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Abstract 

The COVID-19 pandemic unveils unforeseen and unprecedented fragilities of the supply chains 

(SC). One strong stressor to SCs and their numerous collapses comes from disruption propaga-

tions through the networks. The existing knowledge in modelling disruption propagations in 

SCs is multi-faceted and deserves to be analysed for the unique set of factors shaping SC adap-

tations during and after a global pandemic. We scrutinize OR studies published in international 

journals and dealing with disruption propagation in SCs. This streamlining of the literature 

allowed revealing several new research tensions and novel categorizations/classifications. Our 

study pursues two major contributions subject to two research questions. First, we collate the 

state-of-the-art in research on disruption propagations in SCs and identify a methodical taxon-

omy and theories displaying the value and applications of OR methods to coping with pandemic 

impacts on the SCs. Second, we reveal and systemize managerial insights from the theory that 

can be used for operating (adapting) amid a pandemic and at the times of recovery along with 

withstanding future pandemics. In particular, we find that outcomes of the OR contributions 

and the resulting managerial insights can be categorized into three levels, i.e., network, process, 

and control. Our outcomes in both managerial and theoretical domains are structured into five 

stages (i.e., Anticipation; Early detection; Containment; Control and Mitigation; and Elimina-

tion) following the WHO classification. Our study can be used by industry and researchers alike 

in order to progress the decision-support systems guiding the SCs amid the COVID-19 pan-

demic and recovering them thereafter. Suggestions for future research directions are offered 

and discussed. 

Keywords: supply chain; COVID-19; pandemic; disruption propagation; ripple effect; struc-

tural dynamics; recovery; managerial insights 

 

1. Introduction 

COVID-19 was first reported in late 2019 in Wuhan, China. By May 4, 2020, over 2.4 million 

people were infected and approximately 240,000 people died. The COVID-19 pandemic has 

created a lot of uncertainty in all areas of life and in supply chains (SC) in particular. SCs 

experience unprecedented vulnerabilities in lead-times and order quantities, disruptions in net-

works structures, and severe demand fluctuations. Adversely, many of these vulnerabilities are 

encountered simultaneously. 94% of the Fortune 1000 companies have been reported seeing 

coronavirus-driven SC disruptions (Fortune 2020). A recent survey by ISM of about 600 US 

companies revealed that in the mid of April 2020, average lead times were at least twice as long 

as compared to "normal" operations, for Asian (222% for China, 217% for Korea, and 209% 

for Japan), European (201%) and domestically sourced inputs (200%) (ISM 2020). The same 
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report says that Chinese and European manufacturing is at about one-half normal capacity, 53% 

and 50% respectively.  

The outbreak of COVID-19 virus and an associated global pandemic have shed light on the 

scope and scale of the ripple effect seen in disruption propagations in the global SCs (Ivanov et 

al. 2014a; Dolgui et al. 2018). Haren and Simchi-Levi (2020) observed two examples of the 

COVID-19-triggered ripple effect immediately after the epidemic outbreak. Fiat Chrysler Au-

tomobiles NV was halting production at a car factory in Serbia, because it can’t get parts from 

China. Hyundai “decided to suspend its production lines from operating at its plants in Korea 

… due to disruptions in the supply of parts resulting from the coronavirus outbreak in China.” 

While these observations were done in the second half of February 2020, the scaling of the 

ripple effects in March-May 2020 have been exponential, driven by the closures of manufac-

turing facilities, stores and logistics activities and adversely affecting almost all industries and 

services worldwide (Choi et al. 2020; Choi 2020, Ivanov 2020; Ni et al. 2020). The World 

Economic Forum - WEF (2020) emphasized the need for firms and organizations to adapt their 

SCs amid the COVID19 pandemic and in light of future trade challenges. In its totality, the 

COVID-19 pandemic seriously wreaks havoc on SCs and poses a series of novel decision-mak-

ing settings for SC professionals and novel questions for researchers which are relevant amid 

the pandemic and in the course of future recoveries.  

Operational Research (OR) community possessуы an enormous scope of methods and tools 

that can be used for decision-making support under uncertainty. In particular, advanced mod-

elling approaches have been established for decision-making environments with uncertain sup-

ply quantities and lead-times (Prak et al. 2017), supplier and facility disruptions (Snyder and 

Daskin 2005, Klibi and Martel 2012, Qi 2013, Paul et al. 2014, Silbermayr and Minner 2016), 

transportation uncertainties (Amiri-Aref et al. 2019), and demand uncertainties (Rezapour et al. 

2017, Amiri-Aref et al. 2018, Mohamed et al. 2020). We refer to comprehensive surveys on 

these operational and disruption risks (Klibi et al. 2010, Snyder et al. 2016, Govindan et al. 

2017, Shen and Li 2017, Hosseini et al. 2019). Alike literature on epidemics and humanitarian 

disasters with SC and logistics context delivers a rich body of inspiring methods and outcomes 

(Altay and Green 2006, Van Wassenhove 2006, Dasaklis et al. 2012, Gupta et al. 2016, Dubey 

et al. 2019, Besiou and van Wassenhove 2020). 

Our study is devoted to one specific and strong stressor to SCs during a pandemic – the disrup-

tion propagations through the networks (i.e., the ripple effect) and the subsequent changes in 

the SC structures (i.e., structural dynamics). Adversely, SC disruptions are stimulated by sim-

ultaneous disruptions and uncertainties in demand and supply. The existing knowledge in mod-

elling the SC ripple effect and structural dynamics is multi-faceted and deserves to be analysed 

for the unique set of factors shaping SC adaptations when facing a global pandemic.  

We scrutinize 40 quantitative studies published in 15 international journals (cf. Appendix 1) 

and dealing with disruption propagation and structural dynamics in SCs. This streamlining of 

the literature allowed revealing several new research tensions and novel 

categorizations/classifications. To this end, our study pursues to address two central research 

questions (RQ): 

RQ1: How did the OR literature address issues related to the ripple effects and structural 

dynamics in SCs in terms of methodologies, problem settings, outcomes and managerial 

insights? 



RQ2: How the existing OR knowledge can be used to support the SC managers in 

adapting the supply networks amid the COVID-19 pandemic and what are future research 

opportunities? 

In particular, we find that outcomes of the OR contributions and the resulting managerial in-

sights can be categorized into three levels, i.e., network, process, and control. Our outcomes in 

both managerial and theoretical domains are structured into five stages (i.e., Anticipation, Early 

detection, Containment, Control and Mitigation, and Elimination) following the WHO classifi-

cation. Our study can be used by industry and researchers alike in order to progress the decision-

support systems guiding the SCs amid the COVID-19 pandemic and recovering them thereafter. 

Suggestions for future research directions are offered and discussed. 

The rest of this study is organized as follows. In section, we presented methodic of our study. 

Section 3 is devoted to analysis of OR theories, applications and managerial insights. In Section 

4, we organize the discussion around an extrapolation of the existing knowledge on pandemic 

settings. We discuss both managerial implications and future research angles. We conclude the 

paper in Section 5 by summarizing this study. 

