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Abstract

Businesses and governments are becoming increasingly concerned about the resilience of supply chains and calling for their
review and stress testing. In this conceptual essay, we theorize a human-centred ecosystem viability perspective that spans
the dimensions of resilience and sustainability and can be used as guidance for the conceptualization of supply chain resil-
ience analysis in the presence of long-term crises. Subsequently, we turn to the technological level and present the digital
supply chain twin as a contemporary instrument for stress testing supply chain resilience. We provide some implementation
guidelines and emphasize that although resilience assessment of individual supply chains is important and critical for firms,
viability analysis of intertwined supply networks and ecosystems represents a novel and impactful research perspective. One
of the major outcomes of this essay is the conceptualization of a human-centred ecosystem viability perspective on supply

chain resilience.

Keywords Supply chain - Resilience - Viability - COVID-19 pandemic - Stress-test - Ecosystem - Intertwined supply

network - Digital supply chain twin - Sustainability

1 Introduction

Increased interest in supply chain risks and resilience is usu-
ally born out of a crisis. The COVID-19 pandemic has been
a long-term supply chain crisis that has revealed a lack of
preparedness and insufficient recovery capabilities across
numerous industries and sectors. The supply chain and oper-
ations research community has responded to the pandemic
by creating a profound and strong research record concern-
ing supply chain resilience and management across differ-
ent pandemic stages. This research covers, for example, the
prediction of pandemic impacts (Ivanov 2020a; Singh et al.
2021; Paul and Chowdhury 2021; Queiroz et al. 2020), the
reaction of supply chain operations and performance during
the pandemic (Choi 2021; Ghadge et al. 2021; Ivanov 2021;
Nagurney et al. 2021), and post-pandemic recovery (Ivanov
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2021b). At the same time, businesses and governments have
recognized the urgent need to review the resilience of sup-
ply chains and stress test and enhance their resilience in the
future (Simchi-Levi and Simchi-Levi 2020; Barribal et al.
2021).

Both instantaneous disruptions (i.e., those triggered by some
single-point-failure interruptions in material flows such as
fires or tsunamis) and long-term crises such as pandemics,
financial or political crises, and wars existed long before
the term ‘supply chain’ was coined, and manufacturing and
logistic firms have always tried to find the best ways of man-
aging their operations in the presence of random, epistemic,
and deep uncertainties. The COVID-19 pandemic has been
the first long-term global supply chain crisis in the last decades
(Ghadge et al. 2013; Ivanov and Dolgui 2020; Pavlov et al.
2020; Queiroz et al. 2020). From 1980 to 2020, transforma-
tions of production from insourcing to outsourcing, from local
to global, and from redundant to lean have been observed, and
the paradigm of supply chain management has emerged and
rapidly grown. Across different stages of the COVID-19 pan-
demic, manufacturing and logistics have coped with market,
supply, and environmental uncertainties (Choi 2020; Gupta
et al. 2020; Ivanov and Das 2020; Aldrighetti et al. 2021; El
Baz and Ruel 2021; Sodhi et al. 2021; Yu et al. 2021).
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Recent research has posited the need for rethinking sup-
ply chain resilience from positions of viability, reconfigurable
supply chains, and socio-ecological and open system perspec-
tives — learning from and thinking beyond the COVID-19
pandemic (Dolgui et al. 2020b; Hosseini et al. 2020; Ivanov
2020b; Ivanov and Dolgui 2020b; Azadegan and Dooley
2021; Ruel et al. 2021; Wieland and Durach 2021). In this
conceptual essay, we contribute to this debate by theorizing a
human-centred ecosystem viability perspective that spans the
dimensions of resilience and sustainability and can provide
guidance for the conceptualization of supply chain resilience
analysis during massive, long-term crises. Subsequently, we
turn to the technological level and present the digital supply
chain twin as a contemporary instrument for stress testing
supply chain resilience. We provide some implementation
guidelines and stress that, while resilience assessment of
individual supply chains is important and critical for firms,
viability analysis of whole ecosystems represents a novel and
impactful research perspective for supply chain resilience.

This paper is organized as follows: In Sect. 2, we elabo-
rate on the degrees of order and chaos related to different
uncertainty levels. Section 3 presents the notions of viability,
ecosystems, and intertwined supply networks and presents our
conceptualization of a human-centred ecosystem viability per-
spective on supply chain resilience. In Sect. 4, we discuss the
ripple effect in supply chains during the pandemic. Section 5
elaborates on the design and application of digital supply
chain twins for stress testing the resilience of supply chains.
Section 6 offers some managerial implications. We conclude
with some summary remarks and a discussion of some open
research questions and future research directions in Sect. 7.

2 Uncertainty, order, and chaos

Disruption is considered a high-impact-low-frequency event
(Kaur and Singh 2021; Kinra et al. 2020). The appearance
and consequences of disruptions are difficult to anticipate
and predict (Altay et al. 2018; Demirel et al. 2018; Dubey
et al. 2019, 2021; Pavlov et al. 2019; Ivanov 2020; Sawik
2020; Gupta et al. 2021; Liicker et al. 2021). There are three
different types of uncertainty and associated disruptions
(Klibi et al. 2010; Ivanov 2021a). ‘Random disruptions’
belong to the category of known-known uncertainty — we
know that such events can happen, when they can happen,

Table 1 Uncertainty characteristics in supply chains

and how likely they are. For example, each summer, coun-
tries (and the associated suppliers) in Southeast Asia are hit
by typhoons. ‘Hazard disruptions’ are those about which
there is known-unknown uncertainty — we know that such
events can happen but we do not know when they will hap-
pen and what their impact will be. An example is the con-
tinuously existing danger of earthquakes in Japan, which is
known but hardly predictable. Finally, ‘deep disruptions’
typically exhibit unknown-unknown uncertainty — we do not
know what can happen, when, and what the consequences
could be (Paul and Venkateswaran 2020). The deep uncer-
tainty associated with deep disruptions represents the most
complex case for decision-making (Table 1).

Organization, design, and management principles for sup-
ply chains are different at different uncertainty levels. The
COVID-19 pandemic is one example of a scenario with this
deep uncertainty. Of course, pandemics have occurred in
the past and public health researchers have warned about
the dangers of pandemics for years. However, it does seem
true that the COVID-19 pandemic was less predictable than,
e.g., earthquakes in Japan in 2011. So, comparing these two
cases helps to illustrate the difference between the epistemic
and deep types of disruptions/uncertainty.

Random uncertainty (e.g., known-known scenarios such
as demand fluctuations) and epistemic uncertainty (e.g.,
known-unknown scenarios such as natural disasters) have
been extensively studied in supply chains (Kamalahmadi and
Parast 2017; Niu et al. 2019; Li et al. 2020; Shekarian et al.
2020). For example, bullwhip and ripple effects research has
been developed (Dolgui et al. 2020a; Ghadge et al. 2021).
But deep uncertainty (e.g., unknown-unknown scenarios
such as a pandemic) has received much less attention so far.

