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Abstract
The COVID-19 pandemic outbreak deeply impressed supply chains in different aspects. In response to this unexpected situ-
ation, supply chain managers have decided to recover and reinforce their supply chains. Considering the expanse of these 
decisions, project management principle and tools seems inevitable to successfully manage the transformation from before 
pandemic to post-pandemic supply chains (SCs). In this study, the problem of time–cost tradeoff is extended to time, cost, 
and risk tradeoff. The risk factor is considered to convey the uncertainty arising from the COVID-19 pandemic situation. 
Since projects are affected by the level of pandemic expansion and different countries ruled out various quarantine policies 
(isolation, quarantine, social distancing, and lock-down), the tradeoff problem is influenced accordingly. Therefore, a scenario-
based robust optimization model is proposed to deal with time, cost, and risk tradeoff problems to reflect the effects of the 
global pandemic of COVID-19 on managing projects in supply chains. In addition, various quarantine policies (isolation, 
quarantine, social distancing, and lock-down) as a prevalent response to the pandemic have been investigated separately. To 
illustrate the model, a real-world case study in the emerging economy of Iran is examined using the proposed approach. The 
results indicated that supply chain managers can use the designed model and approach as a tool for a flexible and adaptable 
decision-making framework dealing with a global pandemic such as COVID-19.

Keywords COVID-19 pandemic · Supply chain management (SCM) · Project management (PM) · Time–cost-risk tradeoff 
(TCRT) · Quarantine level · Robust optimization

1 Introduction

Facing a novel widespread pandemic caused by the SARS-
CoV-2 virus, known as the COVID-19 pandemic, global sup-
ply chains are suffering from the most disastrous disruption  
in recent decades (Karmaker et al. 2021). The connection 
among supply chains, manufacturing industries, and inter-
national markets aggravates negative effects globally (Chena 
et al. 2019). As Ivanov and Dolgui (2020) discussed, the 
COVID-19 pandemic has substantially affected the global 
economy, demolished several industries as well (Belhadi 
et al. 2021). Nearly 6% and 1% decrease in the advanced and 
developing economies is estimated by International Mon-
etary Fund (IMF), respectively (Karmaker et al. 2021). As  
reported COVID-19 had considerable negative effects on 
94% of 1000 companies reviewed by this organization 
(Baz and Ruel 2021). Moreover, supply flow and demand 
have been negatively affected by the COVID-19 pandemic 
directly in both local and global markets as these impacts 
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can cause ripple effects by spreading throughout the entire 
supply chain. (Baz and Ruel 2021; Chena et al. 2019). Inci-
dents like COVID-19 force companies to try to determine 
and assess potential risks that their supply chain might face 
(Sabouhi et al. 2018). Risk can be considered a major fac-
tor in making different decisions (Garousi Mokhtarzadeh 
et al. 2020a, b). According to Sabouhi et al. (2018), there are 
two main types of risks entailed in the supply chain network 
context.

Operational risks. Ingrained uncertainties are caused by 
mundane disturbances with high frequency in nature and 
small interruptions.
Disruption risks. low-frequent disruptions are usually 
caused by disasters and large-scale threats inflicting con-
siderable damages on the whole supply chain (Sabouhi 
et al. 2018; Ivanova 2020).

With the emerge of coronavirus from Wuhan, China, so-
called the factory of the world, immediate distractions in 
Chinese exports have challenged supply availability on a 
global scale (Ivanova 2020). This has extended the COVID-
19 pandemic from a health crisis to an economic catastrophe 
where firms and supply chains struggle to form COVID-19-
friendly systems which can effectively help them to survive 
this disaster (Karmaker et al. 2021). Therefore, enhancing 
supply chain resilience regarding pandemics like COVID-19 
has become a popular research topic to improve the supply 
chain’s capability of resistance in cases of massive disrup-
tions (Belhadi et al. 2021). Jabbour et al. (2020) point out as 
this outbreak proved the importance of supply chains to the 
global economy, there is a need for regenerated approaches 
to supply chain management resilience. Bearing that in 
mind, the COVID-19 pandemic has brought a good learn-
ing opportunity to improve resilient practices and dynamism 
in supply chains to make them more capable of dealing with 
disruptive events (Hoek 2020).

Observing this issue through the lens of operation, the 
definition of resilience can be “an organism in which systems 
adjust to disruptions” and must be prepared, responsive, and 
modifying (Prasad et al. 2019). Needless to say, supply chain 
networks are opposed to many changes, community poli-
cies, and unexpected events which may lead to disruptions; 
consequently, they should be ready to be challenged by serial 
changes in advance. Hence, conducting resilience princi-
ples enable them to overcome obstacles in this spiral way. 
Resilience helps systems to get through disruption times 
and assure that they return to a stable condition at the post-
disaster stage (Mehrjerdi and Shafiee 2021). In the same 
sense, academic researchers have shown interest in terms of 
resilience in projects, aiming to perceive the ability of dif-
ferent systems involving in projects to adequately perform 
in times of unpredictable imposed changes (Naderpajouh 

et al. 2020a, b). Project management practices desire to 
assure that the project can meet allocated time and budget. 
In this environment, one of the most important aspects of 
project management is uncertainty, which means dealing 
with problems where possible events are known without 
predetermined probability (Mensah et al. 2021) which can 
significantly challenge project objectives and cause many 
disturbances (Torabi Yeganeh and Zegordi 2020). Same 
as before, this special case of the COVID-19 pandemic is 
also one of the most recent examples of a disaster directly 
affecting the resilience of projects and operations perfor-
mance globally (Naderpajouh et al. 2020a, b). However, the 
disaster management process (i.e. attempts made during all 
levels of disaster to do damage control to the economy) can 
be pictured about a project consisting of specific products, 
time restrictions, and resource constraints. Therefore, as 
disaster management resembles large-scale public project 
management, advanced project management approaches may 
be beneficial in all phases of disaster management (Prasad 
et al. 2019).

Correspondingly, with all the challenges that firms and 
supply chains are confronting as a result of this pandemic, 
there is a need for a better understanding of the nature and 
role of projects and changes in supply chains since they are 
happening simultaneously in the context of disasters. (Pádár 
et al. 2017). In this regard, a few studies have considered 
project management and resilience aspects which were not 
focused directly on supply chain practices. For instance, the 
effect of project management and stakeholder engagement 
on disaster resilience has been studied (Crawford et al. 2013; 
Mokhtarzadeh et al. 2018). While Prasad et al. (2019) dis-
cussed that disaster-oriented project management can gener-
ally enhance disaster resilience, their studies excluded the 
supply chain context. Moreover, due to different forces like 
demand fluctuations for a variety of goods and outsourcing, 
SCs have become more complex in terms of processes and 
tasks (Gaudenzi and Christopher 2015). Since there has been 
a rise in the number of new and non-repetitive processes and 
activities in this context, Gaudenzi and Christopher (2015) 
argued that SCM has also turned to project management. 
Nonetheless, the effectiveness of applying PM approaches 
to SCM still has not been widely discussed.

