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ABSTRACT

Supply chain resilience is an important factor in ensuring the growth and development of
economies, as well as profitable operations in businesses. Because, unstable supply chains can
cause an increase in operational costs, loss of workforce, and a decrease in economic mobility
as a result of possible disruptions. In this study, supply chain resilience was evaluated consider-
ing the potential of N-11 countries. The Global Resilience Index data published by FM Global
was used in the evaluation process, and the weights of the indicators related to the resilience of
the supply chain were determined by the MEREC method. The relative rankings of the coun-
tries were then determined by the EDAS, MARCOS, and WASPAS methods. The resulting
rankings were combined with the BORDA counting method to form the final rankings for
supply chain resilience of N-11 countries. The focus on the subject and the methods used have
given the research a unique identity. As a result of the calculations, Supply Chain Visibility and
Corporate Governance indicators stand out as the most important indicators affecting supply
chain resilience in N-11 countries, while South Korea and Tiirkiye are the two best countries
in terms of supply chain resilience among N-11 countries. Various suggestions were made to
researchers and practitioners in line with the findings.

Cite this article as: Duran, Z. (2023). Evaluation of Supply Chain Resilience in N-11 Coun-
tries by MEREC Based EDAS, MARCOS, WASPAS Integrated Method. Yildiz Social Science
Review, 9(1), 1-15.

6z

Tedarik zinciri dayanikliligy, isletmelerde operasyonlarin karl bir sekilde gergeklestirilebil-
mesinin yani sira ekonomilerde de bilyiimenin ve kalkinmanin saglanabilmesinde 6nemli bir
faktordiir. Zira dayaniksiz tedarik zincirleri, olasi aksakliklar neticesinde operasyon maliyet-
lerinin ytikselmesine, is giicli kaybina ve ekonomik hareketliligin azalmasina neden olabil-
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mektedir. Bu ¢alismada N-11 tilkelerinin sahip oldugu potansiyel goz 6niinde bulundurularak
tedarik zinciri dayanikliliklar1 degerlendirilmistir. Degerlendirme isleminde FM Global adli
kurulus tarafindan yayinlanan Kiiresel Dayaniklilik Indeksi verileri kullanilmis olup tedarik
zinciri dayanikliligina iliskin gostergelerin agirliklart MEREC yontemiyle, iilkelerin gorece
siralamalar1 EDAS, MARCOS ve WASPAS yontemleriyle belirlenmistir. Elde edilen siralama-
lar BORDA sayim yontemiyle birlestirilerek N-11 tilkelerinin tedarik zinciri dayaniklihiina
iligkin nihai siralamalar1 olusturulmustur. Odaklanilan konu ve kullanilan yontemler, aragtir-
maya 6zgiin bir kimlik kazandirmaktadir. Yapilan hesaplamalar sonucunda Tedarik Zinciri
Goriintrliigii ve Kurumsal Yonetim gostergeleri N-11 tilkelerinde tedarik zinciri dayaniklili-
g1 etkileyen en 6nemli gostergeler olarak 6n plana ¢ikarken Giiney Kore ve Tiirkiye'nin N-11
iilkeleri arasinda tedarik zinciri dayanikliligi bakimindan en iyi iki tilke oldugu goriilmistiir.
Elde edilen bulgular dogrultusunda arastirmacilara ve uygulayicilara gesitli 6nerilerde bulu-
nulmugtur.

Atif igin yazim sekli: Duran, Z. (2023). Evaluation of Supply Chain Resilience in N-11 Coun-
tries by MEREC Based EDAS, MARCOS, WASPAS Integrated Method. Yildiz Social Science

Review, 9(1), 1-15.

1. INTRODUCTION

Supply chains are networks of processes that involve
stakeholders from different regions to produce and deliv-
er final products or services to customers. These networks
enable organizations with diverse structures and cultures
to collaborate commercially and produce products and
services that meet customer expectations under the most
suitable conditions. Due to their impact on trade volumes,
supply chains are regarded as one of the most crucial driv-
ers of regional and global economic growth and develop-
ment. As a matter of fact, disruptions in supply chains can
create bottlenecks that have negative effects on economic
productivity and growth. (Goel et al., 2021).

Despite limited resources, organizations are facing in-
creasing customer requirements and shortening product
life cycles, which are driving them to work in an integrat-
ed manner within supply chains. However, the competitive
pressure caused by globalization is leading to the expansion
of supply chain networks across the world. This situation
transforms supply chains into complex structures and ex-
poses them to various risk factors (Wagner & Bode, 2006).
Furthermore, changing customer demands and global eco-
nomic trends increase market uncertainty and diversify the
associated risks, making the consequences of supply chain
disruptions devastating. Therefore, the resilience of supply
chain operations against potential disruptions is a critical
issue that both managers and researchers are highly sensi-
tive to.

Supply chain resilience refers to the ability of the chain
to sustain operations continuously in the face of uncertain-
ty and disruption. It encompasses the capacity of the sup-
ply chain to prepare for potential interruptions, react in a
cost-effective manner in case of an interruption, and recov-
er promptly (Ponomarov & Holcomb 2009). Thus, achiev-
ing supply chain resilience necessitates an approach that
encompasses all stages and actors within the chain. Increas-

ing flexibility in physical, financial, and operational aspects
is a prerequisite for enhancing supply chain resilience, and
this can only be accomplished through a comprehensive ap-
proach. For this approach to be implemented successfully,
it is necessary to closely monitor all elements that have the
potential to affect the supply chain, as well as supply chain
activities.

Supply chain resilience has the potential to improve the
profitability of supply chain operations by enhancing trust
among supply chain actors and meeting customer expec-
tations. However, in today's economic landscape, supply
chains are connected on a global scale, resulting in unprece-
dented complexity in the flow of finished and semi-finished
products. This flow increases the vulnerability of supply
chains, giving rise to numerous risks and vulnerabilities.
(Wagner & Bode, 2006). This situation compels organiza-
tions to adopt strategies aimed at enhancing the resilience
of their supply chains. These strategies should enable the
chain to remain resilient in the event of possible disrup-
tions and quickly adapt to changing market conditions.
However, the impact of these strategies may vary depend-
ing on the geographic conditions where the supply chain
is operating (Gunasekaran et al., 2015). For instance, long-
term strategies such as investing in new technologies may
yield desirable outcomes for organizations operating in a
stable economy, while shorter-term strategies like reducing
costs or inventories may prove successful for organizations
operating in volatile regions. Similarly, organizations op-
erating in a trust-based cultural environment may opt for
long-term strategies, whereas those operating in cultur-
al conflict zones may prefer short-term strategies. Hence,
managers seeking to enhance the resilience of their supply
chains should closely monitor the dynamics of the regions
in which they operate.

Unstable supply chains can impede economic develop-
ment by causing financial losses, demand and supply mis-
matches, and destabilization of operational policies in pro-
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duction, distribution, and inventory control due to possible
disruptions (Ivanov, 2021). Therefore, monitoring and en-
hancing the resilience of supply chains is a crucial issue for
policymakers. Additionally, policymakers should remain
vigilant to potential problems and closely monitor the po-
tential impact of changes in the global economic landscape
on supply chains. This will help reduce supply chain risks
and ensure uninterrupted access to the goods and services
necessary for the citizens of the country.

Despite the significant impact of supply chain resilience
on national economies, most research in this field focuses
solely on its business aspect. For instance, Roberta Pere-
ria et al. (2014) studied the identification of internal and
inter-institutional problems that impact supply chain re-
silience, while Scholten and Schilder (2015) explored the
role of cooperation in enhancing supply chain resilience.
This creates a gap in the literature that neglects the national
dimension of supply chain resilience. The main reason for
this approach is the difficulty and complexity of measuring
supply chain resilience at the national level. Nevertheless,
despite the challenges involved, it remains crucial to ad-
dress supply chain resilience at the national level. Therefore,
this study aims to address this gap by examining the supply
chain resilience of N-11 countries. These countries have the
potential to become important supply centers in the future
due to their resources and socioeconomic characteristics.
In this context, in this study, the resilience of the supply
chain of these countries was evaluated with multi-criteria
decision-making (MCDM) methods using data on the sup-
ply chain section of the Global Resilience Index published
by FM Global.