Deep uncertainty destabilizes a system and its manage-
ment and can result in supply chain chaos (Demirel et al.
2019). Different degrees of risk aversion and different under-
standings of order and chaos, as well as differing adaptabil-
ity in the speed of thinking and handling, are common when
comparing SC management across different uncertainty lev-
els (Fig. 1).

Relative stability in demand and supply in some supply
chains over decades led to the formation of a crisis-free man-
agement mentality, belief in having risks and uncertainty
under control, long-term planning, rigid and lean network
structures and planning paradigms — it was all turned upside
down during the COVID-19 pandemic. The pandemic

Uncertainty type Knowledge about uncertainty

Disruption examples

Disruption type Uncertainty analysis Specific effects

Random known-known

Epistemic / Hazard known-unknown

Deep unknown-unknown Pandemic

Demand fluctuations
Natural disasters

Event Stability Bullwhip effect
Event Resilience Ripple eftect
Crisis Viability Survivability
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Pre-Pandemic Supply
Chain Resilience
Management

Pandemic Supply Chain
Resilience Management

VS

“Fluid”, redundant
structures and processes
Continuous
preparedness for
disruptions and living in
anticipation of
disruptions

Adapt to ever-changing
environments
Situational reactions
Short-term planning
horizons

The only certainty is that
everything is uncertain

Lean structures
and processes
Long-term
planning

Risks and
uncertainty are
under control
Confidence in
the future
Belief in full
observability
and
controllability

Disruptions are
exceptional
events

Crisis as normal

Fig. 1 Supply chain resilience management: pre-pandemic vs. pan-
demic perspectives

challenged supply chain management by introducing a novel
and distinct context of order and chaos, controllable and
uncontrollable, rigid and fluid, fixed and adaptable, and cer-
tain and uncertain (Ivanov 2021b).

During the COVID-19 pandemic, the management men-
tality has been characterized by a sense of crisis. The need to
continuously prepare for disruptions, and living in anticipa-
tion of disruptions and continuous change instead of long-
term stability, have led to an ability to adapt becoming a
central supply chain management perspective. Adaptability
and survivability became a normal, rather than an excep-
tional, state (Ivanov and Dolgui 2020b).

Adaptability as a ‘new normal’, instead of stability and
long-term planning, became a deep challenge for firms
accustomed to well-organized supply chains, long-term plan-
ning, lean structures and processes, and a general confidence
in the future and belief in full observability and controllabil-
ity. Having previously considered disruptions as exceptional
events, those supply chains have experienced unprecedented
shocks during the long-term pandemic crisis. Because some
sentiments exist toward future developments in an increas-
ingly uncertain environment, some research hypothesizes
the need for rethinking and reinventing supply chain man-
agement to create reconfigurable, viable, and adaptive sup-
ply chains and intertwined supply networks (Ivanov 2020b;
Ivanov and Dolgui 2020b; Ruel et al. 2021; Wieland 2021;
Wieland and Durach 2021). A number of interesting and
novel questions arise:

— What is the role of adaptability in the resilience and via-
bility of supply chains, and how can inherent adaptability
be implemented while maintaining profitability?

— Should we change from a long-term planning paradigm
to a situational reaction paradigm, or can we control the
uncontrollable?

— Is planning under chaotic conditions helpful or counter-
productive?

Given the scope and scale of future severe threats, they
should no longer be considered exceptional events; instead,
they should be considered permanent elements of any deci-
sion-making environment. Given this, there is a call for the
research community to develop strategies, paradigms, and
modelling and optimization techniques that account for set-
tings containing deep uncertainty as a ‘normal’ condition.
Such research could guide firms in transforming their supply
chains and building adaptable, reconfigurable, resilient, and
viable value creation systems to reliably provide society and
markets with critical services and products on a long-term
scale. These transformations require thorough methodologi-
cal guidelines in order to support decision-making related to
long-term supply chain crises involving epistemic and deep
uncertainty about current and future developments. To this
end, there is also a call for management science research
community and further empirical studies to explore and
explain supply chain viability phenomena (Ruel et al. 2021).

3 Viability, ecosystems, and intertwined
supply networks

Resilience is a supply chain’s ability to bounce back once
disrupted (Blackhurst et al. 2011; Hosseini et al. 2019; Pettit
et al. 2019). Wieland and Durach (2021) note that this prin-
cipal possibility of returning to an ‘old’ normal state has
frequently been taken for granted. The pandemic context
is different. In many cases, adaptation to the ‘new normal’
was the only way to survive (Ivanov 2021). This novel con-
text has increased interest in supply chain resilience, and
moreover, in the viability of the whole ecosystem of inter-
twined supply networks (Ivanov and Dolgui 2020b; Ruel
et al. 2021).

Triggered by the COVID-19 pandemic, governments plan
to review resilience of most critical supply chains such as
semiconductors, high-capacity batteries, strategic materials
(for example, rare earth elements), and pharmaceuticals,
followed by agriculture, commerce, defence, energy, health
and human services, homeland security, and transportation
(Barribal et al. 2021). Resilience is also one of the central
perspectives of the EU’s ‘Recovery plan for Europe’ and the
associated NextGenerationEU program.

Identification of critical supply chains is a challenging
task. As noted on 23 March 2020 by Vincenzo Boccia, the
president of Confindustria in Italy (Agi 2020), it is very dif-
ficult to overcome the epidemic crisis and determine the
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most essential SCs to ensure survivability because ‘suppliers
in the automotive sector are at the same time producers of
valves for respirators’.

To derive a framework of critical ecosystems, we sug-
gest relying on the Classification of Individual Consumption
According to Purpose (COICOP) reference classification
developed by the United Nations. The COICOP is composed
of 15 categories of human needs which can be aggregated
in the following way:

Food and beverages

Clothing and footwear

Housing, water, electricity, gas, and other fuels
Furnishings, household equipment, and routine
household maintenance

Health

Transport

Information and communication

Recreation, sport, and culture

Education services

The COVID-19 pandemic impacts have been seen in supply
chains associated with each of these categories. Chowdhury
et al. (2020) and Singh et al. (2021) identify pandemic impacts
on food supply chains. Nagurney (2021) and Sodhi et al.
(2021) illustrate the impacts of the pandemic on the health-
care sector and the associated capacity and labour availability
challenges for supply chains. Loske (2020) and Choi (2020)
uncover transportation impacts of the pandemic.

The example of the COVID-19 pandemic shows that
in case of extraordinary events, supply chain resistance to
disruptions must be considered at the scale of survivability
or viability to avoid supply chain and market collapses and
to secure the provision of goods and services (Ruel et al.
2021). According to Ivanov and Dolgui (2020b), ‘viability
is a behavior-driven property of a system with structural
dynamics. It considers system evolution through disruption-
reaction balancing in the open system context. The viability
analysis is survival-oriented at a long-term scale’. Ivanov
(2020b) defines viability as an ‘ability of a supply chain
to maintain itself and survive in a changing environment
through a redesign of structures and replanning of perfor-
mance with long-term impacts’.

