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Abstract

This study attempts to present a contribution of Blockchain Technology (BC-T) in managing disruptions, and risk caused by
the COVID-19 outbreaks and extending profound support in developing resilient Food Supply Chains (FSCs). The effects
of the pandemic can be witnessed on global supply chains in their demand & supply side disruptions and in the chang-
ing patterns of consumer buying in the food industry. The assessment of the disruptive factors is required to explore the
present issues and promising resilient strategies to impart robustness to the FSCs for mitigating disruptions in the future.
An integrated approach of Fuzzy Analytic Hierarchy Process (FAHP) and Weighted Assessment Sum Product Assessment
(WASPAS) is employed to assess the factors related to sourcing, lean, workforce, and flexibility, as well as evaluation of
the BC-T enabled FSCs resilient strategies that mitigate the effect of disruption during the pandemic. The findings exhibit
that ‘Sourcing related’ is the most affecting disruptive factor causing distress in the FSCs and ‘flexibility resilient strategy’
is the most relevant resilient strategy for BC-T enabled FSCs. The BC-T acts as a catalyst in enhancing the flexibility, trace-
ability, and shorter supply chain network structure that may help the FSCs to mitigate risk and disruption in the pandemic
situation. The BC-T helps the FSCs to control the demand and supply shocks, and supports the organization with real-time
monitoring and sharing information. This study provides insights to the decision-makers, managers, and other stakeholders
to take significant decisions during an emergency.

Keywords Blockchain Technology (BC-T) - Disruption - Food Supply chains (FSCs) - Resilient strategies - FAHP -
WASPAS

1 Introduction

During the crisis, the resiliency of the Food Supply Chains
(FSCs) has become significant and needs consideration of
the decision-makers to adapt and adjust urgently to manage
disruptions and risk caused in the demand and supply side
streams (Hosseini et al. 2019). The SC have faced unprec-
edented challenges because of disruptions during Corona-
virus outbreaks (de Sousa Jabbour et al. 2020). People all
around had dealt with changing lifestyles from self-isolation
to stockout situations. The pandemic has instigated panic
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buying of essentials and triggered the consumer’s buying
behavior (Barrett 2020). And due to the severe virus spread
all across the world, consumers feel safe and minimum risk
in buying through online shopping. Several scholars have
categorised Supply Chain (SC) risk into operational and
disruption risks (Xu 2020). The risks in the context
to the general disturbance in SC operations such as demand
fluctuations are categorized as operational risks whereas the
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events related to low frequency and high impacts are known
to be disruption risks (Fahimnia et al. 2018; Ivanov et al.
2018; Hosseini et al. 2019). One more category has been
added to the risks that is epidemic outbreaks which has the
characteristics of high uncertainty and ripple effects (Ivanov
and Dolgui 2020). The epidemic’s effect has highlighted
several threats to firm’s viability during the last decade
(Ivanov and Dolgui 2020; Karmaker et al. 2021).

The supply side of FSCs concentrated towards contactless
deliveries using real time ordering, just-in-time order fulfil-
ment strategies. The pandemic has shown the significance
of short supply chains and production at local level
(Cappelli and Cini 2020). The core strategy of the FSCs in this
pandemic time is more reliant on digital technologies, real
time information sharing, collaboration, viable supplier net-
works, configurations, omni-channels platforms, and hybrid
business models (Moktadir et al. 2019). The industry 4.0
technologies provide new opportunities to the supply chains
to enhance their transparency and flexibility but it also needs
to understand issues related adoption and implementation to
optimize the profitability and efficiency in the SCs (Lohmer
et al. 2020)

Several industries have been affected by the pandemic,
FSCs is one of the most affected industry as it serves the
essential needs of humans and also one of the fastest grow-
ing industries across the world. The Indian food industry
contributes more than 40% of India’s consumer packaged
goods (CPG) industry (Chowdhury et al. 2020). As the
global FSCs are disturbed, the intermediaries; producers,
suppliers, logistics chains, buyers, and customers are sup-
posed to be dealt directly without any middlemen (Filimonau
and Naumova 2020).

The need of the hour is to adopt a structural change in the
‘new normal’ era where high disruption will have to be han-
dled through digital technology called Blockchain Technol-
ogy (BC-T) that can perform even without intermediaries
(Lakhani and Iansiti 2017). This BC-T is commonly called
as a disruptive technology that obliterates processes and
can bring radical changes in business models (Leible
et al. 2019). The BC-T can contribute to achieve flexibility,
stability, traceability, resiliency, minimizing risk, sustain-
ability, and reducing cost (Hughes et al. 2019; Behnke and
Janssen 2020). The ledgers used in the BC-T enabled sys-
tems is replicated and maintained by a number of identical
hosts (Iansiti and Lakhani 2017). Once information is stored
in one record, all the replicated copies are updated near real-
time and are immutable. The updated records are verifiable
thus eradicating the need for the middlemen verification and
develops trust among the partners (Kshetri 2018). This adds
to enhance efficiency and reduction in the cost by removing
redundancy. BC-T has addressed Supply Chain (SC) pain
points across several industries, logistics, and counterfeit
product identifications (Treiblmaier 2019).

Although research on BC-T has gained attention in the
last decade, there is less focus on the factors enhancing the
effects of disruption, and risks on FSCs and also the pos-
sible solutions to become resilient in the post pandemic era
(Dolgui and Ivanov 2021). This study aims at developing
a holistic model for FSCs during the pandemic situation
to enhance the organizational traceability, flexibility and
resilience whereas previous research was limited to BC-T
applications and measuring its effects. Thus, the research
objectives of the study are as follows -

e To assess the factors affecting FSCs in the disruptive
environment during the pandemic.

e To measure the contribution of BC-T in managing dis-
ruption, risk in FSC during the pandemic situation

e To develop a holistic decision model for the FSCs con-
sidering disruption, risk, and efficient resilient strategy.

The current study attempts to develop a holistic model for
FSCs using an integrated approach through Multi-criteria
decision-making methods (MCDM) - Fuzzy Analytic Hierar-
chy Process (FAHP) and Weighted Assessment Sum Product
Assessment (WASPAS). The decision-making in the pan-
demic time is extremely complex and thus integrated methods
are appropriate to be utilized for assessing key issues in BC-T
enabled FSCs. The effects of the disruption risks are measured
through FAHP, based on the experts’ judgment and evaluation
of the resilient strategies through WASPAS method.

The organization of paper is in 6 sections. Section 2
reviews literature on disruptions, risk and factors affect-
ing FSCs. Section 3 imparts the research methodology
undertaken followed by a proposed framework in section 4.
Section 5 discusses the findings, research and managerial
implications. Section 6 summarizes he study and suggest
directions for future studies.

2 Literature review

The Systematic Literature Review (SLR) is employed using
two databases — The Web of Science (WoS) and Scopus
databases. The search term (‘Disruption’ OR ‘Risk’ OR
‘Resilience’) AND (‘Food Supply chain’s) AND (‘Block-
chain’ OR ‘Blockchain technology’) had been used with
the term 2015-2020. This study has used the systematic
literature adapted from Garza-Reyes (2015) and Nadeem
et al. 2017. The databases were considered major sources
of information to establish the understanding of BC-T appli-
cation and FSCs scenario in last 5 years. The major criteria
for selection were to explore the BC-T adoption and FSCs
requirements for developing a holistic model for handling
disruption. The study has only included those articles that
have been published with direct focus and within the context
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of BC-T and FSCs. The search retrieved 545 papers. After
eradicating the duplicates, 292 articles are shown. The
abstracts were thoroughly read to identify the relation to
the research objectives. Finally, 44 papers were found to be
appropriate and in the context to the objectives.