In the evaluation process, the weights of the indicators
related to supply chain durability were determined by the
MEREC method, and the supply chain durability rankings
of the countries were determined separately with the EDAS,
MARCOS and WASPAS methods. The rankings obtained
later were combined with the BORDA counting method
to form the final rankings of the countries. Thus, a study
was carried out to fill the gap in the supply chain durability
literature, and the decision-making literature was tried to
be enriched by using current MCDM methods together. In
this context, in the following parts of the study, firstly, the
durability of the supply chain is discussed in general terms
and the literature is summarized, then the methods used in
the study are explained and the calculation results for these
methods are reported. Finally, the findings were interpret-
ed, and various suggestions were made to researchers and
practitioners.

2. SUPPLY CHAIN RESILIENCE

Supply chain resilience is an indicator of organizations'
ability to identify bottlenecks and potential risks related to
the supply chain management process (Brandon-Jones et
al., 2014). For this reason, in today's business environment

where uncertainty and complexity are increasing, it is one
of the issues that organizations should focus on to continue
their activities uninterruptedly. Likewise, the durability of
the supply chain allows the flow of semi-finished and fin-
ished products to continue, even in the event of unexpected
and devastating changes at any point in the supply chain,
making it possible for organizations to fulfill their commit-
ments despite the problems experienced in the markets.

Supply chain resilience is a subject that is still being
debated, with no clear definition available in the literature.
Sprecher et al. (2015) suggest that supply chain resilience is
the ability to obtain enough of a particular material to meet
societal demands and to offer suitable alternatives if there
is an inadequate supply. Ponomarov and Holcomb (2009)
define supply chain resilience as the ability of the supply
chain to be ready for unexpected disruptions and to main-
tain the continuity of operations at the desired level of con-
trol in case of interruptions. Similarly, Spiegler et al. (2012)
view supply chain resilience as the adaptive capacity of the
supply chain to plan for unforeseen events, respond to dis-
ruptions, and recover from them while maintaining conti-
nuity. Scholten et al. (2014) view supply chain resilience as
a proactive approach to managing risks, defining it as the
ability to respond to disruptions in the supply chain. This
perspective emphasizes the importance of being prepared
for unexpected events and having a plan in place to mitigate
the impact of disruptions. From a slightly different perspec-
tive, Hearnshaw and Wilson (2013) view supply chain resil-
ience as the ability to quickly recover from disruptions and
to minimize the impact of these disruptions on custom-
ers. Shefhi (2015) presents a broader perspective on supply
chain resilience, defining it as the ability to cope with the
complexity of supply chains and to adapt to new challenges
using a perspective that surpasses the constraints of tradi-
tional approaches.

Although supply chain resilience is discussed from dif-
ferent perspectives in the literature, these perspectives con-
verge on the fact that the supply chain is resilient against
disruptions and that it allows sufficient flow of finished and
semi-finished products by quickly recovering in the face of
possible adversities. In this context, for the purposes of this
study, supply chain resilience is defined as the capacity of a
supply chain to maintain the flow of finished and semi-fin-
ished products in the most economical way without inter-
ruption in the face of unexpected events.

The traditional approach to supply chain design is cen-
tered on efficiency and maximizing profitability by reducing
waste. However, this narrow focus on efficiency can result
in reduced flexibility and increased vulnerability in supply
chains. Backup inventory or backup supplier policies need
to be considered so that supply chains can be designed to
absorb unexpected outages and quickly restore operations
in the event of serious disruptions. However, these policies
come with a cost, which can increase overall supply chain



Yildiz Social Science Review, Vol. 9, No. 1, pp. 1-15, 2023

costs. Therefore, it is important to adopt an approach that
balances these two extremes to increase supply chain per-
formance to the desired level (Pettit et al., 2010). Despite
efforts to make supply chains more flexible, the risk of dis-
ruption always exists. If the cost of mitigating this risk is
too high, it may become unsustainable for organizations to
continue their operations.

It is important for supply chains to be resilient in to-
day's market conditions where customer requirements are
unpredictable and variable. This requires a combination of
strategic practices such as shortening lead times, developing
advanced cooperation with flexible suppliers, and ensuring
integration between chain members. In addition, buffer ca-
pacity and risk inventory should be integrated into supply
chain strategies to ensure operational continuity and meet
demand even in cases of interruption. The combination of
reactive and proactive capabilities can enable the supply
chain to quickly return to its normal flow in the face of
possible problems and even improve its performance above
the previous level (Ivanov, 2021). However, the level of per-
formance and recovery time after disruption depends on
the level of proactive and reactive capabilities of the chain,
which can vary among organizations. Figure 1 provides a
schematic representation of this process.

Although supply chains are organized in different struc-
tures by different organizations, they interact with each
other. A disruption in a supply chain not only causes dis-
ruptions in the related chain but can also trigger disrup-
tions in other supply chains that are connected to it. With
the spillover effect, delivery delays may result in negative
consequences such as loss of revenue, loss of market share
and reputation, and loss of value in stocks (Hendricks &
Singhal, 2005). Small disruptions in the supply chain can
have significant consequences due to the spillover effect.
Therefore, to increase supply chain resilience, it is import-
ant to carefully examine and monitor even minor interrup-
tions (Dolgui et al., 2018), and enhance visibility through-
out the supply chain (Ivanov, 2021).

Uninterrupted monitoring of flow in the supply chain
increases visibility, allowing supply chain members to bet-
ter deal with uncertainty (Ponomarov & Holcomb 2009).
However, monitoring supply chains, which are becoming
increasingly complex, is not an easy task. Technological in-
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Figure 1. Recovery Process in Supply Chain Disruptions
(Ivanov, 2021).

novations such as big data and the internet of things can
make it easier to monitor supply chains, but their impact on
improving supply chain resilience is limited. Supply chain
transparency and collaboration, along with proactive man-
agement strategies, can significantly contribute to supply
chain resilience by facilitating coping with interruptions
(Gunasekaran et al., 2015).

Supply chains are one of the main sources of business
mobility and economic development. For this reason, dis-
ruptions that may occur in supply chains have the potential
to affect not only the organizations in the relevant supply
chains, but also the economy in which the supply chain is
organized. Disruptions in supply chains can cause serious
problems in the country's economy in the long run (Hen-
dricks & Singhal, 2005). In addition, the uninterrupted
meeting of the basic needs of the society in times of crisis
depends on the durability of the supply chains. For this rea-
son, supply chain resilience is of critical importance for the
continuity of corporate and economic activities as well as
the continuity of life. Likewise, in countries with durable
supply chain networks, during periods of natural disasters
such as earthquakes, floods, and fires, critically important
vital products are delivered to the points where they are
needed, and crises are managed more effectively (Ivanov,
2021).

2.1. Literature

Supply chain resilience is one of the topics that attract
the attention of researchers working in the field of supply
chain due to its increasing importance recently. In this con-
text, researches on supply chain resilience and quantitative
decision-making methods in national and international
data sources have been scanned, prominent studies and is-
sues related to these studies are given below.

Falasca et al. (2008) proposed a simulation-based frame-
work in their study where they evaluated the resilience of
supply chains against natural disasters. In their study, they
concluded that density, complexity, and node criticality are
determinants of supply chain resilience to natural disasters.

Soni et al. (2014) proposed a deterministic modeling in
their study to measure supply chain resilience. They argued
that this proposed model will enable managers to make
comparisons between different supply chains, as well as to
monitor the factors affecting supply chain resilience.

Timperio et al. (2016) used geographic information sys-
tem and Fuzzy AHP methods in their study to determine
the most appropriate facility location to ensure resilience
in disaster relief supply chains. In their study, they empha-
sized the importance of the distribution center location for
a supply chain network to be resilient enough to allow de-
cision makers to carry out rescue operations as quickly as
possible.

Wicher et al. (2016) used the Fuzzy ANP method in
their research to measure resilience in metallurgical supply
chains. Considering the criteria of cooperation, flexibility,
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visibility, and financial strength, they argued that the mea-
surement model they proposed, based on the findings they
obtained as a result of the measurement, would be an effec-
tive tool in monitoring the resilience of the metallurgical
supply chain.