The viable supply chain model and its associated frame-
works were proposed by Ivanov (2020b) and comprise the
supply chain itself; the intertwined supply network (ISN),
which is an ‘entirety of interconnected supply chains which,
in their integrity secure the provision of society and mar-
kets with goods and services’ (Ivanov and Dolgui 2020b);
a digital supply chain, which represents a combination of
the physical SC; a cyber-physical system and a digital sup-
ply chain twin (Cavalcante et al. 2019; Panetto et al. 2019;
Ivanov and Dolgui 2020a; Frazzon et al. 2021); and a
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business ecosystem responsible for securing society’s needs
in line with natural, economic, and governance interests.

In this vein, the notion of a viable supply chain integrates
the angles of sustainability and resilience and extends them
to survivability. They have been seen in the literature as
crucial avenues for rethinking and reinventing supply chain
management after the pandemic (Brandenburg and Rebs
2015, Dube et al. 2015, Ivanov 2018, Pavlov et al. 2019,
Sarkis 2021). The viable supply chain framework can be of
value for decision-makers seeking to design supply chain
networks, processes, information, and financial systems that
can be profitable during positive times, resilient enough to
sustain and recover after disruptions, and sustainable dur-
ing times of long-term, global disruptions with societal and
economic shocks.

Viability is concerned with intertwined supply networks
‘that encapsulate entireties of interconnected supply chains,
which, in their integrity, secure the provision of society
and markets with goods and services’ (Ivanov and Dolgui
2020b). From the position of viability, the ISNs as a whole
provide services to society (e.g., food service, mobility ser-
vice, or communication service) that are required to ensure
society’s long-term survival. Analysis of survivability
at the level of the ISN requires consideration at the same
large scale as analysis of the resilience of individual sup-
ply chains. The example of the COVID-19 pandemic clearly
shows the necessity of this new perspective.

Ruel et al. (2021) elaborated in detail on commonalities
and differences between resilience and viability of supply
chains. In particular, they noted that “supply chain viability
can be viewed from an overarching adaptation perspective
that extends the supply chain resilience notion of a closed-
system, “bounce-back” view, with a viable, open supply
chain system perspective incorporating "bounce-forward-
and-adapt” options”. Moreover, Ivanov (2021a, Chapter 5)
provided a structured comparison of supply chain resil-
ience and viability concluding that viability is an extended
resilience perspective. A supply chain can be considered
viable if it is able to maintain an ecosystem balance (i.e.,
to achieve homeostasis) at different uncertainty exposure
levels. For example, in conditions of epistemic/hazard uncer-
tainty, resilience management is primarily concerned with
sustaining and recovering from the disruptions to fulfil the
demand. In conditions of deep uncertainty, viability manage-
ment focusses on survivability, which is intended to secure
the provision of products and services to fulfil the minimum
needs of the economy and society.

The principal ideas of the viable supply chain and ISN
are adaptable structural supply chain designs for situational
supply—demand allocations and, most importantly, the estab-
lishment and control of adaptive mechanisms for transitions
between the structural designs (Ivanov 2021a). The viable
supply chain model can help firms guide their decisions
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about the recovery and rebuilding of their supply chains after
global, long-term crises such as the COVID-19 pandemic.

We will now merge the three major topics discussed
above — the UN’s classification of major human needs, sup-
ply chain viability, and the ecosystem view and synthesize
the human-centred ecosystem viability perspective on supply
chain resilience (Fig. 2).

Under conditions of long-term uncertainty and lack of
resources (i.e., in a crisis), the overall success of the sys-
tem (i.e., the society) depends on the viability of its critical
ecosystems and the concentration of the system’s resources
on the development and resilience of its strongest elements.
Following the UN’s classification of major human needs,
we propose to consider eight major ecosystems, which
form a human-centred viability perspective of supply chain
resilience:

Agriculture
Communication
Energy and water
Education

Fig.2 Human-centred ecosys-
tem viability perspective on
supply chain resilience

Mobility
Ecosystem
Viability

Healthcare
Ecosystem
Viability

Textile and
Housing
Ecosystem
Viability

e Leisure, sport, and culture
e Mobility supply chain

e Textile and housing

e Healthcare

To ensure the viability of each ecosystem, society, and
economic development, first, the ISNs and associated supply
chains in each ecosystem should be identified and analysed.
Second, supply chain resilience should be stress tested and
enhanced. As such, the following four principles build the
agenda of viability:

e Identify major human needs

e Identify ISNs for these needs and the associated eco-
systems

e Identify supply chains within ISNs

e Test supply chain resilience

While resilience assessment of individual supply chains is
important and critical for firms, analysis of ecosystem viabil-
ity represents a novel and impactful research perspective. As

Agriculture
Ecosystem o
Viability y

§ 5 Communication
S Ecosystem
Viability

Energy and
Water Ecosystem
\ Viability

Chain
Resilience

Education
i Ecosystem
-~ ™ Viability
Leisure, Sport
and Culture -
Ecosystem o
Viability
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such, the human-centration perspective can be considered
twofold. On one hand, it is an additional ingredient, i.e. put-
ting the needs of humans as one of the central elements of
supply chain management practices that will guarantee the
viability of the supply chain in the face of a crisis. On the
other hand, the human-centration also aims to guarantee the
survival of humans when hit by a crisis.

4 The ripple effect in supply chains
during the COVID-19 pandemic

One specific stressor of supply chains during the pandemic
has been the ripple effect — the disruption propagation
through the network (Ivanov et al. 2014; Dolgui et al. 2018;
Li et al. 2021; Llaguno et al. 2021).

Ripple effects have occurred with greater frequency at
different pandemic stages (Fig. 3). Haren and Simchi-Levi
(2020) point to the ripple effects during the COVID-19 pan-
demic. The ripple effect then grew substantially, adversely
affecting almost all industries and services worldwide (Singh
et al. 2021; Ivanov 2021a, 2021; Ruel et al. 2021). Shead
et al. (2021) provide evidence of multiple ripple effects that
occurred in semiconductor supply chains during the pan-
demic. Ivanov (2021b) draws attention to some delayed
effects and aftershock risks in supply chains that ‘can result
in highly destabilized production—inventory dynamics and
decreased performance in the post-disruption period causing
product deficits in the markets and high inventory costs in
the supply chains’.