2. Methodic of our study 

2.1. Purpose of our study 

SC disruptions have become a visible research avenue over the last two decades. In several 

settings, disruptions can be localized without cascading through a network.  Though, in other 

situations upstream disruptions are propagating downstream the SCs adversely impacting per-

formance of individual firms and overall networks. According to Dolgui et al. (2020), the ripple 

effect “refers to structural dynamics and describes a downstream propagation of the downscal-

ing in demand fulfilment in the supply chain (SC) as a result of a severe disruption.” Ivanov et 

al. (2014b) state that “Ripple effect describes the impact of a disruption on SC performance and 

disruption-based scope of changes in the SC structures and parameters”.  These definitions 

imply that the ripple effect is concerned with multi-stage networks and triggering failures in the 

network elements as a domino effect. 

In 2010-2014, first studies appeared in the area of the ripple effect and an increased interest in 

disruption propagation and correlated disruptions has been observed (Liberatore et al. 2012, 

Mizgier et al. 2012, Ghandge et al. 2013, Ivanov et al. 2014a). The first explicit definition of 

the ripple effect has been undertaken by Ivanov et al. (2014b) as indicated above. Thus far, 

much progress has been done in this area deploying different methodologies and obtaining rel-

evant managerial outcomes and recommendations (Scheibe and Blackhurst 2018). Dolgui et al. 

(2018) and Mishra et al. (2019) reviewed progress in the ripple effect research for the last years 

mostly focusing on classifications of the resilience aspects and risk type categorization. How-

ever, there is no published survey comprehensively encompassing the disruption propagations 

in SCs and the resulting structural dynamics from the OR methodology point of view. 

Our study pursues two contributions. First, we collate the state-of-the-art in the research on SC 

ripple effect and structural dynamics and identify a methodical taxonomy and theories display-

ing the value and applications of OR methods to coping with pandemic impacts on the SCs. 

Second, we reveal and systemize managerial insights from the theory that can be used for re-

covery from the COVID-19 and withstanding future pandemics.  

2.2. Literature selection process 



The literature for analysis of recent methodical contributions to managing the ripple effect has 

been selected based on a thorough authors’ work in the ripple effect area for the last decade and 

observing the relevant publications along with editing several related special issues in prestig-

ious international journals. This selection was supported by a supplementing search in most 

common databases (e.g., Scopus Database, ScienceDirect (Elsevier), Emeraldinsight (Emer-

ald), Wiley Online Library (Wiley), Taylor & Francis Online (Taylor & Francis), Springer Link 

(Springer), and Informs PubsOnline according to the following protocol (on the example of 

SCOPUS): 

( supply  AND  chain  AND  disruption )  AND  ( ripple )  OR  ( cascade ) OR  ( cascad-

ing )  OR  ( propagation )  OR  ( correlated  AND disruption )  OR  ( structural  AND dy-

namics )  OR  ( transmission )  

In total, we obtained a list of 142 journal papers in the areas of operational and supply chain 

research that have been manually processed and narrowed to meet the scope and scale of our 

analysis. We do not claim that the literature analysed in this paper is a full collection of all most 

influential contributions; though we believe to be very close to this setting. We underline that 

we do not follow classical structured literature review scheme but rather analyse most repre-

sentative studies in terms of theoretical tensions and managerial applications. The details of our 

literature review protocol are given in Fig. 1. 

 

 [Insert Fig. 1 here] 

 

We followed five major inclusion criteria. The search has been performed on May 2, 2020; the 

papers published by this date in international peer-reviewed journals have been included. We 

considered only papers with SC topics related to keywords „ripple effect“, „disruption propa-

gation“, „cascading“, „structural dynamics“. Moreover, we restricted ourselves to the papers 

utilizing OR methods (e.g., empirical studies have not been analysed). Further, we considered 

only papers that clearly display the mechanisms of disruption propagations. In particular, we 

excluded papers on two-echelon problems since a meaningful disruption propagation can be 

treated in the setting with three echelons as a minimal complexity level. Finally, the papers 

without or with insufficient information about managerial insights have not been included.  

3. OR theories, major outcomes and managerial insights 

3.1. Methodical perspectives 

Our analysis revealed numerous OR theories that have been successfully applied to the SC 

problems with disruption propagations (Table 1) 

[Insert Table 1 here] 

We found applications of the following OR theories and methods (in alphabetical order): Agent-

Based Simulation; Bayesian Networks; Complexity theory; Discrete-Event Simulation; En-

tropy Analysis; Graph theory; Linear / Mixed-Integer Programming; Markov Chains; Monte-

Carlo Simulation; Optimal Control; Petri Nets; Reliability Theory; Robust Optimization; Sta-

tistical Analysis; Stochastic Optimization; and Systems Dynamics. The highest number of pub-

lications can be seen in mixed-integer and linear programming and Bayesian networks (6 papers 



respectively), optimal control, complexity and graph theories (5 papers respectively), reliability 

theory and discrete-event simulation (4 papers respectively).  

When aggregating different methods at a larger scale, the largest number of studies can be ob-

served in the area of network and complexity theories (24 papers); with regards to mathematical 

optimization 11 papers in total can be observed; simulation studies count to 8 papers, and 5 

papers are related to control theory.  

Analysis of such aggregated categories lead us to a proposition to classify the existing studies 

into three levels, i.e., network level, process level, and control level. Such a classification ap-

peared to be logical and convenient to develop further categorizations of main outcomes, man-

agerial insights and future research directions. We considered the following criteria to articulate 

the differences between the network, process, and control levels. The network level is charac-

terized by a macro-view on SC structures and disruption propagations focusing on the structural 

properties and relations. This level does operate in terms of networks and graphs from a much 

generalized perspective of structures and does not consider operational parameters. These pa-

rameters are in the scope of the process level which organizes the debate around the para-

metrized structures to balance demands, processing capacities, and supply. Typical problems at 

the process level are related to production-distribution planning in terms of flow optimization. 

Though, these models do not go into details of inventory control and production-ordering poli-

cies which are accommodated at the control level. 

3.2. Major outcomes and managerial insights 

Now we are drawing the reader’s attention towards the analysis of major outcomes and mana-

gerial insights. A detailed paper-by-paper analysis is offered in Table 2. 

[Insert Table 2 here] 

Table 2 summarizes the titles, authors, journals, central research questions, methods and out-

comes & managerial insights of each paper analysed. We focus now on major outcomes and 

managerial insights and generalize the insights from individual paper analyses at an aggregated 

scale according to the previously introduced classification into the network (N), process (P), 

and control (C) levels. The major outcomes and managerial insights that can be deduced from 

the existing OR studies are categorized and presented in Table 3. 

[Insert Table 3 here] 

The detailed analysis follows. 

