. ﬁ Taylor & Francis
Taylor & Francis Group
Supply Chain &

== | Supply Chain Forum: An International Journal

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/tscf20

Supply chains under COVID-19 disruptions:
literature review and research agenda

I Nyoman Pujawan & Alpha Umaru Bah

To cite this article: | Nyoman Pujawan & Alpha Umaru Bah (2021): Supply chains under
COVID-19 disruptions: literature review and research agenda, Supply Chain Forum: An
International Journal, DOI: 10.1080/16258312.2021.1932568

To link to this article: https://doi.org/10.1080/16258312.2021.1932568

@ Published online: 30 May 2021.

\]
CA/ Submit your article to this journal

||I| Article views: 227

A
& View related articles &'

PN

(!) View Crossmark data (&

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=tscf20


https://www.tandfonline.com/action/journalInformation?journalCode=tscf20
https://www.tandfonline.com/loi/tscf20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/16258312.2021.1932568
https://doi.org/10.1080/16258312.2021.1932568
https://www.tandfonline.com/action/authorSubmission?journalCode=tscf20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=tscf20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/16258312.2021.1932568
https://www.tandfonline.com/doi/mlt/10.1080/16258312.2021.1932568
http://crossmark.crossref.org/dialog/?doi=10.1080/16258312.2021.1932568&domain=pdf&date_stamp=2021-05-30
http://crossmark.crossref.org/dialog/?doi=10.1080/16258312.2021.1932568&domain=pdf&date_stamp=2021-05-30

SUPPLY CHAIN FORUM: AN INTERNATIONAL JOURNAL
https://doi.org/10.1080/16258312.2021.1932568

Taylor & Francis
Taylor & Francis Group

REVIEW

W) Check for updates

Supply chains under COVID-19 disruptions: literature review and research

agenda
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ABSTRACT

The novel coronavirus pandemic (COVID-19) has massively disrupted supply chains at the
global and local scales resulting in economic slowdown and social issues. To respond to these
changes, supply chains need to quickly adapt to the new situation. This paper presents a review

KEYWORDS

COVID-19; supply chain;
disruption; mitigation;
review

of literature that addresses supply chains under disruptions due to COVID-19 pandemic. Papers
are classified based on issues addressed. The major findings or recommendations are dis-
cussed. These include the rising importance of safety, digitalisation, localisation, the need to
revisit the meaning of efficiency, and the production and distribution of COVID-19 vaccine. We
show that most mitigation actions proposed prior to COVID-19 such as redundancy and
flexibility are still considered as possible strategies to mitigate supply chain disruptions due
to COVID-19, but there are stronger pressures for digitalisation and supply-based localisation.

The research agenda is also outlined at the end of the paper.

Introduction

The novel coronavirus (COVID-19) pandemic has mas-
sively disrupted supply chains (SCs) at the global and
local scales. The virus — which initially appeared in
Wuhan, China, in late 2019 - has impacted the economy
and social life in almost all countries. By the end of
December, 2020, according to worldmeters.info, the
number of cases had exceeded 80 million and by the
end of March 2021, the number has grown to over
128 million. In many countries, there has also been
a second COVID-19 wave with substantially more cases
than the first. The economies of most countries have
experienced major contractions, and the world SC has
slowed down significantly, as indicated by, for example,
the major decrease in shipping activities. Many coun-
tries have witnessed closures of stores and food-chain
outlets and a substantial drop in manufacturing activ-
ities. For example, Apple’s assembler, Foxconn, is work-
ing below capacity as Apple’s suppliers in Malaysia,
South Korea, and Europe have been affected by the
government lockdowns and a paucity of parts and sup-
plies from their sub-suppliers (lvanov and Das 2020).
While COVID-19 has had a major negative impact on
the global economy, it has also given rise to and high-
lighted the importance of digitalisation. Oldekop et al.
(2020) noted that the pandemic has significantly accel-
erated digitalisation across different sectors and has
immensely helped in reducing the spread of COVID-19.
They also emphasised that online work and digitally
organised logistics have mitigated the negative
impacts of COVID-19. However, the amount of

information shared by organisations and governments
across various digital platforms poses the threat of
privacy violations or even political surveillance.

The pandemic has resulted in a significant slow-
down of global economic activities. A report published
by the International Monetary Fund (2020) stated that
the COVID-19 pandemic has had a more negative
impact than anticipated on economic activities in the
first half of 2020. By the early 2021, there is no sign that
the COVID-19 will disappear soon and thus the nega-
tive impact on the global economy will still be sub-
stantial for considerable time in the future. The global
economy is expected to contract by 5.4% in 2021 (from
4.9% in 2020) despite the various measures established
by different countries to fight the pandemic, which
have affected businesses and economic activities.

The focus of the discussion about SC disruptions
due to COVID-19 has shifted repeatedly: from panic
buying (Prentice, Chen, and Stantic 2020) to safety
measures for protecting employees working in SC
functions and customers (Aday and Aday 2020), and
then to localising the SC (Zhu, Chou, and Tsai 2020),
the digitalisation (Cai and Luo 2020) and now to the
distribution of vaccines (Rastegar et al. 2021; Sinha,
Kumar, and Chandra 2021). Substantial research has
been published on SC disruptions under COVID-19.
As the spread and magnitude of COVID-19 is massive -
greater by far than any other SC disruptions in recent
decades - it is not surprising that academics have paid
tremendous attention to COVID-19. Although a large
amount of literature has addressed SC risk
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Table 1. Some notable pandemics.

No.  Period Name Estimated death toll
1 165-180  Antonine plague 5 million
2 541-542 Plague of Justinian ~ 30-50 million
3 1347-1351 Black Death 200 million
4 1520- onwards New World smallpox
56 million outbreak
Third %2 million 1885
plague
6 1918-1919 Spanish flu 40-50 million
7 1981- HIV/AIDS 25-35 million
present
8 2009-2010 Swine flu 200,000
9  2002-2003 SARS 770
10 2014-2016 Ebola 11,000
11 2015- MERS 850
present
12 2019- COVID-19 Over 2.8 million (as of end of
present March 2021)

Source: adapted by researcher from World Economic Forum (2020)

management, it is anticipated that it will grow again as
a result of COVID-19, provoking significant changes in
the landscape of SC risk management.