5 Stress testing supply chain resilience
using digital twins

With the help of anyLogistix supply chain simulation and
optimization software, a digital SC can be designed. Fig-
ure 4 shows the structure of a digital SC twin created for
disruption analysis using anyLogistix (Ivanov and Dolgui
2020a).

anyLogistix is a supply chain simulation and optimization
software. It is used for green- and brownfield analysis in
facility location planning, network optimization with asso-
ciated location-allocation planning of material flows, and
simulation of supply chain dynamics based on some inven-
tory, production, sourcing and transportation control poli-
cies. anyLogistix allows to represent the whole supply chain
network with customers, factories, warehouses and suppli-
ers and associated data about locations, demand, capacities,
inventory, flows, orders, lead times, CO2 emissions, etc.

The digital SC twin built in the anyLogistix encom-
passes three major perspectives — the network, the flows,
and the parameters. The supply chain network can be
designed using different location objects, such as custom-
ers, distribution centres (DCs), factories, and suppliers.
The flows in the network can be flexibly arranged to repre-
sent the specifics of different supply chains. The flows are
associated with some design (i.e., maximum) capacities in
production, warehouses, and transportation and controlled
by associated production, inventory, sourcing, and ship-
ment policies. These policies can be flexibly adapted to the

The ripple effect has been one of the strongest stressors on SC resilience during the COVID-19 pandemic

N

1 Predicting the impacts ofa :
‘/ pandemic on supply chains |\

| |
|

Analysing reaction of supply |
chains amid a pandemic

“Exiting a pandemic and post- |,
\
recovery control v

: 1

'
| ] l
! |

Early
Detection

\
.
)

Anticipation ‘

_____________________

From order to chaos

Production stops at
suppliers in January 2020
- Closing of ports in
February 2020 >
Production stops at OEMs
in March-April 2020

in Fall 2020 >

’ Containment

Deep uncertainty

Silicon production decrease

Semiconductor shortage in
December 2020 >
Production stops at OEMs
in January 2021 >

Control and
Mitigation

| Elimination

Delayed and inertia effects

Production capacity shutdown during
the pandemic in 2020 - Demand
increase during pandemic elimination
in 2021 - Product deficits and price
increases in the markets in 2021-2022

Fig. 3 Ripple effects during the COVID-19 pandemic (based on Ivanov 2021b and Ivanov and Dolgui 2021)
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\ Disruptions I

¢ Disruption events (deterministic or stochastic)
¢ Recovery time (deterministic or stochastic)

l

Demand ’

Deterministic or stochastic type
Quantity

Backlogging rules

Order intervals

Sales batches

|

’ Products

BOM (bill-of-materials)
Prices and costs
Product types

Product units

Optimization

Performance
Analysis

Digital Supply Chain Twin | ' Production

igital Supply Chain

[ owe ] snavis |

‘ Distribution centers

Locations and design capacity

Inventory control policy

Fixed, inventory holding, processing costs
Loading and unloading gates
Orderingrules, Processing time

Factory locations and design capacity
Production and inventory control
Manufacturing time

Fixed and variable costs

CO, emissions

¢ Paymentterms

Customers ’ ‘ Transportation Suppliers
¢ Locations ¢ Routes; Shipment costs; Shipment policies (LTL/FTL); Priority * Locations
* Expected lead time rules (FIFO, urgent, bulky first); Vehicle types and capacities ¢ Sourcingstrategy (single source, multiple

* Transportationtimes; CO, emissions

source with dynamicselection based on
costs, time, or quantity)

Fig. 4 Digital supply chain design for disruption analysis using anyLogistix

specifics of the SC and its management rules. Finally, dif-
ferent operational parameters, such as demand, lead time,
and control policies’ thresholds (e.g., reorder point, target
inventory, and minimum vehicle load), can be defined.
With that functionality, a digital model of a physical SC
(i.e., a digital SC) can be created and used for optimization
and simulations to analyse SC operations and performance
dynamics under disruptions.

Simulation models for stress testing of supply chain resil-
ience developed in the anyLogistix digital twin have been
presented in previous literature (Ivanov 2017; Dolgui et al.
2020a; Ivanov and Rozhkov 2020; Singh et al. 2021). The
resilience stress test models are based on observation of dis-
ruption impacts on supply chains, understanding the reasons
for operational and performance disruptions, and testing dif-
ferent strategies to enhance resilience. The models comprise
five control loops: demand, lead time, continuous inventory
control with a reorder point and a target stock setting, pro-
duction control, and transportation control.

Consider an example in line with Ivanov and Dolgui
(2020b): Fig. 5 illustrates three major areas of supply chain
disruption risk management that are covered in the proposed

digital twin — disruption identification, disruption modelling,
and disruption impact assessment.

Figure 5 shows the mapping of risk scenarios, the supply
chain design and flows, and the performance impact analy-
sis. During the stress testing process, disruption scenarios
are first built (Pavlov et al. 2019) and are then used for sup-
ply chain resilience analysis in simulation and optimization
models. The digital twin-based resilience analytics system
is used to search for bottlenecks that might affect supply
chain resilience. The simulation can subsequently be run
to observe the impact of disruptions on supply chain per-
formance. Moreover, some recovery policies, such as the
activation of alternative supply chain designs during the
disruption can be simulated.

In case of using external databases, disruption events
and supply chain parameters can be updated automatically
every time when the modelling process starts. As such, the
real-time digital supply chain twin can be created enhanced
by and contributing to end-to-end supply chain visibility
(Dubey et al. 2020; Zouari et al. 2021). Finally, resilience
analytics can be used as a data-driven learning system to use
past experiences to manage future disruptions, thus utilizing

@ Springer



482

D. Ivanov, A. Dolgui

Mapping risk data and supply
chain locations

Risk Data

Supply Chain Model

Simulation of disruption and
recovery impacts

Performance Analysis

Risk analysis, monitoring and alerts

Proactive resilient supply chain design and
reactive recovery planning

Performance impact analysis, selection of
stabilization and recovery policies

Fig. 5 Interrelations between risk data, modelling, and performance analysis (based on Ivanov and Dolgui 2020a)

cyber-physical, artificial intelligence, and machine learning
principles and technologies (Gunasekaran et al. 2016, Cav-
alcantea et al. 2019, Ivanov et al. 2019, Panetto et al. 2019,
Brintrup et al. 2020, Currie et al. 2020, Lohmer et al. 2020).

6 Managerial implications

From the practical management point of view, several
important questions such as complexity and performance
measures for stress testing supply chains and mechanisms to
create viable ecosystems need to be clarified. We elaborate
on these issues in this section. One major issue in stress test-
ing the whole supply chain network is its complexity. Stress
testing of the multi-tier, large-scale network requires high
degree of visibility into the network structure. Besides, such
an analysis is usually done at quite an aggregate level con-
sidering only network structures without parametrized flows
and production-inventory control policies. The attempts to
detail production-inventory control policies frequently lead
to the situation when we can stress test only some frag-
ments of real networks. As such, a balance between network

Fig. 6 Triggers of supply chain
structural dynamics

Sustainable Developments
Pandemic Control Measures

complexity and granularity of the operational level need to
be considered (Zhao et al. 2019; Li et al. 2021). The impor-
tance of this balancing grows when we go beyond supply
chain resilience and focus on the ecosystem viability.