3.2.1. Network level 

The studies at the network level are mostly looking at unlocking associations between network 

structures and risk propagations (Li et al. 2019). For example, Basole and Bellamy (2014) show 

that small-world supply network topologies (i.e., networks where each node is connected to 

several of its neighbors and a few distant nodes) consistently outperform supply networks with 

scale-free characteristics (networks where nodes are connected to a few other nodes, while a 

small number of nodes are connected to many other nodes). The network- and graph-theoretic 

studies allow to understand potential weaknesses in the SC designs taking into account the 

structure, connectivity, and dependence within the SC (Blackhurst et al. 2018). An important 

contribution can be seen in detecting disruption scenarios and identifying critical nodes (or 

combinations of nodes) the failure of which would lead to SC discontinuities and operations 

collapses (Zeng and Xiao 2014, Tang et al. 2016, Deng et al. 2019, Pavlov et al. 2020). Another 



important application area is measuring of the SC robustness and resilience under disruption 

propagations and structural dynamics (Han and Shin 2016, Sokolov et al. 2016, Hosseini and 

Ivanov 2019, Li and Zobel 2020). Along with the stress-testing of the existing SC designs, the 

network level analyses suggest directions to enhance the resilience, e.g., through supplier di-

versifications (Lei et al. 2020). Episodically, the issues beyond the mere economic performance 

such as sustainability have been examined (Levner and Ptuskin 2018). Moreover, the macro-

problems of SC economies such as bankruptcies of suppliers (Mizgier et al. 2012) and retail 

dynamics (Osadchiy et al. 2016) have been studied. The studies with the use of Bayesian net-

works allow to model dependencies and inter-dependencies in supply networks; moreover, the 

robustness and resilience analyses with consideration of both vulnerabilities and recovery be-

come possible (Garvey et al. 2015, Ojha et al. 2018, Cao et al. 2019). An integration of Markov 

chains into the Bayesian networks enables an additional and valuable contribution, i.e., to model 

the node’s behaviors along with the overall network dynamics (Hosseini et al. 2019). 

3.2.2. Process level 

The studies at the process level are positioned at a less generalized perspective as compared to 

the network level. These studies build upon parametrized structures to balance demands, pro-

cessing capacities, and supply. Production-distribution planning in terms of flow optimization 

under disruption propagation and structural dynamics is the focus of the process level analysis. 

The analysis at the process level is mostly grounded in mathematical optimization and system 

dynamics simulation. 

The process level studies help to analyse measures for disruption propagation mitigation. The 

mathematical optimization studies are usually organized around an SC design which may vary 

structurally and parametrically over time and optimize flow reconfigurations under disruption 

propagation. For example, Bueno-Solano and  Cedillo-Campos (2014) show that protective 

measures against the ripple effect can drastically increase the inventory levels in the SC. Garvey 

and Carnovale (2020) argue that “managers should focus more of their attention on control or 

mitigation of exogenous events […], and spend less of an effort and resources on mitigating the 

propagation of exogenous risk..”. Ghadge et al. (2013) show how systems dynamics simulation 

can help in prediction of potential failure points in the SC along with the overall impact of the 

ripple effect on the performance. Details differ across the studies but most of them share a 

common set of outcomes and managerial insights such as joint optimisation of SC capacities 

and recovery capabilities for new and existing SCs; trade-offs between investments in increased 

recovery capability and redundant capacity provision; decision-making support on safety stock 

management, reconfiguration of production and inventory plans after disruptions, and recovery 

scheduling (Ivanov et al. 2015, Sinha et al. 2019, Goldbeck et al. 2020). As the most desired 

outcome, process level analysis seeks to identify and test resilient SC designs to sustain disrup-

tions which range from optimistic and pessimistic scenarios (Ivanov et al. 2014), probability-

based disruptions (Pariazar et al. 2017) to worst-cases in robust optimization (Zhao and Free-

man 2019, Özçelik et al. 2020).  In some settings, the authors solve inverse problems and search 

for elements in the SC structures that should be strengthened to withstand the disruption prop-

agations (Liberatore et al. 2012, Pavlov et al. 2013). Some extensions can be seen in including 

the recovery costs (Ivanov et al. 2016) and sustainability issues (Pavlov et al. 2019).  

3.2.3. Control level 

https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=55933225600&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=56000806200&zone=


The studies at the control level are distinctively characterized by inclusion of details of inven-

tory control and production-ordering policies into the analysis. At this level, simulation meth-

ods dominate. They allow analyzing dynamic SC behaviors and time-dependencies in disrup-

tion propagations and responses. One interesting observation from these studies is an insight 

about “disruption tails”. Several works (Ivanov 2019, Dolgui et al. 2020) observed that non-

coordinated ordering and production policies during a disruption period may result in backlog 

and delayed orders, the accumulation of which causes post-disruption SC instability, resulting 

in further delivery delays and non-recovery of SC performance. These residues have been 

named “disruption tails”. The extant literature suggests that specific “revival” policies must be 

developed for the transition from the recovery to the disruption-free operations mode to avoid 

the “disruption tails”. Interestingly, the first research work on the impacts of COVID-19 pan-

demic on the SC has utilized the simulation methodology revealing several unique features 

which make the pandemic a specific and very severe risk type for SCs (Ivanov 2020a). 

 

4. Directions for managerial applications and future research in the pandemic 

settings 

In this section, we focus on the articulation of the state-of-the-art knowledge in OR about the 

disruption propagations and structural dynamics for a pandemic setting. In particular, we ex-

trapolate the outcomes and managerial insights revealed in Section 3 on the COVID-19 pan-

demic and elaborate on future research directions (Table 4).  

[Insert Table 4 here] 

Our analyses of outcomes in both managerial and theoretical domains in Table 4 are structured 

into five stages (i.e., Anticipation; Early detection; Containment; Control and Mitigation; and 

Elimination) following the WHO classification (WHO 2018). 

4.1. Anticipation and early detection 

The pandemic cycle usually begins with the stage of anticipation and early detection. At this 

stage, SCs should keep an eye out and enable preparedness measures. The OR methods can 

help in a number of areas such how to identify critical scenarios of disruption propagations 

according to an epidemic outbreak dynamics and forecast the impact of possible propagating 

disruptions on SC performance. Moreover, OR theories can be efficiently used to predict the 

time periods during which the SCs can sustain the disruption propagations and survive despite 

the discontinuities, identify critical suppliers and facilities for maintaining SC operations, and 

select and fortify SC designs to sustain epidemic outbreaks. Overall, the decision on the antic-

ipation and early detection stage target at implementing of “Design-for-Resilience” network 

structures. 

Nonetheless, further research directions arise for OR community in light of pandemic settings. 

There are crucial opportunities to develop theories and models for disruption propagation anal-

ysis in supply networks with specific consideration of pandemics, to visualize the ripple effect 

and structural dynamics, and to extend towards a multi-categorical analysis spanning dimen-

sions of resilience and sustainability. Moreover, researchers can examine new analysis catego-

ries such as network viability (Ivanov and Dolgui 2020, Ivanov 2020). Another important di-

rection is to investigate the data analytics and digital technology capabilities to early detect the 

disruption propagations following epidemic outbreaks.  

 



 

4.2. Containment 

At the containment stage, the environment becomes increasingly vulnerable followed by quar-

antine times, interruptions of logistics due to variations in containment timing and scaling in 

different geographical areas, and some lock-downs. At this stage, SCs are experiencing first 

misbalances of supply and demand due to longer-lead times, demand drops and supply unavail-

ability due to facility closures. OR methods can support SC managers at this stage by stress-

testing of the existing and alternative SC configurations and production-distribution plans for 

some scenarios of structural dynamics in anticipation of or as a reaction to facility/market clo-

sure due to quarantines and lock-downs. OR methods can also help optimise contingency / pre-

paredness plans for their efficient and timely deployment under different scenarios of epidemic 

propagation.  

