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Pandemics cause chaotic situations in supply chains (SC) around the globe, which can lead towards survivability
challenges. The ongoing COVID-19 pandemic is an unprecedented humanitarian crisis that has severely affected
global business dynamics. Similar vulnerabilities have been caused by other outbreaks in the past. In these terms,
prevention strategies against propagating disruptions require vigilant goal conceptualization and roadmaps. In this
respect, there is a need to explore supply chain operation management strategies to overcome the challenges that
emerge due to COVID-19-like situations.
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| 1. Introduction

Disruptions to business operations and global supply chains (SC) caused by disasters have led the practitioners
and researchers to focus on survivability, which is the most concerning topic these days [X. There have been
several threats, such as climate changes leading to natural disasters, man-made circumstances (in terms of
terrorism), and several other potential risks. Consequently, companies look for ways to survive in tough times and
sustain their positions after such events. A potential roadmap for ensuring both objectives is to transform their
operations and SC activities into transparent, agile, and reliable cyber—physical systems. Many industrial tycoons

have started the journey towards digitalization [,

Moreover, to survive during disasters, the focus on improving market-share, ecological consciousness, and
differentiation through technology leadership, along with a reliable and sustainable SC network requires a workable
framework. However, approaches such as being lean, green, and resilient, and ensuring sustainability are
established, and practiced supporting emerging market requirements. In terms of sustainability, if an SC gets
disturbed because of a disaster, the parallel node to the affected location is identified and connected to minimize
the disruptions in supplies and demands 2. Among different types of disasters categorized by the World Health
Organization (WHO), epidemic outbreaks have proven to be destructive to human lives as well as economies. The
manufacturing setups, which are considered the backbone of any country’s economy, often face full or partial
closure in such circumstances. The economic effects surpass territorial boundaries through a globally connected
network. At the micro-level, many industrial sectors experience absenteeism of the workforce because many are
affected or taking care of affected ones at their residences. This leads to a significant drop in operations and

production levels, and sustainable performance gets disturbed . The world has been challenged several times by

https://encyclopedia.pub/entry/8033 1/15



Supply Chain Management in Pandemics | Encyclopedia.pub

extraordinary pandemics, which left long-term effects on society, businesses, operations, and SCs 2. Among these
ripple effects, 20 to 50 million people died due to the Spanish Influenza outbreak in 1918-1919. Similarly, the Ebola
virus also had unmatched effects on all dimensions. These large-scale losses urged the upgrade of disease risk,
prevention, and outbreak management facilities, despite the unavailability of cures B, Notable outbreaks such as
SARS, MERS, AIDS, cholera, and malaria have affected society, as well as the economy, having accumulated

effects in the billions of US dollars 8. Moreover, a lot of waste and environment damages are caused every year
[9]

In recent years, the frequency and severity of these disasters have been becoming worse due to several factors.
World Health Organization 19 has categorized various types of disasters. The potential types which potentially lead
to epidemic outbreaks are classified in Figure 1. The emergencies’ consequence is pandemics, causing
unprecedented losses. All SCs, at a local and global level, get affected and face challenges in ensuring logistic and
manufacturing operations continuity 1. Therefore, it is important to address the diseases under a unanimous
framework in the current timeline. A few studies have reported that these epidemics are the consequence of
climate change and patterns 12, Businesses are already experiencing disasters. Recently, they have been hit by
the highly contagious, unprecedented, and infectious outbreak termed as COVID-19. It is a novel outbreak causing

disturbances to human lives and the circular economy 13,

Matural outbreaks
Disaster aftermath
Misoellaneous

Figure 1. Disaster classification which poses serious threats to global supply chains (SCs). (Source: authors).

| 2. Discussion on the Findings
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2.1. Categorization of Previous Epidemic/Disease Outbreaks and SC Implications

To get an understanding of the impacts of previous outbreaks, a rigorous literature review is summarized in Table
1

categorizing the available research on different epidemics’ effects on the performance of SCs. The content
analysis was carried out by focusing on the epidemic and objectives studied in those publications, the problem-

solving approaches, and the related implications recommended and proposed in those pandemic situations.

Table 1. Pandemics and the objectives to resolve their impacts on SC.