Jafarnejad et al. (2019) used the Hesitant Fuzzy Delphi
method in their study to investigate the main factors affect-
ing the resilience of the medical equipment supply chain
and to examine the dynamic relationships between these
factors. As a result of their research, they concluded that
ten main factors affect the supply chain resilience of medi-
cal equipment: agility, collaboration between supply chain
actors, information sharing and trust, transparency of the
supply chain, risk management culture, adaptability, struc-
ture, financing, and environmental conditions.

Rehman and Ali (2021) used Fuzzy AHP, Fuzzy TOPSIS
and Fuzzy QFD methods in an integrated way in their work
on prioritizing resilience strategies in health supply chains.
As a result of their research, they revealed that Industry 4.0,
multiple sourcing, risk awareness, agility and global diver-
sification strategies are the most important strategies that
increase resilience in healthcare supply chains.

Zhang et al. (2021) used Fuzzy AHP and Fuzzy TOPSIS
methods together in their study where they examined the
balance of resilience in the supply chains of cross-border
e-commerce businesses. In line with their findings, they ar-
gued that resilience should be kept in an appropriate state
of balance, rather than pursuing high resilience or low fra-
gility.

Das et al. (2022) used AHP and DEMATEL methods
in their studies on the effects of the Covid-19 outbreak on
supply chain resilience. As a result of their research, they
concluded that the most important factor in reducing the
security vulnerabilities of the supply chain network is cost
optimization, and government supports are the approach
that can solve the problems that disturb the supply chains
in the most effective way.

Belhadi et al. (2022) evaluated artificial intelligence ap-
plications used in strategies to increase supply chain resil-
ience by integrating artificial neural networks and MCDM
methods. From data collected from 479 manufacturing
businesses, they suggested that fuzzy logic programming,
machine learning big data, and agent-based systems are the
best techniques to support strategies for supply chain resil-
ience.

Wen and Liao (2022) proposed a new decision-making
algorithm by integrating gained and lost dominance score
method and personalized quantifiers with cubic spline in-
terpolation in their study on the selection of policy recom-
mendations to increase supply chain resilience under the
effects of the Covid-19 epidemic. They demonstrated the
superiority of the proposed algorithm with a sensitivity
analysis and comparison analysis on a case study.

Banerjee et al. (2022) used the Gray DEMATEL meth-

od in their study to identify the barriers to building supply
chain resilience in post-Covid-19 Indian SMEs and to ex-
plain the contextual relationship between them. As a result
of their research, they concluded that lack of flexibility is
the most critical causal barrier to building a resilient supply
chain. They also drew attention to the lack of planning re-
garding resource management.

Pia et al. (2022) used Fuzzy ISM and DEMATEL meth-
ods in an integrated way in their study where they discussed
the factors that determine supply chain resilience in the oil
and natural gas industry during the Covid-19 epidemic.
As a result of their research, they suggested that govern-
ment support and security are the main drivers of supply
chain resilience. They also concluded that collaboration and
knowledge sharing among supply chain members are criti-
cal to supply chain resilience.

Hsu et al. (2022) used the MCDM and Quality House
approach by integrating it in their study focusing on factors
that increase supply chain resilience and reduce sustainable
supply chain risks. In their application on one of China's
largest relay manufacturers, they concluded that risks relat-
ed to IT infrastructure and information system efficiency,
customer supply disruptions, transportation disruptions,
natural disasters and government instability were the most
influential factors on supply chain resilience.

As it can be understood from the literature summary
above, researches on supply chain resilience are carried
out by focusing on businesses, and the general situation of
countries is neglected. To contribute to filling this gap in the
literature, this research focuses on supply chain resilience
of N-11 countries. In this context, the methods used in the
study are explained below.

3. METHODOLOGY

In this section, the data of N-11 countries on supply
chain resilience, the methods used in the research and the
reasons for choosing these methods are given.

The national aspect of supply chain resilience is an un-
der-researched topic, and as a result, the FM Global Resil-
ience Index is currently the only tool available to measure
national supply chain resilience. Therefore, this index was
utilized in this study. The evaluation process aimed to use
current objective MCDM methods, for which MEREC,
EDAS, MARCOS, and WASPAS methods were preferred.
To mitigate any differences arising from the algorithms of
these methods, the results obtained were combined using
the BORDA Counting Method. The data and methods used
in the research are discussed in detail below.

3.1. Data

Currently, there is no index or database that directly
measures and evaluates the supply chain resilience of coun-
tries. Despite the lack of a direct index or database to mea-
sure and evaluate the supply chain resilience of countries,
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FM Global, an international insurance company, offers a
measurement tool known as the Resilience Index. This tool
aims to demonstrate a country's resilience against unex-
pected and destructive events and comprises three dimen-
sions: economic, risk quality, and supply chain. The supply
chain dimension of the index in question is a measurement
tool that demonstrates the resilience of the supply chains of
countries. Therefore, the supply chain dimension of the FM
Global Resilience Index was utilized in this research. In this
context, Table 1 presents the FM Global Resilience Index
indicators used to evaluate the supply chain resilience of
N-11 countries and the codes assigned to these indicators
(FM Global, 2022).

The FM Global Resilience Index measures the resilience
of countries' supply chains by compiling data shared by the
World Bank and the World Economic Forum. The indica-
tors used in the measurement process can take values be-
tween 0 and 100. The scores of the N-11 countries, which
are the subject of this research, regarding the supply chain
resilience indicators are presented in Table 2.

The data presented in Table 2 were obtained from the
2022 report of the Global Resilience Index and were accept-
ed as the basic dataset within the scope of the research.

3.2. Method
In this part of the research, the methods used in the
evaluation of supply chain resilience of N-11 countries are

Table 1. Supply Chain Resilience Indicators and Codes

Indicators Codes
Control of Corruption C,
Infrastructure Quality c
Corporate Governance c
Supply Chain Visibility ct
Supply Chain Timeliness e

discussed. During the evaluation process, the weights of
the indicators were established using the MEREC meth-
od, while the supply chain resilience performances of the
countries were assessed through three distinct approaches:
EDAS, MARCOS, and WASPAS. Then, the rankings ob-
tained from the application of these methods were com-
bined with the BORDA Count Method to form the final
ranking. Explanations about the methods used in the re-
search are given below.

3.2.1. MEREC Method

MEREC Method, introduced to the literature by Kes-
havarz Ghorabaee et al. in 2021, is an objective criterion
weighting method. In the process of determining the crite-
rion weights, it takes advantage of the impact of each crite-
rion on the overall performance of the alternatives (Sahin,
2022). The criterion that has the most significant effect on
alternative performance is assigned the highest weight if
removed. In this method, the effect of removing each cri-
terion is determined by the absolute deviation, which is
the difference between the overall performance of the al-
ternative and its performance if the criterion is removed.
This approach distinguishes MEREC from other weighting
methods. The steps of the method are as follows (Keshavarz
Ghorabaee et al., 2021).

Step 1: The decision matrix for the problem is created. This
matrix represents the performance scores of n alternatives for
m criteria and is expressed in the form of equation (1).

X11 X122 v Xy X1im
X21 X322 X2j v Xam
P : .
Xi1  Xig v Xjj Xim
Xn1 Xnz  Xnj Xnm. (1)

Step 2: To get rid of the effect of value range differences
and criterion units, the decision matrix is normalized by
means of equation (2). The new values obtained are be-
tween 0 and 1.

Table 2. N-11 Countries Indicator Scores on Supply Chain Resilience

N-11 Countries

Supply Chain Resilience Indicators

C, C C, C, C,
Bangladesh 35,3797 15,1938 47,0075 34,3163 37,3637
Egypt 67,3353 19,4906 64,3662 31,728 48,7696
Indonesia 59,5835 30,3565 65,6898 56,3081 68,7901
Iran 55,2474 12,3961 22,898 33,535 55,5691
Mexico 66,4529 18,6043 65,4598 43,7028 62,894
Nigeria 18,7105 12,0977 68,9604 30,0341 43,4584
Pakistan 41,8203 18,7951 69,0096 12,1302 26,3927
Philippines 45,1319 28,1575 48,2889 46,0242 39,8887
South Korea 95,1011 59,7367 83,0357 75,7002 79,3242
Tiirkiye 69,1152 31,8352 73,1571 53,4494 67,0442
Vietnam 56,9438 31,5238 46,7067 62,7041 68,8932
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miny, x;
——; If cost criterion
x Xij

X
Y__. If benefit criterion
mMaxXxy; ()

Step 3: The overall performances of the alternatives are
calculated by equation (3). In the MEREC method, a log-
arithmic measure with equal criterion weights is applied
to obtain the overall performances of the alternatives. This
measure is based on a non-linear function.

