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Abstract
The challenging situations and disruptions that occurred due to the outbreak of the COVID-19 pandemic have created 
a severe need for supply chain resiliency (SCR). There has been a growing interest among researchers to investigate the 
resiliency in supply chain operations to overcome risks and disruptions and to achieve successful project management. The 
supply chain of every business requires innovative projects to accomplish competitive advantage in the market. This study 
was conducted to identify the significance of artificial intelligence (AI) for creating a sustainable and resilient supply chain, 
and also to provide optimum solutions for supply chain risk mitigation. A systematic literature review has been conducted 
to examine the potential research contribution or directions in the field of AI and SCR. In total, 162 articles were shortlisted 
from the SCOPUS database in the chosen field of research. Structural Topic Modeling (STM), a big data-based approach, was 
employed to generate several thematic topics of AI in SCR based on the shortlisted articles, and all topics were discussed. 
Furthermore, the bibliometric analysis was conducted using R-package to investigate the research trends in the area of AI 
in SCR. Based on the conducted review of literature, a research framework was proposed for AI in SCR that will facilitate 
researchers and practitioners to improve technological development in supply chain firms. The purpose is to combat sudden 
risks and disruptions so that project management will perform well Post COVID-19. The study will be also helpful for future 
researchers and practitioners to identify research directions based on existing literature covered in this paper in the field of 
SCR. Future research directions are proposed for AI-enabled resilient supply chain management. This study will also provide 
several implications for supply chain managers to achieve the required resilience in their supply chains post COVID-19 by 
focusing on the elements of the proposed research framework.

Keywords  Artificial intelligence · Supply chain · Resiliency · STM · Project management · COVID-19 · Text mining · Big 
data analytics

1  Introduction

The coronavirus (COVID-19) outbreak has not only brought 
global tragedy to human lives, but has also affected busi-
ness and economic activities, for instance, manufacturing 
processes, logistics and supply chains, hospitality, and many 
other (Golan et al. 2020). COVID-19 has challenged schol-
ars and practitioners for the smooth flow of process, as this 
pandemic became one of the most severe supply chain dis-
ruptions in history (Spieske and Birkel 2021). These disrup-
tions, either human-caused or natural, are an integral part of 
all supply chains globally, irrespective of the nature of goods 
or services provided or the niche market in which these sup-
ply chains operate (Golan et al. 2020). Most companies all 
over the world face tremendous challenges at every stage of 
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their supply chains. Delivery obligations that are not met 
by suppliers, unpredictable customer demands, and panic 
buying are some of the challenges faced by the companies 
(Ivanov 2020). These risks and disruptions created the need 
to improve the resilience of supply chains to face such types 
of sudden risks and disruptions. In addition, the change in 
the market environment is forcing businesses to frequently 
update their processes and products (Haus-Reve et al. 2019). 
To achieve effective leadership in the market, managing 
and launching innovation projects become crucial, which 
make supply chain management (SCM) further compli-
cated (Kwak et al. 2018). Also, digital transformation leads 
to several technological developments in the supply chain 
(Kwak et al. 2018), and for this reason, project management 
becomes vital for SCM (Gaudenzi and Christopher 2016). 
Likewise, Shishodia et al. (2019) in their study emphasized 
a project-driven supply chain which is a combination of both 
project management and supply chain and requires coordi-
nation among on-site project activities and off-site supply 
chain processes.

Furthermore, some negative consequences lead to low 
company performance, which involve delays in deliver-
ies, share losses in sales and market, and decrease in ser-
vice level and consumer satisfaction, all of which directly 
affect the image of the company (Kara et al. 2020; Spieske 
and Birkel 2021). These severe negative and unpredictable 
impacts forces supply chain resilience (SCR) to be the focus 
of the companies and scholars (Reeves and Whitaker 2020). 
To improve the SCR, companies should expand analytical 
capabilities by efficiently applying the resident company 
knowledge, thus improving the existing information capa-
bilities of the organization (Wong et al. 2020). As far as 
artificial intelligence (AI) enabled technology is concerned, 
prior studies have proven that algorithms offer solutions by 
promoting innovations to improve supply chain performance 
(SCP) (Baryannis et al. 2019a; Nayal et al. 2021). According 
to Ivanov et al. (2019), emerging technologies like industry 
4.0, AI, product tracking advanced applications, and additive 
manufacturing have considerable potential for supply chain 
risk analytics, thus strengthening SCR and managing pro-
jects. Integration of advanced technologies makes the supply 
chain resemble large-scale projects to coordinate and manage 
several activities, that enables smooth project management 
(Gaudenzi and Christopher 2016). Wei et al. (2021) clarified 
that the increasing complexity of project management and 
SCM inclusion in it makes it critical for project managers 
to manage and coordinate requirements by adopting the best 
approach. For instance, it is advantageous in the ship building 
industry to integrate project management information sys-
tems along with SCM, where time-phased requirements are 
managed by project management and supply chain issues are 
tackled by SCM (Braglia and Frosolini 2014).

