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Abstract

COVID-19 pandemic is the worst humanitarian crisis that economies across the globe have witnessed. Forced lockdowns, 
social distancing, and restricted mobility have contributed to large scale disruptions in the supply chain network. The purpose 
of the paper is to identify critical factors affecting global supply chain and evaluate strategies for risk reduction in the supply 
chain network by making it resilient.
Our study incorporates multi-criteria decision approach using Analytic Hierarchy Process (AHP) and Decision-Making 
Trial and Evaluation Laboratory (DEMATEL) to analyze factors that affected the supply chain networks with the onset of 
COVID-19. The AHP method enabled to hierarchically rank the factors based on the relative weightage while DEMATEL 
ascertained the inter-relationships among the factors and classified them into cause and effect groups. The findings of our 
study identified the cost–optimization as the most significant factor and the human resource management as the least impor-
tant factor in reducing vulnerabilities of the supply chain network. Our analysis from DEMATEL approach indicate that 
government support is a significant causal factor which can effectively eliminate the issues plaguing supply chains during 
this pandemic. The results from our study aim to help policymakers in developing a risk resilient framework that can enhance 
performance and operational capability of the supply chain, thereby ensuring sustainability and socio-economic well-being 
of all the stakeholders involved in the entire network.

Keywords Analytic Hierarchy Process · COVID-19 · Decision-Making Trial and Evaluation Laboratory · Supply Chain 
Resilience

1 Introduction

The world economy was already facing headwinds of 
trade wars and geo-political conflicts, and the inception of 
COVID-19 further exacerbated the economic downturn. In 
no time, COVID-19 spread across continents forcing World 
Health Organisation to declare it a global health emergency. 
Even though such events occur less frequently but they have 
considerable impact on supply chains (Hosseini et al. 2019). 
As the virus spread, countries began taking multiple meas-
ures leading to disruption in trade which became a major 
tipping point for the global economy as countries began to 
fall into recessionary trap (Das et al. 2020). The health crisis 
initially led to disruptions in supply chains within China 
but with time the effects of the pandemic cascaded through 
global supply chain network. Samson (2020) reported that 
the COVID-19 outbreak has led to reduced reliance on inter-
national supply chain which has collapsed the entire net-
work. Different components of the supply chain have been 
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affected simultaneously leading to complete paralysis of the 
network (Ivanov and Das 2020) which has tested the loop-
holes in the global supply chain. (Ivanov 2020).

In the era of COVID-19 pandemic, supply chain resilience 
and responsiveness are important to cope with sudden varia-
tions (Barbieri et al. 2020). Ponomarov and Holcomb (2009) 
defines supply chain resilience as “the adaptive capability of 
the supply chain to prepare for unexpected events, respond to 
disruptions, and recover from them by maintain continuity of 
operations at the desired level of connectedness and control 
over structure and function”. Ivanov (2020) further elabo-
rated that a viable supply chain comprises of three dimen-
sions–agility, resilience, and sustainability. They established 
the relationship between resilience and viability. The supply 
chain vulnerabilities have increased due to frequent disrup-
tions caused by COVID-19 pandemic (Karwasra et al. 2021). 
It has affected both the supply chain performance and reve-
nue generation capabilities. COVID-19 pandemic has caused 
demand and supply shocks and most companies have failed to 
come up with a plan for improving their resilience and recov-
ery process (Remko 2020). It has impacted 94% of the For-
tune 1000 companies (Sherman 2020) and the existent supply 
chain resilience mechanisms have failed to pull them through 
the pandemic times. A survey with over 650 respondents 
conducted by Institute of Supply Management indicated that 
97% of the respondents will be or have been impacted by the 
pandemic with majority of companies bracing for a severe 
impact in the latter half of 2020 and early 2021 (Institute for 
Supply Management 2020). In another survey conducted by 
IBM spanning more than 3000 executives from 22 indus-
tries in 20 countries the executives admitted to the need for 
better initiatives with regard to use of technology in supply 
chain (Straight 2020). Infosys Consulting, in a survey found 
that 19% of the respondents felt their organizations did not 
have a contingency plan in place while only 11% felt their 
emergency plans were in place for any sort of disruptions 
(Infosys 2020). ELGi, a global compressor manufacturer, 
faced major hurdles in managing its raw material inventory 
due to lack of diversity in its supplier base (Varadaraj 2020). 
Tech giant Apple having most of its manufacturing units in 
China faced subdued output for several months due to lack 
of integration among supply chain agents. Ineffective man-
agement of human resource forced Amazon to close some of 
its warehouses in USA leading to supply chain disruptions 
(Montgomery 2020). Most companies in the pre-pandemic 
times relied on company datasets instead of end-to-end sup-
ply chain data for demand and supply forecasting, a case 
typical of meagre use of IT and automated systems in supply 
chain management (Selko 2021). Thus, when the pandemic 
unfolded, companies were unable to predict demand and sup-
ply constraints which led to supply chain disruption. With 
COVID-19 sweeping across the globe, companies are facing 
orthodox demand and supply shocks and while most of the 

companies have made their supply chains smarter and swifter 
over time but companies still lack ideas to de-risk their sup-
ply chains against pandemic like disruptions. This indicates 
that there exists a gap in supply chain resilience strategy in 
literature and their implementation in industry.

In such a scenario, there is a dire need for companies 
across the world to improve resiliency of their global supply 
chains (Linton and Vakil 2020) to deal with future shocks. 
There are numerous studies on supply chain risk manage-
ment, and continues to be studied from various viewpoints 
(Sawik 2013a, 2013b; Margolis et al. 2018). The current 
event of the pandemic has shown that there is need for more 
work on supply chain resilience based on real life events 
(Remko 2020) which takes all the parameters in a coherent 
manner. The COVID-19 induced supply chain disruptions 
on supply chain resilience and robustness can be mitigated 
through efficient supply chain risk management (El Baz et al. 
2021). Golan et al. (2020) presented a review of the litera-
ture on new trends and applications of resilience analytics in 
supply chain modelling and observed on increasing trends of 
supply chain resilience literature. Chowdhury et al. (2020) 
explore the impact of COVID-19 pandemic in the food and 
beverage industry, they highlighted two types of impacts 
such as short-term (product expiry, shortage of working 
capital, and so-forth) and medium-to-long term (reduction 
in ROI, job cuts, and so-forth) impacts. Mahmoudi et al. 
(2021) has developed gresilient supply chain management 
framework to manage and control the disruption caused due 
to COVID-19 pandemic; the gresilient supply chain refers 
to the integration of green and resilience aspects of sup-
ply chain. Wen and Liao (2021) proposed the algorithm to 
enhance supply chain resilience under COVID-19 outbreak. 
Yadav et al. (2020) proposed the internet of things (IoT) 
based framework to improve the performance of Agri-based 
supply chain in the COVID-19 pandemic condition. In our 
paper we have tried to take into consideration the changing 
dynamics of the world trade and the volatility witnessed with 
the coronavirus outbreak which has raised issues relating to 
the vulnerabilities of inter-connected supply chains, and the 
need to develop a contingency plan and policy framework 
to ensure resilience of the supply chain. The study involves 
a comprehensive evaluation of strategic interventions that 
can help build a resilient supply chain.