Accordingly, considering that project management is 
vital in term of managing the supply chain especially on 
the formation and arrangement of supply chains’ strategy, 
it’s getting more important to discern the performance of 
project management while supply chain dynamism is fac-
ing and adapting to new situations; in this special case, we 
are dealing with COVID-19. (Frederico et al. 2021). The 
importance of project management in SCM can be char-
acterized considering its role in initiating and directing the 
SCM initiative dealing with disruptions (Smith and Offodile 
2007). Projects like new product development, adopting new 
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technologies and strategies, supplier replacement, etc. can 
be considered as some of the responses that SCs pursue to 
become more resilient. Project management is a fundamental 
consideration for the successful management of SC initia-
tives (Ayers 2009). Ayers (2009) pointed out a brilliant per-
spective on observing SCM from the viewpoint of project 
management. In this perspective, he considered SCM as a 
project and proposed to apply the principles of project man-
agement. Taking a project management approach to enhanc-
ing the capabilities of a supply chain can be considered as a 
way to handle the complexity and time-based competitive-
ness, meaning a corporate ability to provide customers with 
services and products meeting their expectations (Sukumar  
et al. 2020), in the current global markets becoming more 
difficult by the appearance of different crises (Gaudenzi 
and Christopher 2015). This paper aims to propose a robust 
time–cost-risk tradeoff to handle and manage the supply 
chain projects in a more resilient model to alleviate the 
challenges arising from disruptions like the COVID-19 
pandemic. It investigates different levels of quarantine, the 
most common response to the pandemic all over the world, 
as separate scenarios, then their impacts on different dimen-
sions of the model are discussed. Generally speaking, bor-
rowing a project management approach dealing with crisis 
and according to project management life cycle (PMLC) 
approach consisting scope, plan, launch, monitor and con-
trol, and close project (Wysocki 2013) is followed to define 
appropriate projects setting to compensate the COVID-19 
pandemic effects and then proposing a time-schedule based 
on the uncertainty of the pandemic situation.

Considering that the advertising industry is known as 
a worldwide, upscale business linking manufacturers and 
customers, this paper has appointed its case study to this 
field. In 2018, the global spending on media advertising has 
been estimated at nearly $629 billion with about a 44% share 
of digital advertising, reported by the eMarketer research 
group. Same as so many other industries, the COVID-19 
pandemic has interrupted the steadily increasing trend of 
spending on advertising all over the world. However, a 
growth track in 2021 has been predicted leading to sur-
pass $630 billion spendings for advertisement in 2024. As 
Statista reported, the spending on advertising significantly 
increased from 402 billion dollars in the year 2012 to 649 
in 2021 (Guttmann 2021). This amount of increase neces-
sitates the appropriate readiness of the firms toward future 
products (Garousi Mokhtarzadeh et al. 2020a, b). Thus, the 
presented model has been applied to data exploited from 
an advertising company that managed to perform a supply 
chain re-engineering project on their SC. This case study has 
a chain of activities that are connected tightly and are tied in 
each level of the supply chain which makes them face several 
challenges during variant levels of the pandemic. To survive 
the massive disruption caused by a coronavirus, the studied 

firm has decided to conduct a project to preserve their SC 
which will be discussed in the next following sections.

In the current study, an axiomatic research methodology 
is followed to obtain a solution for the supply chain time, 
cost, risk tradeoff problem (Bertrand and Fransoo 2002). 
The remainder of the paper is organized as follows. First, 
a review of the related literature is given in Sect. 2. Sub-
sequently, the considered problem is defined formally and 
the mathematical model along with its solving approach is 
described in Sect. 3. Next, an application of the proposed 
model in a supply chain project responding to the pandemic 
effects and boosting supply chain resiliency is examined in 
Sect. 4 with a discussion on the proposed model results. 
Finally, the conclusion section with some clues for future 
researches is discussed in Sect. 5.

2  Literature review

The recent pandemic caused by COVID-19 explained how 
SCs suffer from low levels of resilience and disruptions that 
can blemish them on a global scale (Golan et al. 2020). The 
essential role of the SC for actively providing markets with 
goods and services has become lucid due to the current pan-
demic (Ivanov and Dolgui 2020). Resilience is a multi-faced 
and not yet standardized concept so that several definitions 
and assessment methods exist. Resilience is considered a 
concept that is not completely standardized, has several faces 
and is measured by multiple methods (Emanuele Bellini 
et al. 2021). During the pandemic, firms experienced issues 
handling the resilience concept due to the new situation and 
it’s become the core part of supply chains (Ivanov 2021). 
SCs were tested regarding their resilience including their 
robustness, flexibility, and recovery ability in this erratic 
era. (Ivanov and Dolgui 2020). From an organizational view-
point, supply chain resilience (SCR) is the ability of firms 
to smooth the impact of unexpected disturbances inside and 
outside of organizations employing operational resources 
(Wong et al. 2020). Researches in this field indicate that 
resilience spread over technical, economic, environmental, 
social, and political areas (Emenike and Falcone 2020). 
Needless to say, various definitions for resilience has been 
stated within the literature; nonetheless, the National Acad-
emy of Sciences (NAS) expresses that resilience can formu-
late and design how to take in and rescue from conflicting 
events while revising the system to keep up with changes 
which is the most integrated approach that can be assessable. 
(Golan et al. 2020).

As could be expected, researchers have been showing 
interest in terms of creating more resilient supply chains. 
As quantitative methods have been studied, systematic litera-
ture reviews on the analytical origins demonstrate that resil-
ience can be static or dynamic (Wong et al. 2020). Hasani 

A scenario‑based robust time–cost tradeoff model to handle the effect of COVID‑19 on supply chains… 359



1 3

and Khosrojerdi (2016) used a mixed integer programming 
(MIP) model to study resilience in the concept of similar dis-
ruptions. Rezapour et al. (2017) expanded a resilient struc-
ture of an SC that can resist and repair itself swiftly. Three 
policies were examined to preserve emergency stock at the 
retailers, making extra capacity at the suppliers, and multi-
sourcing. To achieve the most financially beneficial method 
and mitigation policies, they used a non-linear mixed-integer 
programming (MIP) model. Their study illustrated that the 
SC can be taken under control by risk mitigation policies, 
sustaining and improving SC’s market share, and be useful 
for customers by placing retail prices in the market (Ivanov 
et al. 2017). In this perspective, Wong et al. (2020) explored 
performance outcomes under moderating effects of the SC 
disruptions using a theoretical method. They declared that 
supply chain resilience (SCR) is firmly correlated with risk 
management and operational performance. Relevant stud-
ies on this topic include a systematic review on quantitative 
SCR modeling, defining defense line and a new definition 
for SCR, based on the resilience capacity of SCs (Hosseinia 
et al. 2019); surveying SCR literature on resilience mod-
eling and quantification to analyze and present the diversity 
of SCR applications (Golan et al. 2020); designing a risk-
resilient SC and proposing different resiliency strategies 
applying structural equation modeling (Baz and Ruel 2021); 
resilient supplier selection modeling and optimization for 
order allocation problem (Hosseini et al. 2019).