As far as SCR is concerned, its main objective is to quickly 
regain from supply chain disruptions and to improve the 
original performance of the supply chain (Ponomarov and 
Holcomb 2009). The impact of any disruption intensifies as 
supply chains have become more complex in a global context 
(Kwak et al. 2018). Thunberg et al. (2017) stated that project 
management processes and supply chain are interlinked and 
often affect each other. In this regard, supply chain perfor-
mance could be enhanced through adaptation capabilities and 
information processing offered by AI techniques (Belhadi 
et al. 2021a). Similarly, for successful projects, AI was applied 
in several sectors to improve flexibility, communication, and 
reducing unnecessary fluctuations (Lalmi et al. 2021). In 
recent years, AI applications have developed due to the grow-
ing computing power availability, growth in machine learning 
approaches, and big data analytics. This has led supply chain 
researchers to consider the potential of AI techniques in terms 
of risk identification, assessment, prediction, and response 
(Baryannis et al. 2019b). To overcome the impact of risks 
and disruptions, Katsaliaki et al. (2021) suggested that it is 
necessary to build resilience by integrating three aspects, i.e., 
long-term partnerships, IT applications to enhance business, 
and government policies that facilitate flexibility.

Furthermore, the COVID-19 outbreak has attracted a 
lot of attention from scholars to build SCR (Kumar and  
Anbanandam 2020) and project management agility (Bushuyev  
et al. 2020). Creating agility in large-scale projects through 
adaptation of various strategies will develop SCR, if the 
project processes are managed at an early stage (Thunberg 
et al. 2017). Also, the short-term direct impact of AI on SCR 
has been noticed, and it is proposed to utilize its capability 
of processing information to build SCR, thereby improving 
long-term SCR (Belhadi et al. 2021a). This can be done 
by deploying emerging technologies in the entire supply 
chain network (Ivanov et al. 2019) and managing projects 
thereby. For this purpose, the current study was conducted 
to analyse the significance of AI in SCR post COVID-19. 
The disruptions caused by the COVID-19 pandemic in the 
entire supply chain and project management created a need 
for a robust literature review in the related field to analyse 
the existing problems and solutions. The studies involved in 
this paper were conducted before and during the COVID-
19 pandemic, hence it provides relevant evidence of AI in 
SCR. It is crucial to better understand the relevance and 
practical implication of existing AI-based models to solve 
issues concerning SCR that exists during or post COVID-19 
disruptions. To the best of the authors' knowledge, this study 
is the first attempt to show the role of AI in SCR during 
or post COVID-19 pandemic. For this, a systematic review 
was presented by collecting articles in the field of AI and 
SCR. To gather papers, the SCOPUS database was used by 
using relevant keywords in AI and SCR. 162 articles were 
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chosen to perform the systematic review. First, the structural 
topic modeling (STM) based text mining approach was used 
to produce thematic topics. Secondly, based on the gener-
ated thematic topics, the shortlisted articles were reviewed. 
Then, the bibliometric study was performed to examine the 
research trends in the fields of AI and SCR. Finally, a con-
ceptual framework was suggested which incorporates AI and 
SCR practices. The following research questions are formed 
to answer in this study:

RQ1. What are the AI techniques that could help make a 
resilient supply chain?
RQ2. What are the current research trends associated with 
AI in SCR?
RQ3. What are the potential future research directions in 
AI in SCR?

This study starts with a systematic literature review 
to answer the above questions. To generate the topics, an 
STM-based text mining technique was employed. Various 
aspects of AI and SCR were explored and several AI tech-
niques were investigated to adopt for SCR and risk mitiga-
tion. To analyse the research trends, a bibliometric analysis 
was carried out. Further, a conceptual framework was pro-
posed to provide utilization of AI techniques in the SCR 
post-COVID-19.