The goal of this research is to survey the literature on
SCs under disruption, specifically during the COVID-19
pandemic. This study considers two important mea-
sures that have significantly affected SC operations
worldwide in fighting the virus, namely (1) persistent
social distancing measures and (2) lockdowns. These
actions have been implemented by almost every coun-
try — whether severely hit by the virus or not — to ensure
that the spread of the virus is curtailed. Ultimately, this
study is intended to help inform academic researchers,
industries, and policymakers on what have been dis-
cussed in the literature so far. Due to the massive spread
and large scale of COVID-19 pandemic, the interest in
researching this topic has been tremendous and this
review will be extremely important in figuring out the
initial phase of publication in this area.

The rest of the research is organised as follows:
Section 2 briefly discusses the history of pandemics
and their economic impacts, section 3 elaborates the
SC disruptions (SCDs), and section 4 presents the
research methodology. Section 5 discusses and ana-
lyzes the findings as well as outlines the agenda for
future research. Section 6 concludes the paper.

History and evolution of pandemics

As humans have spread across the world, so have
infectious diseases. Even in the 21 century, disease
outbreaks have been nearly constant although not
every outbreak has reached the pandemic level of
the novel coronavirus (World Economic Forum 2020).
The World Health Organization (WHO) classifies pan-
demics as a global health concern that can spread
across countries through human interactions.
According to Feyisa (2020), there have been over two
dozen global pandemics in the last 1,800 years. Table 1

presents some notable examples. Pandemics are
understood to affect international SCs as their cumu-
lative effects can lead to economic slowdowns, SCDs,
and disruptions in social activities (Feyisa 2020).

There have been three categories of influenza pan-
demics in the last century: 1918 (A/H1NT1), 1957 (A/
H2N2), and 1968-69 (A/H3N2 Feyisa 2020). After
these three influenza pandemics, the HIV/AIDS pan-
demic spread across the globe, especially in poor
countries, and is 100% fatal. Recent fatal pandemics
include Ebola, which killed over 11,000 in West Africa
during its outbreak between 2014 and 2016 (Feyisa
2020), disrupting SC activities and economic perfor-
mance. Writers and researchers have made various
arguments about the precise fatalities of previous glo-
bal pandemics. For example, Taubenberger, Kash, and
Morens (2019) argued that at least 50 million deaths
were recorded worldwide in the ‘Spanish’ influenza
pandemic of 1918-1919. However, this was not the
case according to Barro, Ursua, and Weng (2020),
who maintained that the pandemic killed around
40 million worldwide between 1918 and 1920. All
these arguments imply that the death toll of pan-
demics is not always clear due to various challenges
at the time or other factors.

Pandemics are known to have a severe negative
impact on SC activities across industries. Several stu-
dies have attempted to offer a clear picture of previous
pandemics and the novel coronavirus. For example, Liu
et al. (2020) pointed out that before the emergence of
COVID-19, six human coronaviruses had been identi-
fied, making the novel coronavirus (COVID-19) the
seventh confirmed from this genome. As pointed out
by a few references (Banerjee et al. 2019; Madhugiri
et al. 2018; Yang and Leibowitz 2015), the genome of
the virus is classified into four genera within the sub-
family of  Orthocoronavirinae:  Alphacoronavirus,
Betacoronavirus, Gammacoronavirus, and
Deltacoronavirus. SARS (COVID-19 inclusive) and MERS
belong to the Betacoronavirus genus. Similarly, Hu et al.
(2017) found that the agent of COVID-19 (i.e., the SARS
coronavirus or SARS-CoV) is a member of Lineage B of
the Betacoronavirus genus in the Coronaviridae family.

Supply Chain Disruptions (SCDs)

Disruption has been described as an event that occurs
suddenly and with a large impact to society, prevent-
ing normal operation and causing losses to life, econo-
mies, and the environment (Kaur & Singh, 2019;
Albertzeth et al. 2020). Global SCs have been affected
by natural disasters, such as storms, earthquakes, vol-
canic eruptions, floods, and landslides. The Centre for
Research on the Epidemiology of Disasters (CRED
2019) reported that almost 400 natural disasters were
recorded in 2019, with over 11,000 deaths and
95 million people affected. Asia, the hub for global



production, suffered the highest impact, with about
40% of the disasters occurring in this region. The
increasing frequency of events that cause supply
chain disruptions has invited more interest towards
risk management (Heckmann and Nickel 2017).

The emergence of global SCs has exposed indus-
tries and economies to risks that go beyond territorial
borders. Unlike other natural and man-made disasters,
the world was unprepared to handle a pandemic-like
COVID-19 (Yu and Aviso 2020). Disruptions to SCs are
considered substantial breakdowns from the process
of production to end user activities. This view is sup-
ported by Reddy, Singh, and Anbumozhi (2016), who
described disruption as any significant breakdown in
an SC node between the production and consumption
activities that may occur at any stage of the flow of
production. In the same vein, Araz et al. (2020) asserted
that coronavirus-associated disruptions have created
a massive global crisis in breaking many global SCs.

Supply chain disruptions have been extensively dis-
cussed in the literature and various frameworks as well
as mitigation strategies have been proposed. Kleindorfer

Table 2. Article inclusion and exclusion criteria.

Criterion Decision
Predefined keywords exist as a whole or at least as part of Included
title, keywords, or abstract section of the paper
Published in scientific, peer-reviewed journal Included
Written in the English language Included
Presents COVID-19/coronavirus in supply chain context Included
Full text available in digital database Included
Duplicates within the searched documents Excluded
Not primary/original research Excluded
Does not present COVID-19 in supply chain context Excluded

Identify databases and selection criteria

]
' ]
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and Saad (2005) developed a framework of joint activ-
ities and mitigation strategies to tackle supply chain
disruptions. Tang (2006) proposed a few strategies to
deal with supply chain disruptions, including postpone-
ment, strategic stock, and flexible supply base. Skipper
and Hanna (2009) empirically proved that better flexibil-
ity reduces the negative impacts of supply chain disrup-
tions. Tang and Tomlin (2008) also advocate the use of
flexibility in dealing with supply chain risks. Flexibility
could be developed in the supply side through the use
of multiple suppliers, in the demand side through post-
ponement and pricing strategy and flexible processes
through, for example, manufacturing flexibility. Chang
et al. (2015) identified redundancy and flexibility as two
broad categories based on how each reduces the nega-
tive effect of such disruption to the SC.