As managing the SC’s disruption has become a hot 
topic recently, the COVID-19 pandemic disruption also 
becomes a new challenge, completely different from any 
ones seen before. The world and particularly SCs, still 
suffer from ambiguity and troubles caused by COVID-19. 
For example, some SCs had to switch between industries 
that might be the end of life for those businesses. (Ivanov 
and Dolgui 2020) As Walmart reported, various industries 
have been encountering massive panic shopping because 
of the COVID-19 pandemic. A study by The Chartered 
Institute of Procurement and Supply, on March 28 2020 
indicates that 86% of SCs are influenced by the COVID-19 
pandemic. Moreover, The Institute for Supply Manage-
ment found out that during March the percent of firms 
with SC’s changes increased from 80 to 95% (Hoek 2020). 
In this field, Belhadia et al. (2020) have examined the 
upcoming influences on the SCs caused by this pandemic 
through an integrated approach. Their results announced 
visions about COVID-19 outbreak effects on the airline 
SC and automobile in this case. Hoek (2020) has debated 
the impact of fluctuations in supply, demand, and risks and 
the significant need for resilience in times of pandemics. 
Examining more closely, Ivanov (2020) conducted a simu-
lation study, to forecast the consequences of the COVID-
19 pandemic affecting global SCs. In virtue of these expe-
riences, not only researchers but also managers are craving 

for the development of resilience practices to prevent firms 
from disruption effects (Ivanov and Dolgui 2020).

Bearing those in mind, since SCs encompass key value-
adding business processes, SCM can be defined as a solid 
combination of complicated and multidimensional tempo-
rary projects, which includes independent firms collaborat-
ing to provide customers with the desired value (Thomé 
et al. 2016). At the complexity level of SCs, projects can be 
effectively helpful to remain operational in times of crisis 
by enhancing the joint capabilities of the firms collaborat-
ing in the SC. Projects can reinforce all types of operations 
in a firm, which makes project resilience more essential for 
retaining competitive advantages. As a result, there is an 
opportunity to link traditional PM concepts like risk and 
uncertainty management to project resilience practices  
aiming at a complementary approach. In times of disrup-
tions, the system’s failure often starts at the level of individ-
uals or team disruptions, that deluge up through processes 
and projects; however, the impacts are usually monitored at 
organizational, industrial, and societal levels (Chowdhury 
et al. 2020). Meanwhile, the dynamic and rapid nature of 
disruptions needing prompt response reveals the necessity 
of projects (Qin et al. 2021). Therefore, prior research point-
ing to individuals, teams, or organizations is required to be 
reconsidered at the project level.

Researchers interest in blending the resilience concept 
and projects has been revealed recently. Main PM concepts 
of risk and uncertainty have been studied in prior research 
aiming to discover the dimensions and role of risk and 
resilience (Naderpajouh et al. 2020a, b). In recent litera-
ture, Nachbagauer and Schirl-Boeck (2019) studied system 
theory and resilience in the context of megaprojects. They 
discussed that PM literature underestimated the role of risk 
and uncertainty while presenting a hierarchical planning 
and control-focused perspective. Other PM researches have 
pointed to PM concepts in the context of disaster resilience 
(Prasad et al., 2019); presenting conceptual frameworks 
for project resilience (Rahi 2019); analyzing the impact of 
resilience-related practices on project sustainability (Kazmi 
et al. 2018); enhancing project success possibility through 
risk management (Buganova and Simickova 2020). In a 
mildly more specialized viewpoint, Prasad et al. (2019) 
studied the applications of PM concepts and frameworks in 
the context of disaster resilience. They defined the relation-
ship between external elements of the disaster management 
process and the internal characteristics of disaster project 
management. In the same sense, Einabadi et  al. (2019) 
applied a fuzzy-DEA approach to analyze PM performance 
regarding resilience engineering and HSE factors. A lightly 
more specialized batch of research targets innovative (Oeij 
et al. 2017; Todt et al. 2019) and exploratory projects (Wied 
et al. 2020), aiming to discriminate flexible and creative 
organizing approaches (Naderpajouh et al. 2020a, b).
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As discussed, SCM and PM studies consider risk mitiga-
tion as the main role of resilience practices. The literature 
indicates a wide range of fields where the term resilience, 
has been used such as SCM, PM, strategic management, 
metallurgy, ecology, psychology, and safety engineer-
ing (Thomé et  al. 2016; Mahmoudi et  al. 2019). Previ-
ous researches regarding SCR and PM in the majority are 
qualitative including systematic reviews of the literature 
on resilience in the context of SC and PM independently, 
evaluating the impacts of disruptions on SCRM and project 
management resilience (PMR), the conceptual framework of 
PM, applications of PM concepts in the context of disaster 
resilience, and so forth. A summary of reviewed literature 
is presented in Table 1.

To provide a clear definition of the considered problem, 
the aim of supply chain project management is restated 
here. According to (Ayers 2009; Beheshti et al. 2016), sup-
ply chain project management aims to enable managers in 
developing and executing supply chain strategies using both 
SCM and project management. The necessity of adherence 
to project management practices is intensified during the 
pandemic situation. Some companies decided to made criti-
cal changes in their SCs, e.g. repurpose their production and 
operations, handling mismatch between demand and supply, 
the urgency of enhancing supply chain resiliency are some of 
these major shifts in SCs (Sharma et al. 2020). Considering 
agility as the ability to quickly respond to changes (Ulrich 
and Yeung 2019), it is evident that a successful SC required 
an agile shift in the strategies. Therefore, in defining a sup-
ply chain decision to change its strategy in the context of a 
project, it is inevitable to equip with project management 
tools for good management of SC projects. The Time–cost 
tradeoff problem (TCTP) is one of the well-known and 
widely applied problems of project management (Shahsavari 
Pour et al. 2012; Razavi Hajiagha et al. 2014). TCT aims to 
achieve a balanced set of a project’s activities time and cost. 
Typically, TCTP models are classified into two scenarios 
including continuous and discrete models. In the continuous 
model, it is assumed that there is a continuous relationship 
between the time and cost of each activity. Considering a 
normal and crash time for the cost and time of activities, the 
model seeks to determine the optimal time and cost of activi-
ties between the normal and crash forms. On the other hand, 
in the discrete TCTP models, different modes of execution 
are assumed for each activity with different times and costs. 
The discrete model identified the best combination of activ-
ity modes (Son et al. 2013; Taghavifard et al. 2018).

Beyond the classic TCTP framework, the risk is another 
important aspect that must be considered in project man-
agement, especially during crises like the Covid-19 pan-
demic. Risk management significantly affects the project’s 
success (de Carvalho and Rabechini Junior 2015; Muriana 
and Vizzini 2017). Considering the impact of the Covid-19 

outbreak on logistic and supply chains, due to lockdown and 
its effects on demand and supply balance (Singh et al. 2020), 
the risk is an inevitable factor to be included in the resiliency 
of SC projects. A summary of recent studies about TCTP 
models and their extensions is illustrated in Table 2. Review-
ing the studies, generally, the tradeoff problems deal with 
time–cost tradeoff while some studies consider other objec-
tives, e.g., risk, quality, and sustainability-related measures. 
There is no majority between discrete or continuous trade-
off problems and different algorithms are proposed to solve 
the problems. About the uncertainty, a considerable part of 
studies formulated the tradeoff problems under certainty. 
However, it seems a meaningful desire toward stochastic 
programming, while fuzzy set theory and robust optimiza-
tion are also considered. Note that, a majority of studies are 
also focused on construction projects as their case studies.