The remaining sections of this article are as follows: 
Sect. 2 shows the systematic literature review methodol-
ogy, Sect. 3 shows the bibliometric analysis, Sect. 4 shows 
the STM approach, whereas the review of articles based on 
generated topics were presented in Sect. 5. Discussion and 
implications were presented in Sect. 6, while Sect. 7 shows 
conclusions of the study.

2 � Systematic literature review

A systematic review literature methodology was used in this 
paper to gain comprehensive insights concerning previously 
conducted studies on SCR and AI. The SLR methodology 
adopts a replicable, scientific, and transparent procedure 
that differs from traditional narrative reviews (Tranfield 
et al. 2003). The current study followed the SLR methodol-
ogy as conducted by Agrawal et al. (2021). For this purpose, 
the published articles from the SCOPUS database were col-
lected, as it is among the largest databases which consist of 
a large number of peer-reviewed articles. Through the SCO-
PUS database, an SLR was presented by defining keywords 
and searching articles about selected keywords (Vinodh 
et al. 2020). The study’s SLR is based on the four-stages 
review approach as depicted in Fig. 1. Moreover, several 
researchers were involved in this study to prevent individual 
biases (Tranfield et al. 2003).

In the first stage of this four-stages methodology, retrieval 
of articles was done based on searching of articles on SCR 
and AI. The shortlisted keywords were used to collect the 
articles from the SCOPUS database.

The next stage involved the bibliometric study of the 
collected articles. For this purpose, the R package and 
VOSviewer were used. After that, the research fields were 
analysed concerning the investigating area, which is done 
by using STM. The STM approach was performed using the 
R package to generate ten emerging research fields in SCR 
and AI. In the third stage, the identified evolving research 
themes were discussed, and future direction propositions 
were stated. Finally, in the last stage, a future research 
framework was proposed, and a conclusion was made based 
on the results generated.

3 � Bibliometric study

In recent years, bibliometric analysis has gained massive 
popularity in the research field of business and management 
(Donthu et al. 2021). The bibliometric methods are used to 
provide quantitative analysis of written papers or publica-
tions (Ellegaard and Wallin 2015). The analysis is conducted 
based on the identification of the amount of literature con-
cerning an investigating area. Various statistical tools are 
used rapidly to perform bibliometric analysis, for instance, 
R package, Pajek, Histcite, Bibexel, and Gephi (Agrawal 
et al. 2021).

In business research, the popularity of bibliometric analy-
sis is due to the manifestation of its efficiency to handle large 
quantity of scientific data and creating high research impact 
(Donthu et al. 2021). To perform the bibliometric analy-
sis, R package was used.. A web interface of the R package 
named biblioshiny was employed, allowing users to conduct 
relevant bibliometric and visual analyses. Biblioshiny is an 
interactive web interface that greatly reduces the informa-
tion input intensity of users and usage threshold as well (Xie 
et al. 2020). Table 1 presented the main information of the 
shortlisted articles about SCR and AI.

The year-wise publications of the articles in SCR and AI 
are indicated in Fig. 2. An increasing trend starting from 
2005 can be seen in this field of research. However, a rapid 
increase in this trend was witnessed since 2018, whereas in 
2019 there was an 81% increase in publications in compari-
son to 2018.

Figure 3 demonstrates the country-wise number of arti-
cles published in SCR and AI. It is apparent from Fig. 3 that 
the United States is the leading country in terms of publica-
tions in this field. Iran and China are in the second and third 
positions, respectively with significant contributions in the 
field of SCR and AI.
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From Fig. 4, it is found that the United States is the 
leading country in terms of citations received in the field 
of AI and SCR. It is followed by Iran and UK..

Table 2 shows the top leading journals in the AI and 
SCR field.

Table 2 depicts that the International Journal of Produc-
tion Research is the leading journal to publish the most 
number of articles (n = 16) in the field of AI and SCR. 
However, the other journals are Computers and Industrial 
Engineering and the International Journal of Production 
Economics with a significant number of published articles 
in this field.

As far as the contribution of the authors in this research 
field is concerned, Table 3 presented the top ten influential 
authors with a maximum number of published articles in 
this area. Ivanov D and Hosseini S are two leading authors 
to contribute to this field of research with 7 and 6 published 
articles, respectively.