G- ln<1+ (g ZI!n(ni‘;)l)) 3)

Step 4: The performance values of the alternatives are
calculated by using equation (4) for each criterion when
removed. In this process, as in the previous step, a logarith-
mic measure is used.

Sh=tn[ 1+ (% Z Iln(n;;n))
< KkZj (4)

Step 5: The sum of absolute deviations (E) for each cri-
terion is calculated using equation (5). The obtained values
show the removal effect of the criteria.

E= ) |s;—Si|
Zi (5)

Step 6: The final weight (wj) of each criterion is calculat-
ed using equation (6), while considering the removal effect

of the criteria.
E;
W.

= i Ex (6)

3.2.2. EDAS Method

EDAS Method is a method introduced to the litera-
ture by Keshavarz Ghorabaee et al. in 2015. This meth-
od evaluates by considering the distance from the mean
solution (Keshavarz Ghorabaee et al., 2015). In this re-
spect, it differs from other MCDM methods. It is par-
ticularly useful in situations where the characteristics of
the alternatives conflict with each other (Alinezhad &
Khalili, 2019).

In the EDAS method, there are two criteria: positive
distance from the mean (PDA) and negative distance from
the mean (NDA). High PDA value and low NDA value in-
dicate that the alternative is better than the average solu-
tion (Karabasevic et al., 2018). In this context, it is desired
that the alternatives evaluated have PDA values as high as
possible and NDA values as low as possible. The steps for
applying the method are as follows (Keshavarz Ghorabaee
etal., 2015):

Step 1: The most important criteria that define the al-
ternatives are determined. In this step, it is determined by
which criteria the alternatives for the decision problem to
be addressed will be evaluated.

Step 2: The decision matrix is created. The matrix illus-
trates the performance of n alternatives on m evaluation
criteria and takes the form of equation (7).

X11  X12 X1m
X; X X
KXol = |5 7% "
xnl xnz xnm (7)

Step 3: The average solution matrix (AV) is created by
considering all the criteria. This matrix is the average of the
scores of the alternatives regarding the evaluation criteria
and has the form of equality (8).

av=[ay] (8)

AV, represents the mean solution for each criterion and
is calculated using equation (9).

= E % 9)

Step 4: A matrix of positive distance from the mean
(PDA) and a matrix of negative distance from the mean
(NDA) are formed. These matrices have the form of equali-
ty (10) and equation (11), respectively.

PDA = [PD4;] (10)

NDA = [NDAy] (11)

PDA,, shows the positive distance of the ith alternative
from the mean solution for the jth criterion. It is calculated us-
ing equation (12) if the criterion j is benefit-based, and equa-
tion (13) if it is cost-based. Similarly, NDAij shows the negative
distance of the i-th alternative from the mean solution for cri-
terion j. It is calculated using equation (14) if the criterion j is
benefit-based, and equation (15) if it is cost-based.

_ max (0, (X;; — AV}))

=Ty (12)
PDA; = X2 o (/‘3? - Xy)) .
Npay =" E;"I? — X)) "
NDA = > @ (;Z —AV) 5

Step 5: The predetermined criterion weight values (wj)
for each alternative are considered and the weighted total
positive distance value (SP,) is calculated using equation
(16) and the weighted total negative distance value (SN,) is
calculated using equation (17).

SP; = ) w;PDA;
Z S (16)
SN;= ) w;NDA;
Z e (17)
Step 6: NSP, and NSN, values are calculated by normal-
izing the SP, and SN, values of the alternatives using the
equations (18) and (19).

" max;(SP) (18)
NSN; =1— L
T max(SNy) (19)

Step 7: Appraisal score (AS) for all alternatives are cal-
culated using equation (20). The calculated AS values range
from 0 to 1.

1
AS; =5 (NSP; + NSN) (20)
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Step 8: Alternatives are ranked according to their AS
values from largest to smallest. The alternative with the
highest AS value is considered as the best alternative.

3.2.3. MARCOS Method

MARCOS method was developed in 2020 by Stevi¢ et
al. as an objective MCDM method based on defining the
relationship between alternatives and reference values. In
the MARCOS method, a consensus ranking is created by
determining the positions of the alternatives according to
the ideal and anti-ideal solutions (Cinaroglu, 2021). The
best alternative is determined as the one that is closest to
the ideal solution and farthest from the anti-ideal solution
(Sahin, 2022). The solution steps of the MARCOS method
are as follows (Stevi¢ et al., 2020):

Step 1: An initial decision matrix is created showing the
performance of m alternatives for the decision problem in
terms of n evaluation criteria.

Step 2: The expanded initial matrix is created by defin-
ing the ideal and anti-ideal solutions. This matrix is the ini-
tial decision matrix with the ideal (AI) and anti-ideal (AAI)
solution rows added. The matrix structure is represented by
equation (21).

AAI xaal xaaZ xaan
Ay | X112 X1zt Xgp
X = Ay X211 X220t Xon
Ay [¥m1 Xm2 Xmn
Al Xai1  Xaiz Xain (21)

The Al and AAI solutions added to the matrix are calcu-
lated using equations 22 and 23, depending on whether the
criteria are benefit (B) or cost (C) features.

AAI = min;x;; if j € B and max;x;; if j € C (22)
(23)

Step 3: The expanded initial matrix is normalized using
equations (24) and (25), which depend on the characteris-

tics of the criteria being evaluated.

Al = max;x;; if j € B and min;x;; ifj € C

o
n; =="egerjec

Xij (24)
Xij oo
nij=x—a’ieger]EB (25)

where elements x, and x; represent the elements of the
matrix X.

Step 4: Using equation (26), the weighted matrix V= [Vij]
ey 1S Created.

Vij = Mij X W (26)

Step 5: The utility degree of the alternatives (K)) is cal-
culated. During this process, equation (27) is used for the
distances of the alternatives from the anti-ideal solution,
and equation (28) is used for the distances from the ideal
solution.

K=
i _S?i (27)
K=o
Sai (28)

Where S, (i=1,2,...,m) represents the sum of the weighted
matrix V elements, which is calculated using equation (29).

S = v
Z ! (29)
Step 6: The utility function (f(K))), which determines
the distances of the alternatives from the ideal and anti-ide-
al solution, is calculated using equation (30).

re) = .
L LD 1= fKD)
f&hH T &) (30)
Where f(K) represents the utility function according
to the anti-ideal solution and is determined using equation
(31). Similarly, f(K ") represents the utility function accord-
ing to the ideal solution and is determined by means of

equation (32).

FK) = KT
UK +_Ki_ (31)

Ki+ = %
&) K" +K; (32)

Step 7: The alternatives are ranked based on the values
of their utility functions. The alternative with the highest
utility function value is considered the most suitable alter-
native.

3.2.4. WASPAS Method

The WASPAS method is an MCDM method that per-
forms alternative ordering of decision problems by combin-
ing the Weighted Sum and Weighted Product methods. The
method, developed by Zavadskas et al. in 2012, has been
widely used in the literature for solving various decision
problems. The WASPAS method aims to achieve a high
level of consistency by optimizing the weighted integrated
function (Lashgari et al., 2014). The solution steps of the
method are as follows (Zavadskas et al., 2012):

Step 1: A decision matrix is created, which shows the
performance of m alternatives in terms of n evaluation cri-
teria and is represented in the form of equation (33).

X11  X12 X1in
X21  Xz22 X2n
X= : : :
Xm1  Xm2 Xmn (33)

Step 2: The decision matrix is normalized. During this
process, equation (34) is used for benefit criteria and equa-
tion (35) is used for cost criteria. The new matrix to be ob-
tained is in the form of equation (36).