In line with previous researches presented in Table 1, to 
the best knowledge of the authors, none of the related litera-
ture considered the intersection of supply chain management 
and project management, especially regarding the COVID-
19 situation. Besides, while the impacts of disruptions like 
the COVID-19 pandemic on the supply chain process have 
been illustrated previously, time–cost tradeoff modeling has 
not been investigated to mitigate the unexpected risks. In this 
paper, a robust discrete time–cost-risk tradeoff model is pro-
posed to manage the supply chain projects in a more resilient 
mode regarding the environmental risks due to the Covid-19 
pandemic. From a theoretical perspective, the risk factor is 
rarely considered in the discrete tradeoff problems. The main 
advantage of the proposed model is to consider the risks and 
variations of the pandemic in scheduling the supply chain 
problems. Moreover, since stochastic and fuzzy methods 
require determinations of a statistical or membership func-
tion, robust optimization can solve the uncertainty caused by 
a pandemic situation without requiring any pre-determined 
functional form. Therefore, the main contributions of the 
current study can be summarized as below:

– Formulating the time, cost, and risk tradeoff problems in 
the context of supply chain management projects;

– Proposing a scenario-based robust optimization model to 
deal with different conditions due to pandemic outbreak 
level;

– Analyzing the impact of the pandemic outbreak based on 
the level of quarantine being ruled out on the time, cost, 
and risks of the supply chain projects.

3  Modeling

the problem of optimizing the time–cost-risk tradeoff in 
an SC project to achieve more resilient project manage-
ment responding to the Covid-19 pandemic-related risks is 
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1 3

formulated in this section. In the current study, the opera-
tional research approach is used to examine the problem. 
This approach includes four stages of (1) conceptualization, 
(2) modeling (sub-Sects. 3.1 and 3.2), (3) model solving 
(sub-Sect. 3.3) and (4) implementation (Sect. 4) (Bertrand 

and Fransoo 2002). In the conceptualization stage, consid-
ering an activity-on-node (AON) representation, a project 
can be defined as a directed acyclic graph G = (V ,E) where 
the node-set V illustrates project activities and the arc set E 
illustrates instant transformation between activities (Yang 

Table 2  A summary of TCTP models and their extensions

Researcher Dimensions Type Uncertainty Algorithm

Year Time Cost Risk Other

Kang and Choi (2015) ✓ ✓ Discrete Stochastic Dynamic programming
Lee et al (2015) ✓ ✓ Discrete Stochastic CPM-Guided genetic 

algorithm
Tran et al (2015) ✓ ✓ Quality Discrete - hybridization of an artifi-

cial bee colony and 
differential evolution

Choi and Park (2015) ✓ ✓ Continuous Pseudo-polynomial time 
algorithm

Hazir et al (2015) ✓ ✓ Discrete Robust Robust optimization
Tran et al (2015) ✓ ✓ Labor utilization Multiple Objective 

Symbiotic Organisms 
Search

Shahriari (2016) ✓ ✓ Discrete - NSGA-II
Hochbaum (2016) ✓ ✓ Continuous - PD-Algorithm
Aminbakhsh and 

Sonmez
(2016) ✓ ✓ Discrete - Discrete particle swarm 

optimization
Göçken and 

Baykasoğlu
(2016) ✓ ✓ Continuous Fuzzy Fuzzy ranking method 

and the tabu search 
(TS) algorithm

Wood (2017) ✓ ✓ Quality Continuous Stochastic Fuzzy memetic optimi-
zation

Bettemir and Birgonul (2017) ✓ ✓ Continuous - Network analysis algo-
rithm

Tran et al (2018) ✓ ✓ ✓ Continuous - Adaptive multiple 
objective differential 
evolution

Tran et al (2019) ✓ ✓ Continuous Stochastic Adaptive multiple objec-
tive symbiotic organ-
isms search

Haghighat et al (2019) ✓ ✓ ✓ Quality Continuous Interval-valued fuzzy Linear binary program-
ming

Ballesteros-Perez, 
Elmarousy, and 
Gonzalez-Cruz

(2019) ✓ ✓ Continuous Stochastic Genetic algorithm

Banihashemi and 
Khalilzadeh

(2020) ✓ ✓ Quality and environmen-
tal impact

Discrete - Data envelopment 
analysis

Jeunet and Orm (2020) ✓ ✓ Quality Continuous - Lexicographic approach
Godinho and Paulo 

Costa
(2020) ✓ ✓ Continuous Stochastic Dynamic programming

Askarifard et al (2021) ✓ ✓ Socio-environmental 
impact

Continuous Robust Epsilon-constraint

Banihashemi et al (2021) ✓ ✓ Quality and environmen-
tal impact

Discrete - Epsilon-constraint

Hamta et al (2021) ✓ ✓ Quality Continuous - Goal programming
Current research ✓ ✓ ✓ Discrete Robust Scenario-based robust 

optimization

S. H. R. Hajiagha et al.366



1 3

and Wang 2010). First, the notation used in modeling the 
problem is introduced in the following section.

3.1  Notation and model formulation

3.1.1  Parameters

i index of project activities i = 1,2,… , n

M(i) Number of execution modes for activity i,
Γ(i) Set of precedence activities of i,
tik Time of performing activity i in mode k (days);
cik Cost of performing activity i in mode k ($);
rik Risk of performing activity i in mode k;

3.1.2  Variables

si start time of activity i;

3.2  TCRT model

According to the notation, each activity i ∈ V  has a finite 
number of execution modes M(i) . For each mode k ∈ M(i) , 
the activity requires a time tik , a cost cik , and a risk rik . The 
formulated model aims to determine the optimal mode of 
execution for project activities such that total project time, 
cost, and risk become simultaneously as optimal as possible, 
Therefore, the multi-objective mixed-integer TCRT problem 
is formulated as follows.

Equations 1, 2 and 3 are the objective functions of the 
model. The first objective, Eq. (1), minimizes the total time 
of performing a project’s activities. The second objective, 
Eq. (2), minimizes the total cost of activities and the third 
objective minimizes the total risks of activities. All of these 
functions are defined as the sum of the selected execution 
mode of activities time, cost, and quality.

S.T

xik =

{
1ifactivityiisperformedinmodek

0otherwise

(1)MinT =

n∑

i=1

M(i)∑

k=1

tikxik

(2)MinC =

n∑

i=1

M(i)∑

k=1

cikxik

(3)MinR =

n∑

i=1

M(i)∑

k=1

rikxik

The first constraint, i.e. Equation (4), requires that each 
activity can be executed in one of its available execution 
modes since it is not possible to consider more than one 
execution mode for each activity. The second constraint, 
i.e. Equation (5), illustrates the precedence relations among 
activities. The constraint assured that the time difference 
between starting time of two consequent activities must be 
greater than the execution time required for performing the 
precedent activity. It might possible to add another constraint 
that required the project to be completed in a predetermined 
time T. this constraint can be illustrated as follows.