The flowchart of the SLR is shown in Fig. 1.

2.1 Disruptions and risk amidst COVID-19 outbreak
in food supply chains

The disruptions are rising extensively and extending
throughout the entire SC network since the corona outbreaks
outbursts across the world. The perishable characteristics of
the FSCs make it more complex than the other SCs (Ali and
Nakade 2017). Since, last few years FSCs are facing chal-
lenges of price volatility, issues in food wastage, food secu-
rity (Von Braun 2018; El Bilali 2019; El Bilali et al. 2019;
Qietal. 2018), and governance (Gokarn and Kuthambalayan
2017). The complexity of global SCs, low stock levels, fewer
redundancies, and wide varieties of products are required to
achieve operational efficiency. The operational efficiencies
increase the exposure to uncertainties related to risks and
disruptions (Chopra and Sodhi 2014). The redundancies and
wide range of products together develop resilience in FSCs.

The corona outbreaks have profoundly disturbed the FSCs
at each and every level. At least 265 million were at risk of
going hungry during the lockdown. Due to the excessive
demand of food products, there was an increase in panic buy-
ing among the individuals and by traders also. The disruption
was more severe for perishable products (Coluccia et al. 2021).

During COVID-19 pandemic, approximately 110 million
people were living in acute food insecurity (UN 2020). The
developing countries had bigger challenges where people
were facing acute hunger. People lost their job, employment
and income and disruptive SCs and led towards double cri-
sis food insecurity in developing countries. India’s food
insecurity was very poor even before the lockdown; India
ranked 102 in Global Hunger Index. India’s per capita GDP
in purchasing-power-parity (PPP) terms being almost double
of each of the neighboring countries such as Bangladesh,
Nepal and Pakistan (World Bank 2020).

The disruptions exist at several levels such as sourcing,
flexibility, lead-time, and workforce safety concerns. The
lack of workforce, transportation, and logistics has reduced
the level of production that consequently leading towards a
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decrease in operational efficiency. There has been a question
raised on the survivability of the SCs. To develop resilient
SCs, firms have adopted lean and JIT practices that decrease
in the inventory levels and help the firm to reduce their cost
and manage disruptions. There has been a change in the SC
configurations such as shifting towards SC networks to deal
with the disruptions (Ivanov and Dolgui 2020). The COVID-
19 effect on the SCs is severe and due to the change in the
consumption pattern inventory buffering is gaining hikes.

2.2 Blockchain-enabled food supply chains
amidst COVID-19

The food chain initiates with farmers using farm supplies such
as seeds, fertilizers, and machinery etc. The farmers trans-
port the food through logistics providers directly or indirectly
through storage or marketing. The farmer is limited to the
processor and does not extend to the customer or even the
distributor. There is a lack of traceability & transparency in
this traditional SC (Garnett et al. 2020; de Sousa Jabbour
et al. 2018). In the Industry 4.0 era, digitization has enhanced
the performance level of the firms and technologies like addi-
tive manufacturing, Internet of Things (IoT), and BC-T has
strengthened the processes of the FSCs (Kamilaris et al. 2019;
Wong et al. 2020). BC-T is a decentralized platform that
allows peer to peer direct transactions, eradicates the third
party and validates information. It has been observed that
BC-T improves traceability and revolutionize the digitized
contemporary FSCs (Kouhizadeh and Sarkis 2018).

In BC-T, a list of transactions is recorded into a ledger
over a given period and created ‘block’. Each transaction is
kept into a block and each block is connected to the other
blocks before and after it. These blocks are ‘chained’ together
though hashing function (Wang 2019). These chained blocks
are immutable. The uniqueness of the BC-T is its ability
to create a self-correcting system without any third party.
Instead, the enforcement is executed through a consensus
algorithm (Min 2019). The Blockchains (BCs) may be in two
categories: public and permissioned BCs. The main benefits
of the BC-T are disintermediation, transparency, security, and
automation (Tonnissen and Teuteberg 2020).

BC-T enabled FSCs offers transparency to the partners
which is essential to improve the traceability and authen-
ticity of the food products (Leng et al., 2018). During
the pandemic, real-time tracking was very much required
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to know the source and tracking of products (Kim and
Laskowski 2018). During the pandemic the collaboration
among the partners is very crucial and thus transparency
of BC helps in developing trust among the SC sellers,
buyers and manufacturers, and third party. The BC is also
useful in enhancing the efficiency of the organization by
taking preventive measures, reducing waste, operational
cost, and better inventory management (Kharif 2016;
Klimczuk-Kocharska 2018).

2.3 Blockchain technology and resilient food
supply chains

FSCs need collaboration and information sharing to
enhance their resilience (Ambulkar et al. 2015; Bottani
et al. 2019, 2020). BC-T may act as an intermediary for
inter-relationships among the SC actors (Crosby et al. 2016).
During the pandemic time, FSCs may receive informa-
tion faster with BC-T implementation. BC-T can connect
to Industry 4.0 technologies and may help in optimization
processes (Saberi et al. 2019).

SC agility is the strategic approach to accept change with
the corresponding organization’s actions promptly. It is
determined by visibility and velocity. In BC-T based enabled
systems agility can be enhanced by adding new partners,
information sharing, and resources that mitigate risks in the
disruptive environment (Cole et al. 2019). Food products can
be tracked, and traced with the help of real-time informa-
tion throughout the system that enhances the SC resilience
(Tendall et al. 2015; Stone and Rahimifard (2018). Velocity is
linked to flexibility, as the pace of adaptation towards disrup-
tion is a key issue. BC-T can particularly influence the pace
to discover from disruptions. Agility is highly influenced by
collaboration, integration, and communication through BC-T
(Ivanov and Rozhkov 2019). The relationship between dis-
ruption and risks during pandemic and adoption of resilient
FSCs facilitated by BC-T is exhibited in Fig. 2.

2.4 Research gaps

The BC-T contribution is multidisciplinary, such as tour-
ism (Kwok and Koh 2019; Sigala 2020); consumer to con-
sumer business model (Sigala 2017); distribution channels
and trade (Onder and Treiblmaier 2018; Treiblmaier 2019);
Smart hospitality (Buhalis and Leung 2018); sustainabil-
ity (Gretzel et al. 2015); strategic management (Kewell and
Ward 2017); Healthcare (Sharma and Joshi 2021; Filimonau
and Naumova 2020); SCs (Helo and Hao 2019; Chang
et al. 2020; Laskowski and Kim 2016). The resilience in
SC strategies has been elaborated with high flexibility and
agility (Christopher and Peck 2004; Francisco and Swanson
2018). The significance of redundancy and flexibility in
resilience is measured (Sheffi and Rice 2005).

The risk in SCs has also been discussed and proposed
flexible strategies for mitigating risk, but still there is a need
of an integrated approach for sustainable practices to manage
risk (Tang and Musa 2011; Choi 2020; Joshi et al. 2020).
Monroe at al. (2014) discussed the SC vulnerabilities and
disruptions to understand the possible risk and developing
risk mitigation strategies. Sustainability issues need to be
addressed for developing resilient SCs (Amui et al. 2017).
The resilience among FSCs is also evaluated (Zhao
et al. 2017; Gholami-Zanjani et al. 2021).

