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1Faculty of Transport and Trafc Engineering, University of East Sarajevo, Doboj, Republic of Srpska, Bosnia and Herzegovina
2Department of International Trade and Business, Inonu University, Malatya, Turkey
3Te Department of Logistics Management, Bulancak Kadir Karabaş Vocational School, Giresun University, Giresun, Turkey
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Supply chainmanagement (SCM) is deeply afected by the COVID-19 pandemic besides breakdowns occurred in all sectors. Nowadays,
managers need techniques for protecting supply chains from serious and costly disruptions, establishing permanent relationships with
the customers and partners and preventing breakdowns throughout the process. Each frm needs to determine SCM strategies to be
prepared for breakdowns in an intense competitive environment. With COVID-19, the change in business and trade environments has
taken a diferent dimension, and it has revealed a new relationship between the eforts to perpetuate supply chains and strategies for
supply chain management and enabled newmodels. In this study, it is aimed to prioritize the factors that lead to SCM breaks needed in
project management and the realization of projects, and to choose the most successful SCM strategy considering COVID-19. For this
purpose, rough SWARA was used for weighting factors and rough MARCOS was used for the alternative selection. According to the
fndings, the transportation capacity factor was found to be the most important factor leading to SCM breakdowns. Te most ideal
supply chain management strategy has been the “collaborative supply chain management strategy.” In the food manufacturing sector,
the study can be considered as a roadmap in terms of preventing supply chain management breaks during the COVID-19 process and
helping to ensure a sustainable production. As another theoretical and practical importance of the study, it is aimed to propose a robust,
powerful, and practical decision-making model that can cope with the current uncertainties.

1. Introduction

Disasters caused by epidemics difer from other disasters due to
two factors which are long-term breaks in the sectors and
increased spread of the disease. Failure to control these disasters
causes serious disruption to supply chains and communities.
For this reason, irreparable losses may occur [1]. Breakdowns in
supply chain management, especially in developing countries,
cause output reduction and increase the unemployment rate [2].
According to Fortune [3], most of the companies on the

Fortune 1000 list face disruptions in their supply chain man-
agement (SCM) due to COVID-19. WHO stated that in the
global supply chain components, there is a great challenge to
ensure the smooth supply of food and medical devices, in-
cluding masks and medicines, which are vital and necessary for
the treatment of COVID-19 infection [4].

Outbreaks that afect the whole world are among the
reasons that cause the supply chain to break. Unlike most
factors that cause supply chain disruptions, outbreaks have
a low impact in the beginning. However, with its fast spread
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to various geographical areas, it can cause a break in the
global supply chain very quickly [5]. In this context, it is
obvious that the COVID-19 pandemic creates too much
uncertainty and unidentifed disruptions in global supply
chains [6, 7]. FAO declared that the impact of COVID-19 on
agriculture and supply chains occurs in terms of food supply
and demand. Te issue of food security is closely correlated
with the supply and demand of food; thus, it has been said
that they increase the risk in global food security [8].

Te COVID-19 pandemic that has been characterized as
an economic crisis [9], which has afected the whole world
since March 2020, has been showing its efects on operations
and supply chains around the world in a way that is difcult
to model, measure, and predict. To stop the disease from
spreading in the absence of vaccines, governments have
taken nonpharmacological interventions (such as social
distance policies and civil lockdowns) around the world and
tried to limit human mobility. Tese phenomena cause
serious damage to economic activities, particularly in the
service and agriculture sectors deeply [10]. In other words,
the COVID-19 pandemic has had an impact on many facets
of global supply chains. It ranges everything from the
availability of labour, raw material supply, and worker
presence to product transportation and retail channel
functioning.

Breakdowns in supply chain management caused by the
pandemic vary from sector to sector, but the basic com-
ponents act with the same phenomena for all sectors. Stank
et al. [11] stated that with the measures and practices to be
taken against these breaks, businesses will have the chance to
compete in changing environments.Tey will play a key role
in overcoming these obstacles. As a contrast to that, supply
chain management strategies are also signifcant for pre-
venting disruptions caused by breaks in supply chain
management. According to Waters [12], strategic decisions,
which afect the whole business, involve signifcant re-
sources, carry a high level of risk, and have long-term
consequences.

Te supply chain strategy of an organization includes
decisions, plans, policies, and cultural relationships re-
garding the management of all processes from procuring the
raw material to the delivery of the product to the customer,
and if necessary, it also includes reverse supply chain ac-
tivities. While determining the supply chain strategy, it was
emphasized that concepts such as cost, service level, time,
quality, and fexibility should be carefully considered. In
addition, the supply chain is an interconnected system with
both forward and backward activities due to the intertwining
of many units and operations. For achieving a competitive
advantage, it is signifcant to select the supply chain strategy
that takes customers into account as well as establishes
appropriate supply and distribution networks [13]. Small-
and medium-sized enterprises operating in the
manufacturing industry appear as structures in which tac-
tical activities and operational decisions are generally con-
sidered. Especially enterprises that have the goal of
institutionalization should frst determine their general
strategies and organize their processes depending on this
strategy. Otherwise, the continuity of the gains created

within a certain period is not possible. Tus, it is very
signifcant to determine the general supply chain strategy
that will guide procurement decisions, materials manage-
ment, and distribution planning activities [14].

In this context, there are many reasons that push the
authors to investigate the problem discussed. In line with the
expertise, experience, and knowledge of the decision makers,
breaks in supply chain management during the COVID-19
period emerged as an important concept in terms of the
continuation of production, meeting the basic needs of
people, and meeting both products and services. With
COVID-19, the change in business and trade environments
has taken a diferent dimension, and it has revealed a new
relationship between the eforts to perpetuate supply chains
and strategies for supply chain management and enabled
new models.

In terms of businesses, breaks in supply chain man-
agement and supply chain management strategy selection
are considered as one of the most promising solutions for
manufacturing/production and service businesses to react
quickly to market conditions, prevent losses, make product
and service levels sustainable, and to reduce
reputational loss.