3.3  A robust counterpart of the TCRT problem

The model formulated in Eqs. (1, 2, 3, 4 and 5) is a determin-
istic multi-objective mixed-integer programming model con-
sidering all of the parameters are determined exactly. In the 
pandemic situation; however, it is almost impossible to per-
form activities without any deviation in their parameters. To 
achieve a more resilient supply chain project management, a 
robust formulation of the TCTR problem is developed in this 
section. The Covid-19 pandemic affects the TCRT problem 
based on stages of quarantine. These quarantine stages affect 
the activities’ time, cost, and risk. These stages are deter-
mined as isolation  (Q1), quarantine  (Q2), social distancing 
 (Q3), and lock-down  (Q4). These stages of quarantine can be 
considered as different scenarios affecting the completion of 
the project. Therefore, a scenario-based robust counterpart 
of the TCRT problem is formulated. Suppose that the prob-
lem is formulated as below (Mulvey et al. 1995)

where Eq. (8) is a structural constraint with fixed coefficients 
and Eq. (9) is a control constraint with noisy coefficients. A 

(4)

M

(i)
∑

k=1

xik = 1,∀i, i = 1,2,… ,M(i)

(5)
si − sj −

∑M(j)

k=1
tikxik ≥ 0,∀j, j ∈ Γ(i)

si ≥ 0, i = 1,2,… , n

xik = {0,1}, i = 1,2,… , n;k = 1,2,… ,M(i)

(6)sn ≤ T

(7)MincTx + dTy

(8)Ax = b

(9)Bx + Cy = e

(10)x, y ≥ 0, x ∈ Rn1 , y ∈ Rn2
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set of scenarios Ω = {1,2,… , S} are introduced and under 
each scenario s ∈ Ω , a set 

{
ds,Bs,Cs, es

}
 of coefficients are 

realized. Furthermore, the probability of scenario s is ps , 
where 

∑S

s=1
ps = 1 . Mulvey et al. (1995) introduced the con-

cepts of solution robustness and model robustness about the 
closeness of optimal solution and remains almost feasible 
for the different realization of model parameters, respec-
tively. Under these circumstances, the robust counterpart is 
formulated as follows.

S.T

where 
{
y1, y2,… , ys

}
 are the set of control variables for each 

scenario s ∈ Ω , and 
{
z1, z2,… , zs

}
 are the set of error vari-

ables to measure the allowed infeasibility of control con-
straints under the sth scenario. In the above model, σ and 
� terms are defined as the solution robustness and model 
robustness function assuring the optimality and feasibility 
of the solution against different scenarios. The first term 
in Eq. (11) assured the solution robustness of the problem. 
Using the idea of mean–variance, this term can be formu-
lated as follows.

where λ is the assigned weight to the variability of the solu-
tions and �s is the realized value of an objective function 
under the sth scenario. The quadratic term of Eq. (15) can 
be replaced by

Using non-negative deviation variables �−
s
 and �+

s
 , the 

model in Eq. (16) is transformed into the following linear 
model.

S.T

(11)Min�
(
x, y1,… , yS

)
+ w�

(
z1,… , yS

)

(12)Ax = b

(13)Bsx + Csys + zs = es∀s ∈ Ω

(14)x ≥ 0, ys ≥ 0,∀s ∈ Ω

(15)�
(
x, y1,… , yS

)
=
∑

s∈S

ps�s + �
∑

s∈S

ps

(

�s −
∑

s∈S

ps�s

)2

(16)�
(
x, y1,… , yS

)
=
∑

s∈S

ps�s + �
∑

s∈S

ps

|||
||
�s −

∑

s∈S

ps�s

|||
||

Min =
∑

s∈S

ps�s + �
∑

s∈S

ps
(
�−
s
+ �+

s

)

(17)�s −
∑

s∈S

ps�s − �−
s
+ �+

s
= 0∀s ∈ Ω

The second term of Eq. (11) is a function to assure the 
model robustness by penalizing the infeasibilities. This term 
compensates for the infeasibilities due to some scenarios, 
illustrated as �s . The weight w made a balance between solu-
tion and model robustness. A greater value of w reduces the 
possible infeasibility. The final robust counterpart is formu-
lated as below.

S.T

In the TCRT problem, the parameters tik , cik , and rik 
depend on the quarantine scenario being executed. There-
fore, there is a set of scenarios Ω = {1,2, 3,4} corresponding 
to  Q1,  Q2,  Q3,  Q4 with an approximated probability vector {
p1, p2, p3, p4

}
 , where 

∑4

s=1
ps = 1 . For each scenario, the 

activity time, cost, and risk parameters acquired different 
realizations illustrated by 

{
ts
ik
, cs

ik
, rs

ik

}
, s ∈ {1,2, 3,4} . There-

fore, the multi-objective robust counterpart of the TCRT 
problem is formulated as below.

S.T

�−
s
, �+

s
≥ 0

Min =
∑

s∈S

ps�s + �
∑

s∈S

ps
(
�−
s
+ �+

s

)
+ w

∑

s∈S

ps�s

Ax = b

Bsx + Csys + �s = es∀s ∈ Ω

(18)
�s −

∑
s∈S ps�s − �−

s
+ �+

s
= 0∀s ∈ Ω

�−
s
, �+

s
≥ 0

(19)

MinT =

4∑

s=1

ps

(
n∑

i=1

M(i)∑

k=1

ts
ik
xik

)

+

4∑

s=1

ps
(
�−
1s
+ �+

1s

)
+

4∑

s=1

ps�
−
s

(20)MinC =

4∑

s=1

ps

(
n∑

i=1

M(i)∑

k=1

cs
ik
xik

)

+

4∑

s=1

ps
(
�−
2s
+ �+

2s

)

(21)MinR =

4∑

s=1

ps

(
n∑

i=1

M(i)∑

k=1

rs
ik
xik

)

+

4∑

s=1

ps
(
�−
3s
+ �+

3s

)

(22)
M(i)∑

k=1

xik = 1,∀i, i = 1,2,… ,M(i)

(23)

si − sj −

M(j)∑

k=1

ts
ik
xik + �−

s
− �+

s
= 0,∀j, j ∈ Γ(i);∀s, s ∈ {1,2, 3,4}
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To solve the multi-objective model, an Lp-metric-based 
approach is used in this study. To this aim, initially, three 
single objective problems were solved to determine the opti-
mal values of the three objective functions. Suppose that 
these optimal objectives, i.e., ideal values, are demonstrated 
by T∗ , C∗ , and R∗ . Finally, the following single-objective 
model was solved to determine the robust optimal solution 
of the TCRT problem as follows.