Discussion about supply chain disruptions have
soared with the global spread of COVID-19.
Handfield, Graham, and Burns (2020) found that
COVID-19 responses introduced a bullwhip effect in
the manufacturing sector on a scale never before
seen and used the constructal law of physics to guide
future global SCs. In a major study, Rapaccini et al.
(2020) identified a four-stage (calamity, quick & dirty,
restart, and adapt) crisis management model which
manufacturing companies can implement to navigate
the pandemic and improve their positions after the
crisis. lvanov and Dolgui (2019) investigated two
major perspectives in SCD - the ripple effect and resi-
lience - and developed a framework for mitigating and
recovering from the risks associated with disruptions.
Their findings showed that SCs need to be stable,

Identification

and Planning

ScienceDirect

SpringerLink, Emerald
Insight, Taylor & Francis,

Papers = 53 Google Scholar =
Papers =100
& ¥
Read titles and Read titles and
abstracts = 50 papers abstracts = 83 papers
& ¢
Full paper reading J
Evaluation of papers for final selection

Final selection

Papers =50

Figure 1. Systematic literature review research protocol.
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Table 3. Selected articles on the supply chain with COVID-19 disruptions.

References Purpose Type of Paper/Method Findings

A. Kumar Investigate the current COVID-19 pandemic and ~ Opinion paper Producers should move their production capacities
et al. how it can be addressed in a business setting. to a more computerised system to decrease the
(2020) size of their workforce and continually reduce

the likelihood of the pandemic affecting their
normal operations.

Arndt et al.  Assess the ramifications of lockdown measures for Input-output data analysis,  The rapid spread and serious impact of COVID-19
(2020) money appropriation and food security, using social accounting matrix highlight the benefits of setting up provisions to

South Africa as a case study. (SAM), and straight help vulnerable families in the event of such
multiplier model unforeseen circumstances.

Arora, Deoli,  Investigate the impact of COVID-19-related social Literature review When the lockdown time frame is over, natural
and Kumar lockdowns on the climate in various areas contamination may return with increased
(2020) worldwide. severity. Human efforts to address the climate

crisis can have significant impact.

Arouna et al.  Assess the effects of the COVID-19 pandemic on  Porter’s (1985) business The effects of the COVID-19 pandemic on rice
(2020) rice value chains’ viability and ability to provide ~ model value chains in West Africa rely upon several

food security in West Africa. variables, including the seriousness and length
of well-being impacts, the macroeconomic
shocks, and the viability of stakeholders’
reactions.

El Baz and Investigates the impacts of supply chain risk Empirical study COVID-19 affected robustness and creating short
Ruel (2021) management on resilience and robustness of term negative impacts, but not directly affecting

supply chain under COVID-19 SC resilience. SCRM support resilience and
robustness, but not all element of SCRM have
the same impacts.

Belhadi et al. Investigates how airline and automobile supply Empirical study (survey) Strategies like localising the supply chain, the use
(2021) chain are affected by COVID-19. of big data analytics, and digitalisation to

Butt (2021)

Cai and Luo
(2020)

Frederico
(2021)

Handfield,
Graham,
and Burns
(2020)

Ivanov
(2020a)

Ivanov
(2020Db)

Ivanov (2021)

Kanitkar
(2020)

Karmaker
et al.
(2021)

Explores the actions to deal with supply chain
disruptions due to COVID-19

Analyse the effects of COVID-19 on food SCs.

Provides insights on how Industry 4.0 is applied as
a management system post COVID-19

Set out to give direction to future scholars of
international SCs, focusing on two global
enterprises that were disturbed by COVID-19.

Design a simulation-based technique and
evaluated how it could be used to predict the
effects of pandemics on SC operational
activities.

Investigate how the VSC model could be classified
across various structures during the COVID-19
pandemic.

Proposes a framework to create efficient resilience
for post COVID-19 for value creation.

Determines the extent to which the Indian
economy will likely be impacted by the COVID-
19 lockdown.

To explore the drivers of sustainable supply chain
management under disruptions in the context
of developing country

Multiple case study

Telephone survey of food
suppliers in Wuhan

Discussion paper
Constructal law of physics;

two case studies

Discrete-event simulation

Viable supply chain (VSC)
model

Conceptual paper

Input-output (I0) model

A combination of tools
(Pareto, fuzzy theory,
Interpretative Structural
Model, etc.)

support supply chain collaboration.

Both buying and distributing firms impose policy
changes to deal with supply chain disruptions
due to COVID-19. Buying firms are creating
better agility, distributing firms imposed
different policies regarding inventory and
supply side.

The measures implemented to tackle COVID-19
resulted in a significant negative effect on the
normal flow of food items in the city of Wuhan.

Industry 4.0 may play substantial roles in creating
responsive supply chain post COVID-19. Few
research questions are proposed.

The findings in this study provide a new
understanding of COVID-19 and other economic
interruptions. For example, Brexit and the
U.S. forcing taxes presented new impediments
that will divert the future progression of
international SCs.

This study 1) expanded the understanding of how
epidemics are considered an explicit instance of
SC interruptions; 2) predicts both present and
long-term effects of pandemics on SCs and
reveals the most basic epidemic outbreak
regarding decline in the SC execution; and 3)
can be used by managers to predict the long-
term effects on SCs of similar future outbreaks
and create plans for tackling pandemics from
the SC perspective.

The study enhanced the understanding of how the
VSC model can incentivise managers to plan SC
structures, cycles, data, and financial
frameworks that can be beneficial during
normal situations and be ready to withstand
disturbances and recoup losses.

Assets should not be used just as a shelter for
passive anticipation of rare events like
disruption but can be designed to become an
active and value creating component of supply
chain operations

The everyday usage of coal-based energy
production diminished by almost 26% during
lockdown, leading to a decrease of around
15-65 MtCO, in carbon emissions during
lockdown.

Supply chain sustainability during COVID-19 may
be tacked with the financial support from the
government and supply chain partners.