The new research opportunities for OR community are very rich for the containment pandemic 

stage. For example, there is an urgent need to examine new understandings, theories, and novel 

approaches concerning SC preparedness and disruption mitigation during the beginning epi-

demic outbreaks. This can help articulate antecedents, drivers, and economic and social perfor-

mance implications of simultaneous disruption and epidemic propagations. One specific and 

underexplored are is re-designing of the SCs for production switches to unusual products (e.g., 

mask production at car manufacturers). 

4.3. Control and mitigation 

Amid the control and mitigation stage, SCs need to adapt to a “new normal” and start preparing 

for a recovery. For example, OR models can help to identify the balanced levels of capacity 

utilization and production rates at different firms in the SC to achieve maximum possible per-

formance. It is now very relevant to COVID-19 pandemic since the SCs are misbalanced and it 

is difficult to decide at which level of capacity the firms should start with and scale during a 

recovery thereafter. The OR models can help identify the optimal material flows in a multi-

period mode when the SC structures change through these periods. This is very relevant to 

modeling the SC flows amid a pandemic and during a recovery. Another relevant issue is con-

sideration of backlog accumulations over the disruption time which can become a major driver 

of disruption propagations during the production and logistics ramp-up activities. At the control 

and mitigation stage, the role of digital twins is increasing since SC visibility and information 

coordination are the key capabilities to cope with the ripple effect. OR methods can help analyse 

the impacts of disruption propagation in dynamics with adaptations of ordering, production and 

inventory control policies and to simulate operations policies amid a pandemic. Moreover, OR 

theories can be used to explore re-allocations of supply and demand during a pandemic given 

simultaneous disruptions in upstream and markets. In addition, OR methods can be applied to 

propose recovery plans along with analysis of timing and scaling of facility/market closures 

and openings in different geographical regions. 

As for future research, we point to the opportunities for substantial contributions to develop and 

examine digital SC twins to map the network elements and adapt the SCs according to disrup-

tion propagations and structural dynamics. Another promising research direction is to explore 

the role of timing and scaling of the production and logistics ramp-ups after the quarantines and 

lock-down eliminations. 

 



 

4.4. Elimination or eradication 

Exiting a pandemic can be even more challenging as stepping inside. During the elimination 

stage, the SCs need to be recovered and adapted to new, post-pandemic realities. OR methods 

can help incorporate after-pandemic environments in the re-designing of the SCs. OR can also 

be of value to examine the existing and potential SC configurations under post-pandemic con-

ditions in the supply base and the markets. Furthermore, OR techniques can be used to analyse 

the “disruption tails” and long-term stabilization of production-inventory systems. 

The elimination stage contains a variety of novel research problem settings. For example, there 

is a research gap in how to find optimal scaling and timing of production and logistics ramp-

ups during the “exit” after the lock-downs. It is also a timely and crucial issue to examine SC 

re-design methods for sever structural changes in supply and demand after a pandemic (e.g., 

supplier bankruptcies and demand drops/shifts). Finally, we point to the needs to explore the 

concept of SC viability as a long-term maintaining of survivability under different and ever 

changing environmental conditions. 

4.5. Note on a danger of jeopardizing SC resilience models for the pandemic settings 

Undoubtedly, OR knowledge in SC disruption risks and resilience will be the leading perspec-

tive guiding researchers and industry leaders alike through the pandemic and a recovery there-

after. With that being said, there is a danger of jeopardizing SC resilience models for the pan-

demic settings. OR community has developed a mature body of literature on coping with dif-

ferent types of disruption risks. A pandemic is one specific type of disruption risks and it has 

quite unique implications for SCs which are not encountered in other types of SC disruptions. 

In contrast to geographically centered natural/industrial disasters with singular occurrence, a 

pandemic is not limited to a particular region or confined to a particular time period (Ivanov 

and Das 2020). Different SC components are affected sequentially or concurrently – manufac-

turing, DCs, logistics, and markets can become paralyzed within subsequent or overlapping 

time frames.  Pandemic causes long-term disruption existence and its unpredictable scaling. 

Other specific issues are simultaneous disruption propagation (i.e., the ripple effect) and epi-

demic outbreak propagation, and simultaneous severe disruptions in supply, demand, and lo-

gistics infrastructure (Ivanov 2020a). Under pandemic conditions, it might be difficult to di-

rectly apply the most know SC resilience mechanisms such as risk mitigation inventories, sub-

contracting capacities, or backup supply and transportation infrastructures. As such, the studies 

on SC resilience should explicitly present pandemic-specific settings to be classified as a con-

tribution to adapt through the pandemic and recover. Otherwise, literally each study on supply 

disruptions can be adapted to the pandemic background which is fundamentally wrong.  

5. Conclusions 

The COVID-19 pandemic unveils fragility of the SCs at an unforeseen scale. One specific and 

strong stressor to SCs amid a pandemic and during the post-pandemic recoveries comes from 

the disruption propagations through the networks (i.e., the ripple effect) and the subsequent 

changes in the SC structures (i.e., structural dynamics).  

This paper deduced managerial implications from the existing OR literature on disruption prop-

agations in SC and revealed future research directions. We collated for the first time the existing 

OR knowledge in modelling the SC ripple effect and structural dynamics. We believe that such 



an overview would be useful for industry leaders and researchers alike shaping SC adaptations 

during and after a global pandemic. On one hand, we collated the state-of-the-art in the research 

on SC disruption propagation and identified a methodical taxonomy. On the other hand, we 

revealed and systemized managerial insights from the theory that can be used for recovery from 

the COVID-19 and withstanding future pandemics. These results can be used by industry and 

researchers alike in order to progress the decision-support systems guiding the SCs amid the 

COVID-19 pandemic and recovering them thereafter. 

In particular, we found that outcomes of the OR contributions and the resulting managerial 

insights can be categorized into three levels, i.e., network, process, and control. Our outcomes 

in both managerial and theoretical domains are structured into five stages (i.e., Anticipation; 

Early detection; Containment; Control and Mitigation; and Elimination) following the WHO 

classification. 

Limitations exist, as with any study. We have narrowed our analysis on the disruption propa-

gation literature related to commercial SCs. Obviously, a rich variety of knowledge in the area 

of humanitarian logistics and SCs can enrich the findings of our study. We also do not pretend 

to be encyclopedic; we assume that some relevant studies might have not been uncovered and 

remained outside of our review. 