Through this study, the following research objectives are 
evaluated:

1. To identify critical barriers with the inception of 
COVID-19 on supply chain network;

2. To prioritize and identify causal-effect groups of the 
identified barriers;

3. To identify various implications and strategies that can 
aid policymakers in building a resilient supply chain
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In our study we have used a multi-criteria decision-
making approach using Decision Making Trial and Evalu-
ation Laboratory (DEMATEL)-Analytic Hierarchy Process 
(AHP) methodology. Through our study we have aimed 
to develop a robust framework that includes resilient risk 
management strategic factors that could improve opera-
tion capability and performance of the supply chain to 
protect against future disruptions. The AHP method ena-
bled us to rank the different strategies identified through 
extensive literature review and focus group discussions 
with the policy experts; and DEMATEL method helped 
us to prioritize and evaluate the cause-effect relationship 
between these factors.

The next Sect. 2 highlights the current work done by the 
researchers to identify the research gap and investigate the 
factors that intensify the impact of COVID-19 on the sup-
ply chain, followed by Sect. 3 that elaborates the proposed 
model and the methodology that is undertaken for the multi 
criteria study through DEMATEL-AHP analysis. The results 
and discussions are illustrated in Sect. 4, the conclusion 
from the study are summarized in Sect. 5.

2  Literature review

2.1  Supply chain resilience

Study in the sphere of supply chain resilience has been 
done by researchers over the years and can be traced back to 
2000s. Existing literature in supply chain resilience presents 
elements like contingency plans (Seville et al. 2015), coor-
dination and financial support (Fiksel et al. 2015), human 
resource management (Blackhurst et al. 2005), use of infor-
mation technology (Pereira et al. 2014), trust and satisfaction 
(Day 2014) are precursors for making supply chain resilient. 
For businesses, managing the supply chain has become most 
crucial to overcome the current pandemic. The strategic 
evaluation of the supply chain may help to mitigate the risk 
of the unforeseeable events, and help the supply chain agents 
and policymakers to devise a collaborative plan to become 
resilient (Johnson et al. 2013; Vanpoucke and Ellis, 2019). 
Despite, the Severe Acute Respiratory Syndrome (SARS) 
outbreak of 2003 and other health emergencies in the past, 
companies are still not able to mitigate these risks and this 
occurs majorly due to company’s failure to formulate a long 
term strategy for building up a resilient supply chain.

2.2  Proposed strategies

For developing supply chain resilience, a comprehensive set 
of strategies are enumerated in this section.

2.2.1  Process automation and artificial intelligence

Digital technologies are playing important role in supply 
chain resilience through high connectivity, accuracy and 
transparency. Supply chain resilience (SCRes) refers to the 
supply chain’s ability to prevent and absorb changes, and 
regain the initial performance level after an unexpected 
disturbance (Belhadi et  al.  2021). In recent years, with 
increased computational power and rapid development 
of advanced analytics, big data organizations are moving 
towards process automation and adapting artificial intelli-
gence in their supply chain operations. Their usage helps to 
trigger alarm immediately in unavoidable and unpredictable 
events due to its ability to—1) carefully assess the situa-
tion and timely actions that helps to mitigate the risk and 
increase profits; 2) ability to deal with asymmetric infor-
mation and capability to deal with an uncertain environ-
ment which cannot be anticipated wholly, with the help of 
learning and adoption (Legg & Hutter 2007). This strategic 
intervention can help the organization, not only by increas-
ing their predictive competencies but also warn the supply 
chain members to build more resilient supply chain network 
and to take well-timed decisions (Gulledge and Chavusholu 
2008; Baryannis et al. 2019).

2.2.2  Inventory management

Inventory is a mandatory buffer required by firms to deal 
with unanticipated demand or bullwhips. It is always in 
opposition with the increasing burden of the holding cost. 
Thus, an efficient inventory management is required to help 
organizations improve their capability to take judicious deci-
sions on the inventory stocks and availability of product var-
iants to meet the demand during contingencies. Inventory 
management strategy during crisis enables the organization 
to adequately manage the inventories of multiple products, 
reduce the risk of pilling of the inventory, optimize the 
holding cost and achieve supply chain resilience (Kristianto 
et al. 2012; Rajesh 2017).

2.2.3  Outsourcing of business operations

The offshoring and outsourcing strategy is a strategic choice 
to focus on the highest value adding activities and the brand 
valorization (Boffelli et al. 2021). Outsourcing strategies has 
been adopted by companies across the globe (especially in the 
case of very innovative processes). Firms outsource their busi-
ness operations in order to safeguard from over-production 
cost and cycle times (Talluri and Narasimhan 2004). Out-
sourcing strategy help firms to consider economies of scale, 
optimization of cost of production and increase profit margins 
(Mani et al. 2010). Thus, outsourcing strategy can be adopted 
by organizations for crisis management and help supply chain 
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agents to derive competitive advantage during emergencies 
(Kroes and Ghosh 2010).

2.2.4  Geographical integration of supply chain agents

Ivanov and Dolgui (2020) proposed intertwined supply net-
work in which large scale resilience of individual supply 
chains are required. The holistic management of the supply-
chain network requires integration of suppliers, retailers, 
manufacturers, wholesalers, customers and other stakehold-
ers. Petersen et al. (2005) indicated that the integration sup-
ply chain agents that are spread over a geographical region 
can eliminate the information asymmetry and trade barriers 
between the agents through free flow of materials, services, 
information, and improved collaborative relationships. This 
geographical integration can help agents to take appropri-
ate decisions at the time of disruptions and build a resilient 
supply chain (Yu et al. 2013).

2.2.5  Quality assurance

Quality assurance enables organizations to create brand 
image, establish new customer base and venture into new 
horizons, attain customer loyalty, and establish competi-
tive advantage from their counterparts (Cai et al. 2013). 
At the time of disruptions like COVID-19, quality assur-
ance mainly emerges from safe delivery and reliability of 
the logistics (Chowdhury and Quaddus 2015). Hence, in 
order to build supply chain resilience during health emer-
gency, organizations must understand the attributes that help 
to ascertain quality assurance to the customer. The green 
initiatives through launch of eco-friendly products without 
compromising on quality standards and products quality can 
also be another endeavour for the organizations to ensure 
sustainable growth (Jabbour & de Sousa Jabbour 2016).