(Continued)
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References Purpose Type of Paper/Method Findings

Koncar et al.  Analyse the setbacks to the digitalisation of Survey of FMCG supply chain  The intensity of setbacks to successful loT
(2020) business processes and the sustainability of the  players implementation showing substantial differences

FMCG supply chain based on the among business sectors.
implementation of loT

Kovacs and Presents to manage supply chain under disruption Conceptual paper Lessons related to preparedness, mobilisation,
Sigala due to pandemic standardisation, innovation and collaboration in
(2021) handling humanitarian supply chain.

Kumar et al.  Assesses the effects of social distancing measures Literature review Modernised innovations have helped almost all
(2020) and how modernised advancements are helping sectors of the world’s populace during

societies during COVID-19. lockdown.

Mollenkopf,  Investigates how supply chain ecosystem ensures Conceptual paper The paper offers what is called transformative
Ozanne, the health and safety of employees and service ecosystem in the context of food supply
and Stolze customers during COVID-19 pandemic. chain.

(2020)

Nagurney Develops a supply chain game theoretic model in  Game theory A model that can be used by decision makers to
(2021) the presence of labour constraints evaluate the impact of labour shortage when

competition exists between firms.

Nikolopoulos ~ Forecasts COVID-19 growth rates and predict the  Predictive analytics model A predictive analytics model that can be used to
et al. excess demand for products and services, both predict the growth of COVID-19 and the excess
(2021) at country-level demand for certain categories

Queiroz et al. Establish a road map for OSCM during the COVID- Literature review This work offers valuable insights into the risk
(2020) 19 pandemic. associated with traditional SC resilience in

limiting the response to the long-term global
effects of COVID-19.

Sarkis et al. ~ Determine whether anything positive could General perspective The ideal execution of Industry 4.0 and new
(2020) emerge from the COVID-19 lockdown measures product innovations could significantly help

from the viewpoint of a feasible supply chain. reduce SC bottlenecks and calculated
inconveniences. More explicitly, blockchain and
the Internet of Things (loT) could improve
prominence and straightforwardness in an SC.

Shahed et al. Develops a mathematical model to mitigate Inventory model An inventory model that can be used to help
(2021) disruption risk in a supply chain network managers in handling disruption risks

Sharma, Offer key experiences regarding significant issues  Text analytics tools using Firms are encountering challenges in developing
Adhikary, firms are confronting during the COVID-19 tweets from firms’ official an economical SC structure to respond to the
and Bikash pandemic and alternatives that firms are Twitter handles supply-and-demand difficulties and
(2020) utilising. technological innovations required for building

a viable system during the pandemic.

Singh etal.  Create a versatile and responsive food SC that Simulation model Combining stores helps accomplish request

(2020) coordinated and gave assistance to reroute satisfaction from a reinforcement distribution

vehicles according to travel limitations in
territories more severely affected by COVID-19.

Sinha, Kumar, Propose a model to cost effectively protect service

and level in vaccine supply chain to ensure herd
Chandra immunities
(2021)
Tareq et al.  Review literature related to additive
(2021) manufacturing and the challenges due to
CovID-19
Qin et al. Investigates how COVID-19 and public health
(2021) expenditure affects global supply chain
operations
Van Hoek Develop a pathway for a more industry-oriented
(2020) research towards resilient supply chain.
Xu et al. Investigate how COVID-19 affects the effectiveness
(2020) and responsiveness of global supply chains and

to propose managerial insights for mitigating
risks and improve resilience.

Multi echelon supply chain
model

Review

Empirical study

Conceptual paper, based on
roundtable and interview.

Conceptual paper, based on

critical readings and causal

analysis

centre during disturbances at a dispensed
storeroom.

The proposed model and heuristics algorithm are
able to help decision makers in setting
appropriate level of inventory in a multi echelon
system.

Presented the effort by various parties to use
additive manufacturing to support the
production of medical equipment

The results show that number of COVID-19 cases
positively affect health expenditure, and
negatively affect GDP and manufacturing value
added.

A proposed pathway to close the gap between
industry need and academic research in the area
of supply chain resilience.

COVID-19 causing shifts in demand and has
negatively impacted global supply chain
throughout all their stages especially in
manufacturing, processing, transport, and
logistics sectors.

robust, and resilient to (1) maintain their basic proper-
ties and ensure execution and (2) be able to adapt in
the event of future disturbances.

Global SCs are key drivers of sustainable production
around the world. As a result, a disruption in one country
could affect other countries’ production industries along
global SCs. Together, these studies indicate that SCs
across the globe need to collaborate during disruptions
(whether pandemic, man-made, or natural disasters) to
ensure resilience during and after these disruptions.

Methodology

A systematic literature review (SLR) collects evidence
about a given topic that fits certain pre-specified elig-
ibility criteria and answers formulated research ques-
tions (Mengist, Soromessa, and Legese 2020. The SLR is
an efficient and reliable technique for summarising
and analysing existing studies in a particular field of
study. SLRs have recently been used successfully in the
SC context (Golan, Jernegan, and Linkov 2020; Mehta
and Pandit 2018; Queiroz, Telles, and Bonilla 2018;
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Queiroz et al. 2020; Tandon et al. 2020). The application
of the SLR technique in these studies and other promi-
nent research shows that it is a systematic process that
is considered a thorough method of performing litera-
ture reviews. Table 2 shows the criteria used in this
study to select articles that met the required specifica-
tions concerning SCs and the current COVID-19 crisis.

The study establishes four stages in the research
protocol: identification and planning, execution, selec-
tion, and synthesis and analysis. In the identification
and planning stage, the scope of the study, review
protocol, appropriate databases, and selection criteria
are established. The scope of this study includes
papers written in recent years and related to the
research topic. Figure 1 presents the SLR research pro-
tocol. The second stage involves executing the identi-
fied protocols, i.e, downloading articles from the
specified databases using key search terms. In the
selection stage, articles are chosen based on the estab-
lished inclusion and exclusion criteria. Finally, the last-
stage extracts structural information from the selected
articles for further discussion and analysis.