As for future research, we pointed numerous opportunities for substantial contributions to de-

velop and test new theories, models, and resilience mechanisms for control and mitigation of 

disruption propagation in SCs with specific consideration of pandemic features, such as: 

- long-term disruption existence and its unpredictable scaling; 

- simultaneous disruption propagation and epidemic outbreak propagation; 

- simultaneous severe disruptions in supply, demand, and logistics infrastructure  

We hope that the novel systematizations/categorizations proposed in this study will be of value 

for researchers and practitioners alike in guiding the SCs through the pandemic times and pre-

paring them for recovery thereafter. Along with the constructed generalized perspectives, our 

study can be of value for researchers and industry professional alike to cope with the existing 

COVID-19 pandemic, recover thereafter, and most importantly to create a valuable reference 

source for future pandemics or pandemic-like disruptions. 
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Table 1. Theories used in the studies on the ripple effect and structural dynamics 

Theory Number of 

studies 

Study 

Agent-Based Simulation 1 Mizgier et al. (2012) 

Bayesian Networks 6 Cao et al. (2019), Garvey et al. (2015), Garvey and Carnovale 

(2020), Hosseini and Ivanov (2019), Hosseini et al. (2019), Ojha 

et al. (2018) 

Complexity theory 5 Basole and Bellamy (2014), Deng et al. (2019), Lei et al. (2020), 

Levner and Ptuskin (2018), Zeng and Xiao (2014) 

Discrete-Event Simula-

tion 

4 Dolgui et al. (2020), Ivanov (2017, 2019, 2020) 

Entropy  2 Levner and Ptuskin (2018), Zeng and Xiao (2014) 

Graph theory 5 Basole and Bellamy (2014), Li et al. (2019), Li and Zobel 

(2020), Sinha et al. (2019), Sokolov et al. (2016) 

Linear / Mixed-Integer 

Programming 

6 Liberatore et al. (2012), Ivanov et al. (2013, 2014, 2015, 2016), 

Pavlov et al. (2019) 

Markov Chains 1 Hosseini et al. (2019) 

Monte-Carlo Simulation 1 Pariazar et al. (2017) 

Optimal Control 5 Ivanov et al. (2010, 2013, 2014, 2015, 2016)  

Petri Nets 1 Blackhurst et al.  (2018) 

Reliability Theory / Sta-

tistical Analysis 

4 Hand and Shin (2016), Osadchiy et al. (2016), Pavlov et al. 

(2020), Tang et al. (2016) 

Robust Optimization 3 Lu et al. (2015), Özçelik et al. (2020), Zhao and Freeman (2019) 

Stochastic Optimization 2 Goldbeck et al. (2020), Pariazar et al. (2017) 

Systems Dynamics 2 Bueno-Solano and.Cedillo-Campos (2014), Ghadge et al. (2013),  
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Table 2. Operational Research studies on the disruption propagations in the SCs 

Authors and publica-

tion year 

Title Journal Central focus Method(s) Outcomes & Managerial Insight(s) Analysis 

level 

Basole, R.C. and Bel-

lamy, M.A. (2014) 

Supply Network Structure, Visi-

bility, and Risk Diffusion: A 

Computational Approach 

Decision Sci-

ences 

Network proneness to dis-

ruption propagation 

Graph theory; Com-

plexity theory 

Significant association between net-

work structure and risk propagation; 

Small-world supply network topolo-

gies consistently outperform supply 

networks with scale-free characteris-

tics 

N 

Blackhurst, J., Rung-

tusanatham, M.J., 

Scheibe, K., Ambulkar, 

S. (2018) 

Supply chain vulnerability assess-

ment: A network based visualiza-

tion and clustering analysis ap-

proach 

Journal of Pur-

chasing and Sup-

ply Management 

Visualization and mapping 

out of disruption propaga-

tion 

Petri net and 

Triangularization 

Clustering Algo-

rithm 

Understand potential weaknesses in 

the SC design taking into account the 

structure, connectivity, and depend-

ence within the SC 

N 

Bueno-Solano, A., Ce-

dillo-Campos, M.G. 

(2014). 

Dynamic impact on global supply 

chains performance of disruptions 

propagation produced by terrorist 

acts 

Transportation 

Research Part E: 

Logistics and 

Transportation 

Review 

Understanding disruption 

propagation propagate 

through the SC to ensure 

security and efficient 

movement of goods 

System Dynamics 

simulation 

Measures for disruption propagation 

can drastically increase the inventory 

levels in the SC 

P 

Cao, S., Bryceson, K., 

Hine, D. (2019). 

An Ontology-based Bayesian net-

work modelling for supply chain 

risk propagation 

Industrial Man-

agement and 

Data Systems 

To quantitatively assess 

the impact of dynamic risk 

propagation in fresh prod-

uct SCs 

Ontology-based 

Bayesian network 

Supply discontinuity, product incon-

sistency and/or delivery delay origi-

nating from the ripple effect 

N 

Deng, X., Yang, X., 

Zhang, Y., Li, Y., Lu, 

Z. (2019). 

Risk propagation mechanisms and 

risk management strategies for a 

sustainable perishable products 

supply chain.  

 

Computers and 

Industrial Engi-

neering 

Identify dimensions of risk 

propagation SCs with per-

ishable products 

Tropos Goal-Risk 

framework 

Three-dimension model to control the 

ripple effect (paths of risk propaga-

tion, dependencies between nodes, 

modes of risk propagation); sustaina-

bility issues connected to the ripple 

effects 

N 

Dolgui A., Ivanov D., 

Rozhkov M. (2020). 

Does the ripple effect influence 

the bullwhip effect? An integrated 

analysis of structural and opera-

tional dynamics in the supply 

chain 

International 

Journal of Pro-

duction Research 

To identify relations be-

tween the bullwhip effect 

and ripple effects 

Discrete-event sim-

ulation 

Ripple effect can be a bullwhip-effect 

driver, while the latter can be 

launched by a severe disruption even 

in the downstream direction; 

Backlog accumulation over the dis-

ruption time is the major influencer 

of the ripple effect on SC perfor-

mance; 

C 
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SC visibility and information coordi-

nation is the key capability to cope 

with the ripple effect. 

Garvey, M.D., Carno-

vale, S. (2020) 

The Rippled Newsvendor: A New 

Inventory Framework for Model-

ling Supply Chain Risk Severity 

In The Presence of Risk Propaga-

tion 

International 

Journal of Pro-

duction Econom-

ics 

Inventory control policies 

with ripple effect consider-

ations 

Bayesian Network 

simulation 

Reliability control of inventory poli-

cies; 

Managers should focus more 

of their attention on control or mitiga-

tion of exogenous events that 

directly impact their own firm, and 

spend less of an effort and resources 

on mitigating the propagation of ex-

ogenous risk from a supplier to an 

exogenous risk of the firm itself. 

P 

Garvey, M.D., Carno-

vale, S., Yeniyurt, S. 

An analytical framework for sup-

ply network risk propagation: A 

Bayesian network approach 

European Journal 

of Operational 

Research 

Inter-dependencies among 

different risks, as well as 

the idiosyncrasies of SC 

structures 

Bayesian Network 

simulation 

Measuring disruption propagation in 

the SC to analyse network proneness 

to the ripple effect 

N 

Ghadge, A., Dani, S., 

Chester, M., & 

Kalawsky, R. (2013). 