2.2.6  Monitoring unethical pricing practices

Many authors in the past has discussed about the impor-
tance of ethics in operating businesses and this has 
become a major cause of concern during these tragic times 
(Carter 2000; Simangunsong et al. 2016). Unethical pricing 
practices by organizations during the pandemic time can not 
only erode the trust and morale of the customers, but also 
lead to a massive fall in customer base with mounting eco-
nomic losses and irreparable brand image. Unethical pricing 
practices behaviour may provide benefits for the organiza-
tion in the short-term but compromises on the working and 
the image of the supply chain as a whole in the long-run 
(Keating 2009). Monitoring of unethical pricing practices 
unnecessarily increases the tangible supply chain costs 
associated with an extra investment required to inspect the 
supply chain agents (Carter 2000). Thus, for making supply 

chain resilient, it is essential for organizations to consciously 
check on their strategic decisions in order to maintain or 
increase customer base.

2.2.7  Service quality and customer satisfaction

Seth et al. (2006) described the importance of service qual-
ity in supply chain. In an era where competition is a buz-
zword, successful delivery of quality service or products 
leads to improved customer satisfaction and helps in main-
taining a competitive advantage that is sustainable (Politis 
et al. 2014). Building of a resilient supply chain requires an 
in-depth knowledge of the factors that improvises service 
quality and ensures customer retention through delivery of 
satisfactory product or services.

2.2.8  Human resource management

Effective human resource management and inculcating a cul-
ture of mutual-cooperation and coordination is one of the 
pillars for building a robust supply chain network (Lengnick-
Hall et al. 2013) through emphasis on co-development and 
co-production of product or services (Ragatz et al. 2002), 
sharing of information among supply chain partners (Lee 
et al. 2000). Effective human resource management across 
the supply chain, has a potential to contribute in improv-
ing supply chain adaptability and building resilience against 
adverse calamities and guarantees a sustained competitive 
advantage in the market.

2.2.9  Government support

Government assistance plays significant role in developing 
supply chain resilience to face catastrophic events. Imple-
mentation and declaration of business-friendly policies tak-
ing into consideration organizations of all type, sizes and 
ownerships at the time of disruption events can stimulate 
the industrial growth and stabilize the economy (Dube 
et al. 2016). The provision of financial support to organiza-
tions also encourages them to recover from economic crisis 
and revive their supply chain production.

2.2.10  Cost optimization

Cost optimization is one of the most fundamental aspects 
of supply chain management that is requisite for establish-
ing cost-minimizing of distribution networks and logistical 
routes. Cost optimization can in turn improve the satisfaction 
levels of customers through successful delivery of tangi-
ble and intangible products at affordable prices (Kelle and 
Akbulut 2005). Thus, in building a resilience supply chain, 
cost optimization is significant for its role to improve ser-
vice level to customers. Cost optimization in supply chain 
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includes optimizing purchasing, holding and transportation 
cost (Farahani and Elahipanah 2008).

2.2.11  Contingency planning

Contingency planning involves a sequential and pre-planned 
process that is designed for precaution against any disrupt-
ing events or calamities that are not under the control of 
an organization (Goran 2004). It helps the organization to 
reduce the corporate vulnerabilities in supply chains and 

help mitigate the risk of economic losses. Therefore, under-
standing the importance of contingency planning during dis-
ruptions is crucial for developing supply chain resilience in 
the network (Guide et al. 2003; Skipper et al. 2009).

2.3  Theme identification

Identification of critical factors which are essential to over-
come supply chain disruptions have been done through 
extensive literature review and expert opinions. For our 

Fig. 1  Critical Factors for Resilient Supply Chain to combat COVID-19
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study, experts were chosen from various fields which 
included researchers, academicians, production manag-
ers, supply chain strategists, IT analysts and policymakers. 
Through literature review and expert opinion 11 factors were 
identified (Fig. 1).

3  Research Methodology

The overall framework of our research study has been illus-
trated in Fig. 2. In the initial stage, group discussions with 
industry experts were carried out along with extensive lit-
erature review. Further interactions were held telephonically 
with academicians and policymakers, these interactions 
helped us in preparing a detailed questionnaire which was 
later used for seeking responses from the expert group. Based 
on the literature review and opinion of experts, factors were 
identified which would be useful in overcoming disruptions 
in the supply chain by making it resilient. Finally, Multi Cri-
teria Decision Making methods of AHP- DEMATEL analysis 

has been used for grading the factors based on their weight-
age and splitting them into cause and effect groups.

3.1  AHP methodology

Analytic Hierarchy Process (AHP) methodology is a simple 
mathematical tool that uses the concept of pairwise compari-
son of factors to solve complex and multi-dimensional prob-
lems by generating a hierarchical structure (Albayrak et al. 
2004). The concept of AHP was first used to find a solu-
tion related to military for planning and resource division 
(Saaty 1987) and is presently used in numerous domains 
such as health, engineering, education, industry, and oth-
ers. In this method the relative importance or weights of 
tested factors are determined which helps in ranking the fac-
tors which helps in making accurate decisions (Cheng and 
Li 2001). This method uses consistency test which checks 
out transitivity for filtering out inconsistent responses. The 
benefits of AHP method over other MCDM methods are its 
suppleness, intuitive appeal to policymakers and its ability 

Fig. 2  Research Methodology
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to ensure consistent results. Further, the steps of the AHP 
methodology is enumerated in Appendix 1.

3.2  Decision making trial and evaluation laboratory 
(DEMATEL) method

Decision making trial and evaluation laboratory (DEMATEL) 
technique was first developed by Battelle Memorial Institute 
of Geneva Research Centre to visualize the structure of com-
plicated causal relationships through matrixes or digraph. It 
is a widely used mathematical tool for analysis and solving 
complex real-world problems (Fontela and Gabus 1972). The 
solution of complex real world problems requires a number 
of strategies to be implemented in unison rather than taking a 
single strategy in isolation. Thus, it becomes critically impor-
tant to determine the importance of each strategy and evaluate 
the direct and indirect relationship of these strategies on one 
another. DEMATEL method makes a pair wise comparison 
between different parameters of a complex system to evaluate 
the causal interrelations and the degree of influence between 
the parameters. A visual representation of the causal relation-
ships is done by means of a structural matrix or diagraph, 
which segregates the parameters into cause and effect groups. 
The diagraph gives an idea of the most influential parameter 
which has the maximum impact potential which facilitates us 
in the decision-making process. The steps involved in DEMA-
TEL method is elaborated in Appendix 2.

4  Case example

This section evaluates and presents the case discussion of a 
multi-national organisation engaged in retail manufacturing. 
The case study has been used for identification and analy-
sis of identified risk-resilient strategies using multi-criteria 
decision-making models.

4.1  Background of the subject company

The company that we have chosen as a part of our case study is 
one of the leading consumer goods companies having its foot-
prints in around 190 countries with significant presence in Asia, 
Europe and the Americas. The company’s product category 
ranges from baby foods to soaps to pharmaceutical products 
and they are covered under more than 300 brands. The company 
considers its vast supply chain network as the backbone of the 
organisation which involves sourcing raw materials from sup-
pliers and delivering end products to its customers. It procures 
raw materials from over 1000 suppliers across the globe and 
more than 90,000 non suppliers. The company’s supply chain 
network is quite diverse engaging a network of 50,000 employ-
ees besides a million farmers and transports a distance of more 
than 1 billion kilometres a year with an estimated expenditure 

of more than 30 billion euros. Over the years the company has 
undertaken multiple initiatives for streamlining the supply chain 
network by implementing new purchase models, pruning the 
human resource and digitizing work processes.