— X

maxixij (34)

_ minixij
R
ij (35)
E2p)
X22

-'Yln
X = Xon
Xm1 Xma2 (36)

Step 3: Evaluation score is calculated for each ith alter-
native using the weighted sum method. This is done using

equation (37).

xmn
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n

QW = Ziij X w;

=1 (37)
where, w. shows the weight value of the j criterion, and
Q" shows the evaluation score calculated according to the
weighted sum method of the ith alternative.
Step 4: Evaluation score is calculated for each ith alter-
native using the weighted product method. This is done us-

ing equation (38).

n

Qi(Z) = ﬂ fijwj

j=1 (38)

Step 5: The weighted common criterion value(Q,) of
each alternative is calculated by combining the evaluation
scores calculated with the weighted sum and weighted
product methods. This operation is performed using equa-

tion (39). The alternative with the highest Q, value is the

best alternative.
0,5 X x;"
<H ' >‘ (39)

Equation 40 is used when it is not desired to give equal
importance to weighted sum and weighted multiplication
methods in the integration process.

05x% x;"
) o

Q=202+ (1 -0 = [/1 x (Z X w])

where X can take a value between 0 and 1 and this value
is determined by the decision maker. If it is 0, the evaluation
process turns into the weighted product method, and if it is
1, it turns into the weighted sum method.

Q: =050, +05¢,® = +

n
0,5 x <ZE,-, X wj>

Jj=1

+(1-2)

3.2.5. BORDA Count Method

The BORDA count method is a method that combines
two or more ranking lists to form a single ranking list. In
this method, the scores are determined by assigning zero
points to the least preferred alternative by the decision mak-
er, one point to the next most preferred alternative, and so
on up to n-1 points to the most preferred alternative. Then,
the BORDA scores of all the ranking lists of the alternatives
are summed and the final BORDA scores of the alternatives

Table 3. MEREC Normalized Decision Matrix

are calculated. (Lansdowne & Woodward, 1996). As a re-
sult of the calculation, the alternative with the highest final
BORDA value is the best alternative.

4. APPLICATION AND RESULTS

In the first stage of the evaluation process, the weights
of the indicators related to the resilience of the supply chain
were determined using the MEREC method. Firstly, a de-
cision matrix with the form of equality (1) was created by
using the scores of N-11 countries in Table 2 related to the
durability of the supply chain. Then, the created decision
matrix was normalized using equation (2), and Table 3 was
obtained.

The solution steps of the MEREC method were contin-
ued after normalizing the decision matrix. The overall per-
formance scores of the alternatives were calculated using
equation (3). Then, the performance scores of the alterna-
tives were calculated if each criterion was removed using
equation (4). The results of these calculations are presented
in Table 4.

The MEREC method calculates the criteria weights
by considering the changes that would occur in the per-
formance scores of the alternatives if the criteria were re-
moved. In this context, the absolute deviation (Ej) values
of the criteria were calculated using equation (5), and the
weights (w) of the criteria were calculated using equation
(6), considering the scores in Table 4. The results of the cal-
culations are given in Table 5.

As can be seen from Table 5, according to the MEREC
method, supply chain resilience in N-11 countries is most
affected by the C4 coded Supply Chain Visibility criterion
and the C3 coded Corporate Governance criterion. This
indicates that the highest difference in supply chain resil-
ience indicators among N-11 countries occurs among these
criteria.

In the second stage of the evaluation process, the EDAS
method was used to rank N-11 countries according to their
supply chain resilience performance. Firstly, in this context,
average solutions for each criterion were obtained using

N-11 Countries C, C, C, C, C,

Bangladesh 0,5288 0,7962 0,4871 0,3535 0,7064
Egypt 0,2779 0,6207 0,3557 0,3823 0,5412
Indonesia 0,3140 0,3985 0,3486 0,2154 0,3837
Iran 0,3387 0,9759 1,0000 0,3617 0,4750
Mexico 0,2816 0,6503 0,3498 0,2776 0,4196
Nigeria 1,0000 1,0000 0,3320 0,4039 0,6073
Pakistan 0,4474 0,6437 0,3318 1,0000 1,0000
Philippines 0,4146 0,4296 0,4742 0,2636 0,6617
South Korea 0,1967 0,2025 0,2758 0,1602 0,3327
Tiirkiye 0,2707 0,3800 0,3130 0,2269 0,3937
Vietnam 0,3286 0,3838 0,4903 0,1935 0,3831
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Table 4. Performance Scores of Alternatives If Criteria Are Removed

N-11 Countries C C, C, C,
Bangladesh 1,1482 1,1738 1,009 0,8847 1,1361
Egypt 1,3095 1,352 1,1965 1,2181 1,3159
Indonesia 1,5541 1,5642 1,5357 1,4264 1,5562
Iran 1,0175 1,0912 1,0994 0,6859 0,8144
Mexico 1,4555 1,4938 1,3439 1,2817 1,3903
Nigeria 1,255 1,255 0,8777 0,956 1,1016
Pakistan 0,7845 0,8172 0,4709 0,995 0,995
Philippines 1,2979 1,2998 1,3264 1,1569 1,4111
South Korea 1,7118 1,7129 1,7671 1,6697 1,7986
Tiirkiye 1,5624 1,5765 1,5356 1,4639 1,5838
Vietnam 1,5055 1,5124 1,565 1,3488 1,512
Table 5. Absolute Deviations and Weights of Criteria

Results C, C, C, C,
E 1,7196 1,4728 2,5945 3,2349 1,7067
w, 0,1603 0,1373 0,2418 0,3015 0,1591

)

equation (9) based on the data presented in Table 2. Then,
by applying equation (10) and equation (12), the positive
distance matrix in Table 6 was obtained.

The values in Table 6 also indicate whether the perfor-
mance scores of N-11 countries on the relevant criteria are
above the average. Distance scores of countries with criteri-
on performance below the average in the positive distance
matrix take the value 0. In this context, Bangladesh is a
country that falls below the average in all criteria among
the N-11 countries.

The EDAS method ranks alternatives by considering
both their positive and negative distances from the mean
solution. In this regard, the negative distances of the alter-
natives to the mean solution were calculated using equa-
tions (11) and (13), and the negative distance matrix in Ta-
ble 7 was obtained.

Table 6. Positive Distance Matrix

The next step of the evaluation process using the EDAS
method is to calculate the weighted total distance scores. The
weighted positive total distance values of the N-11 countries
were calculated using equation (16), and the weighted nega-
tive total distance values were calculated using equation (17),
considering the criteria weights obtained by the MEREC
method. The obtained values were then normalized using
equations (18) and (19), respectively. Finally, the N-11 coun-
tries were ranked using equation (20), and the application of
the EDAS method was completed. The results obtained from
these calculations and the ranking of the countries according
to the EDAS method are presented in Table 8.

In the next phase of the evaluation process, N-11 coun-
tries' performance on supply chain resilience was analyzed
using the MARCOS method. According to the solution
steps of the MARCOS method, firstly, an expanded initial

N-11 Countries C, C, C, C,

Bangladesh 0,0000 0,0000 0,0000 0,0000 0,0000
Egypt 0,2126 0,0000 0,0817 0,0000 0,0000
Indonesia 0,0730 0,2003 0,1039 0,2914 0,2645
Iran 0,0000 0,0000 0,0000 0,0000 0,0215
Mexico 0,1967 0,0000 0,1000 0,0023 0,1562
Nigeria 0,0000 0,0000 0,1589 0,0000 0,0000
Pakistan 0,0000 0,0000 0,1597 0,0000 0,0000
Philippines 0,0000 0,1134 0,0000 0,0555 0,0000
South Korea 0,7126 1,3621 0,3954 0,7361 0,4582
Tiirkiye 0,2447 0,2588 0,2294 0,2258 0,2325
Vietnam 0,0255 0,2465 0,0000 0,4381 0,2664