Problem-Solving

Ref Pandemic Objectives Approaches Developments/implications
Influenza » Resource » Qualitative analysis ¢ An integrated model for
allocation of yearly published suppliers and retailers was
during the reports, WHO recommended to make use
outbreak. announcements, of cutting-edge technology.
recommendations, Moreover, traceability

REEEEREEEEEEERE

0 deterministic

documents of

measures can improve

model. disease control logistics performance.
departments.
O logistics To combat the epidemic,
model

Brainstorming and

adequate involvement of

especially for devising a policymakers and
medical conceptual government officials is
resources. roadmap. required to develop logistics,

0 contractual

operations, and SC

Game theory capabilities.
model for and/or
vaccine optimization. Arigorous focus is retained
procurement on the coordination of
and Case study. influencers to combat
distribution vaccine shortfalls and to
under an Mathematical reduce social costs by
inefficient modelling/exact distributing them to several
system. method approach. partners.
* Investigations Sl L However, logistics activities
on heuristics and/or play a vital role in outbreak
transportation o0 control through necessary
infrastructure medication and preventive
d logisti Agent-based i .

and logistics ) ) essentials. Based on this, the
. simulations and/or

policies for
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Ref

Pandemic

Objectives

medicine
distribution.
Drug
distribution
model and
redistribution of
resources
during a

pandemic.

Epidemic
logistics model
to control the

disease.

Food
distribution

planning.

Optimization of
patient and
resource

allocation.

Vaccine
distribution to
selected groups
with a minimum
distance

coverage focus.

Logistics
challenges to
public health
care response
through
international

support.

Problem-Solving

Approaches
mixed-integer
linear
programming.
Non-linear

programming.

Simulation and/or

case study.

Secondary data

analysis.

Developments/implications

response to outbreak control
through international
coordination is possible.
The outbreak elimination is
also dependent on public
health care officials’
decisions to disseminate
vaccine through effective

network design.

To address the capacity
issues, voluntarily quarantine
helped industries such as
food industries, which were
running at half capacity.
Furthermore, the
proceedings to take control
of the outbreak dynamically
were carried out while taking
logistics factors and disease
propagation into account.
Management of dispersed
resources and logistics
infrastructure plays a vital
role in managing the

outbreak.
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Ref

Pandemic

Ebola

Objectives

Stating the
effects of the
disease on SC,
logistics,
vaccine
procurement,
distribution, and
related

challenges.

Food
distribution and
risk of
propagation of

disease.

Logistics
modelling for
resources
distribution to
control the
epidemic

outbreak.

Disease
promotion
through air-
travel and
defining the role
of aviation

infrastructure.

Configuring
treatment
places and

comparing

Problem-Solving

Approaches

» Mixed-integer

linear

programming/case

study.

e Secondary data

analysis

o Heuristics.

e Dynamic

programming

Developments/implications

Epidemic logistics model,
including dealing with the
constraints of treatment
centers such as geographical
variables, the changing
aspects of infected locations,
and the effect of resource

allocation.

Efficient developments in
passenger screening were
devised against limited
airport infrastructure to avoid
disease propagation. The
resource allocation approach
should depend on the
dynamic evaluation of the
complete system and
disease propagation status
backed through a strong

logistics control system.
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Ref

EERE

Pandemic

Cholera

Malaria

Objectives

strategies for

affected ones

Response to
the epidemic
outbreak.
control policies
and the
emergence of

health facilities

newly
developed
Haddon matrix

model

data-driven

model

model based on
the distance for
facility location
decisions in the
context of
humanitarian

response.

model based on
resource
constraints
such as
facilities
location, staff,

size and so on

Drug
distribution

strategy under

Problem-Solving

Approaches

Haddon matrix

Secondary data

analysis

Centralized
planner
model/network

congestion model

Mixed-integer

linear programming

Markov decision

approach

Developments/implications

Through a Haddon matrix, a
framework provides
comprehension on logistics
during multiple phases of a
disaster, such as pre-,
during, and post-event for
humanitarian purposes. The
focus was shifted towards
empowering medical staff as
a part of SC to make
resource allocation in
emergency stages more

effective.

