843 −1.4129 −5.4301 18

MS 10 −13.6541 −3.3514 −10.3027 19

MS 21 −13.6541 −2.2169 −11.4372 20

MS 9 −49.1749 −2.5281 −46.6468 21

MS 20 −55.1254 −2.6315 −52.4939 22
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The NPIV values are plotted in Figure 5. From Figure 5, the most prominent four strategies,

which have the highest positive NPIV values, are MS 7 > MS 3 > MS 12 > MS 17 (Manufacturing

flexibility, Diversify the source of supply and develop backup suppliers, Train backup operators,

Supply chain design adjustment). From Table 10, it can be observed that “Manufacturing Flexibility”

has the highest NPIV resulted in the most significant managing strategy. Manufacturing flexibility

ensures more product variation and decreases risks. “Diversify the source of supply” and “Develop

backup suppliers” stand as the 2nd and 3rd most relevant possible strategies. Diversified source of

supply and backup suppliers decreases supply chain risks by continuing sourcing of raw materials

during pandemics. However, it is also observed that the strategy of “Attracting more buyers offering

products at a lower price” has got the lowest NPIV value, indicating the least significant strategies to

manage the impacts of COVID-19.

 

Figure 5. Net positive influence values (NPIV) of the strategies.

5.2. Significance of Key Findings

From Figure 5, the strategies with positive NPIV values were selected as the key findings of

the paper.

Manufacturing flexibility (MS 7) comes in the first position. Manufacturing flexibility is very

important for production sustainability. It plays an important role in high-mix low volume production

plants [87]. During this COVID-19 outbreak, manufacturing flexibility can help manufacturing firms

minimize their risks by attracting new buyers to increase the products’ customization.

Diversify the source of supply and develop backup suppliers (MS 3) ranks second according to

NPIV value. It increases the responsiveness of the supply chain [88]. Due to the COVID-19 outbreak,

many ports in the world remained shut down, which halted raw material supply from many trusted

suppliers for the manufacturing firms. This situation has created an urge to develop a backup supplier
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pool to sustain business. During this outbreak, many big manufacturing firms did not have alternating

sourcing channels and suffered a loss of millions of dollars due to incomplete orders.

Train backup operators (MS 12) rank in third place among the other strategies. When a worker

is not available, management must immediately struggle to find a substitute. As the COVID-19

outbreak situation is unpredictable, anyone could be affected by COVID-19 at any time. If a company

does not have any backup operator, the production may be disrupted once COVID-19 affects any

operator. So, backup operators must be trained and made available for every time they are needed.

Training employees to perform multiple tasks also alleviates this problem [89].

Supply chain design adjustment (MS 17) comes next and concludes the ranking of the

strategy. COVID-19 outbreak has a significant impact on each and every stage of the SC network,

i.e., some transportation modes may have been affected, the bottleneck in the production line [90],

etc. It is also challenging to do effective forecasting during the pandemic outbreak, which is vital for

improvement in supply-chain planning [91]. Every RMG industry should focus on the supply chain

network design problems by considering economies of scale and demand fluctuations [92]. So, all SC

stages should be redesigned and adjusted from time to time concerning the situation.

6. Implications of This Study

In this study, several possible strategies to deal with the impacts of the COVID-19 pandemic

in the RMG supply chain have been presented. This section includes some theoretical and practical

implications of the study for improving economic and social sustainability across the supply chain.

6.1. Implications to Theory

The COVID-19 pandemic affects the global economic system from the supply perspective [22].

The fast spatial spread of the COVID-19 pandemic, with the unforeseeable scaling and ripple

consequence, has resulted in one of the most significant economic disruptions in the last several

decades [26]. On the other hand, investigating SC strategies has commonly been studied in various

conditions for a variety of industries. Therefore, this work contributes to addressing the requirement

of finding several possible strategies to deal with the impacts of the COVID-19 pandemic in the supply

chain topic.

This research advances theory of mitigating the COVID-19 pandemic risk by proposing a

methodological framework based on the grey theory and digraph-matrix methods. The proposed

methodology was able to efficiently recognize strategies to manage the COVID-19 pandemic risk in a

real-world setting of an emerging economy.

This study presents a comprehensive list of strategies to manage the impacts of the COVID-19

pandemic. Academics can use these strategies to advance research on improving the economic and

social sustainability of supply chains in emerging economies.

6.2. Implications for Practice

Supply chain disruption is observed around the world as the consequence of this outbreak

of COVID-19, and the disruption is expected to continue for several months or years, given the

interconnectedness and complexity of global supply chains. Strong supply disruptions will impede

development all over the world. Therefore, the supply chain systems need to be integrated, and their

competitive capacities need to be enhanced through practicing strategies to alleviate the adverse impacts.