Yildiz Social Science Review, Vol. 9, No. 1, pp. 1-15, 2023 1

Table 7. Negative Distance Matrix

N-11 Countries C C, C, C, C,

Bangladesh 0,3629 0,3992 0,2101 0,2130 0,3132
Egypt 0,0000 0,2293 0,0000 0,2723 0,1035
Indonesia 0,0000 0,0000 0,0000 0,0000 0,0000
Iran 0,0051 0,5098 0,6152 0,2309 0,0000
Mexico 0,0000 0,2644 0,0000 0,0000 0,0000
Nigeria 0,6631 0,5216 0,0000 0,3112 0,2011
Pakistan 0,2469 0,2568 0,0000 0,7218 0,5148
Philippines 0,1872 0,0000 0,1885 0,0000 0,2667
South Korea 0,0000 0,0000 0,0000 0,0000 0,0000
Tiirkiye 0,0000 0,0000 0,0000 0,0000 0,0000
Vietnam 0,0000 0,0000 0,2151 0,0000 0,0000

Table 8. Scores and Ranks of N-11 Countries Obtained by the EDAS Method

N-11 Countries SP, SN, NSP, NSN; AS, Rank
Bangladesh 0,0000 0,2778 0,0000 0,2579 0,1290

Egypt 0,0538 0,1301 0,0778 0,6526 0,3652 7
Indonesia 0,1943 0,0000 0,2809 1,0000 0,6404

Iran 0,0034 0,2892 0,0049 0,2275 0,1162 10
Mexico 0,0813 0,0363 0,1175 0,9031 0,5103

Nigeria 0,0384 0,3037 0,0555 0,1887 0,1221 9
Pakistan 0,0386 0,3744 0,0558 0,0000 0,0279 11
Philippines 0,0323 0,1180 0,0467 0,6847 0,3657 6
South Korea 0,6917 0,0000 1,0000 1,0000 1,0000 1
Tiirkiye 0,2353 0,0000 0,3402 1,0000 0,6701 2
Vietnam 0,2124 0,0520 0,3071 0,8610 0,5841 4

Table 9. Initial Decision-Making Matrix

N-11 Countries C, C, C, C, C,

AAI 18,7105 12,0977 22,8980 12,1302 26,3927
Bangladesh 35,3797 15,1938 47,0075 34,3163 37,3637
Egypt 67,3353 19,4906 64,3662 31,728 48,7696
Indonesia 59,5835 30,3565 65,6898 56,3081 68,7901
Iran 55,2474 12,3961 22,898 33,535 55,5691
Mexico 66,4529 18,6043 65,4598 43,7028 62,894
Nigeria 18,7105 12,0977 68,9604 30,0341 43,4584
Pakistan 41,8203 18,7951 69,0096 12,1302 26,3927
Philippines 45,1319 28,1575 48,2889 46,0242 39,8887
South Korea 95,1011 59,7367 83,0357 75,7002 79,3242
Tiirkiye 69,1152 31,8352 73,1571 53,4494 67,0442
Vietnam 56,9438 31,5238 46,7067 62,7041 68,8932
Al 95,1011 59,7367 83,0357 75,7002 79,3242

decision-making matrix was created by using equation (22) In the next step of the evaluation process using the

and equation (23), considering the data in Table 2. The re- MARCOS method, the matrix in Table 9 was normalized
sulting matrix is presented in Table 9. using equality (25), and a weighted normalized decision
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Table 10. N-11 Countries Scores and Ranks for the MARCOS Method

N-11 Countries S, K; K* f(K,) f(K*) f(K) Rank
Bangladesh 0,4431 1,9495 0,4431 0,1852 0,8148 1,3518 9
Egypt 0,5699 2,5077 0,5699 0,1852 0,8148 2,6683 3
Indonesia 0,7237 3,1845 0,7237 0,1852 0,8148 5,6173 7
Iran 0,4333 1,9066 0,4333 0,1852 0,8148 1,2770 1
Mexico 0,6456 2,8407 0,6456 0,1852 0,8148 3,8695 10
Nigeria 0,4670 2,0546 0,4670 0,1852 0,8148 1,5487

Pakistan 0,4159 1,8300 0,4159 0,1852 0,8148 1,1513 6
Philippines 0,5447 2,3968 0,5447 0,1852 0,8148 2,3476

South Korea 1,0000 4,4001 1,0000 0,1852 0,8148 23,7607 11
Tiirkiye 0,7501 3,3003 0,7501 0,1852 0,8148 6,3662 2
Vietnam 0,6924 3,0465 0,6924 0,1852 0,8148 4,8394 4

matrix was then created using equality (26). The distanc-
es of the N-11 countries from the anti-ideal solution were
found using equation (27), and their distances from the
ideal solution were calculated using equation (28). Finally,
using equation (30), the values of the countries' utility func-
tions were determined, and their rankings were established.
The results of the calculations and the rankings of the N-11
countries according to the MARCOS method are presented
in Table 10.

In the fourth stage of the evaluation process, the per-
formance of the N-11 countries regarding supply chain
resilience was analyzed using the WASPAS method. First-
ly, a decision matrix was created by considering the data
in Table 2, and then it was normalized using the matrix
formed by equation (34). Next, the evaluation scores of the
N-11 countries were calculated using the weighted sum and
weighted multiplication methods, based on equations (37)
and (38). Finally, since these two evaluation methods were
deemed equally important, the weighted common criterion
values of the N-11 countries were calculated using equation
(39), and the countries were ranked based on the obtained

Table 11. N-11 Countries Scores and Ranks for the
WASPAS Method

values. The results of the calculations and the rankings of
the N-11 countries are presented in Table 11.

At the last stage of the evaluation process, the rankings
of N-11 countries obtained by the EDAS, MARCOS and
WASPAS method were combined with the BORDA method
to obtain the final ranking in Table 12.

As seen in Table 12, South Korea ranked as the best
N-11 country in terms of supply chain resilience within the
scope of the research, followed by Tiirkiye and Indonesia,
respectively. Furthermore, Pakistan, Iran, and Bangladesh
ranked as the countries with the lowest supply chain resil-
ience among the N-11 countries.

5. CONCLUSION

Supply chains are organizations in which many actors
with different positions and characteristics have to work to-
gether. This situation causes supply chains to take on a com-
plex structure and face many risk factors. In addition, a mal-
function that may occur at any point in the chain due to the
interdependence of the chain actors can spread to the entire
chain and cause devastating results. For this reason, it is of

Table 12. N-11 Countries Final Ranks

N-11 Countries Q® Q® Q Rank  N-11 Countries Score Rank
Bangladesh 0,4431 0,1210 0,2820 9 Bangladesh 7 9
Egypt 05699  0,1526  0,3612 6 Egypt 14 6
Indonesia 0,7237 0,2006 0,4622 3 Indonesia 24 3
Iran 0,4333 0,1123 0,2728 10 Iran 3 10
Mexico 0,6456 0,1742 0,4099 5 Mexico 18 5
Nigeria 0,4670 0,1143 0,2906 8 Nigeria 8

Pakistan 0,4159 0,0971 0,2565 11 Pakistan 0 11
Philippines 0,5447 0,1521 0,3484 7 Philippines 13 7
South Korea 1,0000 0,2809 0,6404 1 South Korea 30 1
Tiirkiye 0,7501 0,2081 0,4791 2 Tirkiye 27 2
Vietnam 0,6924 0,1905 0,4414 4 Vietnam 21 4
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great importance to maintain uninterrupted flow of semi-fin-
ished products and finished products in supply chains.

The continuity of the semi-finished and finished product
flow in the supply chains, despite all the uncertainties and
disruptions, depends on the circularity of the supply chain.
Making a supply chain resilient and sustaining this resilience
require a combination of strategic practices such as short-
ening lead times, establishing advanced cooperation with
flexible suppliers, closely monitoring the flow in the chain,
and improving the integration between supply chain actors.
Although these practices have the effect of increasing sup-
ply chain resilience, the dynamics of the region where sup-
ply chain activities are carried out play an active role in in-
creasing resilience to a high level and making it permanent.
Therefore, supply chain managers should closely monitor the
dynamics of the regions where the chain spans.

Supply chain resilience is of critical importance not only
for chain actors but also for national economies. Non-re-
sistive supply chains can trigger major disruptions because
of unexpected disruptions, causing loss of workforce and
economic problems. In addition, countries with non-re-
silient supply chain networks have difficulties in attracting
investors. Therefore, just like supply chain managers, policy
makers should monitor the resilience of the supply chains
in their countries and even develop policies and practices to
increase supply chain resilience.