S.T

(24)
(

n∑

i=1

M(i)∑

k=1

ts
ik
xik

)

−

4∑

s=1

ps

(
n∑

i=1

M(i)∑

k=1

ts
ik
xik

)

− �−
1s
+ �+

1s
= 0,∀s, s ∈ {1,2, 3,4}

(25)
(

n∑

i=1

M(i)∑

k=1

cs
ik
xik

)

−

4∑

s=1

ps

(
n∑

i=1

M(i)∑

k=1

cs
ik
xik

)

− �−
2s
+ �+

2s
= 0,∀s, s ∈ {1,2, 3,4}

(26)
(

n∑

i=1

M(i)∑

k=1

rs
ik
xik

)

−

4∑

s=1

ps

(
n∑

i=1

M(i)∑

k=1

rs
ik
xik

)

− �−
3s
+ �+

3s
= 0,∀s, s ∈ {1,2, 3,4}

(27)

�−
1s
, �+

1s
, �−

2s
, �+

2s
, �−

3s
, �+

3s
∈ {1,2, 3,4}

�−
s
, �+

s
≥ 0, s ∈ {1,2, 3,4}

si ≥ 0, i = 1,2,… , n

xik = {0,1}, i = 1,2,… , n;k = 1,2,… ,M(i)

(28)MinwT ∙
T − T∗

T∗
+ wC ∙

C − C∗

C∗
+ wR ∙

R − R∗

R∗

(29)
M(i)∑

k=1

xik = 1,∀i, i = 1,2,… ,M(i)

(30)

si − sj −

M(j)∑

k=1

ts
ik
xik + �−

ijs
− �+

ijs
= 0,∀j, j ∈ Γ(i);∀s, s ∈ {1,2, 3,4}

(31)
(

n∑

i=1

M(i)∑

k=1

ts
ik
xik

)

−

4∑

s=1

ps

(
n∑

i=1

M(i)∑

k=1

ts
ik
xik

)

− �−
1s
+ �+

1s
= 0,∀s, s ∈ {1,2, 3,4}

(32)
(

n∑

i=1

M(i)∑

k=1

cs
ik
xik

)

−

4∑

s=1

ps

(
n∑

i=1

M(i)∑

k=1

cs
ik
xik

)

− �−
2s
+ �+

2s
= 0,∀s, s ∈ {1,2, 3,4}

(33)
(

n∑

i=1

M(i)∑

k=1

rs
ik
xik

)

−

4∑

s=1

ps

(
n∑

i=1

M(i)∑

k=1

rs
ik
xik

)

− �−
3s
+ �+

3s
= 0,∀s, s ∈ {1,2, 3,4}

where wT ,wC,wR ≥ 0 are the importance weights of time, 
cost, and risk objectives in a way that wT + wC + wR = 1.

4  Application and extension

In this section, the proposed method is applied in a real-
world case study. The considered case study is an adver-
tising company with an SC illustrated in Fig. 1. The men-
tioned company produces all kinds of advertising content, 
arranges events, runs promoting campaigns, etc. for manu-
facturing companies. The covid-19 pandemic has caused 
a noticeable demand decrease downstream of the studied 
supply chain since the manufacturers as the clients have 
faced a financial crisis and lack of funds for any promotion 
plans. Moreover, lockdown canceled holding the events 
because of social distancing limits and governmental 
rules; in the same sense, social distancing and lockdown 
structures have considerably impeded the flow of pro-
cesses and activities. To adjust the tensions of disruption, 

�−
1s
, �+

1s
, �−

2s
, �+

2s
, �−

3s
, �+

3s
≥ 0, s ∈ {1,2, 3,4}

(34)
�−
s
, �+

s
≥ 0, s ∈ {1,2, 3,4}

si ≥ 0, i = 1,2,… , n

xik = {0,1}, i = 1,2,… , n;k = 1,2,… ,M(i)
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the company decided to take action towards making the 
supply chain more resistant. Since different levels of dis-
ruption have forced the supply chain to go through special 
changes and coordination; consequently, the company has 
transferred its supply chain management to a customized 
online platform to preserve the flow of activities while 
accelerating the new-designed processes. For instance, the 
work controlling patterns have changed and new middle 
management levels have been added to the network.

Based on Fig. 1, the company has a chain of activities that 
are connected and are tied in each level of the supply chain. 
Multiple suppliers provide two types of material including 
tangible (buildings, scene facilities, etc.) or intangible (ser-
vices like set decorating, directing, acting, etc.). These mate-
rials are received by the material manager of the SC to send 
to different manufacturers who produce variant types of con-
tents or holding different kinds of events. In the next stage, 
the contents are transformed to some kind of wholesaler who 
provides two kinds of services. The wholesaler conducts 
quality control over outcomes and if the quality meets prede-
termined specifications, they are ready to be served to final 
consumers or the company who ordered them; otherwise, 
they will be sent back to the manufacturing process.

In these circumstances when supply chains face disrup-
tions, it is impossible to proceed while a part or a member 

of the chain is weakened. Thus, when all over the globe is 
dealing with COVID-19 effects and companies are seeking 
for solutions to soothe the effects, many firms decide to work 
online and remotely. The studied company in this article has 
chosen the same path to survive. To make the remote work 
efficient, the company decided to use an online project man-
agement platform. However, transferring the whole SC to 
the new platform requires some prerequisites and activities 
during the successful transformation process. The activities 
and their connections have been mentioned and explained as 
an activity-on-node (AON) network as illustrated in Fig. 2.

The considered transformation project consists of 14 
activities as follows.

 1. Separating the virtual work environment from the real 
one. In order to be clear and building a whole different 
and proper space for online working, these two envi-
ronments should be separated.

 2. Identifying the difference between the virtual and real 
environment. Every environment has its policies and 
for preparing the staff for new space, identifying the 
rules and differences is an essential issue.

 3. Redefining the workflow. If a project changes the 
whole workflow, redefining it for blocking any prob-
able problem is required.

Fig. 1  Studied supply chain
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 4. Reengineering the workflow. After defining a new 
workflow, debugging the new process is required.

 5. Boosting the development team to integrate with the 
platform.

 6. Training the human resources on the new platform. 
Human resources are our key users so they have to 
get fully briefed about the new project management 
platform.

 7. Training the human resource on the new workflow.
 8. Preparing the software and hardware equipment. Tech-

nology should stay updated while companies are work-
ing online.

 9. Defining new monitoring plans.
 10. Adding new middle management levels to the hier-

archy. When a supply chain grows, new management 
plans should be generated.

 11. Collecting objective data instead of a subjective one. 
Data can be tracked and recorded more practically.

 12. Decentralizing the management system.
 13. Boosting family culture. To not losing staff’s loyalty, 

because of missing physical communication this action 
is crucial.

 14. Hiring senior human resources.

These activities based on their nature can implement 
internally or be outsourced to a contractor. Consequently, 
there are variant scenarios to be examined for some activi-
ties. The time, cost, and risk of each activity are different in 
4 levels of Quarantine (isolation, quarantine, social distanc-
ing, and lock-down). Table 3 illustrates this information for 
different activities under different scenarios.