At the same time, the study is seen as a critical com-
ponent in terms of bringing an efective and applicable
solution to the decision-making problem involving the se-
lection of supply chain management break factors and
supply chain management strategies in the COVID-19
process in a vital area such as the manufacturing sector.

It is thought that it is valuable to work on determining
the supply chain management breakage factors and supply
chain management strategy with COVID-19, creating
a model that will allow businesses to make self-assessments,
and helping businesses to improve the production process,
as well as providing businesses with a new perspective.

In the food manufacturing sector, the study can be
considered as a roadmap in terms of preventing supply chain
management breaks during the COVID-19 process and
helping to ensure a sustainable production. It also examines
the similarities and diferences of the factors that cause the
supply chain management break in the enterprises in the
relevant sector and to what extent they can be refected.
Tus, the study provides a practical roadmap for the supply
chain management breakdown factors and supply chain
management strategy selection process for the food
manufacturing industry during the COVID-19 era.

As another theoretical and practical importance of the
study, it is aimed to propose a robust, powerful, and practical
decision-making model that can cope with the current
uncertainties. Terefore, in addition to contributing to the
permanent solution of the relevant decision-making prob-
lem for the food manufacturing sector in the COVID-19
period, it is aimed to provide a strong and robust meth-
odological framework to fll the theoretical gaps in the lit-
erature by using the advantages of the methods used in
the study.

Tus, it will contribute to the solution of similar
problems in diferent felds. In addition, when the results to
be achieved are only related to the food sector and are
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evaluated within the scope of its structure suitable for
comparison with other sectors, it is thought that the relevant
study will make a signifcant contribution to the business
world and literature in general, especially at the point of
sustainable supply chain management and sustainable
production in the COVID-19 process.

In this study, it has been investigated that COVID-19,
which has been on the agenda of the whole world for about
a year, causes many deaths, breaks in supply chains, collapses
economies, and has many negative efects within the
framework of the supply chain management. Te food in-
dustry in Turkey has been afected greatly by the breaks in
the supply chains during COVID-19. It has become one of
the issues that needed to be dealt within the country for the
efective management of the supply chain. Tis study’s goal
is to determine the most ideal supply chain strategy by
prioritizing the breakdown factors of supply chain man-
agement in foodmanufacturing enterprises operating, which
are corporates, in the Eastern Black Sea Region and have 50
or more employees. Several methodologies are used to solve
prioritizing problems in the literature such as optimization
models [15] and decision-making methods [16]. In this
context, rough MARCOS methods based on SWARA have
been used because of the complexity of the decision problem.

Tis study consists of six parts. SCM breakdowns and the
COVID-19 pandemic impact are handled in the frst part.
Literature review related to SCM breakdowns due to the
pandemic and studies based on SWARA and MARCOS are
mentioned in the second part. Rough numbers, rough
SWARA, and rough MARCOS methods are explained in the
methodology section. Case studies of food frms in the East
Black Sea Region are examined in the fourth part. Sensitivity
and comparison analyses are executed in the ffth part.
Results and suggestions are stated in the conclusion part.

2. Literature Review

Studies related to SCM breakdowns due to the pandemic
process are limited and can be summarized as
mentioned below.

Chou et al. [17] assessed the impact of the SARS epi-
demic on Taiwan airlines and detected 30 percent suspen-
sion related to international fights. Salem and Haouari [18]
created a three-stage stochastic optimization model for
designing the expected demand and supply based on the
supply chain network. Araz et al. [19] highlighted the
COVID-19 pandemic as one of the critical suspensions in
the world. Queiroz et al. [20] made COVID-19-based
mapping related to the impact of the epidemic on supply
chains andmentioned six perspectives.Tese are adaptation,
digitalization, preparation, recovery, fuctuation efect, and
sustainability, respectively.

Ivanov [21] evaluated the spread of the pandemic on
global networks for predicting both the short- and long-term
efects of simulating with AnyLogic software. According to
the fndings factor, namely, the opening and closing dates of
the facilities was obtained as the most efective for the
spread. Aydın and Güner [22] examined the efect of the
pandemic on the agricultural industry and food safety and

stated the importance level of food safety risk for Turkey.
Govindan et al. [1] utilized a fuzzy inference system (FIS)-
based support system for decreasing stress levels in the
society with demand management in the health supply
chain, thereby breaking the COVID-19 spread chain and
thus preventing the health service-related supply chain in-
terruptions. According to the study, the frst four groups
(very sensitive, sensitive, a little sensitive, and normal) are
determined in terms of the risk level of the immune system
and past diseases (diabetics, heart disease, high blood
pressure, etc.) and then the criteria are classifed by using the
FIS method.

Ivanov and Dolgui [23] developed a game-based theo-
retical model by considering the interwoven supply network
for simulating the supply chain problem in the COVID-19
process and meeting the food-, communication-, and
logistics-related social demand. Biswas and Das [7] detected
the efect of the pandemic on the Indian manufacturing
sector based on fve base points (labour force defciency,
local law enforcement, lack of transportation, raw material
shortage, and cash fow inadequacy). Singh et al. [24]
proposed a simulation model for considering the efect of
COVID-19 on logistics and suspensions that took place in
food supply chains.

Wang et al. [25] detected the short-term efect of the
pandemic on the supply chain breakdown for the hog market
in China. Bhattacharya [26] presented a lot of propositions to
cope with the global supply chain breakdowns in Singapore.
Kaya [27] investigated the efects of the pandemic on OECD
countries’ sustainable development and evaluated the sus-
tainability performances with the MAIRCA method.

According to the literature review, no study aims to
prioritize factors leading to SCM breakdowns and selecting
the most successful SCM strategy for food frms in
COVID-19 and that underlined the novelty and importance
of the study, especially because the COVID-19 pandemic has
ushered in a new age in the world [28].

SWARA and MARCOS studies in the literature are
shown in Table 1.