Table 4 represents the top ten organizations contributing 
to the research field of SCR and AI. Among these organiza-
tions, Islamic Azad University, Iran is the leading organiza-
tion to publish 11 articles in this area. This is followed by 
the Berlin School of Economics and law, Iran University 

of Science and Technology, and the University of Southern 
Mississippi with 6 published articles, each.

In Table 5, the occurrence of top keywords in the field 
of SCR and AI are shown. It shows that the keyword ‘sup-
ply chains’ occurred 80 times in the search for the articles 
concerning the studied area. It is followed by ‘supply chain 
management’ and ‘decision making’ that occurred 42 and 
33 times, respectively. Table 5 shows 20 such keywords 
and their occurrences in the field of AI and SCR. Figure 5 
depicts the ‘word cloud’ of the keywords present in the 
abstracts of the articles and highlights the most common 
words available in the database. Consequently, the size of the 
word represents the occurrence of the keyword in selected 
articles. As depicted in Fig. 5 that the keywords of this study 
are supply chains, SCM, and AI, which are at the center of 
the map. These keywords occurred multiple times in the 
selected articles and were constant throughout the research.

Network analysis was carried out to understand how 
countries and authors have collaborated based on co-
authorship. For this purpose, the VOS viewer package was 
used to examine the collaboration network among coun-
tries as well as among authors. A total of 162 articles were 
considered in this study and there are 464 authors in the 

Fig. 1   SLR flowchart

Total retrieval: 
Total number of articles= 249
Number of articles after removing non-English language articles= 245
Number of articles after considering only journal articles = 162

Search for articles in the field of AI and SCR

Searched keywords: TITLE-ABS-KEY (“Resilient" 

OR "Resiliency" OR "Disruption" OR "Disrupt")

AND 

TITLE-ABS-KEY ("Artificial Intelligence" OR 

"Machine Learning" OR "Deep Learning" OR 

"Convolution Neural Network" OR "Decision Tree" OR 

"Natural Language Processing" OR "Clustering" OR 

"Artificial Neural Network" OR "Genetic Algorithm" 

OR "Support Vector Machine" OR "Bayesian Network" 

OR "Back Propagation" OR "Linear Regression" OR 

"Fuzzy Logic" OR "Logistic Regression")

AND

TITLE-ABS-KEY ("supply chain")

Search Database:
SCOPUS

Bibliometric and Network analysis

Structural topic modelling

Emerging research themes on AI and SCR

Future research directions for AI and SCR
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considered articles. We made a cluster by considering all 
authors. Figure 6 shows the authors collaboration network 
in the field of AI and SCR. From the authors' collabora-
tion network, we can see that 6 clusters were formed which 
includes 27 authors while other authors are removed due 

to low connectivity of them with other authors. The figure 
shows six different networks where the size of the nodes 
depicts the number of collected publications, whereas the 
colour of the nodes represents the cluster in which these 
publications belong. The developed network has six clusters 
with 52 links and 56 total link strengths. The red cluster is 
the largest cluster with seven authors, whereas the green, 
blue, and yellow clusters have five authors each. The sixth 
cluster is the smallest one which includes only three authors. 
The author collaboration network also shows that the author 
Ivanov D has the maximum connection with other authors 
with a total of 12 links and the total link strength is 15.

The country-wise collaboration network is presented in 
Fig. 7. It shows the collaboration of different countries with 
each other to conduct research related to SCR and AI. A 
total of 55 countries is involved in the publication of the 
162 articles. We made a cluster by considering all coun-
tries. From the country collaboration network, we can see 
that eight clusters were formed which include 33 countries 
while other countries are removed due to low connectivity 
of them with other countries. The United States and Iran 
have contributed significantly to the research field of AI and 
SCR and have published a considerable number of scientific 
research in this area. The developed network has eight clus-
ters with 69 links and 91 total link strengths. The top five 
clusters (red, green, dark blue, yellow, and violet) have five 
countries each whereas the brown cluster is the smallest one 
which includes only two countries. The country collabora-
tion network also shows that the country United States has 
the maximum connection with other countries with a total of 
16 links and total link strength of 26. Based on the network 
analysis, the United States, China, and the United Kingdom 
can be considered as the core countries of this network as 
they established collaborated research with all other top 
countries researching SCR and AI.