The resilient strategies have been discussed using several
MCDM methods. Risk mitigation strategies have been ana-
lyzed using DEA and non- parametric statistical methods
(Talluri et al. 2013). Despite the short span of time since
the COVID-19 outbursts, there are research studies that
focused on healthcare, consumer’s decision-making, GSCs,
and FSCs (Petetin 2020). Though the BC-T contribution,
disruption in FSCs, and resilience among SCs have been
discussed by the researchers in past but till date, no study has
been conducted to evaluate the disruption and risk related
factors affecting FSCs under COVID-19 environment. Also,
how BC-T can enhance the resilience in FSCs is still unex-
plored. This study bridges this gap by assessing the factors
affecting FSCs and also the BC-T contribution in developing
resilience.

3 Research methods

Fuzzy AHP (FAHP) and WASPAS methods are employed
in the current study. With the help of the systematic liter-
ature review, the factors (main four criteria and fourteen
sub-criteria) are assessed using. These factors are evaluated
on the extent of effects raised by the pandemic disruption
in the environment. The BC-T enabled resilience strategies
that may enhance the efficiency and survivability of FSCs.
A total of twelve alternatives are evaluated using WASPAS
method. The following sections elaborates the methods
undertaken in the study.

3.1 Fuzzy analytic hierarchy process (FAHP)

It is a complex task for the decision-makers to decide on
the multifaceted problem, as a number of uncertainties arise
during the analysis of the problem. In a complex situation,
MCDM methods are significant for assessment and choosing
the best alternative. The FAHP is an effective assessment
method that is used to collect the responses from the experts
(Wang et al. 2019a, b, 2020).

In this study, FAHP examines the factors affecting FSCs
in the disruptive environment. The pairwise comparisons are
made using Triangular Fuzzy Numbers (TFNs), employed
to evaluate and obtaining the weights. Fuzzy set theory is a
general form of the crisp values, and fuzzy set numbers only
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Fig. 2 Disruption, blockchain technology and resilient food supply chains amidst COVID-19

consider the values range from O and 1, where 0 signifies
the non-membership function and 1 denotes full member-
ship function. The TENSs are very helpful in fuzzy situations.
The TFNs scale used for the current problem is exhibited
in Table 1.

The steps of FAHP are as follows:

3.1.1 Establishing pairwise comparisons

The responses from the experts are collected using linguistic
scale; the pairwise comparisons for criteria and sub-criteria
are developed. Each expert is asked to respond for each cri-
terion and sub-criteria.

1 a'12 ... a'In 1 a*12 ... a*1In
Al = a121 1 a2n A= a*21 1 a*2on
a'nl a'n2 ... 1 a*nl a*n2 ... 1
9]

@ Springer

From Eq. 1, the pairwise matrix is formed where k rep-
resents the experts who are requested to assess the factors.

Each element aij'K of the pairwise comparison matrix A%
represents the fuzzy number corresponding to the linguistics
scale.

Table 1 Linguistic variable and TFNs (Kaganski et al. 2018)

No. Linguistic variable TFNs

1 Equally significant (ES) (1,1,1)
2 Equally to average significant (EAS) (1,2,3)
3 Averagely significant (AS) 2,3.4)
4 Averagely to strongly significant (ASS) (3.4,5)
5 Strongly significant (SS) (4,5,6)
6 Strongly to very strongly significant (SSS) (5,6,7)
7 Very strongly significant (VSS) (6,7,8)
8 Very strongly to extremely significant (VES) (7,8,9)
9 Extremely significant (EXS) 9,9,9)
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3.1.2 Developing aggregated fuzzy pairwise comparison

matrix
alpe, ek, e edk),
a'y @ ' @aty 2= 2 : & !
. k 1 a~lp,®. ®aky,
A~ = ) E 2
al @ @at, at,@ @at, 1
k k

The aggregated fuzzy pairwise matrix is developed as
shown in Eq. 1.

3.1.3 Defuzzifying the pairwise comparison values
and checking consistency ratio

Defuzzitying the values by graded mean integration approach
checks the consistency of the fuzzy aggregated pairwise
comparison matrix. The results need to be re-evaluated,
in case the result is not consistent.

3.1.4 Computation of weights

The fuzzy geometric mean is calculated according to Eq. 2.
The fuzzy geometric mean of the first parameter of the TFNs
in each row is calculated as follows:

ail = [1Xai12X.. Xailn]+
ai2 = [ai12X1X.. Xai2n] 3)
aii = [ain1 Xain2..X 1]

The geometric mean of second and third parameters of
TFNs of each row is calculated similarly using Eq. 2.

3.1.5 Computation of fuzzy weights
The fuzzy criteria weights are calculated as Eq. 4
~ G Ga
Wl am ’ amA ’ ull‘
~ W A G
W = W2 = < am’ g ’ ayg > (4)
W, G G G
(o)

The fuzzy weights are obtained and are undertaken for
alternative evaluation using WASPAS method in section 3.2.

3.2 Weighted assessment sum product assessment
(WASPAS)

WASPAS includes two different models a) Weighted Sum
Model (WSM) and b) Weighted Product Model (WPM).
This method is the most suitable method for evaluating

the alternatives (Mardani et al. 2017). A decision matrix
is developed where n is the number of alternatives, m rep-
resents the evaluation criteria and Xj represents the per-
formance of i™ alternative with respect to j' criterion. The
following steps are undertaken for evaluating the alternatives
(Table 7).

3.2.1 The category of criteria is defined

a) If beneficial criteria,

v maxx; ®)
b) If non-beneficial criteria
~ minx;
X.. =
it ©®)
3.2.2 Computation of total relative importance of i*"
alternative of WSM
1 _ mo
0" = 2 ) 0
3.2.3 Computation of total relative importance of i*"
alternative of WPM
2 mo
o =" xpw, ®)

_ 1 % _ n ~ n ~ W/-
0, =0.50" +0.50® =0.5 2 - x;w;, 0.5 2 - <xj)
©)

3.2.4 Final weights calculation

0,=0"+(1-0? = 3" xpw+ (0¥ ()"
(10)

3.3 Selection of experts and data collection

The current study has undertaken 12 professionals from the
FSCs in India. These experts are aware about the effects
of disruptions, issues, and difficulties faced by the FSCs.
The experts are selected on the basis of their experience
in food industry. These professionals are also competent to
foresee the future of the food industry in the long run and
in post pandemic situation. The panel of experts consists of
small and long SCs to understand the different perspectives
of the food industry in the current scenario. The panel also
included IT professionals who have practiced BC-T imple-
mentation in the firms for developing more resilient SCs in
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the last few years. The panel consists of 2 professionals in
the area of packed food, 2 purchase managers for supermar-
kets, 1 SC consultant in the food industry, 2 are risks and
crisis management consultants, 2 IT experts, 2 corporate
strategists and 1 academician in the area of agri-food SC.
These experts are asked to respond on the questionnaire on
the linguistic scale for performing the pairwise compari-
son of the factors and the resilient strategies (Appendix-A,
Tables 9, 10, and 11). The data collection has been done
through telephonic communication during April-May, 2020.

4 Proposed research framework

It consists of a sequential procedure for FAHP and WASPAS
method implementation. It is presented in Fig. 3.

The three phases of the research study are: a) Defining
the problem b) Application of FAHP to calculate weights of
factors affecting FSCs c) Application of WASPAS for evalu-
ation of BC-T enabled resilient SCs FSCs.