The reviewed articles were profiled to capture the
current state of research on SCDs, specifically during
the COVID-19 pandemic. The review made clear that
this field of research has attracted many authors, with
still more papers being published on various aspects of
SCDs depending on the author’s interest and research
area. Based on the review, 50 articles were ultimately
selected for analysis and 30 out of these were pre-
sented in Table 3, the rest are used to enrich the
discussion throughout the paper. The ScienceDirect,
Emerald Insight, SpringerlLink, Taylor & Francis, and
Google Scholar databases were used to search for
articles based on the key terms for the research topic.

Discussions

The categorisation of the included studies based on
the content analysis revealed thrilling findings. First, all
papers addressed either the impact of COVID-19, pan-
demic-related SCDs or the impacts of lockdowns and
social distancing during COVID-19 (especially on SCs
for food and other essential needs). Selected papers
(Arora, Deoli, and Kumar 2020; Golan, Jernegan, and
Linkov 2020; Queiroz et al. 2020; Radanliev et al. 2020;
Rizou et al. 2020; Mollenkopf, Ozanne, and Stolze 2020)
used literature reviews or conceptual models to pre-
sent their research on COVID-19 and SCs, technologies,
food, lockdowns, and social distancing measures that
have greatly impacted SCs and global economic
activities.

However, some papers (lvanov 2020a; lvanov and
Das 2020; Singh et al. 2020) used simulation techni-
ques to address COVID-19 and its impact on either SCs
or other sectors. Other studies (Currie et al. 2020; Wood
2020) also employed simulation models in their

research on the COVID-19 pandemic. Some papers
used a variety of economic models and approaches.
These include, for example, Yu and Aviso (2020), who
used economic and epidemiological models to evalu-
ate the vulnerability of SCs due to COVID-19 at the
company, national, and global scales. Mandel and
Veetil (2020) used a multi-sector disequilibrium
model to study the cost of lockdowns in some critical
sectors, and Kanitkar (2020) used the input-output (I0)
model to estimate the scale of losses that the Indian
economy is likely to face due to the COVID-19 lock-
down. Nagurney (2021) developed a game theoretic
model in the presence of labour constraints due to
social distancing requirements. Belhadi et al. (2021) is
among the few papers that did empirical works on the
impacts of COVID-19. They investigated the short-term
as well as long-term strategies to achieve supply chain
resilience in the automobile and airline sectors. Cai and
Luo (2020) assessed the initial impacts of COVID-19 on
the manufacturing industry and proposed counter-
measures from a supply chain perspective. El Baz and
Ruel (2021) investigated the impacts of supply chain
risk management on the resilience and robustness of
supply chain under COVID-19 and Butt (2021) used
a multiple-case study to explore the actions to deal
with supply chain disruptions due to COVID-19 by
buying and distributing firms. In short, most authors
presented conceptual works. Perhaps, as the issue is
still in the early stage, not much modelling and empiri-
cal research has been reported, and we expect to see
more of this type of studies in the coming months. In
the following subsections we discuss a few major
issues related to the supply chain perspectives of
COVID-19.

The rising importance of safety

With the spread of COVID-19, it is urgent to prioritise
safety and human well-being over everything. This has
happened in almost all stages of the SC. Upstream SC
channels (e.g., farms and factories) have had to comply
with safety protocols, resulting in lowered productivity
and slower movement of goods. In middle and down-
stream SC channels, parties that transport and distri-
bute goods have imposed safety protocols, which has
changed the pace and productivity of SCs. Retail out-
lets have shifted focus from store image and customer
satisfaction to safety objectives by imposing social
distancing, providing sanitisers, rescheduling restock-
ing, and offering contactless payments (Mollenkopf,
Ozanne, and Stolze 2020). This is especially important
in food SCs where both food quality and food safety
are important for consumers. Safety measures may
include ensuring the health of employees working
along the food chain, the use of personal protective
equipment, and social distancing (Aday and Aday
2020).



The reviewed papers raised several interesting
issues regarding SCs under COVID-19, particularly in
light of lockdowns and social distancing measures. For
example, the COVID-19 pandemic may create further
disruptions in some countries, like rice value chains in
West Africa, which induces higher dependency on
imports due to global lockdowns (Arouna et al. 2020).
This was similarly addressed by Inegbedion (2020),
who noted that COVID-19 lockdowns have significantly
constrained the availability of farm labourers and have
reduced transportation capacity to deliver agricultural
goods. Xu et al. (2020) pointed out that the quarantine
restrictions or infection of both white- and blue-collar
workers have resulted in shortage of labour and dis-
rupted the global supply chain. Other researchers who
investigated COVID-19 in the SC context found that
lockdowns and social distancing measures have nega-
tively impacted the functions of national and interna-
tional SCs during the pandemic, with preventative
measures creating great social inequality, especially
in developing countries (Arndt et al. 2020; Arora,
Deoli, and Kumar 2020; Chirisa et al. 2020; Giammetti
et al. 2020; Mandel and Veetil 2020; Singh et al. 2020).
For example, COVID-19 lockdowns and subsequent
disruptions in SC movements have adversely impacted
the SC of the shrimp aquaculture sector, resulting in
economic losses of around 1.50 billion USD (Kumaran
et al. 2020).

Digitalising the supply chain

Beatriz et al. (2020) noted that COVID-19 has signifi-
cantly disturbed previously smooth SC operations,
thus limiting the capacity of SCs to meet demand.
According to Handfield, Graham, and Burns (2020),
COVID-19 and other SCDs have created new obsta-
cles that will redirect the design of future SC flows.
Researchers have attempted to evaluate the impact
of COVID-19 on the operational activities of SCs dur-
ing the pandemic. For example, A. Kumar et al.
(2020a) discussed the production and operations
management of SC challenges due to the pandemic
and proposed adequate alternative strategies for
improving SC resilience and sustainability. One of
their recommendations was that manufacturing cap-
abilities should be shifted to digital manufacturing.
While this is not always easy, the shift to digital
manufacturing is believed to provide manufacturing
sectors with more immunity to disturbances due to
disruptions. COVID-19 pandemic has forced SC
players to think about the best designs for SC struc-
tures and operations. As the global goods movement
has been massively disrupted, many have suggested
that SC players source materials locally and thus
shorten SC paths. Obviously, the best solution
would likely be unique for each SC. However, any
design would now emphasise resilience and agility
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in the long term, such that any SC could survive
under normal as well as disruptive conditions. As
suggested by Ivanov (2020b), SC structures, pro-
cesses, information, and financial systems should be
profitable during positive times, able to survive dur-
ing disruptive times, and thus sustainable over the
long term.