According to Table 1, rough SWARA-based rough
MARCOS methodology is not applied for weighting factors
leading to SCM breakdowns and for selecting the most
successful SCM strategy for food frms during COVID-19,
and that shows the originality of the study from the
methodology.

3. Methodology

In this study, while determining the weights of the criteria
with the rough SWARA method, the strategies will be listed
with the rough MARCOS method. Te methodology section
consists of three parts, and they are as follows: rough set
theory, rough SWARA, and rough MARCOS.

3.1. Rough Set Teory. Rough numbers convey expert de-
cision makers’ impressions in an impartial manner, and they
improve the decision-making process of the decision makers
[49]. Assume that D indicates the universe, K is an arbitrary
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ş
et

al
.[
40
]

C
C
SD

-I
TA

RA
-M

A
RC

O
S

C
ho

ic
e
of

st
ac
ke
rs

in
lo
gi
st
ic
s

M
isk

ic
et

al
.[
41
]

SW
A
RA

-M
A
RC

O
S

T
e
cl
as
sif

ca
tio

n
of

pr
od

uc
ts

in
to

th
re
e
gr
ou

ps

Ö
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oğ
lu

et
al
.[
42
]

Fu
zz
y
SW

A
RA

-f
uz
zy

M
A
RC

O
S

In
or
de
r
to

de
te
rm

in
e
th
e
im

po
rt
an
ce

of
th
e
cr
ite
ri
a
th
at

ai
rli
ne

co
m
pa
ni
es

sh
ou

ld
ta
ke

in
to

ac
co
un

ti
n
th
e
re
cr
ui
tm

en
to

fc
ab
in

cr
ew

an
d
to

ch
oo

se
th
e
m
os
t

ap
pr
op

ri
at
e
on

e
am

on
g
th
e
ca
bi
n
cr
ew

al
te
rn
at
iv
es

Ta
ş
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object of D, and P presents a set of t classes U1, U2, . . . , Ut 

including all the objects in D, P � U1, U2, . . . , Ut . If these
classes are sequenced as U1 <U2 < . . . <Ut, then ∀K ∈ D,
Uq ∈ P, and 1≤ q≤ t, by P(K), we refer the group to which
the object belongs, and the upper approximation (Apr(Uq))
and lower approximation (Apr(Uq)) of class Uq are
explained as follows [50]:

̲Apr Uq  �
K ∈ D

P(K)
≤Uq , (1)

Apr Uq  �
K ∈ D

P(K)
≥Uq , (2)

where Uq can be demonstrated as a rough number RN(Uq)

and its lower limit (Lim (Uq)) and upper limit (Lim(Uq))

can be computed as

Lim Uq  �
1

ML

 K ∈ Apr Uq  P(K), (3)

Lim Uq  �
1

MU

 K ∈Apr Uq  P(K), (4)

RN Uq  � Lim Uq , Lim Uq  , (5)

where ML and MU are the number objects included in
Apr(Uq) and Apr(Uq), respectively. Te arithmetic opera-
tions of the two rough numbers, that is, (RN(D) and RN(E))
are as follows:

Addition: RN(D) + RN(E) � Lim―(D) + Lim―(E), Lim―(D) + Lim―(E) ,

Subtraction: RN(D) − RN(E) � Lim―(D) − Lim―(E), Lim―(D) − Lim―(E) ,

Multiplication: RN(D) × RN(E) � Lim―(D) × Lim―(E), Lim―(D) × Lim―(E) ,

Division: RN(D)÷RN(E) � Lim―(D)÷ Lim―(E), Lim―(D)÷ Lim―(E) .

(6)

3.2. Rough SWARA. Te SWARA method, which was
proposed by Keršuliene et al. [51], is frequently used in the
literature as it consists of a few steps of calculation, and it
needs a few pairwise comparisons. Te rough SWARA
method was developed by Zavadskas and his colleagues [33].
Te subjectivity and uncertainty of decision makers are
reduced by the combination of rough numbers with the
SWARA method [33]. Simple access creation, simple data
collecting, and a few processes step are all traits of rough
SWARA [33]. Te rough SWARA method is utilized to
obtain the weights of the criteria in this study. Te phase in
this method is outlined as follows [33]:

Phase 1: a set of criteria is explained
Phase 2: decision makers rank the criteria with respect
to the importance level
Phase 3: the preferences of experts are consolidated to
achieve a group rough matrix cj, which is represented
as

RN Cj  � c
L
j , c

U
j 1×n

. (7)

Phase 4: the group rough matrix is normalized by
equation (9) to achieve the normalized rough matrix
(RN(Sj)), that is,

RN Sj  � s
L
j , s

U
j 1×n

, (8)

where

RN Sj  �

j � 1, [1, 1],

j> 1,
c

L
j , c

U
j 

max r c
L
r , c

U
r 

.

⎧⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

(9)

Phase 5: RN(Kj) � [kL
j , kU

j ]1×n matrix is computed as

RN Kj  �
j � 1, [1, 1],

j> 1, s
L
j + 1, s

U
j + 1 .

⎧⎨

⎩ (10)

Phase 6: RN(Qj) (recalculated weights) matrix is
computed as

RN Qj  �

j � 1, [1, 1],

j> 1,
q

L
j−1

k
U
j

,
q

U
j−1

k
L
j

⎡⎢⎢⎣ ⎤⎥⎥⎦.