4.1 Defining the problem
There are number of factors that are disrupting the FSCs

during the pandemic. With the BC-T inclusion, the resilient

Defining the
problem

Calculating the criteria/sub-
criteria weights using Fuzzy
AHP for factors affecting FSCs

FSCs can be developed. The study aims to select the most
appropriate resilient strategy that a FSC should adopt to
mitigate the effect of disruption. The experts are undertaken
from the area of SCs, digital technologies, and FSCs. These
experts are the key decision-makers in the FSC industry.

During COVID-19, the disruption affecting FSCs through
factors such as sourcing related factors, lead time related
factors etc. The goal of the decision-making problem is to
evaluate the most preferred resilient strategy of BC-T ena-
bled FSCs during the pandemic is at the first level. From
the systematic literature review, 14 factors are identified
and categorized into four main criteria. At the second level,
four main criteria are sourcing related factors, lead-time
related factors, flexible system and, workforce related fac-
tors. Each criterion has sub-criteria. The linguistic scales
are also selected to receive feedback from the experts. The
linguistic Table formed is exhibited in Table 2. Similarly, the
linguistic scales for the sub-criteria are established based of
the response from experts.

4.2 Application of FAHP to calculate weights
of factors affecting FSCs

Each expert response is undertaken and aggregated value for
the factors are obtained. The method is followed sequentially

Evaluation of BCT enabled
resilient strategies on FSCs
using WASPAS method
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Fig.3 Proposed research framework
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Table 2 Linguistic scale values C C C C

for main criteria ! 2 3 4

El E2 E12 El E2 .. E12 El E2 E12 El E2 E12

C, ES ES .. ES VES SS .. VSS ASS ASS SSS ES AS .. ES
C, AS AS EAS ES ES .. ES SS SS .. ASS AS ES ASS
C; VSS SS VSS SS SS .. SSS ES ES .. ES ASS ASS .. SSS
C, EAS SS AS AS ASS ASS AS SS AS ES ES .. ES

in subsection 3. By using Eq. 1 aggregated fuzzy pairwise
matrix is obtained, presented in Table 3.

4.2.1 Calculation of geometric mean fuzzy values
for criteria

From Egs. 1, 2, the fuzzy weights for the main criteria are
calculated. Using Eq. 3, the average weight and normalized
weight criterion are obtained. For the main criteria and sub
criteria, average weight (Mi) and normalized weight (Ni) are
obtained (Table 4).

The average weight (Mi) and normalized weight (Ni) for
the sub-criteria are obtained using the similar steps.

4.2.2 Calculation of global weights and ranking

The global weights were computed based on the weights of
criteria and sub-criteria. The ranking is performed on the
obtained global weights. The global weights of the main
criteria and the sub-criteria are shown in Table 5.

4.3 Application of WASPAS for evaluating
the resilient strategies of BC-T enabled FSCs

The response from the experts has been taken on the scale
1-9, where 9 represent the highest priority and 1 represents
the least priority. The resilient strategies (R;-R,) are rated
by the experts based on the highly prioritized to mitigate
risk and manage disruption during the pandemic time. The
beneficial criterion is decided by the experts for all the alter-
natives (R1- R12).

4.3.1 Developing decision matrix
With the help of equations, Egs. 5, 6, the beneficial criteria

are defined for evaluating the alternatives. Each alternative
is evaluated by the experts and decision matrix is formed.

4.3.2 Total relative importance (WSM and WPM)

Using Eqgs. 7, 8 the calculations for WSM and WPM are
performed. From both the models WSM and WPM, the final
weights of the resilient strategies are obtained.

4.3.3 Ranking of alternatives

Using Eq. 10, the final values for the alternatives (resilient
strategies) are obtained. The final weights (Q;) of the resil-
ient strategies are shown in Table 6. The ranking is also per-
formed to identify the highest prioritized resilient strategy
to be adopted through BC-T inclusion during the pandemic
time.

5 Findings and discussions

The FAHP results from Table 5 signify that sourcing related
(C,) is the most affecting factor in the disruptive environ-
ment during the pandemic. Sourcing related factors (C;)
has obtained the maximum weight (0.3084) followed by the
flexibility factors with a weightage of (0.2457). During the
crisis, SCs in the food industry is facing challenges in sourc-
ing factors due to the border restrictions worldwide, and lack
of transportation. The stringent regulations, increasing cost
of transportation, and less availability of shipping crews are
enhancing the difficulties for the FSCs. The severity of the
sourcing factors affecting FSCs is based on alternative sup-
pliers, reliance on JIT, and inventory stock of food supplies
(Pinner et al. 2020). The inability to provide a wide range of
products (C;-3) has obtained highest global weight (0.1043)
and ranked as the most crucial factor affecting the FSCs in
the current crisis.

The results also revealed that the suppliers are unable to
offer a wide range of the food supplies and the resources
for the production during this pandemic due to the

irwite mo o ¢ = G S

criteria C, (1.000, 1.000,1.000)  (2.500,3.500,4.500)  (4.910,5.910,6.910)  (2.000, 3.800, 4.000)
C, (2.160, 3.080,4.000)  (1.000,1.000,1.000)  (2.750,3.750,4.660)  (1.750, 3.500,4.410)
C, (4.830,5.830, 6.830)  (4.160,5.160,6.160)  (1.000,1.000,1.000) (4250, 5.250,6.250)
C, (2.580,3.580,6.580) (2.660,3.660,4.580)  (2.660,3.660,4.660)  (1.000,1.000,1.000)
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Table 4 Averaged weight criterion (Mi) and normalized weight cri-
terion (Ni)

CRI Mi Ni

C, 0.259287771 0.245736556
C, 0.227821177 0.215914508
(0% 0.325442444 0.308433773
Cy 0.242593903 0.229915163

transportation, logistics, and wide network of the supplier
base (Garnett et al. 2020).

The flexibility related factors are disrupting the global
resources and affecting the wide network of suppliers.
Though complex SCs are optimized to maximize the flow
of resources but failure at one point in the network may
propagate through the network and expose the FSCs to rip-
ple effects (Dolgui et al. 2018). Failure in the complex SCs
may cause a deadlock in the network. The FSCs are verti-
cally and horizontally coordinated where some FSCs are
depending on the wider organizational network. These FSCs
are more prone to failures due to lack of input and other
support functions. The upstream and downstream FSCs are
facing demand and supply shocks and changing consumer
purchase decisions. The other factors related to the work-
force are also enhancing the deadlock situations.

The COVID-19 has revealed the preparedness or readi-
ness of the GSCs and lack of contingency planning. The
GSCs are complex and there is need to monitor and measure
the practices of suppliers and buyers, but due to lack of digi-
tization and transparency it is unable to obtain transparency,
communication and information exchange (Marques 2019).
Due to the lack of the collaboration among suppliers, FSC
vulnerability has also increased. Because of increasing price
elasticity and consumers’ fear towards shopping is a major
concern for the FSCs.