As we can see, in some activities, after experiencing 
pandemic, costs have been reduced. The main reasons 
are remote working and using online platforms instead of 

traditional procedures. The considered project is examined 
in the next subsection.

5  Results and discussion

Considering the described problem, the robust TCRT 
model is formulated and solved using LINGO soft-
ware. The obtained results are discussed in this subsec-
tion. First of all, if any one of the quarantine levels has 
occurred, the formulated problem can be solved by setting 
pi = 1, i ∈

{
Q1,Q2,Q3,Q4

}
 . The values of time, cost, and 

risk objectives in these extreme cases are illustrated in 
Table 4.

As it can be expected, increasing the level of quar-
antine might increase the required time for project 
completion and its associated cost and risk. Based on 
Table  4, T∗ = 36 , C∗ = 260000 , and R∗ = 141 . Then, 
the multi-objective problem, i.e., Eqs. (29–35), is 
solved considering four different statutes of ruling 
out a single scenario, i.e. pi = 1, i ∈

{
Q1,Q2,Q3,Q4

}
 

and pk = 0, k ∈
{
Q1,Q2,Q3,Q4

}
, k ≠ i , and also when 

different scenarios have equal probabilities, i.e. 
pi = 0.25, i ∈

{
Q1,Q2,Q3,Q4

}
 . Table  5 illustrates the 

obtained results.
To achieve a better understanding of the impact of 

changing quarantine level probabilities on the results, the 
following scenario is examined. For a given quarantine sce-
nario, a given probability pi = 0,0.1,0.2,… , 1 is fixed and 
the probabilities of the remaining scenarios are specified  
as pi� =

(
1 − pi

)
∕3, i

�

∈ {1,2, 3,4}, i≠ i
� . Figure 3a–d, drawn 

by MATLAB R 2016b, represents the effect of changing 
different scenario probabilities with the same remaining sce-
nario probabilities on time, cost, and risk objectives.

Fig. 2  The Transformation project activity network
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According to the above figure, it can be concluded that 
decreasing the probability of both isolation and quarantine, 
i.e.  1st and  2nd scenarios respectively, will increase the time 

of the project. The most influential scenario on project time 
is quarantine  (Q2) where the time objective increase from 
43 to about 70 by decreasing quarantine probability from 

Table 3  Time, cost, and risk of project activities under different scenarios at different levels of pandemic

Levels of quarantine

Execution mode In-house Outsource Predecessor

No PM factors Isolation Quarantine Social distancing Lockdown Isolation Quarantine Social distancing Lockdown

1. Risk 15 13 11 9 11
Timing 5 4 3 2
Cost 40,000 30,000 30,000 30,000

2. Risk 1 1 1 1 1
Timing 2 1 1 1
Cost 10,000 5000 5000 5000

3. Risk 1 1 1 1 2 2 2 2 11
Timing 3 3 3 3 2 2 2 2
Cost 10,000 10,000 10,000 10,000 20,000 20,000 20,000 20,000

4. Risk 5 7 7 9 2 8 8 9 3
Timing 6 7 8 8 3 4 4 4
Cost 40,000 40,000 45,000 50,000 50,000 55,000 55,000 55,000

5. Risk 40 40 43 43 5 5 5 5 1
Timing 5 6 6 6 2 3 3 3
Cost 20,000 22,000 23,000 24,000 30,000 30,000 25,000 25,000

6. Risk 2 40 4 4 5 8 8 9 2,4
Timing 2 2 2 2 2 3 3 3
Cost 10,000 8000 8000 8000 16,000 20,000 22,000 22,000

7. Risk 2 3 4 4 5 7 8 8 2,4
Timing 1 2 2 2 2 2 2 3
Cost 10,000 7000 7000 7000 22,000 22,000 20,000 20,000

8. Risk 18 18 20 20 7 8 8 9 6,7
Timing 3 4 4 5 2 2 2 3
Cost 35,000 35,000 37,000 38,000 40,000 42,000 42,000 44,000

9. Risk 6 9 10 12 5 5 5 6 8
Timing 4 5 5 6 2 2 3 3
Cost 20,000 22,000 23,000 24,000 10,000 10,000 12,000 12,000

10. Risk 1 3 3 3 9
Timing 4 5 5 5
Cost 11,000 12,000 10,000 12,000

11. Risk 1 2 3 4 8 8 9 9 -
Timing 2 3 3 4 2 3 4 4
Cost 7000 6000 6000 6000 7000 6000 6000 7000

12. Risk 1 1 2 2 9
Timing 4 4 5 5
Cost 20,000 20,000 22,000 22,000

13. Risk 2 4 5 6 1
Timing 4 5 6 6
Cost 10,000 11,000 12,000 12,000

14. Risk 4 4 5 5 2 2 3 4 10
Timing 3 3 2 2 1 2 2 2
Cost 28,000 28,000 26,000 26,000 41,000 41,000 42,000 42,000
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1 to 0. On the other hand, when the first scenario (isola-
tion) becomes impossible, p1 = 0 , the project risk is wors-
ening about 40 percent; while the riskiest scenario is when 
the lock-down is happening. The less sensitive objective to 
scenario probabilities seems to be the cost objective. Fur-
thermore, considering Fig. 3a–d, the following points were 
extracted.

– According to Fig.  3a, by decreasing the probability  
of isolation, the project completion time and cost were 
increased. However, a partial decrease in project risk was 
observed while p1 ≤ 0.7 . The impact of decreasing isola-
tion probability on the increase of the time and cost of 
the project is expectable. Certainly, in the first level of 
quarantine, the resources are available and all the activi-
ties are performed in their usual manner. In this scenario, 
the model prescribed to choose the activities execution 
mode by balancing their three objectives. For instance, 
it can be seen that while the isolation scenario becomes 
dominant, i.e., p1 = 1 , the execution mode of activity 4 is 
determined to be outsourced. While the cost of outsourc-
ing is 25% higher than the in-house mode, its cost and 
risk are decreased by about 50% and 40%, respectively. 
On the other hand, since decreasing the probability of 
the lowest level of quarantine means an increase in more 
strict scenarios, decreasing the probability of isolation 
negatively affects the project time and cost. Considering 
the results, the cost and time factors are severely sensi-
tive to isolation probability. Therefore, while the isola-
tion probability is high, the time and cost factors seem 
to be more important in making decisions regarding the 
projects. While in lower levels of isolation probability, 
the risk factor is more important.

– According to Fig. 3b, by decreasing the probability of 
quarantine, the project completion time increased while 
two other objectives were mainly decreased. Increasing 
the probability of quarantine means that a part of the 
employee will be work remotely. The impact of remote 
working due to work-home interference, soleness, inef-
fective communication, etc. (Wang et al. 2021) increases 
the possibility of an increase in project time and cost. It 
can be seen that the time dimension is more sensitive to 

quarantine probability. Therefore, at the higher levels of 
quarantine, the time dimension  is important.

– According to Fig. 3c, by decreasing the probability of 
social distancing, the project completion time increased 
while the project cost and its risk were decreased.