Another important aspect in stress testing supply net-
works and ecosystem viability is performance measure-
ment. While supply chain resilience measures have been
established, there is an acute need to create a performance
management system related to viability of intertwined sup-
ply networks and ecosystem viability (Ivanov 2021a; Ruel
et al. 2021). Viability assessment is closely related to the
mechanisms of designing the intertwined supply networks
and business ecosystems. The key role in these areas is
played by digital twins and end-to-end visibility in order to
facilitate data-driven modeling and analysis.

Finally, the COVID-19 pandemic as the most severe
stress to modern value creation systems to date is only one
of the macro challenges that supply chain networks are cur-
rently coping with — and ignoring at times (Fig. 6).

The simultaneous existence of different disruptive stress-
ors — both of a positive nature (e.g., governmental initiatives
supporting sustainable manufacturing, and business-driven

Climate Change
Epidemics / Pandemics
Natural Disasters

Digital Technology
Platform Economy

Financial Crises
Digital Platforms
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digital technology and data analytics developments) and of a
negative nature (e.g., nature-related stressors such as natural
catastrophes, epidemics/pandemics, and climate change and
market disruptions such financial crises) — raises a number
of concerns including the following:

— What is the optimal design of a supply chain network — the
most efficient, the most resilient, the most sustainable, or
the most adaptable one?

— Is it possible to adapt lean and static supply chains?

— How can supply chains be designed to be both adaptable
and efficient?

— How can we design and manage global supply chain net-
works given the situational availability of some regions
for production/logistics activities because of quarantines
or climate change-driven severe and long natural disas-
ters?

— How can digital technology and data analytics be utilized
to enhance supply chain resilience and viability?

— What is the role of adaptability in the resilience and via-
bility of value creation systems, and how can inherent
adaptability be implemented while maintaining profit-
ability?

— Should we change from a long-term planning paradigm
to a situational reaction paradigm, or can we control the
uncontrollable?

— Is planning under chaotic conditions helpful or counter-
productive?

— Just-in-time or just-in-case?

— How can we prepare supply chains to operate under deep
uncertainty, and how can we deploy contingency plans
in the presence of disruptions and their unpredictable
scaling?

— Is ecosystem viability a sum of supply chain resiliencies,
and what is the role of intertwined network effects?

These and other managerial implications can be
encountered during the transition to the viability manage-
ment paradigm and require both practical and theoretical
consideration.

7 Concluding remarks, open research
questions, and future opportunities

In this conceptual essay, we have theorized a human-centred
ecosystem viability perspective building on the resilience
of individual supply chains and extending it through inter-
twined supply networks toward viable ecosystems. The con-
ceptualization we have provided can be used to understand
the needs and develop measures to enhance supply chain
resilience in the context of not only single-point-failure

events but also massive, long-term crises. On the technologi-
cal implementation level, we discussed how digital supply
chain twins can be used for stress testing supply chain resil-
ience. In sum, one of the major outcomes of this essay is the
conceptualization of a human-centred ecosystem viability
perspective on supply chain resilience.

We have emphasized that, while resilience assessment
of individual supply chains is important and critical for
firms, viability analysis of ecosystems represents a novel
and impactful research perspective for supply chain resil-
ience. This raises a set of new and open questions for future
research in light of the stress testing of supply chain resil-
ience and the viability of ecosystems induced by novel
decision-making settings in supply chains in the wake of
the COVID-19 pandemic. The context and scope of these
settings differ across industries and services but share a set
of common attributes such as a crisis-like environment with
deep uncertainty about the short- and long-term future and
resource shortages and adaptability as a ‘new normal’ in
place of stability and long-term planning. The creation of
not only efficient and resilient but also viable value creation
systems capable of production continuity and meeting the
fundamental needs of society in the presence of long-term
crises is imperative.

With regard to technology, the use of digital supply chain
twins and the proactive application of resilience analytics
to model supply chain reactions to disruptions and associ-
ated recovery policies will increase the probability of soci-
ety’s survival through long-term crises like the COVID-19
pandemic.

Given the scope and scale of severe threats, we should
not consider them exceptional events anymore but instead
should see them as permanent elements of any decision-
making environment. As a result, there is a call for the
research community to develop underlying theories, man-
agement principles, and modelling and optimization tech-
niques to account for such settings and guide firms in build-
ing adaptable, reconfigurable, resilient, and viable value
creation systems and human-centred ecosystems. These and
other related questions entail a number of interesting and
novel contexts.

To summarize, throughout the COVID-19 pandemic, sup-
ply chain resilience and viability have been driven to the
forefront of research and practical analysis, entailing numer-
ous novel decision-making settings that go beyond state-of-
the-art research related to single-point-failure, instantane-
ous disruptions. Thus, there is an acute need to develop a
new body of research — specifically, resilience analytics that
could support decision-making related to long-term supply
chain crises in the presence of deep and epistemic uncer-
tainty about current and future developments.

From these research domains, we can expect novel and
innovative contributions with high practical relevance that
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are induced by an industrial and healthcare context. The
fields of modelling and optimization under deep uncertainty,
network theory, game theory, complex adaptive systems,
control theory, digital technology, and data-driven analytics
have much to contribute to supply chain resilience develop-
ment. Organizational theory could be applied to explaining
the theorized human-centred ecosystem viability. The next
step is innovative and high-quality research related to the
modelling and optimization of value creation systems in
anticipation of and during long-term crises characterized by
inherent epistemic and deep uncertainty. Most centrally, the
studies that explicitly incorporate the specifics of epistemic
and deep uncertainty — and go beyond resilience to singular-
event disruptions of some known probability and random
uncertainties — will shape the next few years of supply chain
resilience research.