With the inception of COVID-19, almost all industries 
have been exposed to major problems with respect to manag-
ing their logistics and supply chains and the case company is 
no exception. The uncontrollable spread of virus forced gov-
ernments to order shutdowns leading to demand and supply 
shocks which affected the case company to a considerable 
extent as reflected overall sales growth reported at 0% in the 
first quarter of 2020. The lockdowns impacted consumer 
demand patterns along with unforeseen volatility in the mar-
ket leading to massive inventory shortages, warehouse dis-
crepancies and critical issues in supply chain management 
of the company under study. The pandemic has disturbed 
the transparency across the multitier supply chains creat-
ing widespread fear and distrust among all the stakeholders 
involved in the channel. Doubts with respect to determining 
the origin of supply materials, safety measures undertaken 
on the work floor and identifying alternative sources for 
extracting raw materials have now become critical compo-
nents to bridge the gap and keep production running and 
enable safe delivery to customers. The pandemic has brought 
into focus the necessity for interventions which will be able 
to predict consumer behaviour and respond appropriately, 
ensure safety of employees and customers, identify logistical 
bottlenecks, identify and chalk out a contingency plan so that 
the supply chain network emerge swifter, leaner and smarter.

In the current landscape, the company has targeted short-
term response measures to stimulate sales by providing end-
to-end safety measures, building consumer’s trust and invest-
ment in promotional ventures. The company anticipates that 
besides these short-term strategic interventions to tackle the 
pandemic issue, several other quick action long term interven-
tions are required across the end-to-end supply chain to ensure 
sustainable improvement in business operations. Despite best 
efforts by companies across the globe to streamline supply 
chain operations, COVID-19 has posed a unique hurdle which 
they have failed to cross (Remko 2020). Therefore, the current 
study can provide help to the industry which is working day 
in and out to get their supply chains back to the pre-pandemic 
levels besides making it resilient for the future.

4.2  Validation of factors

Through our literature review, the strategic factors that 
influenced the supply-chain operations with the outbreak of 
COVID-19 pandemic were identified. However, the practi-
cal implications of these strategies may be different across 
organisations. To enhance the validity of the data, we inter-
viewed and conducted a survey with the experts to improve 
the internal validity of the set criteria shortlisted and also 
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check the external validity or practical applicability of the 
identified factors. A questionnaire was designed as shown in 
Appendix 3 for gathering feedback and opinion of experts.

The experts were to rank and prioritize the factors to 
identify whether a particular strategic intervention can be 
effective firewall against future disruptions. With respect 
to the current unanticipated socio-economic shock inflicted 
by the spread of virus, the experts were asked to critically 
review from the current perspective and suggest changes 
in terms of adding or omitting factors identified through 
exhaustive literature review. Experts strongly believed that 
these strategies selected have the potential to qualitatively 
enrich the study and capture critical factors that can enable 
the organisations to build a resilient supply chain. Experts 
identified customer satisfaction to have a causal relation-
ship with service quality, therefore, these two factors were 
mere merged together into one for further analysis. After 
the questionnaire survey with the experts, an in-depth per-
sonal interview further helped us to check the construct 
validity and practical applicability of all selected eleven 
strategies, namely, Process Automation and Artificial Intel-
ligence (S1), Inventory Management (S2), Outsourcing of 
Business Operations (S3), Geographical Integration of 
Supply Chain Agents (S4), Quality Assurance (S5), Moni-
toring Unethical Pricing Practices (S6), Service Quality 
and Customer Satisfaction (S7), Human Resource Manage-
ment (S8), Government Support (S9), Cost Optimization 
(S10) and Contingency Planning (S11).

5  Results

In this section, the numerical analysis and related results 
of the identified strategies are presented in the following 
subsections.

5.1  AHP analysis

The AHP method in our study enables us to prioritize the 
identified the factors that are essential to build a resilient 
supply chain network that can shield against unanticipated 
disruptions. Based on the responses received from various 
experts, critical factors have been ranked in accordance with 
their normalized weights as shown in Table 1.

The findings of our study indicate that Cost Optimiza-
tion (S10) is the most significant factor with rank one and 
weightage of 22%. It plays a vital role in making supply 
chain resilient through optimization in purchasing, hold-
ing, transportation cost, seamless flow of goods and ser-
vices and better inventory management. It is followed by 
Contingency Planning (S11) at rank two with a weightage 
of 15% which gives importance to developing an in-built 
mechanism within the organization to deal with external 
shocks. Though planning for contingencies may appear to 
be an expensive and not so important task for most compa-
nies, it remains an important factor in making the supply 
chain network work efficiently. Geographical Integration 
of Supply chain agents (S4) has been found to be the third 
most important factor which leads to cost optimization 
besides helping companies in designing their contingency 
plans. Inventory Management is another important factor 
(S2) as per our analysis which is closely linked to the top 
three factors and can provide timely resolution to manage 
the crisis. Inventory Management also acts as a proxy for 
measuring how well the supply chain agents are integrated 
or geographical spread of the supply chain agents.

Other factors like Service Quality and Customer Satisfac-
tion (S7) and Quality Assurance (S5) have lower weightage. 
One of the possible reasons for lower ranking of these fac-
tors is that they are linked to factors like human resource 
management (S8), and Process Automation and Artificial 

Table 1  AHP Ranking

Critical Factors S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 Criteria Weights Rank

S1 1 0.33 0.33 0.33 1 0.33 0.33 7 0.2 0.33 0.2 4% 10
S2 3 1 3 1 5 5 1 5 3 1 1 12% 4
S3 3 0.33 1 0.2 5 3 0.33 5 3 0.14 0.2 6% 6
S4 3 1 5 1 7 7 5 5 1 0.2 1 13% 3
S5 1 0.2 0.2 0.14 1 0.2 0.2 9 3 0.11 0.14 4% 9
S6 3 0.2 0.33 0.14 5 1 0.14 5 3 0.11 0.2 5% 8
S7 3 1 3 0.2 5 7 1 7 3 0.14 0.2 10% 5
S8 0.14 0.2 0.2 0.2 0.11 0.2 0.14 1 0.33 0.33 0.33 2% 11
S9 5 0.33 0.33 1 0.33 0.33 0.33 3 1 0.33 1 6% 7
S10 3 1 7 5 9 9 7 3 3 1 1 22% 1
S11 5 1 5 1 7 5 5 3 1 1 1 15% 2
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Intelligence (S1). Organizations try to improve their service 
quality by reducing delivery times which requires automat-
ing processes besides having adequate manpower for deliv-
ery of good and services, often these factors are neglected 
due to possible increase in expenditure leading to a crunch in 
working capital. This ignorance ultimately makes the supply 
chain susceptible to disruptions. The lower weightage of the 
factor Outsourcing of business operations (S3) may lead to 
deliver delays, increase in expenditure and hence was not 
found to be a sustainable viable option. Monitoring unethical 
pricing practices (S6) and Government Support (S9) were 
found to be ranking low at the bottom. Since inconsistency in 
intra-ministerial policy during pandemic acts as a roadblock 
for the industry, so firms tend to take a stance by supporting 
government hawkishly and prefer to adopt an autonomous 
flexi price-setting mechanism wherein it is determined by 
market forces rather than being dictated by the government.