Individual's behavior to make
logistics more effective is
important in humanitarian
SCs. The effective resource
allocation of limited SC
supplies and response to the
epidemic, multiple types of
resources, and their
consecutive demand should

be assessed.

Effective transportation
planning can reduce costs

and shortages in medicine
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Ref

3]
[37]
[38]
[39]

W W W
© |00 N

Pandemic

Smallpox

COVID-19

Objectives

strategic and

tactical aspects

Response to
the disaster
through SC
emergency for
large scale

vaccination

Investigation of
SC resilience
and robustness

strategies

Analysis of
intertwined SC
networks for
survivability: the
perspective of
digital SC

Prediction of

impacts ranging

Problem-Solving

Approaches

Operations
research/linear

programming

Simulation/case

study
Game theory

Secondary data
analysis based on
industrial
newsletters and,
health and

economic forums

Developments/implications

and vaccine procurement
and distribution.

Several challenges are
identified during
implementation phases, such
as inadequate
communication, fragile
implementation efforts and
engagement by government
and other authorities, and
poor infrastructure of

transportation (logistics).

The emergency network
design influences on disease
control and management in
socio-economical activities.
The research contributed to
outbreak propagation control
and resource distribution
model assisting in epidemic

control and management.

Unmatchable disruptions to
SCs are reported. Different
developments to accurately
predict the effects on various
SCs, ranging across several
time zones, to support the
performance and for

mitigation.

The disruption is pushing
industrial leaders to test
different resilience strategies

to combat the effects. For
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Problem-Solving

Ref Pandemic Objectives Approaches Developments/implications
from operations this, analysis of
disturbance to interconnected and resilient
economic networks also assures
activity. survivability and

sustainability in COVID-19-
like disruptions over a long-
term tenure.

“9 General epidemic « Development of Atrtificial The option contract model

[41] management/control . : .

[42] a model to intelligence was proposed to assist

[43] enhance algorithms such as suppliers through demand

E vaccine machine learning, optimization to reduce

[46] procurement genetic algorithms. procurement and social

(471 and reduce costs. A model to identify

8 associated Monte-Carlo infectious vehicles to support
social costs. simulation. logistics and SC, and to

avoid risky trips, was
« Vehicle trip SLEI developed. Whereas,
network Sl Al distance for optimized
structure

development

A multi-objective

logistics protocols remains a

challenge for effective

. stochastic )
concerning _ resource allocation.
programming
passenger
density. model. Emergency medicine
distribution and long periods
. Panel .
» Vaccine . . of delay also contribute to
distributi discussion/focus ) ) .
istribution increasing uncertainty.

model in high group.

constraints of

logistics.

Experts view on

Susceptible-
Infectious-
Recovered (SIR)

An effective way to resolve f
these issues is proposed Prod.
through an integrated model

employed in SCs to minimize

- model. ng th
efficient shortages, an adequate flow 9 t €
response to an of medicines and other onsib.

) i Secondary data
epidemic vsi resources in an integrated

tbreak anaysis ffecti
ou : .

manner. Moreover, effective ing and
identification of an infectious Eng
2SIl public system can help to '
model for SC

4. Rabenasolo, B.; Zeng, X. A Risk-Based Multi-criteria Decision Support System for Sustainable
Development in the Textile Supply Chain. In Handbook on Decision Making: Vol 2: Risk
Management in Decision Making; Lu, J., Jain, L.C., Zhang, G., Eds.; Intelligent Systems
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Problem-Solving

Ref Pandemic Objectives Approaches Developments/implications -642-
networks to modify resource distribution
address plans with disease P.N.;
fluctuations in propagation. re equal
demand during
the pandemic.

» Policies to \TISM

eradicate
effects of
pandemic under es
uncertain
conditions. JSS for

9. Perettl, U.; Tatham, P.; Wu, Y.; Sgarbossa, F. Reverse logistics In humanitarian operations:
Challenges and opportunities. J. Humanit. Logist. Supply Chain Manag. 2015, 5, 253-274.

13.2« Multiple/Gosrespongtenee Abalysismic impact and ripple effects of disease outbreaks.