⎧⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

(11)

Phase 7: the weights of criteria are computed as

RN Wj  � w
L
j , w

U
j 1×n

�
q

L
j , q

U
j 

 q
L
j , q

U
j 

⎡⎢⎢⎣ ⎤⎥⎥⎦. (12)

3.3. Rough MARCOS. Te foundation of the MARCOS
approach is the defnition of the relationship between al-
ternatives and reference values (anti-ideal and ideal alter-
natives). Te utility functions of the alternatives are
established using the defned relationships, and
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a compromise ranking is then created by using anti-ideal
and ideal solutions [46]. In this study, the rough MARCOS
(R-MARCOS) method is utilized to rank supply chain
strategies.Te R-MARCOSmethod is helpful to decrease the
uncertainty and subjectivity of the decision-makers. Te
phases of R-MARCOS are as follows [52]:

Phase 1: rough decision matrix (RN(V)) is organized
as follows:

RN(V) � v
L
ij, v

U
ij 

m×n
. (13)

Phase 2: extended roughmatrix RN(EV) is arranged by
adding anti-idealRN(AID) and ideal RN(ID) solutions
to the matrix.

RN(AID) � v
L
aid, v

U
aid  �

min
i

v
L
ij, v

U
ij , if j ∈ B,

max
i

v
L
ij, v

U
ij , if j ∈ C,

⎧⎪⎪⎨

⎪⎪⎩
(14)

RN(ID) � v
L
id, v

U
id  �

max
i

v
L
ij, v

U
ij , if j ∈ B,

min
i

v
L
ij, v

U
ij , if j ∈ C.

⎧⎪⎪⎨

⎪⎪⎩
(15)

In equations (14) and (15), B and C indicate benefcial
and nonbenefcial criteria.
Phase 3: rough normalized matrix RN(T) is created by
using equations (17) and (18).

RN(T) � t
L
ij , t

U
ij 

m×n
, (16)

t
L
ij, t

U
ij  �

v
L
ij

v
U
id

,
v

U
ij

v
U
id

⎡⎢⎣ ⎤⎥⎦if j ∈ B, (17)

t
L
ij , t

U
ij  �

v
L
id

v
U
ij

,
v

L
id

v
L
ij

⎡⎢⎢⎣ ⎤⎥⎥⎦if   j ∈ C. (18)

Phase 4: rough weighted normalized matrix RN(E) is
computed by using the following equation:

RN(E) � e
L
ij , e

U
ij  � t

L
ij × w

L
j , t

U
ij × w

U
j . (19)

Phase 5: RN(Z) is computed by using the equation as
follows:

RN(Z) � z
L
i , z

U
i  � 

n

j�1
e

L
ij , e

U
ij . (20)

Phase 6: rough utility degrees of alternatives RN(Y−
i )

and RN(Y+
i ) are calculated as

RN Y
−
i(  � y

−L
i , y

−U
i  �

z
L
i

z
U
aid

,
z

U
i

z
L
aid

 , (21)

RN Y
+
i(  � y

+L
i , y

+U
i  �

z
L
i

z
U
id

,
z

U
i

z
L
id

 . (22)

Phase 7: rough utility degrees (RN(Y−
i ) and RN(Y+

i ))
are then converted into crisp Y−

i and Y+
i .

Y
−
i �

y
−L
i + y

−U
i

2
, (23)

Y
+
i �

y
+L
i + y

+U
i

2
. (24)

Phase 8: the utility functions in relation to the anti-
idealf(Y−

i ) and ideal f(Y+
i ) solutions are computed by

using equations (25) and (26), respectively.

f Yi(  �
Y

+
i + Y

−
i

1 + 1 − f Y
+
i( /f Y

+
i( (  + 1 − f Y

−
i( /f Y

−
i( ( 

,

(25)

where

f Y
−
i(  �

Y
+
i

Y
+
i + Y

−
i

, (26)

f Y
+
i(  �

Y
−
i

Y
+
i + Y

−
i

. (27)

Phase 9: the alternatives are then ranked from the
maximum to the minimum utility function.

4. Application

In this study, it is aimed to prioritize the factors leading to
SCM breakdowns and choosing the most successful SCM
strategy in the COVID-19 process. Te SCM strategies
considered in the assessment in this study are as follows: lean
supply chain management strategy (LSCMS), agile supply
chain management strategy (ASCMS), collaborative supply
chain management strategy (CSCMS), vertical integration
strategy-based on lean supply chain axis (VIS), and lean
supply chain outsourcing axis-based strategy (LSCOAS).
Tese SCM strategies are evaluated with respect to their
performance under the criteria leading to SCM breakdowns.

Te factors considered in the evaluation of this study are
existence of skilled workforce (ESW), business dispute (BD),
local laws-related incentives (LLRI), cash fow scarcity in the
manufacturing sector (CFSMS), supplier bankruptcy (SB),
alternative supplier capacity and fexibility (ASCF), lack of risks
related to pandemic (COVID-19), war, terrorism, and force
majeure (LRRPWTFM), transportation capacity (TC), and
level of raw material procurement (LRMP). Factors and
strategies were determined according to the literature review
and experts (academicians, managers, and public authorities)
decisions.Te Eastern Black Sea Region of Turkey provided the
data for this study. First, the six major company managers
ranked the factors frommost important to least important.Te
decision makers consisted of 6 experts in total, including the
operation manager (2), the process manager (2), the pur-
chasing manager (1), and the general manager of the business
(1) working in the feld of food manufacturing.

Te ranking of factors according to the preferences of
managers (M) is shown in Table 2.
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Te weights of the factors are found by using the rough
SWARA method and the data in Tables 2 and 3 present the
fndings of the rough SWARA. Figure 1 shows the weight of
the factors. First, the rankings of the factors are consolidated
to achieve a group rough matrix by using equations (3) and
(4). Te ESW factor is as an example to illustrate the cal-
culation as follows:

ESW � 2, 5, 5, 3, 6, 5{ }

Lim―(2) � 2,

Lim―(2) �
(2 + 5 + 5 + 3 + 6 + 5)

6
� 4.333

Lim―(5) �
(2 + 5 + 5 + 3 + 5)

5
� 4,

Lim―(5) �
(5 + 5 + 6 + 5)

4
� 5.25

Lim―(3) �
(2 + 3)

2
� 2.5,

Lim―(3) �
(5 + 5 + 3 + 6 + 5)

5
� 4.8

Lim―(6) �
(2 + 5 + 5 + 3 + 5 + 6)

6
� 4.333,

Lim―(6) � 6

RN ESW1(  � [2, 4.333]

RN ESW2(  � [4, 5.25]

RN ESW3(  � [4, 5.25]

RN ESW4(  � [2.5, 4.8]

RN ESW5(  � [4.333, 6]

RN ESW6(  � [4, 5.25]

ESWL
�
2 + 4 + 4 + 2.5 + 4.333 + 4

6
� 3.472

ESWU
�
4.333 + 5.25 + 5.25 + 4.8 + 6 + 5.25

6
� 5.147.