A broader perspective was adopted by Sarkis et al.
(2020), who suggested that emerging technologies
such as smart manufacturing could alleviate various
SC problems. Information technologies that can con-
nect players in the SC and provide real-time updates
on what is happening along the SC will help players
make the best decisions both under normal and dis-
ruptive conditions. Technologies such as radio-
frequency identification (RFID) sensors, blockchain,
and the Internet of Things (loT) have enabled SC
players to obtain contemporaneous updates on any
situation and dynamically adjust decisions to reflect
real situations.() Sharma, Adhikary, and Bikash (2020)
argued that demand uncertainty is one of the funda-
mental challenges reflected in most cases. Technology
has thus emerged as an important factor that deter-
mines the success or failure of SC players during
COVID-19. Cai and Luo (2020) also pointed out that
SC digitalisation and analytics help companies cope
better in crisis situations. In fact, with more people
buying online, most SCs have been forced to shift off-
line transactions online, leading to a substantial
increase in the amount of data generated. Analytics is
therefore becoming a more strategic tool in mana-
ging SCs.

Localising the supply chain

The discussion of offshoring or global sourcing has
become a subject of interest in recent decades as
companies have moved a substantial number of man-
ufacturing activities from developed to developing
countries. The main motive of offshoring is cost sav-
ings (Gurtu, Saxena, and Sah 2019; Gyarmathy,
Peszynski, and Young 2020); however, it has also cre-
ated problems related to the speed and flexibility with
which companies can respond to consumer demand.
Gurtu, Saxena, and Sah (2019) suggested that cost
savings should not be the sole criterion for making
offshoring decisions.

The prolonged disruption due to COVID-19 has led
many companies to re-evaluate their SC structures. The
problems with global goods movement due to COVID-
19 have prompted ideas to cut global flows and turn to
local supply. As pointed out by Cai and Luo (2020),
regionalisation of manufacturing SCs could be the new
normal after COVID-19. However, turning to local sup-
ply is not always easy and may even be impossible to
accomplish in a short period of time. Most manufactur-
ing companies - for cost, material resources, and
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technology reasons — rely on imports from other coun-
tries to obtain materials and components. Replacing
imports with local supply sources requires serious
development and nurturing of local companies that
can potentially become long-term suppliers.
Localisation offers better resilience as transportation
distances are shorter and the SC will be less vulnerable
to global disturbances (Nandi et al. 2021). Likewise,
Kano and Oh (2020) argued that the fragility of the
current global SC has forced companies to respond by
reshoring their operations and returning to a more
vertically integrated model. A few other authors
(Sarkis et al. 2020; Zhu, Chou, and Tsai 2020) have
also supported the localisation of production at least
partially to build resilient local supply networks. Van
Hoek (2020) suggested that supply chain should bal-
ance between global with local sourcing and consider
flexibility as an important criterion for supply chain
design.

Rethinking the meaning of efficiency

The concepts of lean and just-in-time (JIT) manufactur-
ing are at the heart of the spirit of efficiency. These two
concepts are philosophies more than methods or tools.
Lean manufacturing — which aims to produce goods or
services with fewer resources - integrates various con-
cepts, including JIT, quality systems, continuous
improvements, and teamwork (Shah and Ward 2003).
Initially, JIT aims to drastically reduce inventory levels
(Matsui 2007). The JIT philosophy is based on an under-
standing that inventory is the result of various issues,
such as poor quality, poor maintenance, uncertain and
long lead times, long setup times, and uncertain
demand. JIT works well if a company can radically
improve all these aspects. Localising the supply chain
has been one of the central practices around the JIT
principles to shorten and improve reliability of the
supply lead time.

The prolonged COVID-19 pandemic has challenged
the ideas of lean and JIT. Researchers have suggested
that scholars should carefully evaluate the meaning of
efficiency in a value chain (Kano and Oh 2020; Leite,
Lindsay, and Kumar 2020; Bryce et al. 2020). According
to Sarkis et al. (2020), overreliance on JIT and lean
creates vulnerability in SCs under disruption. While
JIT and lean work well under normal and stable condi-
tions, they have been considered as major causes of
worldwide shortages today (Zhu, Chou, and Tsai 2020).
This is also the case with healthcare operations, where
the use of JIT practices limits the ability of healthcare
organisations to quickly respond to the need for ser-
vices in the case of a pandemic (Leite, Lindsay, and
Kumar 2020).

Under highly volatile environment, supply chain
needs to develop agile capabilities to cope with short-
term disruptions and adaptability to adjust with long-

term changes (Lee 2004; Kovécs and Sigala 2021). Agile
supply chains will need to prepare for extra resources
to cope with fluctuations, cater for higher speed when
it is needed, and remain economically feasible under
decreasing demand. However, as the volatility due to
pandemic is expected to last after a considerable per-
iod of time, a supply chain should not be designed to
either be efficient or agile, but combining these two
capabilities would be essential. A supply chain should
be designed in such a way that enables an easy and
quick switch from agile to efficient strategies or vice
versa depending on the volatility or stability of the
business environment.

There have been substantial discussions on combin-
ing lean and agile capabilities. The two do not need to
be mutually exclusive strategies as there are few com-
mon basic principles between the two. Reducing lead
time, for example, improves responsiveness and at the
same time, support the idea of lean thinking that
attempts to minimise waste or nonvalue-added activ-
ities. As suggested by Naim and Gosling (2011), both
lean and agile put equal importance on quality and
lead time. The concept of Leagile (Naylor, Naim, and
Berry 1999) is an attempt to combine agile and lean
paradigm in a supply chain. While this combination
may still be valid, attempts to establish supply chain
strategies that can efficiently work under volatile
demand are still underway. Few works have been pub-
lished for this purpose. Ivanov (2021), for example,
proposed a framework called AURA (active usage of
resilient assets) to enable the supply chains to operate
responsively while maintaining efficiency. The basic
idea is to actively use resilience assets to create value
rather than just as a buffer against severe disruptions
that rarely happen.