Process Integr. Optim. Sustain. 2020, 4, 183-186.
To analyze and establish a conceptual map on the selected domains based on the dataset, multiple

1dorfepoRtese RindrrpQraic dafifei oo, @At BRYIEYE OHtitigak (& QVPah SR NE MRHE LRIV cing
corferRilable RVURRIHGac@wepiPd #3feDrHa % 2P-dimensional technique that constructs a graphical map of

15 1 SHIVUE, PHAC"A SEWRSHETIUL BB\ B I FSAR YISV Cafef WS {PEh ARV rR Altesedrtl?
refqgg@égﬁﬁpgs.iﬂﬁrgarfogaaﬂx;imérﬁgd_r%@@(’:ngt i§g_v4qygs used in the publications determines the size of the

circle and text, whereas the color represents different clusters. The keywords “sustainability”, “disasters”, “supply

3 a%‘és'”el?;?pl'?%hda% (GRIODEVIHE BuP NG R 5 a0y RRstNS s 4 Businese npideAvalabiggs in

parfl)c ar ar(eaCC osvveglgrno%t?eg%%redg gvzecr)g ‘displayed as emerging research areas in the SC field.

14. Queiroz, M.M.; Ivanoy, D.; Dolgui, A.; Wamba, S.F. Impacts of epidemic outbreaks on supply
chains: MERPIIHEE Fe%earch agenda amid the COVID-1¥ffandemic through a structured literature
review. Ann. Opey, 3es,,2020, 1-38. 1"' ---------- |

logistics

humanitafian :
15. de Oliveira, F.N.; Leiras, A.; Ceryno, P Envmon%ni?mfkemanagement In.supply chains: A

- — -"-'.-Ir'- ] B

taxonomy, a framework and future reseajich aveﬂues J @MH@G PP IRRPnrg 257 -1271.

I su ility | i v < T L - TR e S M e
16. Mishra, S.; Singh, S.P. A stoch %:st Atamn usta | rstice model i
ishra, ing stochastic disaster- r&id.he t'la d's lnabe reve;se.qlqgram;s. model in

l-l—-i-——

big data environment. Ann. @per Res 2020 =32/ L---;-;, .— - 5

=Len

17. Zarei, M.H.; Carrasco-%alieggra Ronchl S.To G’P&'?é‘i"Pastures AnActmnResearch Study on

el el Ead s |

39, 1193-1225. : LLM'"'--' | |

18. Ivanov, D. Revealing-interfaces-of 5upply chain resilience and sustainability: A simulation study.
Int. J. Prod. Res. 2018, 56¥3507-3523.
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16igkieL2, HonBépgla) Bdp Garstaiedbhecpudonrdiperioarddogistics foalgisaster resilient supply chain.
Ann. Oper. Res. 2019, 283, 309-354.

Moreover, “COVID-19”, “pandemic”, “recovery”, “natural disasters”, “humanitarian supply chain”, and “humanitarian
2|O. _Con,r,lellg, E.FF.; Lambert, J.H.: Thfekdl, S.A. Robust inyestments in h%ma itarian logisgics and .
ogistics” were also interesting topics for recent scenarios. As represented by the correspondence analysis,

._su gly chains for disaster resilience argfd s_ustainabf‘e communities, Nat, Haz%r s Rev. %016, 1
emergency services” recommends areas of effective and efficient resource allocation an ogistics planning. As a

con%gql}eSnt:L“Zésilience", “disasters”, and “decision making” indicated emerging themes of the research. In this
2esvarastudy, Gostaale)ily, Npadet tocassbsssupp g gimyrnchesilicaae  dnterdeaf sBetias Evge 2¢16e Gs
impadRth2gids, and were focused to gather the answers to the research questions from the scarce literature. Our
B RS RE T BT L PIoBTEmaTSat Wil MAR ARG RnG S Tovate® AV ANRhIE ST S¢S
Frotrgcléi g%egé,o% Egjl\t]iﬁlﬁecQO%)u.rrence analysis of the countries of authors affiliation was carried out. The
countries “France”, “Germany”, “United States”, “China”, “Iran”, and “India” contributed more to the research on the

ZhiRePatha: FrAVIRL18: dnderaingsdinaspRYBRS e MQikhs Factapkibeh BEIRIDEM AR IRNthe
arti@¥ailable online: (accessed on 28 July 2020).