Table 1   Main information collected about AI and SCR articles

Description Results

Main Information About Data
Timespan 2005:2021
Sources (Journals, Books, etc.) 107
Documents 162
Average years from publication 3.51
Average citations per documents 20.27
Average citations per year per doc 4.243
References 9078

Document Types
Article 152
Review 10

Document Contents
Keywords Plus (ID) 1046
Author's Keywords (DE) 557

Authors
Authors 464
Author Appearances 522
Authors of single-authored documents 10
Authors of multi-authored documents 454

Authors Collaboration
Single-authored documents 11
Documents per Author 0.349
Authors per Document 2.86
Co-Authors per Documents 3.22
Collaboration Index 3.01

Fig. 2   Year-wise publication of 
articles in the field of AI in SCR
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4 � Text analytics using structural topic 
modeling

Topic modeling (TM) is used to scan and analyse texts 
from a set of documents, and it is considered an unsu-
pervised machine learning technique. It is an essential 
technique that clusters word-groups automatically, learn 
itself by clustering similar expressions, and explore dif-
ferent themes that best describe the collected documents 
(Kuhn 2018; Sharma et al. 2021). The TM allows research-
ers to organize and study many documents. A probabilis-
tic method to define the collected documents in terms of 

topics is called structural topic modeling (STM), which 
is a form of STM (Kuhn 2018). STM’s goal is to enable 
a researcher to document metadata by finding topics and 
analysing their connection (Roberts et al. 2019).

Based on the frequency and similarity of words, text 
was analysed from the documents and thematic topics were 
generated using STM. It is a generative model of word 
counts, which implies that for each document the data gen-
erating method is defined. Then by using the data, it finds 
the most probable values for the parameters in the model 
(Roberts et al. 2019). The generative process of STM is 
specified in the following steps:

Fig. 3   Country-wise number of articles published in AI and SCR

Fig. 4   Country-wise citations in the field of AI and SCR
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Step 1: Analyse the topic parameter θd for each word in 
document d by using the log-normal linear model from 
the vector of document covariates Xd.

where, Xd represents 1-by-P vector, ϒ represents P-by-
(K-1) matrix of coefficients, and Σ represents a covariance 
matrix of (K-1)- by- (K-1).

Step 2: Generate the topic model β that represents 
words of each topic (K, by utilizing baseline distribu-
tion (m) of length V, the topic-specific deviation K(t)

k,v
 of 

topic k, the covariate group deviation K(c)

yd,v
 of topic K, 

and the interaction between each topic and group devi-
ation K(i)

yd,k,v

Step 3: For every word in collected documents (n 
∈ {1,2, 3,…… ..Nd}):

(1)���⃗𝜃d|XdΥ,Σ ∼ LogisticNormal(𝜇 = XdΥ,Σ)

(2)�d,k,v =
exp(mv + K

(t)

k,v
+ K

(c)

yd,v
+ K

(i)

yd,k,v
)

∑
v exp(mv + K

(t)

k,v
+ K

(c)

yd,v
+ K

(i)

yd,k,v
)

Draw word topic assignment based on an unsuper-
vised model that can be generated from the multinomial 
distribution:

To produce thematic topics from selected documents, the 
text from the article title, abstract, and keywords were com-
bined to prepare a text corpus and used as the input in the 
STM approach. At first, text cleaning was done by removing 
commonly used words or stop. Secondly, special characters, 
numbers, equations, and non-English words were also elimi-
nated to make text corpus compatible for STM approach.

A total of 162 articles were selected (Table 1). R-package 
is used to perform the STM approach by using the inbuilt 
STM library. The generated thematic topics from the STM 
approach are shown in Fig. 8.

Topic labels were generated from Fig. 8. Topic 1 labels 
“Risk associated with supply chain management” generated 
from the probabilistic distribution of most frequently used 
keywords like, ‘supplier’, ‘risk’, ‘chain’, ‘network’, ‘disrupt’, 
‘model’, and ‘cost’. Similarly, other topics are generated 
from respective keywords which are presented in Table 6.

Topic 1: Risk associated with supply chain management, 
Topic 2: Sustainable transportation and logistics, Topic 3: 
Resiliency in supply chain, Topic 4: Supplier risk manage-
ment, Topic 5: Data-driven supply chain, Topic 6: Decision 
model in supply chain, Topic 7: Technology management 
in supply chain firms, Topic 8: Network design in supply 
chain, Topic 9: Machine learning in supply chain, Topic 10: 
Optimization algorithm in supply chain.