Table 5 Global weights and ranking

Main Local Sub- Local Global Ranking

Criteria  weight criteria weights  weight

C, 0.2457 Ci 0.1867 0.0459 14
Ci, 0.1893 0.0465 13
Ci; 0.3627 0.0891 3
Cia 0.2613 0.0642 8

G, 0.2159 C,y 0.2575 0.0556 12
C,, 0.3460 0.0747 6
Cy;3 0.3964 0.0856 4

C3 0.3084 (O 0.1915 0.0591 11
Cs, 0.1937 0.0597 10
Cs; 0.3381 0.1043 1
Ciy 0.2767 0.0853 5

C, 0.2299 (O 0.4179 0.0961 2
Cyn 0.2716 0.0624 9
Cy;3 0.3105 0.0714 7

The WASPAS results for the resilient strategies of BC-T
enabled FSCs are shown Table 6. From the Table 6, it is
clear that improving flexibility (R7) is the most significant
key resilient. This strategy has obtained a weight of 0.875.
Flexibility of the SCs is their ability to absorb any change
caused by the disruption. The main advantage of the flex-
ibility is that it encompasses the redundancy and thus more
number of suppliers for same products with different risk
is essential (Sheffi 2015). For long run, organizations need
to enhance flexibility to respond quickly to the disruptions.
This strategy is essential to become resilient and preparing
the FSCs for future disruptions.

The flexibility in BC-T enabled FSCs will be relying nei-
ther on the identity of the participants nor on whether the
participant change over time making the network flexible
network an independent from central authority (Kamilaris
et al. 2019). Resilience refers to the redundance o_f the
stored information that leads to robustness against malicious
attacks as well as censorship it is the aforementioned charac-
teristics of trust, shared availability, low friction due to the
cut-out of trusted middle men, peer verification, underlying
cryptography, immutability, decentralization, redundancy,
versatility, and the potential for automation that all block-
chains share (Casino et al. 2020).

Visibility is another resilience strategy in the FSCs (Purvis
et al. 2016). The study has shown that visibility is the key
resilient strategy and ranked second with a weightage of
0.0848. This finding is line with the previous study where
visibility of the FSCs with the BC-T inclusion reduced the
information audit cost, enhanced the information sharing
that consequently increases transparency at the custom-
er’s side and diminished the volatility of demand (Choi
et al. 2020). This is the advantage of BC-T that enhances
the overall efficiency of the organization is enhanced. BC-T
also supports the SCs in customers identification affected

Table 6 Ranking of Alternatives

Alter.n.atives QEI) Ql@ 0; Ranking
(Resilient strate-

gies)

R1 0.206 0.169 0.375 12
R2 0.359 0.345 0.704 6
R3 0.346 0.323 0.669 7
R4 0.433 0415 0.848 2
RS 0.226 0.219 0.445 11
R6 0.304 0.291 0.595 9
R7 0.439 0.436 0.875 1
RS 0.409 0.383 0.792 4
R9 0412 0.405 0.818 3
R10 0.342 0.307 0.649 8
RI1 0.400 0.355 0.754 5
RI12 0.310 0.281 0.591 10
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by the disruption. Thus, with enhanced visibility and real
time information of the SCs supported by BC-T positively
impacts the ripple effect that further helps the organization
to remain effective and efficient during the crisis.

The third most significant strategy is the change in the SC
network structure. This resilient strategy (R9) has obtained a
weight of 0.0818. Due to the pandemic disruption, the com-
plex GSCs are not able to manage their operations due to the
wide network structure and thus, with the help of BC-T and
other digital technologies the SC will become shorter and
more efficient during any disruption. The shortening may
boost the resilience in the FSCs. The velocity of the SCs is
also significant.

In the disruptive environment, there is also a need of
tracking and tracing the system for enhancing the efficiency
of the operations (Saberi et al. 2019). Thus, BC-T can sup-
port the organization to enhance the velocity for making the
FSCs more efficient. The disruption has not only affected the
supplier networks but the consumer’s purchase decision has
also been changed. The shift has been visible in the buying
patterns of the customers and thus new models need to be
developed (Galanakis 2020). The pandemic has shown an
opportunity for the FSCs to serve the consumers with online
business models that may help them to be safe and secure
while shopping.

It is clear that FSCs need to have innovative strategic
plan to redesign the FSCs to become more resilient and
sustainable in future. This pandemic has exposed the vul-
nerability of the SCs in terms of sourcing, labor, lack of
preparedness etc. Hence, there is need for digital transfor-
mation, integrated decision-making by stakeholders, col-
laboration for developing more resilient FSCs Montecchi
et al. (2019).

5.1 Theoretical implications

The main objective was to assess the factors affecting
FSCs in the disruptive environment during the pandemic
and measure the role of BC-T in managing disruption,
risk in FSC during the pandemic situation. The current
study contributes in many ways. First, the research has
compiled all the relevant studies on BC-T and extracted
the literature to identify the factor for managing the dis-
ruption in FSCs. The current study is the pioneer research
type that has identified factors affecting FSCs in the dis-
ruptive environment during the COVID-19 pandemic
using an integrated approach of FAHP and WASPAS
in context to India. The study provided insights to the
researchers and practitioners to manage the factors in
developing BC-T enables FSCs. Finally, the developed
framework may help the researchers to consider the fac-
tors and create some research models.

5.2 Managerial implications

There are many issues arisen due to the current crisis but
the main problem is the high level of uncertainty and com-
plexity. The FSCs need to be quick, digitalized, shorter, and
collaborated efforts of all the stakeholders. Regardless of the
size of their organizations, there is a need to enhance flex-
ibility, visibility, traceability and shorter SCs. This study has
wide-reaching implications for the FSCs as it has enhanced
the understanding of factors and resilience strategies that is
managing the disruptions in the environment. The decision-
makers need to redesign their business models now as the
digital platforms have taken a lead in the consumer’s prefer-
ence list.

The sale of the products through e-commerce has gained
momentum significantly in the last year able to satisfy the
consumer needs. The digitization not only helps the organi-
zations to sell but also provides an opportunity to manage
the inventory more efficiently. The BC-T enabled FSCs may
access real-time information that facilitates decision mak-
ing. The changed environment where people are compelled
to remain indoors, there has been a marked shift in the e-
commerce transactions. The use of BC-T controls and
enhances the traceability of the products and processes
with optimized opera\ltions. The traceability has enabled
the FSCs to track their product sourcing and transportation,
helping the decision makers to reduce risk, uncertainty, and
enhances the coordination among the SC partners. There
is reduction in the unnecessary production & wastage of
food that helps in achieving the sustainable outcomes for
the organizations. In the current circumstances, the FSCs
need to become flexible for adopting new modes of buying
patterns.

The firms should focus on developing efficient and
advanced risk identification measures. The current
study shows that the suppliers are limited with food
supplies and the resources for the production dur-
ing this pandemic due to the transportation, logistics,
and wide network of the supplier base. This justifies
the need to develop BC-T enabled systems for devel-
oping resilient FSCs. The firms can develop SC risk
management approach to enhance their efficiency and
face high-frequency-low-impact events. The disruption
during COVID highlighted the significance of collabora-
tion and inter-collaboration resource sharing. This study
demonstrates the need for the SCs and the focus area
for the SC practitioners and decision-makers to focus
on flexibility, visibility, volatility, network structure of
SCs, and new business models for managing disruptions
caused by the pandemic.

The BC-T has the potential to replace some workflows
that are currently captured by ERP systems. For BC-T
implementation in FSCs, an integration is required with
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ERP systems. The main concern is the integration of
user interface and integrating data structures that is gen-
erated and stored in blockchain. Moreover, standardisa-
tion becomes more important. When several members of
a supply network decide to implement their own propri-
etary blockchain and promote their use along their own
supply chain, it is conceivable that administrative com-
plexity for upstream suppliers first drives costs before it
even becomes unmanageable. Participatory governance
mechanisms could facilitate the development and accept-
ance of a standard. Given the prospect of cost reductions
and efficiency gains for all members of the supply net-
work, the collective action initiative could be extended to
a multi-stakeholder initiative in order to gain moral legiti-
macy. A successful implementation of blockchain technol-
ogy clearly needs a collaboration of all supply network
members alongside the provision of support services such
as infrastructure and training. It must be ensured that the
technology serves all stakeholder interests, including data
portability to conventional databases, standardization and
participatory governance.