5.2  DEMATEL analysis

In our study we have used the DEMATEL method to seg-
regate the factors into cause and effect groups based on 
their relative significance. Responses were collected from 
various field experts and recorded in the form of a direct 

relation matrix (A) as shown in Table 2 after a pair-wise 
comparison of the factors were made.

The direct relation matrix is then normalized to eliminate 
data redundancies to get a Normalized direct relation matrix 
(Z) as shown in Table 3.

The Total Relation Matrix (T) as indicated in Table 4 
provides an insight into total pair wise relationships of all 
identified factors and it considers indirect influences of a 
factor over others.

The R + C variable in Table 5 signify the total influence 
potential or importance of a factor, and R–C values indi-
cate the net influence potential of a factor. Thus, if R–C > 0 
it indicates a given factor is a causal factor and it has the 
potential to influence other factors. On the other hand, if 
R–C < 0, then the factor belongs to effect group and such 
factors are influenced by other factors.

Based on our analysis there are three causal factors 
namely- Process Automation and Artificial Intelligence 
(S1), Geographical Integration of Supply Chain (S4), and 
Government Support (S9). It is evident that Government 
Support (S9) is the most influential factor with the highest 
R–C value. Thus, during crisis, government’s intervention 
through financial and economic support is most essential 
component for building a resilient supply chain.

Table 2  Direct Relation Matrix 
(A)

Critical Factors S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11

S1 0.00 3.90 1.90 2.20 0.80 1.90 1.80 0.80 1.10 3.10 3.30
S2 2.10 0.00 2.80 3.10 0.00 2.10 2.80 0.50 0.30 2.80 2.20
S3 2.10 2.90 0.00 2.80 2.20 1.70 2.30 1.10 0.20 2.90 2.10
S4 1.80 3.20 3.10 0.00 2.10 2.80 3.10 1.90 0.20 2.90 2.20
S5 0.10 0.60 0.80 1.20 0.00 3.90 4.10 2.10 0.30 1.80 1.30
S6 0.10 2.10 1.90 2.20 3.10 0.00 2.70 0.00 0.20 2.30 2.10
S7 0.30 1.90 2.10 2.30 4.10 2.10 0.00 1.80 0.20 2.10 1.20
S8 0.10 0.80 0.60 0.70 3.20 0.40 2.10 0.00 0.20 1.30 1.70
S9 2.10 3.20 3.00 3.20 1.10 3.10 1.90 3.10 0.00 3.20 3.80
S10 1.20 2.90 3.30 3.10 1.10 2.90 3.10 0.00 2.10 0.00 1.90
S11 1.90 1.80 2.30 2.10 2.10 3.10 3.00 1.10 2.90 3.10 0.00

Table 3  Normalized Direct 
Relation Matrix (Z)

Critical Factors S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11

S1 0.00 0.14 0.07 0.08 0.03 0.07 0.07 0.03 0.04 0.11 0.12
S2 0.08 0.00 0.10 0.11 0.00 0.08 0.10 0.02 0.01 0.10 0.08
S3 0.08 0.11 0.00 0.10 0.08 0.06 0.08 0.04 0.01 0.11 0.08
S4 0.07 0.12 0.11 0.00 0.08 0.10 0.11 0.07 0.01 0.11 0.08
S5 0.00 0.02 0.03 0.04 0.00 0.14 0.15 0.08 0.01 0.07 0.05
S6 0.00 0.08 0.07 0.08 0.11 0.00 0.10 0.00 0.01 0.08 0.08
S7 0.01 0.07 0.08 0.08 0.15 0.08 0.00 0.07 0.01 0.08 0.04
S8 0.00 0.03 0.02 0.03 0.12 0.01 0.08 0.00 0.01 0.05 0.06
S9 0.08 0.12 0.11 0.12 0.04 0.11 0.07 0.11 0.00 0.12 0.14
S10 0.04 0.11 0.12 0.11 0.04 0.11 0.11 0.00 0.08 0.00 0.07
S11 0.07 0.07 0.08 0.08 0.08 0.11 0.11 0.04 0.11 0.11 0.00
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The effect group has remaining eight parameters- 
Inventory Management (S2), Outsourcing of Business 
Operations(S3), Quality Assurance(S5), Monitoring 
Unethical Pricing Practices (S6), Service Quality and 
Customer Satisfaction (S7), Human Resource Management 
(S8), Cost Optimization(S10), and Contingency Planning 
(S11), these parameters are influenced by causal param-
eters. Service Quality and Customer Satisfaction (S7) was 
observed to have the lowest R–C value and is highly influ-
enced by other parameters.

The inner dependency matrix is shown in Table 6. In the 
inner dependency matrix, the insignificant elements were 
eliminated that were found to have a value lesser than the 
threshold value (α = 0.038).

The causal diagraph represents the nature and direc-
tion of relationship between the factors. For instance, the 
value of the element  t35(0.06) which is greater than thresh-
old value (0.038) so it will be symbolized with an arrow 
directed from Outsourcing of Business Operations (S3) to 
Quality Assurance (S5) in the diagraph as shown in Fig. 3. 
The causal diagraph demonstrates other uni-directional 
and bi-directional relationship between variables.

The pictorial representation of the factors based on the cause 
and effect group depicting relationship between total influence 
potential and net influence potential can be seen from Fig. 4.