24. Settanni, E. Those who do not move, do not notice their (supply) chains—Inconvenient lessons
tangda
from disruptions related to COVID-19. Ai Soc. 2020, 35, 1065-1071.

i
25. Liu, Y.; Lee, J.M.; Lee, C. The challeng'es and opportunities of a global health crisis: The
management and businc—i‘ss_i!npligatiorls of COVID-19 from an Asian perspective. Asian Bus.

1 = I
Manag. 203 277-20 e | > —=

I-——.p-., =

26. Ivanov, D.; Dolgui, A. A digital Isupplyghain twintolt“ 1anaping the disruption risks and resilience in

the era of Industry.4.0.\Prad. Plan. Control 2020, 1=14. _!
27. Shamsi G., N.; Ali Torahjnig kouri G., H. An-option contract for vaccine procurement using

the SIR epidemic moo:e'l;gr,y Oper. Res: 2018, 267, 1122-1140.

tukey ., :
28. Quayson, M.; Bai, C.; bgeit |V.-'Digital Inclusion for Resilient Post-COVID-19 Supply Chains:
Smallholder Farmer PﬁerQ'ﬁives'. IEEE Ent#Mylapag. Rev. 2020, 48, 104-110.

29. Dubey, R.; Gunasekaran, A.; Bryde, D.J.; Dwivedi, Y.K.; Papadopoulos, T. Blockchain technology
fdriguriech diudipw fbwastreoktalzortRit clititk rosilhiecetigthiandrbutngnttdrasemetysly esieainhsatting.
Int. J. Prod. Res. 2020, 58, 3381-3398.

J)%Foutu %tﬁ@@ﬁ@“@h M@ﬂ“&;&ting agility, resilience and sustainability perspectives

—Lessons from_and thinking beyond the COVID-19 pandemic. Ann. Oper. Res. 2020, 1-21.
3.1. Sustainability/Survivability Preparedness

31. Dolgui, A.; Ivanov, D.; Sokolov, B. Reconfigurable supply chain: The X-network. Int. J. Prod. Res.
To PO &S BR-drea®r reliability and survival during deeply uncertain environments, first a focus on the

3pre%aredness aspect (for survivabilityi:was h_ilghlggh_ted by our SLR on the effects of epidemic outbreaks on SCs.
2. han% F.; Wu, X:; T_angq, C.S./Feng, T.; Dai, Y. Evolution of Operations Management Research:
On the pa h of sus_tamablllty, ese key areas are hi _hllghted more dur|r|1\ﬂ content analyses, such as cost efficiency,
From Managing Flows to Building Capabilities. Prod. Oper. anag?..t 20207 29, 2219-2229.
il

agility, flexibility,” resource efficiency, environmental footprint, and reliability. Moreover, there are not only
3shpsaunitlds Modellinghiateroeheiibings arivemmszisiainante JaambksesUbty sysienh BRRehappisigmén!. dr

exadthl®.queuing theory, system dynamics, effective scheduling and forecasting, and knowledge-based systems
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arBedtanpipted KL Nhi6 oldic&ed hbatote ofidb malntiagsbnddopeplde sigdivensadioptipaaf sppraliyh to
impsoitajrablewsuipabyichain inmasatioitty tedpPeid: EEBALI0RM @Rk, 18ERion-based approaches are
U USffhod (OCVRRENGIATERY CEFRETS. BHER, A BIeTY o6 REEHCIRSRABER 5n Bishpstd’™”
CISISRISESS BerformanSLH 4 A B EdoRriy PRASHE (9ShdRniER IS Ao st e lpgpyons: and
performance capacities. In addition to this, consideration of SC ecosystems, viability analysis, intertwined network
ShdifalK, dhe hiViRsRakaT - 1diRYSR aRo REBUEPREINGJRCIRTISS WiktdRRBHIES MdheBRCHhRi doVAR-bfkas
oveﬁﬁbdﬁ@%ﬁh%@gﬁérﬁemgaéness include risk mitigation learning, pre-allocation of resources, emergency

SFSRAIA PlonI9 PRI RETE P iTIRRY AT RILAUBEY I MSMBYU RIS P (ORGRT dfiAG EermeN
andhglpeaaR /it RMCSS 1Ak LR INIAM RS YBLHARICagiss mentioned in Table 1.