Although supply chain resilience is a crucial issue for
both chain actors and policymakers, it is often dealt with
on an enterprise level, and its national aspect is overlooked.
The literature review reveals that scientific studies are most-
ly focused on specific businesses or sectors and explore the
factors that affect supply chain resilience. Therefore, in this
study, supply chain resilience has been tried to contribute
to the literature by considering country-based. In this con-
text, supply chain resilience in N-11 countries, which have
the potential to be the supply centers of the future due to
their resources and socioeconomic characteristics, has been
examined.

In this study, the MEREC, EDAS, MARCOS, and
WASPAS methods were integrated and used based on the
Global Resilience Index data published by FM Global. First-
ly, the MEREC method was used to determine the weights
of the indicators that affect the supply chain resilience of the
countries. Then, the EDAS, MARCOS, and WASPAS meth-
ods were used separately to determine the rankings of the
countries based on their supply chain resilience. Finally, the
BORDA counting method was used to combine the final
rankings and form the overall rankings of the N-11 coun-
tries. This approach attempted to fill the gap in the literature
on supply chain resilience by considering it on a country
basis, and also aimed to enrich the decision-making litera-
ture by integrating four different MCDM methods.

The calculations carried out to determine the indicator
weights with the MEREC method revealed that the Supply
Chain Visibility and Corporate Governance indicators are

the most significant factors affecting supply chain resilience
in N-11 countries. These findings suggest that the indica-
tors identified by Jafarnejad et al. (2019) can also be utilized
to evaluate national supply chain resilience. Moreover, it is
clear that investing in supply chain visibility and corporate
governance will lead to significant improvements in supply
chain resilience. Whence, organizations with supply chain
operations in N-11 countries are expected to become more
competitive if they adopt institutionalization approaches
and closely monitor supply chain flows. However, it should
not be overlooked that spending excessively to increase
supply chain resilience may cause harm instead of benefit.
Therefore, it is recommended to maintain a balance in re-
silience, as advocated by Zhang et al (2021). In this regard,
it is thought that state supports will be an important factor
in establishing this balance, as in the suggestions of Das et
al. (2022).

Similar results were obtained in the assessments of
supply chain resilience in N-11 countries using the EDAS,
MARCOS, and WASPAS methods. South Korea ranked
first, followed by Tiirkiye in second place, and Indonesia
in third place in each of the calculations made with the
three methods. Additionally, Pakistan and Iran ranked last
in the findings of the three methods. Although there were
minor ranking differences in other countries, the fact that
the methods with different calculation algorithms mostly
give similar results indicates the high reliability of the eval-
uation. However, due to slight differences in the three dif-
ferent methods, the results of the ranking were combined
with the BORDA counting method to create a more reliable
final ranking. Considering the final ranks, it can be under-
stood that South Korea and Tiirkiye have a very good po-
sition among the N-11 countries in terms of supply chain
durability. This situation is thought to allow Tiirkiye to host
more supply chain operations in the future. Nevertheless,
it is crucial for Tirkiye to continue to develop policies and
practices to protect this potential, as the economic con-
juncture is constantly changing, and the world is witnessing
events that may cause new disruptions every day in an in-
creasingly globalized and intensifying competitive environ-
ment. Increasing transportation costs cause supply chains
to be fragmented and organized with local sub-chains,
while scarce resources force supply chains to work with
more efficient operations. Therefore, providing and main-
taining resilience in supply chains is becoming increasingly
difficult and requires additional applications. This situation
demonstrates similarities at both the national and business
levels. As a matter of fact, Ponomarov and Holcomb (2009)
emphasized in their research on businesses that it is nec-
essary to continuously develop talents to make the supply
chain more resilient. For this reason, policymakers should
continue to provide the necessary infrastructure and tech-
nology for supply chains to become more durable through-
out the country and develop policies that will make their
supply chains more functional.
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6. LIMITATIONS OF THE STUDY AND
SUGGESTIONS FOR FUTURE RESEARCH

The study's findings are limited to the N-11 countries
and may not necessarily be applicable to other countries
or regions. Therefore, if the number of countries studied
changes, different results may be obtained. Nevertheless,
the methodology used in this study can be applied to oth-
er countries or regions to evaluate their supply chain re-
silience.

The most important limitation of the study is the data
used in the evaluation. Because the Global Resilience In-
dex data published by FM Global, which is the only data
source on national supply chain resilience, was used in this
study. This limitation can be removed with the measure-
ment tools to be developed to measure the resilience of the
National Supply Chain. Another limitation of the research
is the solution algorithms of the methods used. Although
five different methods were used together in the evaluation
process to increase reliability, the algorithms of the meth-
ods have limitations. These limitations can be reduced by
using new methods to be developed.

Supply chain resilience of different countries and coun-
try groups can be addressed in future research, and differ-
ent methods can be used in evaluation processes. In addi-
tion, indicators for determining supply chain resilience can
be developed, empirical studies can be carried out, and the
impact of supply chain resilience on national economies
can be examined.

Ethics: There are no ethical issues with the publication
of this manuscript.

Peer-review: Externally peer-reviewed.

Conflict of Interest: The author declared no potential
conflicts of interest with respect to the research, authorship,
and/or publication of this article.

Financial Disclosure: The authors declared that this
study has received no financial support.

REFERENCES

Alinezhad, A., & Khalili, J. (2019). New methods and appli-
cations in multiple attribute decision making (MADM)
(Vol. 277). Springer. [CrossRef]

Banerjee, T., Trivedi, A., Sharma, G. M., Gharib, M., & Ha-
meed, S. S. (2022). Analyzing organizational barriers
towards building post pandemic supply chain resilience
in Indian MSMEs: a grey-DEMATEL approach. Bench-
marking: An International Journal, Ahead of print. doi:
10.1 108/BU- 11-2021-0677. [CrossRef]

Belhadi, A., Kamble, S., Fosso Wamba, S., & Queiroz, M. M.
(2022). Building supply-chain resilience: an artificial in-
telligence-based technique and decision-making frame-
work. International Journal of Production Research,
60(14), 4487-4507. [CrossRef]

Brandon-Jones, E., Squire, B., Autry, C. W., & Petersen, K.
J. (2014). A contingent resource-based perspective of
supply chain resilience and robustness. Journal of Supply
Chain Management, 50(3), 55-73. [CrossRef]

Cinaroglu, E. (2021). Innovative and entrepreneurial uni-
versity analysis by CRITIC based MARCOS method.
Journal of Entrepreneurship and Innovation Manage-
ment, 10(1), 111-133.

Das, D., Datta, A., Kumar, P.,, Kazancoglu, Y., & Ram, M.
(2021). Building supply chain resilience in the era of
COVID-19: An AHP-DEMATEL approach. Operations
Management Research, 15, 249-267. [CrossRef]

Dolgui, A., Ivanov, D., & Sokolov, B. (2018). Ripple effect
in the supply chain: an analysis and recent literature.
International Journal of Production Research, 56(1-2),
414-430. [CrossRef]

Falasca, M., Zobel, C. W,, & Cook, D. (2008, May). A de-
cision support framework to assess supply chain resil-
ience. Proceedings of the 5th International ISCRAM Con-
ference (pp. 596-605).

FM Global (2022). FM global resilience index. https://www.
fmglobal.com/research-and-resources/tools-and-re-
sources/resilienceindex/explore-the-data

Goel, R. K., Saunoris, J. W., & Goel, S. S. (2021). Supply
chain performance and economic growth: The impact
of COVID-19 disruptions. Journal of Policy Modeling,
43(2), 298-316. [CrossRef]

Gunasekaran, A., Subramanian, N., & Rahman, S. (2015).
Supply chain resilience: role of complexities and strat-
egies. International Journal of Production Research,
53(22), 6809-6819. [CrossRef]

Hearnshaw, E. J., & Wilson, M. M. (2013). A complex net-
work approach to supply chain network theory. Interna-
tional Journal of Operations & Production Management,
33(4), 442-469. [CrossRef]

Hendricks, K. B., & Singhal, V. R. (2005). Association be-
tween supply chain glitches and operating performance.
Management Science, 51(5), 695-711. [CrossRef]

Hsu, C. H,, Li, M. G, Zhang, T. Y., Chang, A. Y., Shangguan,
S. Z., & Liu, W. L. (2022). Deploying big data enablers
to strengthen supply chain resilience to mitigate sus-
tainable risks based on integrated HOQ-MCDM frame-
work. Mathematics, 10(8), Article 1233. [CrossRef]

Ivanov, D. (2021). Introduction to supply chain resilience:
management, modelling, technology. In Classroom
companion: Business. Springer Nature.