(28)

Te same operations are performed for other factors.
Ten, the normalization process is performed with equation
(12). Te ESW factor is taken as an example to illustrate the
calculation as follows:

RN SESW(  �
3.472
7.956

,
5.147
4.444

  � [0.436, 1.158]. (29)

Te same operation is performed for other factors. After
the normalization process, the RN(Kj) value is found by
using equation (13). Te ESW factor is taken as an example
to illustrate the calculation as follows:

RN KESW(  � [1 + 0.436, 1 + 1.158] � [1.436, 2.158].

(30)

After these calculations, the RN(Qj) value is obtained by
using equation (14). Te ESW factor is taken as an example
to illustrate the calculation that follows:

RN QESW(  �
1.277
2.158

,
2.216
1.436

  � [0.592, 1.543]. (31)

In the fnal step, the weights of the factors are calculated
by using equation (15). Te ESW factor is taken as an ex-
ample to indicate the computation.

RN wESW(  �

0.592
(1 + 0.783 + 1.543 + 1.539 + 1.704 + 1.722 + 1.710 + 1.795 + 1.743)

,

1.543
(1 + 0.451 + 0.592 + 0.573 + 0.567 + 0.572 + 0.524 + 0.553 + 0.547)

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

� [0.044, 0.287].

(32)
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Table 3 shows the weights of the factors.
By taking the arithmetic mean of the wL

j andwU
j values, it

can be determined which factor is more important by
fnding the crisp weights of the factors.wj values have shown
that the most signifcant criterion is TC with the value of
0.187. On the other hand, the criterion of LLRI is determined
as the least signifcant with the value of 0.089. Managers
assigned values between 1 (the lowest) and 9 (the highest) to
each factor.Te preferences of managers are consolidated by
using equations (3) and (4) to organize a rough decision

matrix.Te ESW factor for the LSCMS strategy is taken as an
example to indicate these calculations.

LSCMSESW � 3, 5, 3, 2, 3, 2{ }

Lim―(3) �
(3 + 3 + 2 + 3 + 2)

5
� 2.6,

Lim―(3) �
(3 + 5 + 3 + 3)

4
� 3.5

Lim―(5) �
(3 + 5 + 3 + 2 + 3 + 2)

6
� 3,

Lim―(5) � 5

Lim―(2) � 2,

Lim―(2) �
(3 + 5 + 3 + 2 + 3 + 2)

6
� 3

RN LSCMS1(  � [2.6, 3.5]

RN LSCMS2(  � [3, 5]

RN LSCMS3(  � [2.6, 3.5]

RN LSCMS4(  � [2, 3]

RN LSCMS5(  � [2.6, 3.5]

RN LSCMS6(  � [2, 3]

LSCML
�
2.6 + 3 + 2.6 + 2 + 2.6 + 2

6
� 2.467

LSCMU
�
3.5 + 5 + 3.5 + 3 + 3.5 + 3

6
� 3.583.

(33)

Table 2: Te ranking of factors.

Factors
Managers

M1 M2 M3 M4 M5 M6
ESW 2 5 5 3 6 5
BD 6 8 7 4 4 2
LLRI 5 1 6 1 7 3
CFSMS 8 2 3 5 1 1
SB 4 3 9 2 3 8
ASCF 3 7 4 9 2 6
LRRPWTFM 1 6 8 8 9 4
TC 9 4 2 6 8 7
LRMP 7 9 1 7 5 9

Table 3: Te rough SWARA fndings.

Factors wL
j wU

j wj Ranking

CFSMS 0.074 0.186 0.130 8
LLRI 0.033 0.146 0.089 9
ESW 0.044 0.287 0.165 6
SB 0.042 0.286 0.164 7
BD 0.042 0.317 0.179 4
ASCF 0.042 0.320 0.181 3
LRRPWTFM 0.039 0.318 0.178 5
TC 0.041 0.334 0.187 1
LRMP 0.040 0.324 0.182 2

0.00000000

0.05000000

0.10000000

0.15000000

0.20000000

CFSMS

LLRI

BD

ASCF

LRRPWTFMTC

LRMP

ESW

SB

Global Weight of Factors

Figure 1: Weight of the factors.

8 Complexity



Te same operations are performed in other strategies
and other factors. Te rough decision matrix is shown in
Table 4.

Anti-ideal and perfect solutions are added to the matrix
to create the extended rough matrix. Tis matrix is shown in
Table 5.

Te extended rough matrix is transformed into the
rough normalized matrix by using equations (17) and (18).
Table 6 shows the rough normalized matrix.

Te ESW factor for the LSCMS strategy will be taken as
an example to illustrate this calculation. Tis factor is
a benefcial factor, so equation (17) will be used.

t
L
11, t

U
11  �

v
L
11

v
U
11

,
v

U
11

v
U
11

  �
2.467
4.881

,
3.583
4.881

  � [0.505, 0.734].

(34)

Te rough weighted matrix (Table 7) is created by
multiplying (equation (19)) the rough normalized values
with the rough weights of the factors.Te ESW factor for the
LSCMS strategy is taken as an example to illustrate this
calculation.

RN(E) � e
L
11, e

U
11  � t

L
11 × w

L
1 , t

U
11 × w

U
1  � [0.505 × 0.044, 0.734 × 0.287] � [0.022, 0.211]. (35)

Te fndings of the rough MARCOS technique are de-
rived using the equations (20)–(27). Table 8 ranks the

strategies based on these fndings. Te LSCMS strategy is
taken as an example to illustrate these calculations.