6  Discussion

From the analysis it is apparent that the Government Support 
(S9) is the most important factor in the casual group and 
can play a significant role in removal of bottlenecks thereby 
leading to better management of inventory, cost optimiza-
tion, compliance to health protocols, and help companies in 
making strategic decisions with regard to their emergency 
preparedness plans. The second most significant factor is 
Process Automation and Artificial Intelligence (S1), constant 
innovation and revolutionizing of technological inputs can 
enrich the functioning of the entire supply chain network and 
improve productivity (Wu et al. 2016). Innovation has been 
considered as one of the most significant drivers to counter 
impact of COVID-19 on supply chain (Thilmany et al. 2021). 
The data driven decisions based on real time critical data 
helps in demand forecasting and controlling supply shocks 

Table 4  Total Relation Matrix 
(T)

Critical Factors S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 R

S1 -0.03 0.12 0.03 0.04 0.00 0.03 0.02 0.02 0.02 0.08 0.09 0.43
S2 0.06 -0.04 0.07 0.09 -0.04 0.05 0.07 0.01 0.00 0.07 0.05 0.38
S3 0.06 0.08 -0.04 0.07 0.06 0.02 0.04 0.03 -0.01 0.07 0.05 0.43
S4 0.05 0.08 0.08 -0.05 0.04 0.07 0.07 0.06 -0.01 0.07 0.05 0.51
S5 0.00 -0.01 0.00 0.02 -0.05 0.13 0.13 0.07 0.00 0.04 0.03 0.36
S6 -0.01 0.06 0.04 0.05 0.10 -0.04 0.06 -0.02 -0.01 0.06 0.06 0.35
S7 0.00 0.05 0.05 0.06 0.13 0.04 -0.05 0.05 0.00 0.05 0.02 0.39
S8 0.00 0.02 0.01 0.01 0.11 -0.02 0.05 -0.01 0.00 0.03 0.05 0.24
S9 0.05 0.07 0.07 0.08 0.00 0.07 0.01 0.10 -0.02 0.07 0.10 0.59
S10 0.02 0.07 0.09 0.08 0.01 0.07 0.08 -0.03 0.07 -0.05 0.03 0.44
S11 0.05 0.02 0.05 0.03 0.04 0.08 0.07 0.02 0.10 0.07 -0.05 0.49
C 0.24 0.51 0.45 0.48 0.40 0.50 0.56 0.28 0.15 0.55 0.49 4.61

Table 5  Total and Net Effects 
of Each Factor

Critical Factors R C R + C R–C Cause or Effect Rank

S1 0.430 0.244 0.673 0.186 Cause 10
S2 0.382 0.505 0.887 -0.123 Effect 5
S3 0.430 0.449 0.879 -0.019 Effect 6
S4 0.510 0.479 0.988 0.031 Cause 2
S5 0.358 0.400 0.757 -0.042 Effect 8
S6 0.346 0.504 0.850 -0.158 Effect 7
S7 0.394 0.559 0.954 -0.165 Effect 4
S8 0.235 0.278 0.513 -0.043 Effect 11
S9 0.594 0.149 0.743 0.445 Cause 9
S10 0.440 0.550 0.990 -0.110 Effect 1
S11 0.487 0.489 0.976 -0.003 Effect 3
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(Cachon and Fisher 2000), also use of technology helps in 
reducing delays and resource optimization (Savitz and Weber 
2006) leading to better customer satisfaction. Thus, it is evi-
dent that use of technology makes the supply chain network 
robust and immune to crisis. The lack of geographical and 
functional integration of supply chain is identified as the last 
causal factor, which leads to uncertainty in the supply chain 
network (Rodrigue 2006) that can further get aggravated dur-
ing crisis. Geographical Integration of Supply Chain (S 4) 

is therefore one of the critical factors which can bring about 
resilience in the supply chain network and defines efficiency 
and profitability of the supply chain system (Hoek 1998).

To build a robust and reliable supply chain network, 
it is critically important that supply chain agents have a 
proactive plan to deal with contingencies which is evident 
from the R–C value (−0.003) of the factor Contingency 
Planning (S11) in the effect group which is nearest to cen-
tre. This is the least influential causal factor and can lead 

Table 6  Inner Dependency 
Matrix

Critical Factors S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11

S1 - 0.12 - 0.04 - - - - - 0.08 0.09
S2 0.06 - 0.07 0.08 - 0.05 0.07 - - 0.07 0.05
S3 0.06 0.08 - 0.07 0.06 - 0.04 - - 0.07 0.05
S4 0.05 0.08 0.08 - 0.04 0.07 0.07 0.06 - 0.07 0.05
S5 - - - - - 0.13 0.13 0.07 - 0.04 -
S6 - 0.06 0.04 0.05 0.10 - 0.06 - 0.06 0.06
S7 - 0.05 0.05 0.06 0.13 0.04 - 0.05 - 0.05
S8 - - - - 0.11 - 0.05 - - - 0.05
S9 0.05 0.07 0.07 0.07 - 0.07 0.10 - 0.07 0.10
S10 0.07 0.09 0.08 - 0.07 0.08 - 0.07 - -
S11 0.05 - 0.05 - 0.04 0.07 0.07 - 0.10 0.07 -

Fig. 3  Diagraph of Critical Factors



 D. Das et al.

1 3

to severe supply chain disruptions at the time of crisis 
(Hale and Mober 2005). Outsourcing of Business Opera-
tions (S3) is the next important factor in our study. An 
effective tool to make supply chain function efficiently is 
to outsource certain operations and collaborate with other 
supply chain agents (Scholten and Schilder 2015). Thus, 
when supply chain agents work in close association with-
out any information asymmetry then it helps in dealing 
with disruptions more effectively (Crook et al. 2008).

Another factor identified that helps in establishing a 
robust supply chain is through Quality Assurance (S5) 
which helps in minimizing the risk of reverse logistics 
thereby leading to cost optimization and combat economic 
disruptions (Zsidisin et al. 2004). The study also supports 
setting up an efficient human resource management system 
for greater adaptability and resilience across the supply 
chain (Soni and Jain 2011). Human resource management 
(S8) as a significant factor can help in making the sup-
ply chain flexible, adaptive, and immune to disruptions. 
Cost Optimization (S10) by reducing transportation cost, 
holding cost (Farahani and Elahipanah 2008) is identified 
as another significant factor that can build a resilient sup-
ply chain, further complimenting it with a well-organized 
inventory management system within the firms can be 
executed through several optimization tools like IoT, Big 
Data to ensure that supply chain network is quick enough 
to respond to demand and supply shocks. The finding of 
our study corroborates the fact that Inventory Management 
(S2) is one of the critical factors in building a network 
where there is seamless flow of goods and services. Moni-
toring Unethical Pricing Practices (S6) is found to be an 
important factor which severely affects reputation of firms 
(Roberts and Dowling 2002). While unethical behaviour 

may help firms with short-term economic benefit but it 
severely impacts the reputation and overall functioning 
of the supply chain (Frazier et al. 1988). Service Quality 
and Customer Satisfaction (S7) is least important factor 
as per our findings and can affect the cycle time, reduce 
profits, increase inventory stocks with direct influence on 
the firm’s performance (Sureshchandar et al. 2002).

7  Implications

The current study is relevant for all stakeholders engaged in 
supply chain management as the entire global supply chain 
has been severely disrupted by COVID-19. The results from 
the study aims to help policymakers in designing a resilient 
framework which can not only absorb external shocks like 
COVID-19 but also enhance performance and operational 
capability of the supply chain network. Given the magnitude 
of losses since the inception of COVID-19, our analysis can 
motivate businesses to adopt risk resiliency measures by 
identifying vulnerabilities in the system to protect against 
future disruptions in the network. Further, the study can be 
generalized across various sectors to overcome COVID like 
disruptions by building resilience.