Funding Open Access funding enabled and organized by Projekt
DEAL.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Agi (2020) L’ economia di guerra ci costa 100 miliardi al mese, dice Boccia.
https://www.agi.it/economia/news/2020-03-23/coronavirus-boccia-
costo-economia-di-guerra-7773008/. Accessed 25 Mar 2020

Aldrighetti R, Battini D, Ivanov D, Zennaro I (2021) Costs of resilience
and disruptions in supply chain network design models: a review
and future research directions. Int J Prod Econ 235:108103

Altay N, Gunasekaran A, Dubey R, Childe SJ (2018) Agility and
Resilience as antecedents of Supply Chain Performance under
moderating effects of Organizational Culture within Humani-
tarian Setting: A Dynamic Capability View. Prod Plan Control
29(14):1158-1174

Azadegan A, Dooley K (2021) A typology of supply network resilience
strategies: complex collaborations in a complex world. J Supply
Chain Manag. https://doi.org/10.1111/jscm.12256

Barribal E, Malik Y, Mueller C, Swan D (2021). Effectively imple-
menting President Biden’s supply-chain review. https://www.
mckinsey.com/industries/public-and-social-sector/our-insights/
effectively-implementing-president-bidens-supply-chain-review?
cid=other-eml-dre-mip-mck&hlkid=dc1f8697778743289947
cac77a65608d&hctky=1580486&hdpid=2d801c03-9a8a-46a3-
8b49-aadc8047380a. Accessed 18 Mar 2021

Blackhurst J, Dunn J, Craighead C (2011) An empirically derived
framework of global supply resiliency. ] Bus Logist 32(4):347-391

@ Springer

Brandenburg M, Rebs T (2015) Sustainable supply chain management:
A modeling perspective. Ann Oper Res 229:213-252

Brintrup A, Pak J, Ratiney D, Pearce T, Wichmann P, Woodall P,
McFarlane D (2020) Supply chain data analytics for predicting
supplier disruptions: a case study in complex asset manufacturing.
Int J Prod Res 58(11):3330-3341

Cavalcante IM, Frazzon EM, Forcellinia FA, Ivanov D (2019) A
supervised machine learning approach to data-driven simulation
of resilient supplier selection in digital manufacturing. Int J Inf
Manage 49:86-97

Choi T-M (2020) Risk analysis in logistics systems: A research agenda
during and after the COVID-19 pandemic. Transp Res E Logist
Transp 140:101961

Choi T-M (2021) Fighting Against COVID-19: What Operations
Research Can Help and the Sense-and-Respond Framework. Ann
Oper Res. https://doi.org/10.1007/s10479-021-03973-w

Chowdhury MT, Sarkar A, Paul SK, Moktadir MA (2020) A case
study on strategies to deal with the impacts of COVID-19 pan-
demic in the food and beverage industry. Operations Management
Research, forthcoming

Currie CSM, Fowler JW, Kotiadis K, Monks T, Onggo BS, Robertson
DA, Tako AA (2020) How simulation modelling can help reduce
the impact of COVID-19.J Sim 1-15.14(2), 83-97

Demirel G, MacCarthy BL, Ritterskamp D, Champneys A, Gross T
(2019) Identifying dynamical instabilities in supply networks
using generalized modeling. J Oper Manag 65(2):133-159

Demirel S, Kapuscinski R, Yu M (2018) Strategic behavior of suppliers
in the face of production disruptions. Manage Sci 64(2):533-551

Dolgui A, Ivanov D, Rozhkov M (2020a) Does the ripple effect influ-
ence the bullwhip effect? An integrated analysis of structural
and operational dynamics in the supply chain". Int J Prod Res
58(5):1285-1301

Dolgui A, Ivanov D, Sokolov B (2018) Ripple effect in the sup-
ply chain: an analysis and recent literature. Int J Prod Res
56(1-2):414-430

Dolgui A, Ivanov D, Sokolov B (2020b) Reconfigurable supply chain:
The X-Network. Int J Prod Res 58(13):4138-4163

Dubey R, Gunasekaran A, Childe SJ, Wamba SF, Roubaud D, Foropon
C (2021) Empirical Investigation of Data Analytics Capability
and Organizational Flexibility as Complements to Supply Chain
Resilience. Int J Prod Res 59(1):110-128

Dubey R, Gunasekaran A, Childe SJ, Papadopoulos T, Luo Z, Roubaud
D (2020) Upstream supply chain visibility and complexity effect
on focal company’s sustainable performance: Indian manufactur-
ers’ perspective. Ann Oper Res 290(1):343-367

Dubey R, Gunasekaran A, Childe SJ (2015) The design of a respon-
sive sustainable supply chain network under uncertainty. The
International Journal of Advanced Manufacturing Technology
80:427-445

Dubey R, Gunasekaran A, Childe SJ, Papadopoulos T, Blome C, Luo
ZW (2019) Antecedents of resilient supply chains: an empirical
study. IEEE Trans Eng Manage 66(1):8-19

El Baz J, Ruel S (2021) Can supply chain risk management practices
mitigate the disruption impacts on supply chains’ resilience and
robustness? Evidence from an empirical survey in a COVID-19
outbreak era. Int J Prod Econ 233:107972

Frazzon EM, Freitag M, Ivanov D (2021) Intelligent Methods and Sys-
tems for Decision-Making Support: Toward Digital Supply Chain
Twins. Int J Inf Manage 57:102281

Ghadge A, Dani S, Chester M, Kalawsky R (2013) A systems think-
ing approach for modelling supply chain risk propagation. Supply
Chain Management: an International Journal 18(5):523-538

Ghadge A, Er Kara M, Ivanov D, Chaudhuri A (2021) Visualisation
of ripple effect in supply chains under long-term, simultane-
ous disruptions: A System Dynamics approach. Int J Prod Res,
forthcoming


http://creativecommons.org/licenses/by/4.0/
https://www.agi.it/economia/news/2020-03-23/coronavirus-boccia-costo-economia-di-guerra-7773008/.
https://www.agi.it/economia/news/2020-03-23/coronavirus-boccia-costo-economia-di-guerra-7773008/.
https://doi.org/10.1111/jscm.12256
https://www.mckinsey.com/industries/public-and-social-sector/our-insights/effectively-implementing-president-bidens-supply-chain-review?cid=other-eml-dre-mip-mck&hlkid=dc1f8697778743289947cac77a65608d&hctky=1580486&hdpid=2d801c03-9a8a-46a3-8b49-aadc8047380a
https://www.mckinsey.com/industries/public-and-social-sector/our-insights/effectively-implementing-president-bidens-supply-chain-review?cid=other-eml-dre-mip-mck&hlkid=dc1f8697778743289947cac77a65608d&hctky=1580486&hdpid=2d801c03-9a8a-46a3-8b49-aadc8047380a
https://www.mckinsey.com/industries/public-and-social-sector/our-insights/effectively-implementing-president-bidens-supply-chain-review?cid=other-eml-dre-mip-mck&hlkid=dc1f8697778743289947cac77a65608d&hctky=1580486&hdpid=2d801c03-9a8a-46a3-8b49-aadc8047380a
https://www.mckinsey.com/industries/public-and-social-sector/our-insights/effectively-implementing-president-bidens-supply-chain-review?cid=other-eml-dre-mip-mck&hlkid=dc1f8697778743289947cac77a65608d&hctky=1580486&hdpid=2d801c03-9a8a-46a3-8b49-aadc8047380a
https://www.mckinsey.com/industries/public-and-social-sector/our-insights/effectively-implementing-president-bidens-supply-chain-review?cid=other-eml-dre-mip-mck&hlkid=dc1f8697778743289947cac77a65608d&hctky=1580486&hdpid=2d801c03-9a8a-46a3-8b49-aadc8047380a
https://www.mckinsey.com/industries/public-and-social-sector/our-insights/effectively-implementing-president-bidens-supply-chain-review?cid=other-eml-dre-mip-mck&hlkid=dc1f8697778743289947cac77a65608d&hctky=1580486&hdpid=2d801c03-9a8a-46a3-8b49-aadc8047380a
https://doi.org/10.1007/s10479-021-03973-w