5.3 Unique contribution of the research

The study has assessed the factors affecting the FSCs in
the disruptive environment during COVID-19. This study
is the first attempt to analyze the factors and resilient strate-
gies for the BC-T enabled FSCs. The study has highlighted
the insights for the food industry professionals, consultants,
and strategists and government organizations to manage
their FSCs to become more resilient and prepared for dis-
ruptions. The study has also used an integrated approach
FAHP-WAPAS for examining these factors and strategies. -

6 Conclusion

The impact of the pandemic is witnessed across all the
industries but the major impact is seen in the food industry.
The severity of the effects is visible across all the companies,
based on factors such as network structure, flexibility, agil-
ity, etc. FSCs suffer from uncertain dangerous disruptions
leading towards huge financial losses. The perishability of
product is to be considered while developing the network
structure of the FSCs.

FSCs need to be supported through technology such
as BC-T. The study aimed to explore the factors affecting
FSCs in the disruptive environment during COVID-19 and
the resilient strategy to mitigate the risk, uncertainty, and
controlling disruptions. Accordingly, the robust and resilient
FSCs have emerged as the most significant characteristic
since last year.

@ Springer

The pandemic has exposed the unprepared state of
FSCs and inefficiency to control disruption during the
crisis. The FSCs are shifting towards shortening of their
SCs, shifting towards local SCs, impending digital tech-
nologies, enhancing flexibility, traceability to manage
the disruption, enhances their efficiency, and developing
robust SCs for the future. This study has highlighted the
benefits of resilience during the crisis. The shorter SCs
with higher traceability of products and processes will
develop stronger contingency plans for the future that may
manage GSCs efficiently. The changing needs of consum-
ers have also created an opportunity for innovation in busi-
ness models.

The study has a few limitations. Firstly, the inability to
have a face-to-face discussion with the experts as the data
has been collected remotely. The technical faults and con-
nection issues that caused the disturbance in the process
interrupted the discussion. Secondly, the pairwise compari-
sons are based on expert judgments and hence the results
may be biased. Thirdly, the study may be extended for
empirical analysis of the events in real networks for testing
the results of the study.

Appendix-A

Table 7 List of Factors affecting FSCs in disruptive environment

Main Criteria Sub-criteria
C, Flexibility — C;; Change in yields
related Cis Change in production
activities
Cis Complex network of
organization
Cia Wider supply chain
network
C, Lead time C,, Reduction in supply
related base
C,, Delay in lead time
Cys Price elasticity
C; Sourcing Cy,y Souring efficiency
related Cs, Demand and inventory
imbalance
Cy; Inability to provide
range of resources/
products
Ciy Accessibility to inputs
Cy Workforce  C, Workforce safety
related concerns
(O Safety norms
Cys3 Lack of workforce
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Table 8 Resilient strategies for BC-T enabled FSCs

R1 Enhancing security
R2 Business model innovation
R3 Coo petition
R4 Enhancing visibility and Traceability
RS Social capital competency
R6 Contingency planning
R7 Increasing flexibility
RS Enhancing velocity
RO Supply chain network structure
R10 Developing logistics capabilities
R11 Information sharing
R12 Smart contracts
s e
calculatio.n (Plea.se prmhlide C, ES
response in the linguistic scale) o) ES
C3 ES
Cc4 ES

Table 10 Sub-criteria pairwise comparison for Fuzzy AHP calcula-
tion

Ci Cp, Cis Ciy Cys
Ci. ES
Cin ES
Ci; ES
Ciy ES
Cyy ES

Table 11 Matrix for WASPAS calculation (Please rate on the scale of
1-9, R1-R9 are resilient strategies mentioned in Table 8)

Resilient Max/Min Max/Min Max/Min Max/Min
Strategies
Ciy C, Cys
R1
R2
R12
References

Ali SM, Nakade K (2017) Optimal ordering policies in a multi-sourcing
supply chain with supply and demand disruptions-a CVaR approach.
Int J Logist Syst Manag 28(2):180-199

Ambulkar S, Blackhurst J, Grawe S (2015) Firm’s resilience to supply
chain disruptions: Scale development and empirical examination.
J Oper Manag 33-34:111-122

Amui LBL, Jabbour CJC, de Sousa Jabbour ABL, Kannan D (2017)
Sustainability as a dynamic organizational capability: a systematic
review and a future agenda toward a sustainable transition. J Clean
Prod 142:308-322

Barrett CB (2020) Actions now can curb food systems fallout from
COVID-19. Nat Food 1-2

Behnke K, Janssen MFWHA (2020) Boundary conditions for trace-
ability in food supply chains using blockchain technology. Int J
Inform Manag 52:101969

Bottani E, Murino T, Schiavo M, Akkerman R (2019) Resilient food
supply chain design: Modelling framework and metaheuristic
solution approach. Comput Ind Eng 135:177-198

Bottani E, Tebaldi L, Lazzari I, Casella G (2020) Economic and envi-
ronmental sustainability dimensions of a fashion supply chain: A
quantitative model. Prod 30

Buhalis D, Leung R (2018) Smart hospitality—Interconnectivity and
interoperability towards an ecosystem. Int J Hosp Manag 71:41-50

Cappelli A, Cini E (2020) Will the COVID-19 pandemic make us
reconsider the relevance of short food supply chains and local
productions? Trends Food Sci Technol 99:566

Casino F, Kanakaris V, Dasaklis TK, Moschuris S, Stachtiaris S,
Pagoni M, Rachaniotis NP (2020) Blockchain-based food sup-
ply chain traceability: a case study in the dairy sector. Int J Prod
Res 1-13

Chang Y, lakovou E, Shi W (2020) Blockchain in global supply chains
and cross border trade: a critical synthesis of the state-of-the-art,
challenges and opportunities. Int J Prod Res 58(7):2082-2099

Choi T-M, Guo S, Liu N, Shi X (2020) Optimal pricing in on-
demand-service-platform-operations with hired agents and
risk-sensitive customers in the blockchain era. Eur J Oper Res
284(3):1031-1042

Choi TM (2020) Supply chain financing using blockchain: impacts on
supply chains selling fashionable products. Ann Oper Res 1-23

Chopra S, Sodhi MS (2014) Reducing the risk of supply chain disrup-
tions. MIT Sloan Manag Rev 55(3):73-80

Chowdhury MT, Sarkar A, Paul SK, Moktadir MA (2020) A case study
on strategies to deal with the impacts of COVID-19 pandemic in
the food and beverage industry. Oper Manag Res 1-13

Christopher M, Peck H (2004) Building the resilient supply chain. Int
J Logist Manag 15(2):1-14

Cole R, Stevenson M, Aitken J (2019) Blockchain technology: implica-
tions for operations and supply chain management. Supply Chain
Manag 24(4):469—483

Coluccia B, Agnusdei GP, Miglietta PP, De Leo F (2021) Effects of
COVID-19 on the Italian agri-food supply and value chains. Food
Control 107839