Since the inception of COVID-19 pandemic, research and 
awareness about supply chain efficiency has exponentially 
grown as organisations have realised the significance of a 
timely and sustainable disaster management plan that can build 
operational resilience and safeguard business functioning in the 
wake of growing health crisis. Over the course of the pandemic, 
numerous guidelines and protocols relating to health strategy, 
technology and policy have been framed to combat socio-eco-
nomic impact of COVID-19. In this research, through domain 

Fig. 4  Diagraph of Critical 
Factors
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specific inputs from experts and literature review, the present 
research has identified the most significant critical factors that 
are could be used in building a resilient supply chain to enhance 
logistical as well as operational efficiency. Hence, it is recom-
mended that decision makers should focus upon these aspects 
to achieve the stated objective of supply chain resilience.

By applying the hybrid approach of incorporating a quali-
tative inquiry through expert opinion, literature review, and 
application of MCDM methods to quantitatively analyse the 
factors, the current work provides precise information about 
the relative importance of each factor through their respec-
tive priority ranks and their cause–effect interrelationship.

Our study suggests policymakers ought to focus on cost 
optimization for making a robust supply chain. Cost opti-
mization is a proxy for identifying better inventory man-
agement which leads to significant reduction in overhead 
costs. Another factor which needs urgent focus of managers 
is planning for low frequency-high impact contingencies. 
Contingencies bring along with them plethora of opportu-
nities. Companies need to cash in on such opportunities by 
embracing usage of automation and artificial intelligence. It 
is worth mentioning that usage of automation and artificial 
intelligence, which is a significant causal factor, leads to 
better contingency planning, human resource management, 
and inventory management. The most significant causal fac-
tor which if tweaked can bring about wholesome changes in 
supply chains is government support which can be provided 
in terms of policies for easing compliance, subsidies, interest 
moratoriums can go a long way overcoming short term sup-
ply chain shocks. For companies having vast supply chain 
networks, geographical integration of supply chain agents is 
also crucial as it eliminates logistical bottlenecks, reduces 
costs and leads to better operational efficiency.

Managerial implications our analysis are enormous as it 
provides a broad idea to the management as which factors can 
be prioritized and need to be focussed for achieving supply 
chain resiliency. Our study also helps managers by way of seg-
regating factors into cause and effect groups, this can further 
enable them to undertake an in-depth analysis of the inherent 
weakness within and outside the organisation and help chalk 
out a plan for implementing growth stimulating strategies that 
ensures future resilience. A resilient supply chain can augment 
the capability of supply chain agents to understand and react 
to the ramifications of unpredictable events like COVID-19, 
earth quakes, cyclones, to bounce back to its original state or 
move towards better in terms of operational performance after 
adverse events (Christopher and Peck 2004). As far as social 
implications are concerned; our study can go a long way in 
reducing the susceptibility of the supply chain network thereby 
ensuring sustainability and socio-economic well-being of all 
stakeholders involved in the network. Our study can help in 
planning for the future and to address the challenges faced by 
numerous vulnerable workers during this pandemic.

8  Conclusion

COVID-19 pandemic has broken all linkages of the supply 
chain systems leading to large scale disruptions worldwide. The 
combined AHP-DEMATEL methodology provides an insight 
into the possible ways in which supply chain network can be 
made resilient. It provides a structured approach in evaluating 
the importance of each factor and help organizations devise 
appropriate strategic framework to combat the COVID-19 
emergency by building a robust supply chain. By using the 
AHP model, the critical factors have been prioritized wherein 
the factor Cost Optimization was identified as the most signifi-
cant factor, while on the other hand effective human resource 
management is evaluated as the least important factor. Further, 
the causal relationships have been evaluated and the critical 
factors identified were classified into cause and effect groups 
through the DEMATEL method. The results obtained by the 
DEMATEL method are in consensus with AHP ranking, the 
Cost optimization factor has been unanimously recognized as 
most influential with the highest intensity of relation whereas 
human resource management as the least influential factor.

While organizations and policy makers have been work-
ing tirelessly to make supply chain networks disruption free 
but making it into reality takes quite an effort as it is influ-
enced by multitude of factors. In such a scenario our study 
can act as a handbook for decision makers to identify and 
prioritize factors that can enable to frame a sustainable strat-
egy against any sort of disruption-natural, geo-political, eco-
nomic, or likewise. Our study can also be generalized across 
various sectors of the supply chain to overcome COVID like 
disruptions by building resilience.

Appendix 1: AHP calculation process

Step 1: Identification of critical factors and sub-factors and creat-
ing a hierarchal structure for developing a resilient supply chain.

Step 2: Making pairwise comparison between the identi-
fied factors using a nine-point scale (Saaty 2008) so as to form 
a pair wise comparison matrix using scales as listed below.

Scales in pair‑wise comparisons

Importance intensity Preference judgments

1 Equally important
3 Moderately important
5 Strongly important
7 Extremely important
9 Extremely more important
2, 4, 6, 8 Intermediate values 

between adjacent scale 
values
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Step 3: Determination of normalized weights for the 
identified factors and to form a normalized weight vec-
tor. Based upon the normalized vector, factors are ranked 
based on their weightage.

Step 4: Evaluating the consistency.
The maximum eigenvector (λmax) is calculated which 

ensures consistency of achieved solution. Thereafter, Con-
sistency Index (C.I.) is calculated using Eq. (1). Based on 
the C.I. and Random Consistency Index (R.I.), the Con-
sistency Ratio (C.R.) is calculated using Eq. (2)

The C.R. is then calculated using the formulae:

where N = Order of matrix.
The value to Random Consistency Index varies accord-

ing to the order of matrix (Saaty 2008).

Random consistency index

Order of 
matrix

1 2 3 4 5 6 7 8 9 10 11

RCI 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49 1.53

To achieve better consistency in the comparative judg-
ments and to ensure that decision-making is reliable in 
determining the ranking of critical factors, the calculated 
value of Consistency Ratio must be equal to or less than 
the acceptable Consistency Ratio.

Appendix 2: DEMATEL calculation process

• Step 1: Creation of direct relation average matrix (A)
  A pair wise comparison of the identified parameters 

is done by experts to determine the influence potential 
of one parameter over others. Each expert indicated their 
responses by using integers (0 to 5) in the matrixes which 
indicate that each parameter (i) can have five levels of 
influence over every other parameter (j).

1. Parameter  ai does not influence  aj = 0
2. Parameter  ai has low influence over  aj = 1
3. Parameter  ai has medium influence over  aj = 2
4. Parameter  ai has high influence over  aj = 3
5. Parameter  ai has very high influence over  aj = 4

(1)C.I. =
�

max
− N

N − 1

(2)C.R. =

CI

RI

Responses of the experts lead to formation of a non-neg-
ative matrix (n*n).
After taking into account the responses of all the experts 
an average direct relation matrix (A) is obtained which is 
a n*n matrix, where n is the number of identified param-
eters and i, j indicates row and column respectively.