A systems thinking approach for 

modelling supply chain risk 

propagation 

Supply Chain 

Management: An 

International 

Journal 

Prediction of potential fail-

ure points in an SC and 

overall impact of 

the failure risks on perfor-

mance 

System Dynamics 

simulation 

Prediction of potential failure points 

in the SC along with the overall im-

pact of the ripple effect on the perfor-

mance 

P 

Goldbeck, N., An-

geloudis, P., Ochieng, 

W. (2020) 

Optimal supply chain resilience 

with consideration of failure prop-

agation and repair logistics 

Transportation 

Research Part E: 

Logistics and 

Transportation 

Review 

Resilient SC designs with 

considerations of the trade-

offs between redundancy 

costs and  disruption-re-

sistance 

Scenario tree gener-

ation method for 

risk propagation 

modelling;  

Multi-stage sto-

chastic program-

ming model 

Joint optimisation of SC capacities 

and recovery capabilities for new and 

existing SCs;  

Trade-off between investments in in-

creased recovery capability and re-

dundant capacity provision; 

Decision-making support on safety 

stock management, reconfiguration of 

production and inventory plans after 

disruptions, and recovery scheduling 

 

P 

Han, J., Shin, K.S. 

(2016) 

Evaluation mechanism for struc-

tural robustness of supply chain 

considering disruption propaga-

tion 

International 

Journal of Pro-

duction Research 

Structural robustness eva-

luation 

Reliability theory / 

Probabilistic analy-

sis 

To verify whether the SC design is 

robust to disruption propagation or 

not 

N 



Hosseini S., Ivanov D. 

(2019). 

Resilience Assessment of Supply 

Networks with Disruption Propa-

gation Considerations: A Bayesian 

Network Approach 

Annals of Opera-

tions Research 

Measuring of the ripple 

effect with consideration 

of both disruption and re-

covery stages 

Bayesian Network 

simulation 

To identify the resilience level of 

their most important suppliers; 

To identify the disruption profiles in 

the supply base and associated SC 

performance degradation due to the 

ripple effect. 

N 

Hosseini S., Ivanov D., 

Dolgui A. (2019). 

Ripple effect modeling of supplier 

disruption: Integrated Markov 

Chain and Dynamic Bayesian Net-

work Approach 

International 

Journal of Pro-

duction Research 

Measuring of the ripple 

effect with consideration 

of state changes within in-

dividual SC nodes  

Discrete-Time Mar-

kov Chain (DTMC) 

and a Dynamic 

Bayesian Network 

(DBN) 

A metric that quantifies the ripple ef-

fect of supplier disruption on manu-

facturers in terms of total expected 

utility and service level; 

Uncovering latent high-risk paths in 

the SC and prioritising contingency 

and recovery policies 

N 

Ivanov D. (2019) Disruption tails and revival poli-

cies: A simulation analysis of sup-

ply chain design and production-

ordering systems in the recovery 

and post-disruption periods 

Computers and 

Industrial Engi-

neering 

Production-ordering be-

haviour in an FMCG SC 

with disruption risks in re-

covery and post-disruption 

periods 

Discrete-event sim-

ulation 

Non-coordinated ordering and pro-

duction policies during the disruption 

period may result in backlog and de-

layed orders, the accumulation of 

which causes post-disruption SC in-

stability, resulting in further delivery 

delays and non-recovery of SC per-

formance; 

Specific policies must be developed 

for the transition from the recovery to 

the disruption-free operations mode 

to avoid “disruption tails” 

C 

Ivanov D. (2020) Predicting the impact of epidemic 

outbreaks on the global supply 

chains:  A simulation-based analy-

sis on the example of coronavirus 

(COVID-19 / SARS-CoV-2) case 

Transportation 

Research Part E: 

Logistics and 

Transportation 

Review 

Predicting the impact of 

epidemic outbreaks on the 

global SCs 

Discrete-event sim-

ulation 

Timing of the closing and opening of 

the facilities at different echelons 

might become a major factor that de-

termines the epidemic outbreak im-

pact on the SC performance 

Lead-time, speed of epidemic propa-

gation, and the upstream and down-

stream disruption durations in the SC 

are other important factors; 

Results can be used to predict the op-

erative and long-term impacts of epi-

demic outbreaks on the SCs and 

develop pandemic SC plans; to iden-

tify the successful and wrong 

C 
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elements of risk  mitigation/prepared-

ness and recovery policies in case of 

epidemic outbreaks 

Ivanov D., Sokolov B., 

Pavlov, A. (2013) 

Dual problem formulation and its 

application to optimal re-design of 

an integrated production-distribu-

tion network with structure dy-

namics and ripple effect consider-

ations 

International 

Journal of Pro-

duction Research 

Identify a SC design struc-

ture that would satisfy 

some performance criteria 

under different disruptions 

Optimization: linear 

Programming 

Building robust distribution plans and 

interconnecting decisions on distribu-

tion 

network design, planning, and sourc-

ing. 

P 

Ivanov, D. (2017) Simulation-based the ripple effect 

modelling in the supply chain 

International 

Journal of Pro-

duction Research 

Performance impact of dis-

ruption propagation in the 

SC 

Discrete-event sim-

ulation 

Advantages and costs of backup SC 

designs for mitigating the ripple ef-

fect 

C 

Ivanov, D., Sokolov B., 

Kaeschel J. (2010) 

A multi-structural framework for 

adaptive supply chain planning 

and operations control with struc-

ture dynamics considerations 

European Journal 

of Operational 

Research 

SC multi-structural design 

and dynamic control of 

macro-states 

Control theory SC designs are not restricted to the 

network of firms; rather they are 

multi-structural systems spanning or-

ganizational, informational, financial, 

technological, process-functional and 

product structures 

N 

Ivanov, D., Sokolov, 

B., & Dolgui, A. 

(2014b) 

The ripple effect in supply chains: 

Trade-off ‘efficiency-flexibility-

resilience’ in disruption manage-

ment 

International 

Journal of Pro-

duction Research 

Conceptualization of the 

ripple effect concept in 

SCs; 

Dynamic view on SC rip-

ple effect 

Control theory Disruption propagation represents a 

specific type of SC risks, i.e., the rip-

ple effect 

N 

Ivanov, D., Sokolov, 

B., & Pavlov, A. 

(2014a) 

Optimal distribution (re)planning 

in a centralized multi-stage net-

work under conditions of the rip-

ple effect and structure dynamics 

European Journal 

of Operational 

Research 

Reconfiguration of mate-

rial flows in an SC subject 

to changes in the network 

structures over many peri-

ods 

Optimization: linear 

programming and 

optimal control 

Considering different execution sce-

narios and developing suggestions on 

replanning in the case of disruption 

propagation; 

scenario-based risk identification 

strategy and operational distribution 

planning  

P 

Ivanov, D., Sokolov, 

B., Hartl, R., Dolgui, 

A., Pavlov, A., Solo-

vyeva, I. (2015) 

Integration of aggregate distribu-

tion and dynamic transportation 

planning in a supply chain with 

capacity disruptions and ripple ef-

fect considerations 

International 

Journal of Pro-

duction Research 

Distribution and transpor-

tation capacity disruptions 

and the ripple effect 

Optimization: linear 

programming and 

optimal control 

Dynamic, time-dependent issues of 

the ripple effect 

 

P 

Ivanov, D., Sokolov, 

B., Pavlov, A., Dolgui, 

A., & Pavlov, D. 