Crosby M, Pattanayak P, Verma S, Kalyanaraman V et al (2016) Block-
chain technology: Beyond bitcoin. Appl Innov 2(6-10):71

de Sousa Jabbour ABL, Jabbour CJC, Hingley M, Vilalta-Perdomo EL,
Ramsden G, Twigg D (2020) Sustainability of supply chains in
the wake of the coronavirus (COVID-19/SARS-CoV-2) pandemic:
lessons and trends. Modern Supply Chain Res Appl

de Sousa Jabbour ABL, Jabbour CJC, Foropon C, Godinho Filho M
(2018) When titans meet—Can industry 4.0 revolutionise the envi-
ronmentally-sustainable manufacturing wave? The role of critical
success factors. Technol Forecast Soc Change 132:18-25

Dolgui A, Ivanov D, Sokolov B (2018) Ripple effect in the supply
chain: an analysis and recent literature. Int J Prod Res 56:414-430

Dolgui A, Ivanov D (2021) Ripple effect and supply chain disruption
management: New trends and research directions. Int J Prod Res
59(1)

El Bilali H (2019) Research on agro-food sustainability transitions:
where are food security and nutrition? Food Sec 1-19

@ Springer



280

M. Sharma et al.

El Bilali H, Callenius C, Strassner C, Probst L (2019) Food and nutri-
tion security and sustainability transitions in food systems. Food
Energy Sec 8(2)

Fahimnia B, Jabbarzadeh A, Sarkis J (2018) Greening versus resilience:
A supply chain design perspective. Transportation Research Part
E:Logist Transpo Rev 119:129-148

Filimonau V, Naumova E (2020) The blockchain technology and
the scope of its application in hospitality operations. Int J Hosp
Manag 87:102383

Francisco K, Swanson D (2018) The supply chain has no clothes:
Technology adoption of blockchain for supply chain transpar-
ency. Logistics 2(1):2

Galanakis CM (2020) The Food Systems in the Era of the Coronavirus
(COVID-19) Pandemic Crisis. Foods 9(4):523

Garnett P, Doherty B, Heron T (2020) Vulnerability of the United
Kingdom’s food supply chains exposed by COVID-19. Nat
Food 14

Garza-Reyes JA (2015) Lean and green—a systematic review of the state
of the art literature. J Cleaner Prod 102:18-29

Gokarn S, Kuthambalayan TS (2017) Analysis of challenges inhibit-
ing the reduction of waste in food supply chain. J Clean Prod
168:595-604

Gholami-Zanjani SM, Klibi W, Jabalameli MS, Pishvaece MS (2021)
The design of resilient food supply chain networks prone to epi-
demic disruptions. Int J Prod Econ 233:108001

Gretzel U, Werthner H, Koo C, Lamsfus C (2015) Conceptual founda-
tions for understanding smart tourism ecosystems. Comput Hum
Behav 50:558-563

Helo P, Hao Y (2019) Blockchains in operations and supply chains:
A model and reference implementation. Comput Ind Eng
136:242-251

Hosseini S, Morshedlou N, Ivanov D, Sarder MD, Barker K, Khaled A.
Al (2019) Resilient supplier selection and optimal order alloca-
tion under disruption risks. Int J Prod Econ 213:124-137

Hughes L, Dwivedi YK, Misra SK, Rana NP, Raghavan V, Akella V
(2019) Blockchain research, practice and policy: Applications,
benefits, limitations, emerging research themes and research
agenda. Int J Inform Manag 49:114-129

ITansiti M, Lakhani KR (2017) Do Not Copy or Post., HBR, R1701J,
Jan-Feb 2017

Ivanov D, Dolgui A (2020) A digital supply chain twin for managing
the disruption risks and resilience in the era of Industry 4.0. Prod
Plan Control 1-14

Ivanov D, Rozhkov M (2019) Disruption tails and post-disruption
instability mitigation in the supply chain. IFAC-Papers Online
52(13):343-348

Ivanov D, Sethi S, Dolgui A, Sokolov B (2018) A survey on control
theory applications to operational systems, supply chain manage-
ment, and Industry 4.0. Annu Rev Control 46:134-147

Joshi S, Singh RK, Sharma M (2020) Sustainable agri-food supply
chain practices: Few empirical evidences from a developing econ-
omy. Glob Bus Rev 0972150920907014

Kaganski S, Majak J, Karjust K (2018) Fuzzy AHP as a tool for
prioritization of key performance indicators. Procedia Cirp
72:1227-1232

Kamilaris A, Fonts A, Prenafeta-Boldo FX (2019) The rise of block-
chain technology in agriculture and food supply chains. Trends
Food Sci Technol 91:640-652

Karmaker CL, Ahmed T, Ahmed S, Ali SM, Moktadir MA, Kabir G
(2021) Improving supply chain sustainability in the context of
COVID-19 pandemic in an emerging economy: Exploring driv-
ers using an integrated model. Sustain Prod Consum 26:411-427

Kewell B, Michael Ward P (2017) Blockchain futures: With or without
Bitcoin? Strateg Chang 26(5):491-498

Kharif O (2016) Wal-Mart tackles food safety with trial of block-
chain. https://www.bloomberg.com/News/Articles/2016-11-18/

@ Springer

Wal-Mart-Tackles-Foodsafety-with-Test-of-Blockchain-
Technology (Visited on 16th November 2017)

Kim HM, Laskowski M (2018) Toward an ontology-driven block-
chain design for supply-chain provenance. Intelligent Systems in
Accounting, Financ Manag 25(1):18-27

Klimczuk-Kochanska M (2018) Startups as a Source of Innovation in
the Agri-Food Industry. Mark i Rynek 2:21-30

Kouhizadeh M, Sarkis J (2018) Blockchain practices, potentials, and
perspectives in greening supply chains. Sustainability 10(10):3652

Kshetri N (2018) 1 Blockchain’s roles in meeting key supply chain
management objectives. Int J Inform Manag 39:80-89

Kwok AO, Koh SG (2019) Is blockchain technology a watershed for
tourism development? Curr Issues Tour 22(20):2447-2452

Lakhani KR, Iansiti M (2017) The truth about blockchain. Harv Bus
Rev 95(1):119-127

Laskowski M, Kim HM (2016, July) Rapid prototyping of a text mining
application for cryptocurrency market intelligence. In 2016 IEEE
17th International Conference on Information Reuse and Integra-
tion (IRI) (pp. 448-453). IEEE

Leible S, Schlager S, Schubotz M, Gipp B (2019) A review on Block-
chain Technology and Blockchain projects fostering open science.
Front Blockchain 2:16

Leng K, Bi Y, Jing L, Fu HC, Van Nieuwenhuyse I (2018) Research on
agricultural supply chain system with double chain architecture based
on blockchain technology. Future Gener Comput Syst 86:641-649

Lohmer J, Bugert N, Lasch R (2020) Analysis of resilience strategies
and ripple effect in blockchain-coordinated supply chains: An
agent-based simulation study. Int J Prod Econ 107882

Mardani A, Nilashi M, Zakuan N, Loganathan N, Soheilirad S, Saman
MZM, Ibrahim O (2017) A systematic review and meta-Analysis
of SWARA and WASPAS methods: Theory and applications with
recent fuzzy developments. Appl Soft Comput 57:265-292

Marques L (2019) Sustainable supply network management: A sys-
tematic literature review from a knowledge perspective. Int J Prod
Perform Manag 68(6):1164-1190