RN(Z) � z
L
1 , z

U
1  � 

n

j�1
e

L
ij, e

U
ij  �

(0.022 + 0.026 + 0.021 + 0.039 + 0.017 + 0.023 + 0.018 + 0.027 + 0.023),

(0.211 + 0.303 + 0.134 + 0.176 + 0.278 + 0.280 + 0.274 + 0.321 + 0.310)

⎡⎢⎣ ⎤⎥⎦ � [0.216, 2.287]

RN Y
−
1(  � y

−L
1 , y

−U
1  �

z
L
1

z
U
aid

,
z

U
1

z
L
aid

  �
0.216
1.929

,
2.287
0.186

  � [0.112, 12.296]

RN Y
+
1(  � y

+L
1 , y

+U
1  �

z
L
1

z
U
id

,
z

U
1

z
L
id

  �
0.216
2.518

,
2.287
0.254

  � [0.086, 9.004]

Y
−
1 �

y
−L
1 + y

−U
1

2
�
0.112 + 12.296

2
� 6.204

Y
+
1 �

y
+L
1 + y

+U
1

2
�
0.086 + 9.004

2
� 4.545

f Y(
−
1  �

Y
+
1

Y
+
1 + Y

−
1

�
4.545

6.204 + 4.545
� 0.423

f Y(
+
1  �

Y
−
1

Y
+
1 + Y

−
1

�
6.204

6.204 + 4.545
� 0.577

f Y1(  �
Y

+
1 + Y

−
1

1 + 1 − f Y
+
1( /f Y

+
1( (  + 1 − f Y

−
1( /f Y

−
1( ( 

�
6.204 + 4.545

1 +(1 − 0.577/0.577) +(1 − 0.423/0.423)
� 3.471.

(36)

Te strategies are ranked as follows according to the
fndings of the rough MARCOS: CSCMS, LSCMS, LSCOAS,
VIS, and ASCMS. By standing frst, CSCMS shows its im-
portance in providing cost benefts to businesses that im-
plement it as a strategy, as it allows for the direction of their
manpower, capital, and time to their core capabilities and

operations while outsourcing the noncore activities and
functions to other logistics service providers. Te frst place
in the ranking of the strategy is also attributed to its per-
ceived value, especially during the COVID-19 pandemic,
regarding the expansion of the service area of the relevant
sector, the expansion of the location served, the reduction
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and sharing of the total costs, increasing the level and quality
of service, as well as creating a common power.

Another important strategy in manufacturing enter-
prises is LSCMS. Tis is because enterprises can only
minimize waste, reduce stocks, and ensure an efective
material fow through LSCMS, especially during the
COVID-19 period. In other words, reducing each resource
used in all operations as much as possible is the strategic
element that creates added value that all businesses focus on.

5. Sensitivity and Comparative Analysis

5.1. Sensitivity Analysis. In this part of the paper, we have
analysed the efect of changing the three most important
criteria C8-TC, C9-LRMP, and C6-ASCF on the ranks
because it is a higher probability that the most essential
criteria can have an infuence on the ranking alternatives.
For the creation of scenarios with simulated criteria
weights (Table 9), we have used the following equation:

Wnβ � 1 − Wnα( 
Wβ

1 − Wn( 
. (37)

In equation (37), Wnβ represents the corrected values of
all criteria values and Wnα indicates the lowered values of the
criterion TC in scenarios S1–S10, LRMP in scenarios
S11–S20, and ASCF in scenarios S21–S30. Wβ is the original
value of each considered criterion, and Wn is the initial value
of the criterion TC in scenarios S1–S10, LRMP in scenarios
S11–S20, and ASCF in scenarios S21–S30.

Te value of the criterion TC was lowered by 5% in the
frst scenario, while the values of the other criteria were
modifed accordingly using the equation mentioned above.
Te value of the TC criterion is 10% less in each of the
S2–S10 scenarios, so in scenario S10, it has a value of only
(0.006, 0.050) (reduced by 95%). Te same procedure is
followed in scenarios S11–S20 for the LRMP criterion, and
in scenarios S21–S30 for the ASCF criterion which means
that scenarios S1–10 represent reduction of the most im-
portant criterion (TC) in the range 5–95%, and scenarios
S11–S20 represent the reduction of LRMP criterion. Sce-
narios S21–S30 represent the reduction of the ASCF
criterion.

Te output of the model created from the newly created
30 criterion weight vectors is presented in Figure 2. A
sensitivity analysis was formed in terms of 30 scenarios with
simulated criteria weights.

According to Figure 2, only the strategies of VIS and
LSCOAS changed their position (VIS from third to fourth
place) in the total number of 10 scenarios (S4–S10, S27,
S29, and S30). Considering such results, we may draw the
conclusion that the model is not extremely sensitive to the
signifcance of the criteria and that the shift in the im-
portance of the criteria values does not have a signifcant
efect.

5.2. Comparative Analysis. Rough ARAS [53], rough
WASPAS [54], and rough SAW [55] methods were applied
to determine whether the rough MARCOS method achieved
the correct results. Table 10 shows the results of the rough
MCDMmethods. Figure 3 refers to rough number values in
a comparative analysis with the mentioned methods.