• Step 2: Creation of normalized direct relation matrix (Z)
  The direct relation matrix (A) as determined in step 1 is 

then multiplied by a factor F to get a n*n normalized direct 
relation matrix (Z). The factor F is determined using Eq. (3) 
and normalized direct relation matrix (Z) using Eq. (4)

  Each element in the normalized direct relation matrix 
(Z) holds a value ranging from 0 to 1 with the major 
diagonal elements being 0.

• Step 3: Calculation of total relation matrix (T)
  Total relation matrix (T) indicates total relationships 

between all pairs of identified parameters. The matrix 
T is calculated using Eq. (5) and element  tij of matrix 
T indicates indirect influence which parameter ‘i’ has 
over parameter ‘j’. The indirect influence continuously 
reduces along the powers of T.

  Thus when lim
h→∞

Z
h = [0]

nxn

where I = is a n*n identity matrix.
• Step 4: Determination of sums of rows and columns of 

Total Relation Matrix(T)
  The sums of rows and columns of matrix T are deter-

mined as per Eqs. (6) and (7) and are represented by vec-
tors R and C respectively.
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(4)Z = F*A

T =Z + Z
2 + Z

3 +…Z
h = Z

(

1 + Z + Z
2 +…Z

h−1
)

[

(I − Z)(I − Z)
−1
]

= Z(I − Z)
−1
(I − Z

h)

(5)T = Z(I − Z)
−1

(6)R =

(

Ri

)

nx1
=

[

n
∑

j=1

tij

]

nx1



Building supply chain resilience in the era of COVID-19: An AHP-DEMATEL approach  

1 3

  Riis the sum of the  ith row and it indicates the direct and 
indirect effects of parameter ‘i’ over other parameters.  Cj is 
the sum of  jth column and it indicates the direct and indirect 
influences of other parameters on parameter ‘j’.

• Step 5: Calculation of threshold value (α)
  The aim purpose of calculating threshold value is to 

eliminate some minor effect elements from Total Relation 
Matrix (T) (Ou et al. 2008). Thus, elements in matrix T 
having a value lesser than threshold value is eliminated and 
the remaining elements are used for preparing the causal 
diagraph. Threshold value is the average of all the elements 
in matrix T and is determined as per Eq. (8)

where N is the total number of elements in the Total 
Relation Matrix (T).

  Elements of Matrix T(tij) having a value lesser than the 
threshold value (α) is eliminated so as to form the inner 
dependence matrix.

• Step 6: Development of causal diagram
  The vectors R and C determined in step 4 is utilised 

for developing the causal diagram. The horizontal axis 
(R + C) indicates the importance of the identified param-
eters whereas the vertical axis (R–C) divides the parameters 
into cause and effect groups. If the value of R–C is negative 
the parameter belongs to the effect group and is influenced 
by other parameters. On the other hand, if R–C is positive 
it indicates a given parameter is a causal parameter and it 
significantly influences other parameters. Thus, the causal 
diagram gives an idea of- influential parameters and the rela-
tive importance of a given parameter over other parameters.

Appendix 3: Evaluation and analysis 
of questionnaire

Phase 1: Validation of factors of questionnaire

Greetings of the Day!
Dear respondent. The present research aims to evalu-

ate the significance of risk resilient strategies to combat 
the impact of COVID-19 and develop a framework that 
ensures a sustainable supply chain management. We have 
identified the below mentioned critical factors through 
current literature. Please tick (√) in the appropriate box 
(0 signifies irrelevance and 1 signifies relevance). Kindly 
add/delete/rephrase/merge the strategies, if required.

(7)C =

(

Cj

)

1xn
=

[

n
∑

i=1

tij

]

1xn

(8)� =

∑n

i=1

∑n

j=1

�

tij
�

N

Strategy for Risk-Resilient Supply Chain Irrelevance 0 Relevance 1

S1: Process Automation and Artificial 
Intelligence

S2: Inventory Management
S3: Outsourcing of Business Operations
S4: Geographical Integration of Supply 

Chain Agents
S5: Quality Assurance
S6: Monitoring Unethical Pricing 

Practices
S7: Service Quality and Customer 

Satisfaction
S8: Human Resource Management
S9: Government Support
S10: Cost Optimization
S11: Contingency Planning

Phase 2: Evaluating the factors

Dear respondent. The present research further aims to ana-
lyse your response and evaluate the significance of risk 
resilient strategies to combat the impact of COVID-19 
to develop a framework that ensures a sustainable supply 
chain management.

• Ranking among strategies using AHP
  Please select and rank these strategies from the identi-

fied list of eleven crucial business strategies. Please select 
a strategy in the first column and in the first column and 
compare it with the rest on a scale of 1–9. Based on the 
guidelines provided below, please provide your responses 
in the matrix provided using a suitable rating scale.

  e.g. If Inventory Management (S2) is chosen in first 
column and compared with Quality Assurance and (S4) 
and if you think S2 is moderately important over S4, 
then place ‘3’ in  S24 and 1/3 in  S42.

Importance intensity Preference judgments

1 Equally important
3 Moderately important
5 Strongly important
7 Extremely important
9 Extremely more important
2, 4, 6, 8 Intermediate values 

between adjacent scale 
values
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Critical Factors S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11

Process 
Automa-
tion and 
Artificial 
Intelli-
gence

S1

Inventory 
Manage-
ment

S2

Outsourc-
ing of 
Business 
Opera-
tions

S3

Geographi-
cal Inte-
gration 
of Supply 
Chain 
Agents

S4

Quality 
Assurance

S5

Monitoring 
Unethical 
Pricing 
Practices

S6

Service 
Qual-
ity and 
Customer 
Satisfac-
tion

S7

Human 
Resource 
Manage-
ment

S8

Government 
Support

S9

Cost Opti-
mization

S10

Contingency 
Planning

S11

• Causal interrelationships among strategies using DEMA-
TEL

  Dear respondent. We also seek to determine the interrela-
tionships among the stated risk resilient strategies to combat 
the impact of COVID-19. For this purpose, the following 
questionnaire is prepared to measure the interrelationship 
among these strategies on a 0–4 scale. Based on the guide-
lines provided below, please provide your responses in the 
matrix provided using a suitable rating scale.

Degree of Influence Preference judgments

0 No Influence
1 Low Influence
2 Moderate Influence
3 High Influence
4 Very High Influence

Critical Factors S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11

Process 
Automa-
tion and 
Artificial 
Intel-
ligence

S1

Inventory 
Manage-
ment

S2

Outsourc-
ing of 
Business 
Opera-
tions

S3

Geo-
graphical 
Integra-
tion of 
Supply 
Chain 
Agents

S4

Quality 
Assur-
ance

S5

Monitoring 
Unethical 
Pricing 
Practices

S6

Service 
Qual-
ity and 
Customer 
Satisfac-
tion

S7

Human 
Resource 
Manage-
ment

S8

Govern-
ment 
Support

S9

Cost Opti-
mization

S10

Contin-
gency 
Planning

S11
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