COVID-19 vaccine production and distribution

Scientists and pharmacists have collaborated in creat-
ing vaccines that will be used to sustainably control-
ling the COVID-19 pandemic. At the beginning of 2021,
few major pharmaceutical companies have been able
to make COVID-19 vaccine available for use. As the
COVID-19 vaccine is the last resort for mitigating the
ongoing crisis of the pandemic, it is also expected to
be a limited resource compared to the number of
people and countries that need it. This underlines the
next challenge that SCs will face: the optimal distribu-
tion of this scarce COVID-19-related resource. Contrary
to expectations where the normal vaccine develop-
ment is usually measured in decades, having access
to an approved COVID-19 vaccine available for large-
scale distribution before the end of 2020 or even 2021
would be unprecedented (Graham 2020). In line with
this, the author argues that safety is a primary goal for
vaccines administered to people. Shin et al. (2020)
argued that the challenges of supply and distribution



for a global pandemic must inform the selection of
vaccine platforms and stated that the ideal vaccine
platform would be easily integrated into devices
designed to be supplied for widely distributed, manu-
factured at low cost, and administered with minimal
supervision. As many countries are in the middle of
vaccination processes, the questions now are how
these distributions should be optimised, how different
social groups will be prioritised, how the capacities of
logistics companies will be consolidated to support the
distribution of vaccines, and how the challenges
related to temperature control will be overcome for
vaccines in remote and less developed regions where
cold-chain infrastructure does not exist. There are
many challenges that require fast solutions, and
a great deal of research is necessary to support vaccine
production and distribution in the next few months.

There are few published works related to vaccine
distribution. Rastegar et al. (2021) proposed an inven-
tory-location model for COVID-19 vaccine distribution.
A mixed integer linear programming model was devel-
oped. The authors consider the location of distribution
centres and storage facilities, vaccine shortage, and
budget constraints in the proposed model. Sinha,
Kumar, and Chandra (2021) developed a multi-
echelon multi-period inventory model for the vaccine
supply chain. The model is applied to a case study in
the context of a developing country. Another impor-
tant aspect related to the supply chain of vaccines is
traceability. Jarrett et al. (2020) presented the efforts
taken by the government and industry on improving
traceability to combat counterfeiting and improve
monitoring.

Disruption mitigation: What is new after
CoVID-19?

With the worldwide spread of COVID-19, the supply
chains are massively impacted at both local and global
levels, putting pressure on most countries’ critical
infrastructures (Ahlgvist et al., 2020). Not only the glo-
bal movement of goods is affected but also the local
production and the demand are affected. This has led
to massive disturbances at various stages of the supply
chain. In line with this massive disruption, there has
been a large interest in researching and publishing
various aspects of supply chains with COVID-19, add-
ing up to a large number of works that have already
been published in the area of supply chain disruptions
in the last two decades. But the question is, are the
theories, principles, and strategies to mitigate supply
chain disruptions still valid to tackle the current mas-
sive disruptions? Is there something different that
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supply chain players need to develop to tackle the
current disruptions?

In this section, we attempt to compare the sug-
gested mitigation strategies before and after COVID-
19. Table 4 presents the comparisons of what the
literature suggests to tackle supply chain disruptions.
The first column is the classification area and then
followed by mitigation strategies before and after
COVID-19. The table is not intended to be an exhaus-
tive list, but we believe that it is a representation of the
large number of works in this area. From Table 4 we
see that there are a lot of mitigation strategies sug-
gested at the supply side, like having redundancies
and flexibilities in the supply sources. It has been writ-
ten in different terms like supply diversification (Tomlin
and Wang 2011), having backup suppliers or dual sour-
cing (Tomlin and Wang 2011; Kamalahmadi and Parast
2017; Yu and Aviso 2020), protected suppliers
(Kamalahmadi and Parast 2017), changing supply
plan (Tang 2006), and risk sharing contract
(Wakolbinger and Cruz 2011). Literature addressing
COVID-19 disruptions is suggesting supply backups
and flexibility (Van Hoek 2020) which is consistent
with many papers published before COVID-19.
However, there is a much stronger support for localis-
ing the supply base (Sarkis et al. 2020; Zhu, Chou, and
Tsai 2020; Cai and Luo 2020; Xu et al. 2020; Van Hoek
2020).

There has also been a consensus among researchers
to suggest that having extra inventories is also impor-
tant to mitigate supply chain disruptions. Authors are
referring to this as stockpile inventory (Tomlin and
Wang 2011), prepositioned inventory (Kamalahmadi
and Parast 2017), redundant stock (Albertzeth et al.
2020), and strategic stock (Tang 2006). Published
papers after COVID-19 are also consistent to suggest
having redundancies in inventory (Van Hoek 2020) to
deal with supply chain disruptions. What seems to be
new is the concept of ‘lean resilience’ proposed by
Ivanov (2021) where assets deployed to mitigate dis-
ruptions are actively used to generate values. The
literature is also in agreement to suggest that supply
chain flexibility is relevant to various kinds of disrup-
tions, with no exception to COVID-19. Supply chain
flexibility may be achieved, for example, through post-
ponement strategies (Tang 2006), alternative modes of
transportation (Wilson 2007; Ishfaq 2012), and trans-
portation route flexibility (Wilson 2007; Ishfaq 2012;
Albertzeth et al. 2020).

There are a few things that are getting much more
notable attention after COVID-19, including digitalisa-
tion and information acquisition, processing and visibi-
lity as shown by Table 4. While these two have been
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Table 4. Suggested mitigation strategies, before and after COVID-19.