3RadxRnary, Ruskamiig RN AR EGOY IR RARSGRVR) (R G BANIGRRE ERSILENSRIAE SRR
viabRiEof Ble Sy UMaD o s RRINMaRAERBAO ad I Aisliel and severe disruptions to SCs and how a circular

FORAAGEAD el [GUPUAIA AMRYCHP T EBRAGHEY SP G S IRUTESIRERh AHRE YhR SUIRRRA &pnditions, to
enseiRMRIE 8IS Yo IPARHS SR CalB IR AABS SR SHEA ARV ateG Dy MRRAS 1 SGulSRIERC NN SC
ecopyat&megpt@%’ityg,(gg@g obgatyral resources) or negative (cycle of emissions as a contributor to climate
change), and the interactions of SC stakeholders, such as society, organization was also considered. Similarly,

AorcRie S RINRLRE VAR5 D IRV S0 URS BRUGGS HIMSL GRS RS Bl OT S8 N bons and

orggﬁlllzda?ig]r%- Sas%&) megmgnlgedlel\éag'g%gnzaQ'd?SL}thgo%g %&hdemics or epidemic outbreaks causing SC disruptions

4at. spraingbiliy; levah grenegaivg, it apisnattenzitsrial dise R tienedetsivesrbilvationn agidewécthrough a
focdiifforsithe raverandostoestabdiliyéurperiidyfovibnishgsinc g fddgitaization. MspBperedesy2@00)ilg”,
“disy@pt@®. pattern recognition”, and “disruption identification” in highly interconnected digitally assisted SCs can
brinlg_ integrity through intertwined networks. This requires incorgoratirl%q all the stakeholder at all levels, such as

42. Einav, S7; Hick, J.L.; Hanfling, D.; ErstadTB.L.; Toner, E.S.; Branson, R.D.; Kanter, R.K.; Kissoon,
society, or%anlzatlons, system, and processes 33 "Moreover, humanitarian logistics and crises regarding SC

N.; Dichter, J.R.; Dévereaux, A.V. Sur%$ capacity IOM@]Care of the critically ill and injured

sustainability are also vital areas to explore further in the field .
during pandemics and disasters: CHEST consensus statement. Chest 2014, 146, e17S—e43S.

3.2 Rigitalindustiynd.MigilaneRntifying critical components of a public transit system for

outbreak control. Netw. Spat. Econ. 2017, 17, 1137-11509.
There is an urgent need to evaluate the current technological readiness level for industry 4.0 transformation to

At mlARombaNedv b toarkartuiteLagishtsh SoBStiTaINt iRAG BN BiRUE RIRIS, AR HY WB IR AKPreaditive
maFeRRANGR) VASEN3HOR RlehgcramBHt.BRiln ilathe 8 @RRABks, but in this epoch, these technologies
440408 AGNE NN B&GRIEY b BUSERSR oA GESILENGS SPtRfrSediiFadt foPVakEmOhAGCEPERBIf ALihgak's
effefe YIREBiGRMRE RYHEr Bilr. 9llewssr bk dd a8FPSSPER 9 B quirgyt technology level 84, ‘and lastly a

framework for developed, under-developed, and developing countries (as dynamics are different in every
A0 IRRIR MoS s LR CrrahliS AR oA L TNAN M MR MR SRR Ry RYst RS IS couic
plaf PLUBTUNIBE APROICH fovard AL IRt Rased RlosisReL FURRkARR IR NEMRrK ARSI AN bigital

marlilu ag lﬁﬂlnrb %QYV'\/'E)Or gn \(/avréttélh %lrgggé g (/(?egtilez g%t]rdnzf?)irgag'szuzri%%:gvvorkability during a crisis and the coordination

4. rabienMiSm Savkar, BnAemisisi-BB[EEtivRigimprovos’ 1o dokehinabididisaste Alaste nismagemendigital
mafyiacturngCunframdrkahly. coperayia fragar 284 204 8,re07 2up@88SCs. Whereas the overlap of this focus
with resilience and robustness of SCs was also identified by our SLR. The collaboration of “Industry
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480Kdghiizdidp’; wek, “MebllipMenbasBeddaiviensaticabiv twlets dtid dodoriiratiosiSystemsems of resource
corffigimeaioticeniariSupphagenaent Méansigenen A -tematic Literature Review. 2015. Available online:

(accessed on 24 February 2021).