(2016) 

Disruption-driven supply chain 

(re)-planning and performance im-

Transportation 

Research Part E: 

Logistics and 

Impact of disruption dura-

tions on the ripple effect 

and SC performance with 

Optimization: linear 

programming and 

optimal control 

To analyze proactive SC structures, 

compute recovery policies and to re-

direct material flows to mitigate the 

ripple effect; 

P 
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pact assessment with considera-

tion of pro-active and recovery 

policies 

Transportation 

Review 

consideration of recovery 

costs 

Method to compare SC design re-

sistance to the ripple effect; 

Suggesting rules to recover and re-al-

locate resources and flows after a dis-

ruption 

Lei, Z., Lim, MK., Cui 

L. & Y. Wang (2020). 

Modelling of risk transmission 

and control strategy in the transna-

tional supply chain. 

International 

Journal of Pro-

duction Re-

search. 

 

Mechanisms of risk trans-

mission in the global SCs 

Susceptible-infec-

tious-susceptible 

(SIS) model; com-

plexity theory 

Global supplier diversification and 

risk control are crucial management 

activities to mitigate the ripple effect 

N 

Levner E., Ptuskin A. 

(2018) 

Entropy-based model for the rip-

ple effect: managing environmen-

tal risks in supply chains 

International 

Journal of Pro-

duction Research 

Impact of environmental 

risks on the ripple effect 

Complexity theory; 

entropy analysis 

Assessing the economic loss caused 

by ripple effect due to environmental 

risks  

N 

Li, Y., Zobel, C. W. 

(2020).  

Exploring Supply Chain Network 

Resilience in the Presence of the 

Ripple Effect 

International 

Journal of Pro-

duction Econom-

ics 

Impact of the ripple effect 

on SC resilience 

Graph theory; simu-

lation 

Network type has more influence on 

the resistance to the ripple effect in a 

short-term perspective; 

In long-term perspective, it is more 

advantageous to enhance the node 

risk capacity as adjust the structure; 

Increasing robustness may lead to 

longer recovery time 

N 

Li, Y., Zobel, C. W., 

Seref, O., and Chat-

field, D. C. (2019) 

Network Characteristics and Sup-

ply Chain Resilience under Condi-

tions of Risk Propagation 

International 

Journal of Pro-

duction Econom-

ics 

Impact of network charac-

teristics on SC resilience 

with disruption propaga-

tion considerations 

Graph theory Metrics to analyse impact of the rip-

ple effect on SC resilience; 

The recovery time is primarily deter-

mined by the disruption process, and 

much less so by the network structure 

N 

Liberatore F, Scaparra 

M.P., Daskin M.S. 

(2012). 

Hedging against disruptions with 

ripple effects in location analysis 

Omega How to fortify SC facilities 

to hedge against the ripple 

effect 

Optimization: 

mixed-integer pro-

gramming 

Identification of facilities to be forti-

fied to mitigate the ripple effect 

P 

Lu, M., Ran, L., Shen, 

Z.-J.M. (2015) 

Reliable facility location design 

under uncertain correlated disrup-

tions 

Manufacturing & 

Service Opera-

tions Manage-

ment 

Worst-case analysis of re-

liable facility location 

problem with considera-

tion of correlated disrup-

tions 

Robust optimiza-

tion 

Reliable SC design with costs mini-

mization for some given disruption 

probabilities of correlated events 

P 

Mizgier, KJ, SM Wag-

ner, JA Holyst (2012) 

Modeling defaults of companies in 

multi-stage supply chain networks 

International 

Journal of Pro-

duction Econom-

ics 

Modeling defaults of com-

panies caused by structural 

dynamics 

Agent-based simu-

lation 

 

If a company is not able to quickly 

adapt to the changing environment, it 

might be exposed to the risk of col-

lective defaults of suppliers, which 

N 
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can give rise to disruptions and de-

lays in production. 

Ojha, R., Ghadge, A., 

Tiwari M.K. & U. S. 

Bititci (2018) 

Bayesian network modelling for 

supply chain risk propagation 

International 

Journal of Pro-

duction Research 

Analysis of SC exposure to 

the ripple effect risk 

Bayesian Network 

simulation 

Ripple effect quantification by fragil-

ity, service level, inventory cost and 

lost sales 

N 

Osadchiy, N., Gaur, V., 

Seshadri, S. (2016) 

Systematic risk in supply chain 

networks 

Management Sci-

ence 

Mapping supply networks 

of industries and firms to 

investigate how the SC 

structure mediates the ef-

fect of economy on indus-

try or firm sales. 

Statistical analysis To identify mechanisms that can af-

fect the correlation between sales lev-

els and the SC states; Effects of risk 

propagation into production deci-

sions, aggregation of orders from 

multiple customers in an SC and ag-

gregation of orders over time. 

N 

Özçelik, G.,  Ö. F. 

Yılmaz & F. B. Yeni 

(2020) 

Robust optimisation for ripple ef-

fect on reverse supply chain: an 

industrial case study 

International 

Journal of Pro-

duction Research 

Ripple effect in the reverse 

SC 

Robust optimiza-

tion 

Method to proactively increase SC 

design robustness against the ripple 

effect with consideration of reverse 

network 

P 

Pariazar, M., Root, S., 

Sir, M.Y. (2017). 

Supply chain design considering 

correlated failures and inspection 

in pharmaceutical and food supply 

chains 

Computers and 

Industrial Engi-

neering 

Impact of correlated dis-

ruptions on the SC design 

Stochastic program-

ming; Monte-Carlo 

simulation 

Correlated supplier failures increase 

total cost and influence SC design 
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Pavlov D., Slinko A. 

(2019) 

Optimization of network redun-

dancy and contingency planning 

in sustainable and resilient supply 
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conditions of structural dynamics 

Annals of Opera-

tions Research 

Search for an optimal SC 

design and the intensities 

of the processing policies 

at the nodes and arcs sub-

ject to multi-period 

changes in network struc-

tures and budget re-

strictions 

Optimization: linear 

programming 

To identify the balanced levels of ca-

pacity utilization and production rates 

at different firms in the SC to achieve 

maximum performance. 

P 

Pavlov A., Ivanov D., 

Werner F., Dolgui A., 

Sokolov B. (2020). 

Integrated detection of disruption 

scenarios, the ripple effect disper-

sal and recovery paths in supply 

chains 

Annals of Opera-

tions Research 

Identification of disruption 

scenarios of different se-

verity and the resulting rip-

ple effects 

Reliability theory  A methodology to identify most sever 

disruption scenarios, the respective 

ripple effects and optimal recovery 

paths 

N 

Sinha, P., Kumar, S., 

Prakash S. (2019) 

Measuring and Mitigating the Ef-

fects of Cost Disturbance Propa-

gation in Multi-Echelon Apparel 

Supply Chains 

European Journal 

of Operational 

Research 

Impact of demand varia-

tion propagation on the SC 

performance 

Graph theory SC reconfiguration strategies to re-

duce the negative impact of disturb-

ance propagation 

P 
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Structural quantification of the 
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uncertainty for SCs with 

the ripple effects 

Tang, L., K. Jing, J. 