Stress testing supply chains and creating viable ecosystems

485

Gunasekaran A, Tiwari MK, Dubey R, Wamba SF (2016) Big data
and predictive analytics applications in supply chain management.
Comput Ind Eng 101:525-527

Gupta S, Starr MK, Zanjirani Farahani R, Asgari N (2020) Pandemics/
epidemics: challenges and opportunities for operations manage-
ment research Manufacturing and Service Operations Manage-
ment, forthcoming

Gupta V, Ivanov D, Choi T-M (2021) Competitive pricing of substitute
products under supply disruption. Omega 101:102279

Haren P, Simchi-Levi D (2020) How Coronavirus Could Impact the
Global Supply Chain by Mid-March. Harward Business Review,
February 28, 2020, https://hbr.org/2020/02/how-coronavirus-
could-impact-the-global-supply-chain-by-mid-march?ab=hero-
subleft-1. Accessed 10 Mar 2020

Hosseini S, Ivanov D, Blackhurst J (2020) Conceptualization and meas-
urement of supply chain resilience in an open-system context.
IEEE Trans Eng Manage. https://doi.org/10.1109/TEM.2020.
3026465

Hosseini S, Ivanov D, Dolgui A (2019) Review of quantitative methods
for supply chain resilience analysis. Transp Res E Logist Transp
125:285-307

Ivanov D (2017) Simulation-based single vs dual sourcing analysis
in the supply chain with consideration of capacity disruptions,
Big Data and demand patterns. Int J Integrated Supply Manage-
ment 11(1):24-43

Ivanov D (2018) Revealing interfaces of supply chain resil-
ience and sustainability: a simulation study. Int J Prod Res
56(10):3507-3523

Ivanov D (2020a) “A blessing in disguise” or “as if it wasn’t hard
enough already”: Reciprocal and aggravate vulnerabilities in the
supply chain. Int J Prod Res. https://doi.org/10.1080/00207543.
2019.1634850

Ivanov D (2020b) Viable Supply Chain Model: Integrating agil-
ity, resilience and sustainability perspectives — lessons from
and thinking beyond the COVID-19 pandemic. Ann Oper Res.
https://doi.org/10.1007/s10479-020-03640-6

Ivanov D. (2021a) Introduction to Supply Chain Resilience. Springer
Nature, Cham, ISBN 978-3-030-70490-2

Ivanov D (2021) Exiting the COVID-19 Pandemic: After-Shock
Risks and Avoidance of Disruption Tails in Supply Chains. Ann
Oper Res. https://doi.org/10.1007/s10479-021-04047-7

Ivanov D (2021) Supply Chain Viability and the COVID-19 Pan-
demic: A Conceptual and Formal Generalisation of Four Major
Adaptation Strategies. Int J Prod Res. https://doi.org/10.1080/
00207543.2021.1890852

Ivanov D (2020) Predicting the impacts of epidemic outbreaks on
global supply chains: A simulation-based analysis on the coro-
navirus outbreak (COVID-19/SARS-CoV-2) case". Transp Res
E Logist Transp 136:101922

Ivanov D, Dolgui A. (2020a) A digital supply chain twin for managing
the disruption risks and resilience in the era of Industry 4.0. Prod
Plan Contr 1-14. https://doi.org/10.1080/09537287.2020.1768450

Ivanov D, Dolgui A (2020) Viability of intertwined supply networks:
Extending the sup-ply chain resilience angles towards survivabil-
ity: A position paper motivated by COVID-19 outbreak. Int J Prod
Res 58(10):2904-2915

Ivanov D, Dolgui A (2021) OR-methods for coping with the ripple
effect in supply chains during COVID-19 pandemic: Managerial
insights and research implications. Int J Prod Econ 232:107921

Ivanov D, Rozhkov M (2020) Coordination of production and ordering
policies under capacity disruption and product write-off risk: An
analytical study with real-data based simulations of a fast mov-
ing consumer goods company. Ann Oper Res 291(1-2):387—407

Ivanov D, Das A (2020) Coronavirus (COVID-19/SARS-CoV-2) and
supply chain resilience: A research note. Int J Integrated Supply
Management 13(1):90-102

Ivanov D, Dolgui A, Sokolov B (2019) The impact of digital technol-
ogy and Industry 4.0 on the ripple effect and supply chain risk
analytics. Int J Prod Res 57(3),:829-846

Ivanov D, Sokolov B, Dolgui A (2014) The Ripple Effect in Supply
Chains: Trade-off ‘Efficiency-Flexibility-Resilience’ in Disruption
Management. Int J Prod Res 52(7):2154-2172

Kamalahmadi M, Parast MM (2017) An assessment of supply chain
disruption mitigation strategies. Int J Prod Econ 184:210-230

Kaur H, Singh SP (2021) Multi-stage hybrid model for supplier selec-
tion and order allocation considering disruption risks and disrup-
tive technologies. Int J Prod Econ 231:107830

Kinra A, Ivanov D, Das A, Dolgui A (2020) Ripple effect quantifi-
cation by supplier risk exposure assessment. Int J Prod Res
58(18):5559-5578

Klibi W, Martel A, Guitouni A (2010) The design of robust value-
creating supply chain networks: a critical review. Eur J Oper Res
203(2):283-293

LiY, Zobel CW, Seref O, Chatfield D (2020) Network characteristics
and supply chain resilience under conditions of risk propagation.
Int J Prod Econ 223:107529

Li Y, Chen K, Collignon S, Ivanov D (2021) Ripple effect in the
supply chain network: Forward and backward disruption propa-
gation, network health and firm vulnerability. Eur J Oper Res
291(3):1117-1131

Llaguno A, Mula J, Campuzano-Bolarin F (2021) State of the art,
conceptual framework and simulation analysis of the ripple
effect on supply chains. Int J Prod Res 1-23. https://doi.org/10.
1080/00207543.2021.1877842

Lohmer J, Bugert N, Lasch R (2020) Analysis of Resilience Strat-
egies and Ripple Effect in Blockchain-Coordinated Supply
Chains: An Agent-based Simulation Study. Int J Prod Econ
228:107882

Loske D (2020) The impact of COVID-19 on transport volume and
freight capacity dynamics: An empirical analysis in German
food retail logistics. Transp Res Interdiscip Perspect 6:100165

Liicker F, Chopra S, Seifert RW (2021) Mitigating product short-
age due to disruptions in multi-stage supply chains. Prod Oper
Manag. https://doi.org/10.1111/poms.13286