– According to Fig.  3d, by decreasing the probability 
of lock-down, the cost, and risk of project completion 
decreased while the time was increased. The reason for 
the pattern in this scenario and the previous one is due 
to the negative effects of remote working and difficulty 
of communication and the possible disorder in the avail-
ability of resources.

The impact of second, third, and fourth scenarios on time 
dimension can be justified based on the fact that decreasing 
the probability of more strict quarantine scenarios means 
that other scenarios might be ruled out in different areas of 
an area. As an illustration, while some parts of an area are 
lock-down, other parts might be performed routinely. This 
mixed scenario can hurt the project time. However, it can 
be expectable that decreasing the probability of more strict 
quarantine scenarios can have a positive impact on the pro-
ject cost and risk. Based on the above discussion, it seems a 
negative relation between probabilities of different scenarios 
with project completion time. Decreasing the probability of 
any scenario, the project completion time was increased 
due to the increase of other scenarios. However, except for 
the isolation scenario, i.e. the lowest level of quarantine, 
decreasing the probability of other scenarios caused higher 
cost and risk for the project.

Table 4  The optimal time, cost, and quality objectives in extreme 
cases

Isolation Quarantine Social distancing Lock-down

Time 36 41 43 44
Cost 260,000 732,000 759,000 786,000
Risk 141 162 186 201

Table 5  The results of different scenarios (I: in-house; O: outsource)

Activity Isolation (
p
1
= 0

) Quar-
antine (
p
2
= 0

)

Social 
distancing (
p
3
= 0

)

Lock-
down (
p
4
= 0

)

Equal 
prob-
abilities

1 I I I I I
2 I I I I I
3 I I I I I
4 O O I O O
5 O O O O O
6 I O I I I
7 I I I I I
8 O O O O O
9 O O O O O
10 I I I I I
11 I I I I I
12 I I I I I
13 I I I I I
14 O I I I I
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6  Conclusions

The COVID-19 pandemic severely affected supply chains. In 
the early stages of a pandemic, some of them faced a shortage 
of goods and unexpected demand for low-consumption goods. 
On the other hand, the pandemic led to remote working and 
change the work-places. The Typical configuration of SCM 
didn’t work anymore in this situation. It forced the compa-
nies to change the structure of supply chains inevitably. These 
transformations need to be handled as a project. To be success-
ful, companies need to manage these projects carefully based 
on the principles of project management. An important issue 
in managing projects is the time–cost tradeoff problem where 
the project planner seeks to determine the best combination 
of activities time and cost to perform the project. Beyond the 
classic time and cost criteria, in this paper, the risk criterion 

is also considered to deal with the uncertainty caused by the 
COVID-19 outbreak. Theoretically, from the first perspec-
tive, according to Table 2, it is clear that previous researches 
have focused on time, cost, quality, and risk tradeoff problems. 
Mainly time–cost-tradeoff (TCT) models have been imple-
mented in many applications (e.g. Tran et al. 2019) and uncer-
tain approaches of these tradeoff models have been developed 
and applied (e.g. Godinho and Paulo Costa 2020). Besides 
some scholars focused on quality (Jeunet and Orm 2020) and 
risk (Askarifard et al. 2021) dimensions in their models. To the 
best knowledge of the authors, previous articles have not devel-
oped a scenario-based robust optimization model considering 
the COVID-19 pandemic. Thus, the main contribution of the 
current paper is to propose a multi-objective scenario-based 
robust optimization model to deal with time, cost, and risk 
tradeoff problems to reflect the effects of the global pandemic 

Fig. 3  The 3-dimensional Pareto-front for different situations
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of COVID-19. Moreover, in this article, various quarantine 
policies including isolation, quarantine, social distancing, 
and lock-down have been investigated each as a separate sce-
nario. From the second perspective, as previously discussed in 
Table 1, many scholars focused on project management resil-
iency (e.g. Ivanov 2020), and others mainly focused on supply 
chain resiliency challenges (e.g. Naderpajouh et al. 2020a, b). 
However, the current article considers both issues including 
project management and supply chain resiliency issues in the 
proposed model and approach. The resiliency of supply chain 
management projects that have affected by a global challenge 
such as the COVID-19 pandemic has been discussed and 
investigated in this research through a novel approach.

Practically, supply chain managers can use the proposed 
method in planning their supply chain projects responding 
to the pandemic situation for desirable management of pro-
jects. The model enables managers to design the best scenario 
according to the changing situation and to adopt the most suit-
able decision considering the pandemic expansion. The results 
of this study can be applied by supply chain, operations, and 
project managers to enhance the efficiency and effectiveness of 
processes by turning the resilience approach from passive, cost-
driving assets into a value-adding and broad decision-making 
paradigm in times of disruptions. Any increase or decrease in 
the pandemic outbreak and any changes in quarantine levels 
can be responded to by managers in guiding their supply chain 
project to reach an acceptable result with the best condition-
dependent time, cost, and risk. As in this article, various quar-
antine policies including isolation, quarantine, social distanc-
ing, and lock-down have been investigated each as a separate 
scenario, policymakers and managers of national and interna-
tional logistic and supply chain companies can adopt the same 
scenario-based approach in the organizations for managing any 
project. They can prepare and trade-off the time–cost and risk of 
their project sin SC based on the quarantine level that has been 
adopted by the authorities. Managers can adjust their decision 
regarding their project activities execution mode based on their 
expectancy of future condition occurrence. Tracking the status 
of the pandemic, managers can change or update their decision 
based on changing condition of the pandemic outbreak.

The current study considered a multi-mode discrete TCRT 
problem considering exact and certain values for activity 
parameters, including execution modes time, cost, and risk. 
These assumptions constitute the main limitations of the cur-
rent study. As a clue for future studies, as the current study has 
adopted discrete analysis, researchers can extend the problem 
of supply chain management project scheduling problems to 
continuous modes. Furthermore, since it is assumed that an 
activity will be performed until completeness after its begin-
ning, the TCRT problem can be extended to the situation 
with the probability of pausing activities even after their start 
including start to start (SS), start to finish (SF) and finish 
to finish (FF) relations between activities. The model can be 

extended by considering quality dimension as another objec-
tive. Furthermore, possible future research can be formulating 
the considered problem by considering the activity param-
eters as uncertain values, e.g. when time, cost, and risks of 
the activities are determined as fuzzy or stochastic values. 
This change can also be considered by scholars in their future 
investigations. Theoretically, since all governments imple-
mented different policies to face pandemics, different strate-
gies applied to manage the situation such as various struc-
tures of lock-down or social distancing can be considered to 
extend the designed model in future studies. The resiliency of 
projects designed to handle the effect of disruptions on SCs 
can also be investigated in this matter. The project studied in 
this paper has been devised in the shortest time possible as a 
quick response to the firm’s condition; thus, slight adjustments 
have been made to obtain more explicitly and measurability. 
Therefore, the COVID-19 urgent experiences and collected 
data during this pandemic can be used to build more resilient 
supply chains and shed light on new resiliency approaches and 
practices for post-COVID supply chains and projects.
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