Disruption mitigation strategies mentioned before COVID-

Area 19 Disruption mitigation strategies mentioned after COVID-19
Supply management ® Diversify supply (Tomlin and Wang 2011) ® Multiple, flexible, and alternative suppliers (Van Hoek 2020)
® Backup supply (Tomlin and Wang 2011; Kamalahmadi ® Near or local sourcing (Van Hoek 2020)
and Parast 2017) ® Source local substitutes (Xu et al. 2020)
® Protected suppliers (Kamalahmadi and Parast 2017) ® | ocalising the supply base/supply chain (Sarkis et al. 2020;
® Changing supply plan (Tang 2006) Zhu, Chou, and Tsai 2020; Cai and Luo 2020)
® Risk sharing contract (Wakolbinger and Cruz 2011)
® Dual sourcing (Yu and Aviso 2020)
Inventory Buffering ® Stockpile inventory (Tomlin and Wang 2011) ® |nventory buffering (Van Hoek 2020; Belhadi et al. 2021
® Prepositioned inventory (Kamalahmadi and Parast 2017) ® Lean resilience (Ivanov 2021)
® Redundant stock (Albertzeth et al. 2020)
® Strategic stok (Tang 2006)
Supply chain flexibility ~ ® Postponement (Tang 2006) ® Supply chain flexibility (McMaster et al. 2020; Koncar et al.
® Changing product configuration (Tang 2006) 2020)
® Change in pricing strategy (Tang 2006) ® (apacity redundancy (Xu et al. 2020)
® Alternative transportation modes (Wilson 2007; Ishfaq
2012)
® Transportation route flexibility (Wilson 2007; Ishfaq
2012; Albertzeth et al. 2020)
® Others who also advocate Supply chain flexibility
(Skipper and Hanna 2009; Chang et al., 2015; Tang and
Tomlin 2008)
Information ® Strategic information acquisition (Wakolbinger and Cruz  ® Supply chain visibility (Messina et al. 2020)
acquisition, 2011) ® |mprove information visibility (Van Hoek 2020)
processing and ® Active information sharing throughout the supply chain
visibility (Van Hoek 2020)
® |nformation processing capabilities (Yang et al. 2021)
Digitalisation ® Supply chain digitalisation (Behhadi et al., 2021 ; Sarkis et al.

2020; Cai and Luo 2020; Karmaker et al. 2021; Nandi et al.
2021)
® Digital twin (Ivanov and Dolgui 2020)

recognised before, COVID-19 has put much stronger
pressure to digitalise supply chain and use more accu-
rate information processing. With the increasing
demand to protect the safety of the employee along
the supply chain, digitalisation of production and logis-
tics have been tremendously important. In the fashion
industry, for example, digital technologies could miti-
gate demand disruptions by creating better customer
experiences (Belhadi et al. 2021).

Research agenda

The area of supply chain disruption has received sig-
nificant attention in the last decade. This is partly due
to the supply chain becoming more globalised (Franck
2007) and the increasing occurrence of the events that
disrupt the supply chain. With the worldwide spread of
COVID-19, the interests in supply chain disruption soar
and we see a sudden explosion in the academic papers
addressing this important research area. However,
most of the published research is still addressing pre-
liminary thought and a lot more will need to be
addressed in the future. Table 5 presents outline of
the research agenda in the area of supply chain man-
agement emerging from COVID-19.

Conclusion

The disruptions to SCs caused by the COVID-19 out-
break have shown that pandemics can and will continue
to have devastating effects on global SCs. This paper
presents a systematic analysis of SCs publication under
COVID-19 disruptions and proposes several research
agenda. Five major issues have been discussed, namely
the rising importance of safety, digitalising the supply
chain, localising the supply chain, rethinking the mean-
ing of efficiency, and vaccine production and distribu-
tion. COVID-19 pandemic has refuelled the growth of
literature on supply chain disruptions. We show that
most mitigation actions that were mentioned prior to
COVID-19 such as redundancy and flexibility are still
referred to as possible strategies to mitigate supply
chain disruptions due to COVID-19, but there are stron-
ger pressures for digitalisation and supply-based locali-
sation. However, much needs to be explored further and
this review paper will serve as the milestone between
the preliminary thought and a more proven theoretical
development about supply chain disruptions under
COVID-19 pandemic. This study provides insightful and
interesting research avenues for scholars or practitioners
who want to explore the disruptions to SCs caused by
COVID-19 and related prevention measures.
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Issue Implications for Supply Chains

Research Needs

Rising ® Higher operations cost

importance of  ® Lower capacity utilisation due to social distancing at production

® Designing production facilities that are safe but also
have higher productivity

safety facilities ® Production planning and scheduling that considers
® |ncreased need for safety-related products and materials safety objectives
® Rising importance of automation ® Supply chain decisions that consider limitation of
workforces
® Supply chain decisions that consider increasing involve-
ment of machines in production and logistics processes
® Designing product traceability to improve consumer
confidence
Digitalising the ® Restructured supply chain flows to adjust to digitalisation ® Optimised supply chain structural design that includes
supply chain ® | ast-mile delivery becomes more important digitalisation

® (losure or capacity descaling of physical stores

Localising the ® |ocal sourcing shortens supply chains and reduces global flows
supply chain ® Negative impacts on ports and sea transportation

decentralised

® Last-mile delivery that ensures safety

® Models to optimise capacity usage

® Factors that affect the success or failure of supply chain
digitalisation

® How digitalisation improves supply chain resilience?

® What are the challenges and opportunities of supply
chain digitalisation for small and medium enterprises?
Trade-off between local and global supply chains
Predicting global movement of goods

What is the current state of supply chain localisation?

L]
]
® Negative impacts on economies of scale as production bases are ® New outsourcing decision models
]
L]

What are the opportunities and challenges of supply
chain localisation in different industry sectors?

® What is the best supply chain design that can easily
switch the configuration depending on normal or dis-
ruptive situation

Rethinking the ® The need to quickly shift strategies depending on the situation ® How to design an agile buffering strategy

meaning of (e.g., from efficiency to agility or the vice versa) ® Supply chain network model that balances between cost
efficiency ® |ncreases in supply chain costs as the pressure for buffering rises and flexibility
® Empirical study to elicit perception of industry people on
this issue and the plan forward
® Decoupling point strategy that results in the best bal-
ance between efficiency and resilience
Vaccine ® Shift of production and logistics resources towards COVID-19 @ Distribution strategy that provides fast delivery to a large
production vaccine production and distribution number of locations
and ® |ncreasing need for reliable cold-chain facilities ® |nventory models for vaccine
distribution ® Different priority rules for vaccine deployment will impact the ® Priority management: What is the vaccine priority rule

effectiveness in reducing number of cases and the speed of

economic recovery

that could most effectively reduce the number of cases?

® Decision models on shifting logistical capacities to give
way to COVID-19 vaccine

® How to plan for supply chain operations with the shift in
demand

® Traceability to prevent vaccine counterfeiting
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