Proactively addressing the potential impacts of such disruption is important for any organization’s

top management to make proper strategies and tactics at the right time. The main objective of this

research was to identify the most important possible strategies for managing the impacts of the

COVID-19 pandemic in the supply chain and improving economic and social sustainability during this

outbreak situation.

The results of the study can be inspected as necessary guidance for various management

professionals and policymakers to successfully identify and implement the possible strategies with
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the target of improving economic and social sustainability. This can be observed in practice to ensure

better implementation of possible strategies.

The proposed model in this study (a blended grey theory and digraph-matrix) is suggested

to test the possible strategies for Bangladesh’s readymade garments industry. This model could

enable policymakers to take proactive initiatives in the same situation. Each strategic decision can be

sorted out based on priority ranking. The following conclusions for the case are mentioned, and it is

recommended that managers focus on the most significant and notable strategies that have the utmost

importance over the impacts. Impact strategies are structured to minimize, eliminate, or monitor

the effect of known or unknown risks. To counter these unforeseen risk factors and their related

vulnerabilities, organizations’ managers should practice high levels of visibility and collaboration.

The top management and policymakers should acknowledge the importance of systemically identifying

possible strategies that are crucial and sensitive towards the impacts of such disruption events.

7. Conclusions, Limitations and Future Research Directions

This study contributes to ascertain and construct a structured framework to grade or rank possible

strategies archetypally seen in RMG supply chains in order to assuage the inevitable yet explicit

impacts of the COVID-19 outbreak. In today’s markets, while managing the vulnerability of this major

outbreak event COVID-19, the RMG industry needs to continue to increase the versatility as well as the

flexibility of their respective supply chains in order to improve economic as well as social sustainability.

This rapid global change and its associated impacts cannot be resolved without implementing specific

possible strategies. Hence, this study integrates the grey theory and digraph-matrix to assess the

ranking among strategies so that the top-ranked possible strategies should get more priority to be

implemented in the RMG supply chain. It is evident from this research that the strategies and the

impacts of the COVID-19 outbreak are interlinked and have significant influences on each other.

The RMG supply chain from Bangladesh is purposefully selected in this research to test the model.

The key findings reveal that strategies for “manufacturing flexibility”, “diversify the source of supply”,

and “develop backup suppliers” have significant repercussions on the RMG supply chain.

In conclusion, the research’s advantages are twofold: first, to recognize and categorize the impacts

and possible strategies required to manage the adverse impacts of major supply chain disturbances

considering the current COVID-19 outbreak situation, and second, to clearly classify the prominent

possible strategies, which managers and practitioners might potentially focus on.

There are some drawbacks to this investigation as well. Firstly, this study is carried out at a macro

level. An overview of strategies influencing the micro-level impacts of this disruption risk COVID-19

outbreak may generate more insight into the RMG supply chain. A study of micro-level strategies

affecting the impacts of supply chain disruption risk may be seen as a framework for future work.

This research contains contributions from supply chain administrators, senior managers, and scholars.

There may be chances of bias because the values taken for various factors of pairwise comparison

among impacts and possible strategies are based on inputs given by case organization managers.

To deliver those ratings, analysts need to have an exhaustive knowledge of the firm, its practices,

and the potential risk events associated with their supply chains from past data. A large number

of pairwise comparisons amid impacts and possible strategies to manage those impacts had to be

performed by professionals for this analysis. Fatigue is definitely a possibility that may cause some

issues with reliability. The use of a specified grey-scale meaning for a linguistic variable is an additional

constraint. To assess the sensitivity of the solution, assignment and dispersion of the grey scale could

be explored.

Analyzing the limitations of the current study, the researchers can verify this paper’s result in

different industrial sectors, such as education, transport, pharmaceutical, furniture etc. In addition to

that, instead of grey theory, a fuzzy grey theory may be introduced. The result can be compared to

discovering whether there is a substantial difference in the ranking order. Considering the possible

strategies of different impacts in certain supply chains, the findings may be generalized to other supply
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chains. The proposed framework may be further modified in the context of the circular economy’s

emerging business environment, internet of things (IoT), and Industry 4.0.
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i, j, y Impacts

x Strategies
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m Total number of impacts

n Total number of strategies
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⊗
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∆
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Difference between maximum normalized upper grey values and minimum

normalized lower grey values

U*, V*, W* Crisp relation matrices

D Strategy selection matrix for the positive influence of strategies over impacts

E Strategy selection matrix for the negative influence of strategies over impacts

I Permanent function matrix
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Appendix A

Table A1. Experts and their designation.

Expert Name Designation Experience (Years)

Expert 1 General Manager, Human Resource, Hameem Group 25

Expert 2 Manager, SC Department, Beximco Textile Mills Ltd. 22

Expert 3 Managing Director, Dulal Brothers Limited 30

Expert 4 Senior Manager, SC Department, Epyllion Group 24

Expert 5 Deputy general manager, Ananta Group 35
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