He, H.E. Stanley 

(2016) 

Complex interdependent supply 

chain networks: Cascading failure 

and robustness 

Physica A Robustness of cyber-physi-

cal SC with disruption 

propagation considerations 

in material and infor-

mation flows 

Reliability theory Helps to identify the critical nodes 

the removing of which would lead to 

network discontinuity or even col-

lapses 

N 

Zeng, Y., & Xiao, R. 

(2014). 

Modelling of cluster supply net-

work with cascading failure 

spread and its vulnerability analy-

sis 

International 

Journal of Pro-

duction Research 

Analysis and mitigation of 

SC vulnerability in the 

presence of the disruption 

propagation 

Complexity theory; 

entropy analysis 

Analyse and predict the dynamic SC 

behaviours cause by vulnerabilities 

during the process of failure spread-

ing 

N 

Zhao M., Freeman, 
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Robust Sourcing from Suppliers 

under Ambiguously Correlated 

Major Disruption Risks 

Production and 

Operations Man-

agement 

Sourcing policies under 

conditions of ambiguously 

correlated disruptions 

Distributionally ro-

bust model 

Profit maximization for scenarios 

with the worst-case disruption distri-

bution.  
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Table 3. Outcomes and managerial insights from OR contributions to the ripple effect and struc-

tural dynamics 

Level of Anal-

ysis 

OR methods Outcomes Managerial insights 

Network Level Graph theory  Associations between network 

structures and risk propagation; 

 Analysis of critical network ele-

ments leading to supply chain 

discontinuities and collapses 

through the cascading failure ef-

fects; 

 Modelling of interdependencies 

in SCs; 

 State dynamics within SC nodes; 

 Assessment of SC robustness 

and resilience to disruptions with 

the ripple effect considerations 

 Identification of disruption 

propagation scenarios of dif-

ferent severity 

 Stress-testing of SC designs  

 Proneness of specific SC de-

signs to disruption risk prop-

agation 

 Identification of critical sup-

pliers and facilities for main-

taining SC operations 

 Selection and proactive en-

hancements of SC designs to 

sustain certain levels of dis-

ruption propagations and 

structural dynamics 

 Adaptation of SC designs 

according to the environ-

mental changes 

Complexity theory 

Entropy  

Petri Nets 

Bayesian Networks 

Markov Chains 

Reliability Theory / 

Statistical Analysis 

Process Level Stochastic Optimi-

zation 
 Optimal reconfigurations of ma-

terial flows according to disrup-

tion propagation scenarios 

 Impacts of the ripple effect and 

structural dynamics on service 

level and costs 

 Optimal re-allocation of supply 

and demand under conditions of 

disruption propagation and struc-

tural dynamics 

 Stress-testing of SC produc-

tion-distribution plans within 

differently disrupted net-

work designs 

 Analysis of contingency / 

preparedness plans 

 Recovery plan selection 

 

Robust Optimiza-

tion 

Linear / Mixed-In-

teger Programming 

Control Level Optimal Control  Impacts of the disruption propa-

gations on service level, inven-

tory levels, and costs 

 Time-dependent effect of disrup-

tion propagation on SC behav-

iors and performance in dynam-

ics 

 Individual behaviors of firms in 

SCs 

 Building resilient SCs for 

new, after-pandemic busi-

ness models 

 Analysis of the disruption 

propagation in dynamics 

with considerations of pro-

duction and inventory con-

trol policies 

 Simulation of operations 

policies during the disrup-

tion, in transition to recov-

ery, and in the post-recovery 

periods 

 

Systems Dynamics 

Agent-Based Simu-

lation 

Discrete-Event 

Simulation 

 

 



Table 4. Suggestions for future research and applications in the pandemic settings 

Pandemic stages Suggestions for future research and applications of OR methods in the pan-

demic settings 

 Managerial applications Future research directions 

Anticipation and 

early detection 
 Identify critical scenarios of disruption 

propagation according to an epidemic 

outbreak dynamics 

 Forecast the impact of possible propa-

gating disruptions on SC performance 

 Predict the time periods during which 

the SCs can sustain the disruption 

propagations and survive despite the 

discontinuities 

 Identify critical suppliers and facilities 

for maintaining SC operations 

 Implement “Design-for-Resilience” 

network structures 

 Select and fortify SC designs to sus-

tain epidemic outbreaks 

 Develop theories and models for dis-

ruption propagation analysis in supply 

networks with specific consideration of 

pandemics 

 Visualize the ripple effect and struc-

tural dynamics 

 Multi-categorical analysis spanning di-

mensions of resilience and sustainabil-

ity 

 Examine new analysis categories such 

as network viability  

 Investigate the data analytics and digi-

tal technologies to early detect the dis-

ruption propagations following epi-

demic outbreaks 

Containment  Stress-testing of SC configurations 

and production-distribution plans for 

some scenarios of structural dynamics 

in anticipation of facility/market clo-

sure due to quarantines 

 Optimise contingency / preparedness 

plans for deployment under different 

scenarios of epidemic propagation 

 Examine new understanding, theories, 

and novel approaches concerning SC 

preparedness and disruption mitigation 

during the beginning epidemic out-

breaks 

 Articulate antecedents, drivers, and 

economic and social performance im-

plications of simultaneous disruption 

and epidemic propagations  

Control and mitiga-

tion 
 Analyse the impacts of disruption 

propagation in dynamics with adapta-

tions of ordering, production and in-

ventory control policies 

 Simulate and articulate operations pol-

icies amid the pandemic 

 Explore re-allocations of supply and 

demand during the pandemic given 

simultaneous disruptions in upstream 

and markets 

 Re-design the SCs for production 

switches to unusual products (e.g., 

mask production at car manufacturers) 

 Propose recovery plan selection with 

analysis of timing and scaling of facil-

ity/market closures and openings in 

different geographical regions 

 Develop and test new theories, models, 

and resilience mechanisms for control 

and mitigation of disruption propaga-

tion in SCs with specific consideration 

of pandemic features, such as: 

- long-term disruption existence and 

its unpredictable scaling; 

- simultaneous disruption propaga-

tion and epidemic outbreak propa-

gation; 

- simultaneous severe disruptions in 

supply, demand, and logistics infra-

structure  

 Develop and examine digital SC twins 

to map the network elements and adapt 

the SC according to disruption propa-

gations and structural dynamics 

 Explore the role of timing and scaling 

the production and logistics ramp-ups 

after the quarantines and lock-down 

eliminations 

Elimination  Incorporate after-pandemic environ-

ments in the re-designing of the SCs  

 Examine the existing and potential SC 

configurations under post-pandemic 

conditions in the supply base and the 

markets 

 Analyse the “disruption tails” and 

long-term stabilization of production-

inventory systems 

 Find optimal scaling and timing of pro-

duction and logistics ramp-ups during 

the “exit” after the lock-downs 

 Examine SC re-design methods for 

sever structural changes in supply and 

demand after a pandemic (e.g., supplier 

bankruptcies and demand drops/shifts) 

 Explore the concept of SC viability as a 

long-term maintaining of survivability 



under different and ever changing envi-

ronmental conditions  

 