Jafarnejad, A., Momeni, M., Razavi Hajiagha, S. H., & Fari-
di Khorshidi, M. (2019). A dynamic supply chain resil-
ience model for medical equipment’s industry. Journal
of Modelling in Management, 14(3), 816-840. [CrossRef]

Karabasevic, D., Zavadskas, E. K., Stanujkic, D., Popovic,
G., & Brzakovic, M. (2018). An approach to personnel
selection in the IT industry based on the EDAS method.
Transformations in Business ¢ Economics, 17(42), 54-65.


https://doi.org/10.1007/978-3-030-15009-9
https://doi.org/10.1108/BIJ-11-2021-0677
https://doi.org/10.1080/00207543.2021.1950935
https://doi.org/10.1111/jscm.12050
https://doi.org/10.1007/s12063-021-00200-4
https://doi.org/10.1080/00207543.2017.1387680
https://doi.org/10.1016/j.jpolmod.2021.01.003
https://doi.org/10.1080/00207543.2015.1093667
https://doi.org/10.1108/01443571311307343
https://doi.org/10.1287/mnsc.1040.0353
https://doi.org/10.3390/math10081233
https://doi.org/10.1108/JM2-11-2018-0195

Yildiz Social Science Review, Vol. 9, No. 1, pp. 1-15, 2023

15

Keshavarz Ghorabaee, M., Amiri, M., Zavadskas, E. K,,
Turskis, Z., & Antucheviciene, J. (2021). Determination
of objective weights using a new method based on the
removal effects of criteria (MEREC). Symmetry, 13(4),
Article 525. [CrossRef]

Keshavarz Ghorabaee, M., Zavadskas, E. K., Olfat, L., &
Turskis, Z. (2015). Multi-criteria inventory classifica-
tion using a new method of evaluation based on dis-
tance from average solution (EDAS). Informatica, 26(3),
435-451. [CrossRef]

Lansdowne, Z. E, & Woodward, B. S. (1996). Applying the
borda ranking method. Air Force Journal of Logistics,
20(2), 27-29.

Lashgari, S., Antucheviciené, J., Delavari, A., & Kheirkhah,
0. (2014). Using QSPM and WASPAS methods for de-
termining outsourcing strategies. Journal of Business
Economics and Management, 15(4), 729-743. [CrossRef]

Pettit, T. J., Fiksel, J., & Croxton, K. L. (2010). Ensuring
supply chain resilience: development of a conceptual
framework. Journal of Business Logistics, 31(1), 1-21.
[CrossRef]

Piya, S., Shamsuzzoha, A., & Khadem, M. (2022). Analysis
of supply chain resilience drivers in oil and gas indus-
tries during the COVID-19 pandemic using an inte-
grated approach. Applied Soft Computing, 121, Article
108756. [CrossRef]

Ponomarov, S. Y., & Holcomb, M. C. (2009). Understand-
ing the concept of supply chain Resilience. The Interna-
tional Journal of Logistics Management, 20(1), 124-143.
[CrossRef]

Rehman, O. U,, & Ali, Y. (2022). Enhancing healthcare sup-
ply chain resilience: decision-making in a fuzzy envi-
ronment. The International Journal of Logistics Manage-
ment, 33(2), 520-546. [CrossRef]

Roberta Pereira, C., Christopher, M., & Lago Da Silva, A.
(2014). Achieving supply chain resilience: the role of
procurement. Supply Chain Management: An Interna-
tional Journal, 19(5/6), 626—642. [CrossRef]

Scholten, K., & Schilder, S. (2015). The role of collaboration
in supply chain resilience. Supply Chain Management:
An International Journal, 20(4), 471-484. [CrossRef]

Scholten, K., Scott, P. S., & Fynes, B. (2014). Mitigation pro-
cesses—antecedents for building supply chain resilience.
Supply Chain Management: An International Journal,
19(2), 211-228. [CrossRef]

Shefli, Y. (2015), The power of resilience: How the best com-
panies manage the unexpected. MIT Press. [CrossRef]

Soni, U, Jain, V., & Kumar, S. (2014). Measuring supply

chain resilience using a deterministic modeling ap-
proach. Computers & Industrial Engineering, 74, 11-25.
[CrossRef]

Spiegler, V. L., Naim, M. M., & Wikner, J. (2012). A Con-
trol Engineering Approach to the Assessment of Supply
Chain Resilience. International Journal of Production
Research, 50(21), 6162-6187.

Sprecher, B., Daigo, I., Murakami, S., Kleijn, R., Vos, M., &
Kramer, G. J. (2015). Framework for resilience in ma-
terial supply chains, with a case study from the 2010
rare earth crisis. Environmental Science & Technology,
49(1 1), 6740-6750. [CrossRef]

Stevi¢, Z., Pamucar, D., Puska, A., & Chatterjee, P. (2020).
Sustainable supplier selection in healthcare industries
using a new MCDM method: Measurement of alter-
natives and ranking according to compromise solution
(MARCOS). Computers & Industrial Engineering, 140,
Article 106231. [CrossRef]

Sahin, M. (2021). Gtincel ve uygulamalr ¢ok kriterli karar
verme yontemleri. Nobel Akademik Yayincilik. [Turkish]

Timperio, G., Panchal, G. B., De Souza, R., Goh, M., & Sam-
vedi, A., (2016) Decision making framework for emer-
gency response preparedness: A supply chain resilience
approach, 2016 IEEE International Conference on Man-
agement of Innovation and Technology (ICMIT), (pp. 78-
82). 19-22 September 2016. [CrossRef]

Wagner, S. M., & Bode, C. (2006). An empirical investiga-
tion into supply chain vulnerability. Journal of Purchas-
ing and Supply Management, 12(6), 301-312. [CrossRef]

Wen, Z., & Liao, H. (2022). Capturing attitudinal character-
istics of decision-makers in group decision making: Ap-
plication to select policy recommendations to enhance
supply chain resilience under COVID-19 outbreak. Op-
erations Management Research, 15, 179-194. [CrossRef]

Wicher, P, Zapletal, E, Lenort, R., & Stas, D. (2016). Mea-
suring the metallurgical supply chain resilience using
fuzzy analytic network process. Metalurgija, 55(4),
783-786.

Zavadskas, E. K., Turskis, Z., Antucheviciene, J., & Zakarev-
icius, A. (2012). Optimization of weighted aggregated
sum product assessment. Elektronika ir Elektrotechnika,
122(6), 3-6. [CrossRef]

Zhang, H., Jia, F, & You, J. X. (2021). Striking a balance
between supply chain resilience and supply chain vul-
nerability in the cross-border e-commerce supply chain.
International Journal of Logistics Research and Applica-
tions, 26, 320-344. [CrossRef]


https://doi.org/10.3390/sym13040525
https://doi.org/10.15388/Informatica.2015.57
https://doi.org/10.3846/16111699.2014.908789
https://doi.org/10.1002/j.2158-1592.2010.tb00125.x
https://doi.org/10.1016/j.asoc.2022.108756
https://doi.org/10.1108/09574090910954873
https://doi.org/10.1108/IJLM-01-2021-0004
https://doi.org/10.1108/SCM-09-2013-0346
https://doi.org/10.1108/SCM-11-2014-0386
https://doi.org/10.1108/SCM-06-2013-0191
https://doi.org/10.7551/mitpress/9780262029797.001.0001
https://doi.org/10.1080/00207543.2012.710764
https://doi.org/10.1021/acs.est.5b00206
https://doi.org/10.1016/j.cie.2019.106231
https://doi.org/10.1109/ICMIT.2016.7605011
https://doi.org/10.1016/j.pursup.2007.01.004
https://doi.org/10.1007/s12063-020-00170-z
https://doi.org/10.5755/j01.eee.122.6.1810
https://doi.org/10.1080/13675567.2021.1948978