3.3. Resilience/Robustness Readiness S
49. Queiroz, M.M.; Ivanov, D.; Dolgui, A.; Wamba, S.F. Impacts of epidemic outbreaks on supply

ThehaitFobleping lieseaich ageasatamispiifn GOMEDMSapansteritatRaslydhigh SrACtNS@ e tatipite
effd@Y¥i¥PaRicORRE &BRoRA2thrdfa8ng a great depression due to the COVID-19 pandemic EZE8IEA, This is

5! BRI, 35 R PP et BN g B AL S BRI S TSR B A RIS Bt S 58 AflonSadnd the
pos}séwgws mtcgllaplsteddtttecg)nmi@isg i%d@ggp_t@md).ropagatlon through networks. Though multiple aspects of

ripple effects have been simulated and studied in various dimensions they deserve to be explored more [4I561[65],

StndBHRE AIIRKARN R amPHAHIRROAINSEL SalRMRSHAANGAY ARRNEIBLL R IAGHY S AfRABIH e
ternfIS VIR IQRMG S8 Al RURRIRRNIR 5 R CRANR MOERLELNG BEUTILA! REFIRLS: foM R RASRETRRARY; as
meﬁﬁwegninl\“}ae@gi,zgﬂrg’égerjag%ﬁgﬂa%on management approaches have been used to address resource

53iloEaiein dARCIIPAR I AREINPR TRKekKONRGH AR XRE! T AIRIH RIS YUK FONRFIRILCS BLDRESIGHTIG @ dP
rig P ZaN g ki ShGi NP SRR M AEkRoRk RACKSI0ORPIatRISaAk GABRT S RIEr tiEANdEABthing
uneA@rﬁjnAdﬂqurﬁ@gurgotfg reeovesp ppagpis successful certain key roles need to be addressed, such as “risk

mitigation inventory’ redundant capacity” and ‘backup facilities and channels”. These are the significant areas
53 %abenaso %, Risk- d Multl -Criteria Deushon Sé‘é),ﬁ’ort System for Sustainable
which are nee ed to ma e SCs'robust, as we as resilient against such pan ic
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pen Questions and p . .
. . ntial Solution
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Research
How can optimized and novel
€ models help in responding to nted
Optimized and novel models for VOIS S(.:S ar?d S Robust optimization; |. Res.
: . S robust behavior with SC .
[72] sustainable operations in disturbed SCs Stochastic
. . . effects such as shortages, L
(73] during epidemic/disasters, for resource programming; Mixed-
o . . delays, and overhead costs? . .
74] allocation in a dynamic environment, and . integer linear )
€ . How new facilities can be o e:
75] for the development of sustainable SCs programming; Game
. . developed to cater to the .
and smart production systems in smart . . theory; Dynamic
" requirements of dynamic .
cities . : o capability
disruptive situations?
€ How smart cities can help to over
support epidemic epicenters?
€ How can the local and global ible
SCs plan to respond to
disasters at a local as well as
_ global scale in terms of I
/ [76] humanitarian relief? study.
(7] Optimized response to humanitarian How to. prepare a flexible SYSte”? dynam.lcs
78] _ humanitarian response, to Mixed-integer linear
i logistics (forward and reverse), supply . . ;
7 179 . . plan for an epidemic programming d
chains, and operations . ;
80] anywhere? Socio-technical systems
How parallel operations can
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( quick humanitarian relief ID-19.
response through digitally
supported SCs?
1 COVID-
48 Novel and severe disruptions to SCs and  What are the scenarios that System dynamics
(23] how a circular economy can help to lead to severe ripple effect Complexity theory
i [29] sustain production capacities and intensification? Do they cause  Agent-based simulation
/ , , . , oL oL , the face
of COVID-19: Can robots help? J. Manuf. Syst. 2020, in press.
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7 Open Questions and . . rative
Ref Literature Gap Opportunities for Future Pofntlal Sc;‘lutlon
Research pproaches 33, 22—
[47] manage insufficient supply and demand long-term unremitting bullwhip  Discrete event
z conditions effects? simulation
/ How can a circular and Informational processing jent
digitally supported economy theory