Nagurney A (2021) Supply Chain Game Theory Network Modeling
Under Labor Constraints: Applications to the Covid-19 Pan-
demic. Eur J Oper Res. https://doi.org/10.1016/j.ejor.2020.12.
054

Niu B, Li J, Zhang J, Cheng HK, Tan Y (2019) Strategic analysis of
dual sourcing and dual channel with an unreliable alternative sup-
plier. Prod Oper Manag 28(3):570-587

Paul S, Venkateswaran J (2020) Designing robust policies under
deep uncertainty for mitigating epidemics. Comput Ind Eng
140:106221

Panetto H, Iung B, Ivanov D, Weichhart G, Wang X (2019) Challenges
for the cyber-physical manufacturing enterprises of the future.
Annu Rev Control 47:200-213

Paul SK, Chowdhury P (2021) A production recovery plan in manufac-
turing supply chains for a high-demand item during COVID-19.
Int J Phys Distrib Logist Manag 51(2):104-125

Pavlov A, Ivanov D, Pavlov D, Slinko A (2019) Optimization of net-
work redundancy and contingency planning in sustainable and
resilient supply chain resource management under conditions
of structural dynamics. Ann Oper Res. https://doi.org/10.1007/
$10479-019-03182-6

Pavlov A, Ivanov D, Werner F, Dolgui A, Sokolov B (2020) Integrated
detection of disruption scenarios, the ripple effect dispersal and
recovery paths in supply chains. Ann Oper Res. https://doi.org/
10.1007/s10479-019-03454-1

Pettit TJ, Croxton KL, Fiksel J (2019) The Evolution of Resilience in
Supply Chain Management: A Retrospective on Ensuring Supply
Chain Resilience. J Bus Logist 40(1):56-65

@ Springer


https://hbr.org/2020/02/how-coronavirus-could-impact-the-global-supply-chain-by-mid-march?ab=hero-subleft-1
https://hbr.org/2020/02/how-coronavirus-could-impact-the-global-supply-chain-by-mid-march?ab=hero-subleft-1
https://hbr.org/2020/02/how-coronavirus-could-impact-the-global-supply-chain-by-mid-march?ab=hero-subleft-1
https://doi.org/10.1109/TEM.2020.3026465
https://doi.org/10.1109/TEM.2020.3026465
https://doi.org/10.1080/00207543.2019.1634850
https://doi.org/10.1080/00207543.2019.1634850
https://doi.org/10.1007/s10479-020-03640-6
https://doi.org/10.1007/s10479-021-04047-7
https://doi.org/10.1080/00207543.2021.1890852
https://doi.org/10.1080/00207543.2021.1890852
https://doi.org/10.1080/09537287.2020.1768450
https://doi.org/10.1080/00207543.2021.1877842
https://doi.org/10.1080/00207543.2021.1877842
https://doi.org/10.1111/poms.13286
https://doi.org/10.1016/j.ejor.2020.12.054
https://doi.org/10.1016/j.ejor.2020.12.054
https://doi.org/10.1007/s10479-019-03182-6
https://doi.org/10.1007/s10479-019-03182-6
https://doi.org/10.1007/s10479-019-03454-1
https://doi.org/10.1007/s10479-019-03454-1

486

D. Ivanov, A. Dolgui

Queiroz MM, Ivanov D, Dolgui A, FossoWamba S (2020) Impacts
of Epidemic Outbreaks on Supply Chains: Mapping a Research
Agenda Amid the COVID-19 Pandemic through a Structured
Literature Review. Ann Oper Res. https://doi.org/10.1007/
$10479-020-03685-7

Ruel S, El Baz J, Ivanov D, Das A (2021) Supply Chain Viability:
Conceptualization, Measurement, and Nomological Validation.
Ann Oper Res. https://doi.org/10.1007/s10479-021-03974-9

Sarkis J (2021) Supply chain sustainability: learning from the COVID-
19 pandemic. Int J Operations & Prod Management, forthcoming

Sawik T (2020) Supply chain disruption management. Springer, New
York

Shead S (2021) Carmakers have been hit hard by a global chip short-
age — here’s why. https://www.cnbc.com/2021/02/08/carmakers-
have-been-hit-hard-by-a-global-chip-shortage-heres-why-.html.
Accessed 05 March 2021

Shekarian M, Reza Nooraie SV, Parast MM (2020) An examination
of the impact of flexibility and agility on mitigating supply chain
disruptions. Int J Prod Econ 220:107438

Simchi-Levi D, Simchi-Levi E (2020) We need a stress test for critical
supply chains. Harvard Business Review 28

Singh S, Kumar R, Panchal R, Tiwari MK (2021) Impact of COVID-19
on logistics systems and disruptions in food supply chain. Int J
Prod Res 59(7):1993-2008

@ Springer

Sodhi M, Tang C, Willenson E (2021) Research opportunities in pre-
paring supply chains of essential goods for future pandemics. Int
J Prod Res. https://doi.org/10.1080/00207543.2021.1884310

Wieland A (2021) Dancing the Supply Chain: Toward Transformative
Supply Chain Management. J Supply Chain Manag 57(1):58-73

Wieland A, Durach CF (2021) Two perspectives on supply chain resil-
ience. J Bus Logist. https://doi.org/10.1111/jb1.12271

Yu Z, Razzaq A, Rehman A et al (2021) Disruption in global sup-
ply chain and socio-economic shocks: a lesson from COVID-19
for sustainable production and consumption. Oper Manag Res.
https://doi.org/10.1007/s12063-021-00179-y

Zhao K, Zuo Z, Blackhurst JV (2019) Modelling supply chain adapta-
tion for disruptions: An empirically grounded complex adaptive
systems approach. J Oper Manag 65(2):190-212

Zouari D, Ruel S, Viale L (2021) Does digitalising the supply chain
contribute to its resilience?”. Int J Phys Distrib Logist Manag
51(2):149-180

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


https://doi.org/10.1007/s10479-020-03685-7
https://doi.org/10.1007/s10479-020-03685-7
https://doi.org/10.1007/s10479-021-03974-9
https://www.cnbc.com/2021/02/08/carmakers-have-been-hit-hard-by-a-global-chip-shortage-heres-why-.html
https://www.cnbc.com/2021/02/08/carmakers-have-been-hit-hard-by-a-global-chip-shortage-heres-why-.html
https://doi.org/10.1080/00207543.2021.1884310
https://doi.org/10.1111/jbl.12271
https://doi.org/10.1007/s12063-021-00179-y

	Stress testing supply chains and creating viable ecosystems
	Abstract
	1 Introduction
	2 Uncertainty, order, and chaos
	3 Viability, ecosystems, and intertwined supply networks
	4 The ripple effect in supply chains during the COVID-19 pandemic
	5 Stress testing supply chain resilience using digital twins
	6 Managerial implications
	7 Concluding remarks, open research questions, and future opportunities
	References