As seen in Table 10, the ranking of the strategies was the
same in rough MARCOS and rough WASPAS methods.
Likewise, the results of the rough SAW and rough ARAS
methods are the same. Te Spearman correlation coefcient
between the results of the rough MARCOS-rough ARAS
methods was determined as 0.9. In addition, the Spearman
correlation coefcient between the results of the rough
MARCOS and rough SAW methods was determined as 0.9
since the results of the rough SAWmethod were the same as
the results of the rough ARAS method. As can be seen, there
is a high correlation between the results of the proposed
rough MARCOS method and the results of other rough
MCDM methods. Terefore, it has been confrmed that the
proposed rough MARCOS method achieved accurate re-
sults. As seen in Figure 3, rough MARCOS has the smallest
range, while the rough values in rough ARAS have the largest
range (0.053–14.380), as can be seen by observing the lower
and upper limits of the rough number. Te rough numbers
and rough WASPAS have a relatively small range
(0.496–2.937), and for rough SAW it is (0.213–3.572). Te
values of rough numbers may vary depending on the
methodology itself, but the results obtained using the in-
tegrated rough SWARA and rough MARCOS model have
been verifed, as can be seen from their ranks and the cal-
culated Spearman’s coefcient (SCC).

Also, the Spearman correlation coefcient SCC [56] was
made between roughMARCOS and the other methods. SCC
as 0.90 was calculated between rough MARCOS, rough
ARAS, and rough SAW. Finally, the highest coefcient as
1.00 showing the same alternative ranking between rough
MARCOS and rough WASPAS was acquired.

Table 8: Te fndings of rough MARCOS.

Strategies
Results

RN(Z) RN(Y−
i ) RN(Y+

i ) Y−
i Y+

i f(Y−
i ) f(Y+

i ) f(Yi) Rankings

Anti-ideal (0.186, 1.929)
LSCMS (0.216, 2.287) (0.112, 12.296) (0.086, 9.004) 6.204 4.545 0.423 0.577 3.471 2
ASCMS (0.219, 2.151) (0.114, 11.565) (0.087, 8.469) 5.840 4.278 0.423 0.577 3.267 5
CSCMS (0.227, 2.306) (0.118, 12.398) (0.090, 9.079) 6.258 4.585 0.423 0.577 3.501 1
VIS (0.213, 2.218) (0.110, 11.925) (0.085, 8.732) 6.018 4.409 0.423 0.577 3.367 4
LSCOAS (0.218, 2.226) (0.113, 11.968) (0.087, 8.764) 6.041 4.426 0.423 0.577 3.380 3
Ideal (0.254, 2.518)
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Figure 2: 30 new scenarios in a sensitivity analysis.

Table 10: Te results of rough methods.

Strategies
Methods

Rough MARCOS Rough WASPAS Rough ARAS Rough SAW
LSCMS 2 2 1 1
ASCMS 5 5 5 5
CSCMS 1 1 2 2
VIS 4 4 4 4
LSCOAS 3 3 3 3

A1 A2 A3 A4 A5 MIN MAX
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Figure 3: Alternative values in comparative analysis.
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6. Conclusion and Suggestions

Companies develop and underline new strategies as alter-
natives for preventing SCM-related breakdowns during the
COVID-19 pandemic because determining alternative
supply scenarios and evaluating them with respect to op-
erations has gained importance for coping with breakdowns
in SCM during the pandemic process. With this perspective,
it is aimed to analyse the factors leading to SCM breakdowns
for manufacturing frms. In this study, a rough set-based
SWARA-MARCOS methodology was used to prioritize
factors leading to SCM breakdowns and to select the most
successful SCM strategy in the COVID-19 process for food
frms in the East Black Sea Region, respectively. Rough sets
were preferred for aggregating the data of group decision
making and thus data loss was prevented in this way. Tis
was the advantageous side of rough sets compared with
other methods. According to the results of the criteria
weights calculated by using the rough SWARA method, the
transportation capacity (TC) criterion was obtained as the
most important leading to SCM breakdowns, and the local
laws-related incentives (LLRI) criterion was found as the
least important one. Other criteria ranking was
LRMP>ASCF>BD> LRRPWTFM>ESW> SB>CFSMS,
respectively.

It was determined that the most important weight was
“transportation capacity (TC).” Te result is consistent with
the studies of Tao [57], Korucuk [58], and Gkiotsalitis and
Cats [59] because with COVID-19, processes such as cus-
toms clearance level, delivery time, processing activities,
especially the carrying capacity, have not been realized at the
desired level. Depending on the carrying capacity, disrup-
tions have occurred in production processes with the
pandemic. In fact, the supply shock from the COVID-19
process has been impressive.

Another important factor is the “level of raw material
procurement (LRMP).” Te result is consistent with the
studies of Askariazad and Wanous [60] and Xu et al. [61].
Te supply level and level of raw materials are important in
terms of realizing production levels at the desired level in the
supply chain management, including the COVID-19
process.

Another important result reached in terms of supply
chain management breaks in the COVID-19 process within
the scope of the study is “alternative supplier capacity and
fexibility (ASCF).”Te obtained result supports the study of
Kim and Zhao [62]. In this sense, determining the right
suppliers to work with is of great importance in creating an
efective supply chain because any negativity in the supply
chain fow can make a diference in competition and can
cause businesses to face some risks in the supply chain
management [63].

Following that the most successful SCM strategy was
determined as the collaborative supply chain management
strategy (CSCMS) with the rough MARCOS method.

On the other hand, the best alternative in the results of
the study was “collaborative supply chain management
strategy (CSCMS).” Tis result supports the study of
Maheshwari et al. [64] because this strategy is based on

mutual cooperation and solidarity at diferent levels during
the COVID-19 period, within the framework of bilateral
principles or multilateral agreements, policies, procedures,
plans, new activities, joint decision-making and participa-
tion, joint procurement practices, support for joint pro-
duction, product/goods exchange, distribution
management, supply chain management, joint trans-
portation, new service arrangements and sharing, devel-
opment of new procedures, and determination of
appropriate costs, so it allows partnerships to be established
between logistics sectors and businesses.

Firms having lean and agility capabilities mostly prefer
CSCMS recently. Tis fexible strategy providing service
quality and cost advantage has gained importance to carry
out SCM functions for manufacturing frms during the
pandemic process. Te competitive power of frms is being
supported by this strategy as similar to the literature.