Min H (2019) Blockchain technology for enhancing supply chain resil-
ience. Bus Horiz 62(1):35-45

Moktadir MA, Ali SM, Paul SK, Shukla N (2019) Barriers to big data
analytics in manufacturing supply chains: A case study from
Bangladesh. Comput Ind Eng 128:1063-1075

Montecchi M, Plangger K, Etter M (2019) It’s real, trust me! Estab-
lishing supply chain provenance using blockchain. Bus Horiz
62(3):283-293

Monroe RW, Teets JM, Martin PR (2014) Supply chain risk manage-
ment: an analysis of sources of risk and mitigation strategies. Int
J Appl Manag Sci 6(1):4-21

Nadeem SP, Garza-Reyes JA, Anosike T, Kumar V (2017) "Spectrum
of Circular Economy and its prospects in Logistics", Proceedings
of the 2017 Symposium on Industrial Engineering and Operations
Management (IEOM), Bristol, UK 440-451

Onder I, Treiblmaier H (2018) Blockchain and tourism: Three research
propositions. Ann of Tour Res 72(C):180-182

Petetin L (2020) The COVID-19 Crisis: An Opportunity to Integrate Food
Democracy into Post-Pandemic Food Systems. Eur J Risk Reg 1-11

Pinner D, Rogers M, Samandari H (2020) Addressing climate change
in a post-pandemic world. McKinsey Quarterly April

Purvis L, Spall S, Naim M, Spiegler V (2016) Developing a resilient
supply chain strategy during ‘boom’and ‘bust.” Prod Plan Control
27(7-8):579-590

Qi X, Fu 'Y, Wang RY, Ng CN, Dang H, He Y (2018) Improving the
sustainability of agricultural land use: an integrated framework for
the conflict between food security and environmental deteriora-
tion. Appl Geogr 90:214-223

Saberi S, Kouhizadeh M, Sarkis J, Shen L (2019) Blockchain technol-
ogy and its relationships to sustainable supply chain management.
Int J Prod Res 57(7):2117-2135



Managing disruptions and risks amidst COVID-19 outbreaks: role of blockchain technology in... 281

Sharma M, Joshi S (2021) Barriers to blockchain adoption in health-
care industry: an Indian perspective. J] Glob Oper Strateg Sourc
14(1):134-169

Sheffi Y (2015) The power of resilience: How the best companies man-
age the unexpected. mit Press

Sheffi Y, Rice JB Jr (2005) A supply chain view of the resilient enter-
prise. MIT Sloan Manag Rev 47(1):41

Sigala M (2017) Collaborative commerce in tourism: implications for
research and industry. Curr Issues Tour 20(4):346-355

Sigala, M (2020) Tourism and COVID-19: Impacts and implications
for advancing and resetting industry and research. J Bus Res
117:312-321

Stone J, Rahimifard S (2018) Resilience in agri-food supply chains: a
critical analysis of the literature and synthesis of a novel frame-
work. Supply Chain Manag Int J 23(3):207-238

Talluri S, (Sri), Kull TJ, Yildiz H, Yoon J (2013) Assessing the Effi-
ciency of Risk Mitigation Strategies in Supply Chains. Journal Of
Business Logistics 34(4):253-269

Tang O, Musa SN (2011) Identifying risk issues and research
advancements in supply chain risk management. Int J Prod Econ
133(1):25-34

Tendall DM, Joerin J, Kopainsky B, Edwards P, Shreck A, Le QB,
Six J (2015) Food system resilience: defining the concept. Glob
Food Sec 6:17-23

Tonnissen S, Teuteberg F (2020) Analysing the impact of blockchain-
technology for operations and supply chain management: An
explanatory model drawn from multiple case studies. Int J Inform
Manag 52:101953

Treiblmaier H (2019) Combining blockchain technology and the physi-
cal internet to achieve triple bottom line sustainability: a compre-
hensive research agenda for modern logistics and supply chain
management. Logistics 3(1):10

UN (2020) World Food Programme. Retrieved from un.org: https://
unite.un.org/sites/unite.un.org/files/technovation/2_wfp_
buildingblocks_robert_opp.pdf

Von Braun J (2018) Bioeconomy-The global trend and its implications
for sustainability and food security. Glob Food Sec 19:81-83

Wang S, Ouyang L, Yuan Y, Ni X, Han X, Wang F-Y (2019)
Blockchain-enabled smart contracts: architecture, applica-
tions, and future trends. IEEE Trans Syst Man Cybern Syst
49(11):2266-2277

Wang YS (2019) The challenges and strategies of food security under
rapid urbanization in China. Sustainability 11(2):542

Wang Y, Singgih M, Wang J, Rit M (2019) Making sense of blockchain
technology: How will it transform supply chains? Int J Prod Econ
211:221-236

Wang Y, Xu L, Solangi YA (2020) Strategic renewable energy
resources selection for Pakistan: Based on SWOT-Fuzzy AHP
approach. Sustain Cities Soc 52:101861

Wong L-W, Leong L-Y, Hew J-J, Tan GW-H, Ooi K-B (2020) Time
to seize the digital evolution: Adoption of blockchain in opera-
tions and supply chain management among Malaysian SME:s. Int
J Inform Manag 52:101997

Worldbank (2020) Worldbank.org. Retrieved from Blockchain & Dis-
tributed Ledger Technology (DLT): https://www.worldbank.org/
en/topic/financialsector/brief/blockchain-dIt

Xu H (2020) Minimizing the ripple effect caused by operational risks
in a make-to-order supply chain. Int J Phys Distrib Logist Manag
50(4):381-402

Zhao G, Liu S, Lopez C (2017) A literature review on risk sources and
resilience factors in agri-food supply chains. Work Conf Virtual
Ent 739-752. Springer, Cham

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Managing disruptions and risks amidst COVID-19 outbreaks: role of blockchain technology in developing resilient food supply chains
	Abstract
	1 Introduction
	2 Literature review
	2.1 Disruptions and risk amidst COVID-19 outbreak in food supply chains
	2.2 Blockchain-enabled food supply chains amidst COVID-19
	2.3 Blockchain technology and resilient food supply chains
	2.4 Research gaps

	3 Research methods
	3.1 Fuzzy analytic hierarchy process (FAHP)
	3.1.1 Establishing pairwise comparisons
	3.1.2 Developing aggregated fuzzy pairwise comparison matrix
	3.1.3 Defuzzifying the pairwise comparison values and checking consistency ratio
	3.1.4 Computation of weights
	3.1.5 Computation of fuzzy weights

	3.2 Weighted assessment sum product assessment (WASPAS)
	3.2.1 The category of criteria is defined
	3.2.2 Computation of total relative importance of ith alternative of WSM
	3.2.3 Computation of total relative importance of ith alternative of WPM
	3.2.4 Final weights calculation

	3.3 Selection of experts and data collection

	4 Proposed research framework
	4.1 Defining the problem
	4.2 Application of FAHP to calculate weights of factors affecting FSCs
	4.2.1 Calculation of geometric mean fuzzy values for criteria
	4.2.2 Calculation of global weights and ranking

	4.3 Application of WASPAS for evaluating the resilient strategies of BC-T enabled FSCs
	4.3.1 Developing decision matrix
	4.3.2 Total relative importance (WSM and WPM)
	4.3.3 Ranking of alternatives


	5 Findings and discussions
	5.1 Theoretical implications
	5.2 Managerial implications
	5.3 Unique contribution of the research

	6 Conclusion
	References