help to reduce global
- shortages and mitigate the

/ effects on production and “hains.
global supply?
7 How to restore and take atic
benefit from severely Agent-based simulation
53] impacted SCs in a societal Discrete event
4 2 geyere effects on the ecalogy of and organizational context? simulation - Ind.
BU  apidemic outbreaks in SCs Hovy can the focus on Knowledge-based
82] environmental sustainability systems
be intensified, such as carbon  Mixed-integer linear
emission reduction, pollution programming omput.
reduction etc.
How can disruptions to global
SCs sales affect short- and nges
[83] Drastic reduction in the sales of multiple long-term goals? System dynamics
[84] industrial business and global SCs, and How can resilience strategies ~ Discrete event
[85] coping with the shortages of medical help in this situation? simulation
[86] supplies; building resilient capabilities to How can immediate transition ~ Contingency theory .
repurpose operations during disruptions and repurposing of factories Digital twinning ly Chain
make it possible to meet
novel demands?
How to reduce dependence
[30] and build inhogse capapilitie: System dynamics
(87] Delocalization of manufacturing facilities for manufacturing ef_fectlvely. Discrete event
881 and reducing the dependence on others What are the potential effects simulation
[89] on economies because of Cantingency theary
relocating major
manufacturing facilities?
How blockchain technologies, = Complexity theory
(44] such as traceability through Reliability theory
(0] Blockchain as an aid to reduce disruption  visibility and security can help  Dynamic capabilities
(1] effects through effective information flow to reduce the shortages? Convex programming
(92] How can this help in quickly Mixed-integer linear
responding to the disruption? programming
[22] Artificial intelligence and additive How artificial intelligence can System dynamics
43] manufacturing to support SCs during help industries through digital Discrete event
(93] epidemic outbreaks manufacturing and other simulation
4] assistive technologies in the Organizational resilience
(r4] epoch of epidemics? Complexity theory
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LR CUT Potential Solution

Ref Literature Gap Opportl.;{n;tslgés‘rzohr Future Approaches
28] How can artificial intelligence Heuristics
(6] help in making responsive Machine/Deep learning-
7] models, and by providing an based models
(28] optimized strategy through
heuristics?

How to make an assessment
of technological readiness,
and roadmap the
transformation journey to
combat future disruptions?
How additive manufacturing
assistance with artificial
intelligence can repurpose
manufacturing demand
through digital as well as
social media data analytics?
How can additive
manufacturing contribute to
meet urgent demand, such as
surgical masks, protective
equipment, and so on?

Initially, the categorization of major epidemic outbreaks which disturbed SCs significantly was carried out. The
potential research objectives which were addressed are displayed in Table 1, and the possible solution
methodologies were extracted to make a roadmap for the journey of the COVID-19 pandemic. Therefore, different
SC survivability aspects were explored from previous practices in the context of pandemic disruptions, and making
resilience a goal for the whole SC network, system, organization, and process, as reported from Table 1. To make
SCs ready for future disruptions certain critical components of SCs were extracted, such as resilience and
robustness, sustainability and survivability, digitalization, and industry 4.0. All these components play a crucial role
during pandemics and are interrelated, such as in the aspects of readiness, vigilance, responsiveness, and

preparedness for effective recovery from the disruptions caused by epidemics.

Various governments have been establishing uncommon collaborative activities with manufacturing firms and
specific suppliers for the reconfiguration, adaption, and ramping-up of production to provide medical facilities to
ensure resilience and flexibility in systems [P9[L00]L0L]. thjg may partially be achieved through digitalization (100][101]
[102][103][104][105][106][107][108] N1oreover, numerous global societies need to tackle the mismatch between supply and
demand in distinct ways, providing social distancing and other cautionary measures [209] |4 addition to this, the use
of collaborative robots for reconfiguration of existing production setups can be foreseen to enhance the flexibility of
a system; for instance, adapting automotive industry for the production of ventilators B9104] Thjs could be a future
research and development direction to deal with pandemics and large-scale disasters 1109 An exponential growth

in research and development in this direction could be seen in the near future [109]
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