In addition to its theoretical contributions, the study has
very important implications for decision makers and
practitioners in the food sector and those who are interested
in the subject. Tese provide the opportunity to evaluate the
factors of supply chain management breaks. It also pioneers
a basic model for selecting the optimal alternative for supply
chain management breaks and the supply chain strategy
selection process. It provides a fexible and structured
decision-making environment, that is, a decision-making
environment and opportunity that considers diferent and
separate views. Another valuable contribution of the study is
that it helps decision makers make a new route in planning
that considers the market conditions in the COVID-19
process in eliminating the disruptions in the supply chain by
using the proposed model. In addition, the related study
presents a new set of criteria suitable for real-worlddecision-
making problems encountered in the food industry,
addressing a critical area such as ensuring the efciency of
supply chain management in the COVID-19 process.

Finally, the evaluation of the supply chain management
breakdown and the selection of the most ideal supply chain
management strategy processes in the COVID-19 period,
with the methods in the study, provided the opportunity to
convey the practical approaches of the decision makers
working in the food sector in a scientifc perspective, and
contributed to the interaction of theoretical and practical
applications.

As opposed to that, the least successful SCM strategy was
found as the agile supply chain management strategy
(ASCMS). Other strategies were ranked as
LSCMS> LSCOAS>VIS, respectively. A comparison anal-
ysis was executed with other methods (rough ARAS,
WASPAS, and SAW) to underline the similarities and
diferences in terms of SCM strategies. Te Spearman
correlation coefcient was calculated between rough
MARCOS and other methods and was found to be 0.9. As
generally said, frms need to focus on alternative SCM
strategies to evaluate their role in the operation for pre-
venting breakdowns in supply chains because of the virus
spreading in various regions. For future studies, criteria and
strategies can be expanded and applied to diferent in-
dustries with hybrid methods. Also, comparison studies can
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be executed with respect to industry, region, country, and
methodology.

In this study, some managerial implications for the food
manufacturing industry were obtained.Te aim of this study
is to prioritize factors leading to SCM breakdowns and
selecting the most successful SCM strategy in the COVID-19
process. According to the results of the rough SWARA
method used in determining the weights of the factors in this
study, the three most important factors are the following:
transportation capacity, level of raw material procurement,
and alternative supplier capacity and fexibility. According
to these results, the managers of the companies should pay
particular attention to the transportation capacity factor as
much as possible. In addition, the managers of the com-
panies need to keep the transportation capacity at the op-
timum level as possible. Besides, the managers of the
companies should be careful about the level of raw material
procurement and control their raw material stocks as much
as possible. In addition, the managers of the companies are
required to periodically check the capacity and fexibility of
the company’s alternative suppliers. Tis will prevent the
companies from remaining without raw materials or
semifnished products or products in both pandemic con-
ditions and disaster situations. According to the results of
the rough MARCOS method used in ranking the strategies,
the best strategies are as follows: collaborative supply chain
management strategy and lean supply chain management
strategy. If the managers of the companies adopt the supply
chain management in a collaborative way, they can cope
with the pandemic conditions more easily. In addition, by
using the lean supply chain management strategy as a sup-
port for the collaborative supply chainmanagement strategy,
the company’s survival in pandemic and disaster conditions
can be ensured. Although the efects of the COVID-19
pandemic have decreased, the results presented in this study
will help the managers of the companies to choose the
strategy they need to manage their companies against future
possible pandemics.

Data Availability

Te data used to support the fndings of this study are in-
cluded within this article. However, the reader may contact
the corresponding author for more details on the data.
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[14] A. Görener, “Supply chain strategy selection: an application in
manufacturing industry by fuzzy VIKOR method,” In-
ternational Journal of Alanya Faculty of Business, vol. 5, no. 3,
pp. 47–62, 2013.

[15] K. T. Atanassov, “New topological operator over intuitionistic
fuzzy sets,” Journal of Computational and Cognitive Engi-
neering, vol. 1, no. 3, pp. 94–102, 2022.

[16] M. Barma and U. M. Modibbo, “Multiobjective mathematical
optimization model for municipal solid waste management
with economic analysis of reuse/recycling recovered waste
materials,” Journal of Computational and Cognitive Engi-
neering, vol. 1, no. 3, pp. 122–137, 2021.

[17] J. Chou, N. F. Kuo, and S. L. Peng, “Potential impacts of the
SARS outbreak on Taiwan’s economy,” Asian Economic Pa-
pers, vol. 3, no. 1, pp. 84–99, 2004.

[18] R. W. Salem and M. Haouari, “A simulation-optimisation
approach for supply chain network design under supply and
demand uncertainties,” International Journal of Production
Research, vol. 55, no. 7, pp. 1845–1861, 2017.

[19] O. M. Araz, T. M. Choi, D. L. Olson, and F. S. Salman, “Data
analytics for operational risk management,”Decision Sciences,
vol. 51, no. 6, pp. 1316–1319, 2020.

[20] M. M. Queiroz, D. Ivanov, A. Dolgui, and S. Fosso Wamba,
“Impacts of epidemic outbreaks on supply chains: mapping
a research agenda amid the COVID-19 pandemic through

18 Complexity

https://fortune.com/2020/02/21/fortune-1000-coronavirus-china%20-supply-chain-impact/
https://fortune.com/2020/02/21/fortune-1000-coronavirus-china%20-supply-chain-impact/
https://fortune.com/2020/02/21/fortune-1000-coronavirus-china%20-supply-chain-impact/


a structured literature review,” Annals of Operations Research,
vol. 319, pp. 1159–1196, 2020.

[21] D. Ivanov, “Predicting the impacts of epidemic outbreaks on
global supply chains: a simulation-based analysis on the
coronavirus outbreak (COVID-19/SARS-CoV-2) case,”
Transportation Research Part E: Logistics and Transportation
Review, vol. 136, Article ID 101922, 2020.
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Performans faktörlerinin önem derecelerinin belirlenmesi ve
en ideal rekabet stratejisi seçimi: Ordu ili örneği,”Dokuz Eylül
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