The highly frequent words under each generate topic 
are shown in Table 6. Two other metrics, Frex and Lift are 
also presented, where lift shows frequent words which have 
importance for only a particular topic and can be regarded 

(3)Zd,n|���⃗𝜃d ∼ Multinomial(���⃗𝜃d)

(4)Wd,n|Zd,n, 𝛽d,k=Zd,n ���⃗𝜃d ∼ Multinomial(𝛽d,k=Zd,n)

Table 2   Important journal publishing articles in the field of AI in 
SCR

Journals Articles

International Journal of Production Research 16
Computers and Industrial Engineering 8
International Journal of Production Economics 5
Annals of Operations Research 4
European Journal of Operational Research 4
IEEE Transactions on Engineering Management 4
Supply Chain Management 4
Expert Systems with Applications 3
Mathematical Problems in Engineering 3
International Journal of Information Management 2

Table 3   Important authors 
publishing articles in the field of 
AI in SCR

Authors Articles

Ivanov D 7
Hosseini S 6
Azeem A 4
Aghaie A 3
Blackhurst J 3
Tiwari MK 3
Ali SM 2
Amer Y 2
Antoniou G 2
Azad N 2

Table 4   Important organization publishing articles in the field of AI 
in SCR

Affiliations Articles

Islamic Azad University 11
Berlin School of Economics and Law 6
Iran University of Science and Technology 6
University of Southern Mississippi 6
Indian Institute of Technology 5
North Carolina State University 5
Bangladesh University of Engineering and Technology 4
University of Huddersfield 4
University of Technology Sydney 4
Cracow University of Technology 3
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as rare words. Frex, on the other hand, denotes frequent and 
exclusive words to a specific topic. After the topic’s genera-
tion by STM approach, articles based on each topic were 
reviewed. The discussion for each topic has been provided in 
the next section. The world map of evolving research themes 
is shown in Fig. 9.

5 � Emerging research themes of AI 
and supply chain resiliency

5.1 � Risks associated with supply chain 
management

In this context, risk can be defined as the possibility of aris-
ing unexpected or unwanted negative repercussions from an 
activity or event (Rowe 1980), and manmade or natural disas-
ters (Shahed et al. 2021). The risks associated with the supply 
chain can be defined as the disruption caused by exposure to 
an event or activity that affects the management of the sup-
ply chain network (Christopher and Lee 2004). In this modern 

and global environment, managing risks is gradually becom-
ing challenging because of the uncertainties associated with 
demand and supply, outsourcing from global companies, and 
short life cycles of products (Ghadge et al. 2012). Also, the 
risks associated with poorly handled project management 
reflects in the entire supply chain because the project risks are 
not well communicated all through the supply chain (Thunberg 
et al. 2017). Similarly, Zuo et al. (2009) asserted that the availa-
bility of international sources is not beneficial anymore because 
of the lack of communication between project management and 
procurement teams and because of lack of management in the 
entire supply chain. On the other hand, global sourcing is often 
linked with complexities comparing to a simple internal supply 
chain or project, for instance, export regulations, taxes, import 
and export duties, exchange rate fluctuations, increased trans-
portation costs, etc. (Tang and Musa 2011).

Shahed et al. (2021) referred to the supply chain risks 
experienced due to disruptions caused by natural disasters 
like an outbreak of coronavirus. Since November 2019, 
coronavirus (SARS-COV-2) has become a disruption risk 
and has destroyed the whole supply chain activities (Taqi 

Table 5   Top keywords in the 
field of AI in SCR

Words Occurrences Words Occurrences

Supply Chains 80 Optimization 13
Supply Chain Management 42 Supply-Chain Disruptions 13
Decision Making 33 Uncertainty Analysis 13
Risk Management 25 Stochastic Systems 11
Artificial Intelligence 24 Costs 10
Genetic Algorithms 24 Economic and Social Effects 10
Risk Assessment 24 Supplier Selection 10
Bayesian Networks 23 Supply Chain Network 10
Decision Support Systems 17 Forecasting 9
Manufacture 13 Integer Programming 9

Fig. 5   Word Cloud for AI and 
SCR research work
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et al. 2020) through restrained air transport facilities, una-
vailability of raw materials supply, border closure, and the 
entire shutting down of production activities (Chowdhury 
et al. 2020). The ongoing pandemic has significantly affected 
every type of supply chain, like, the food supply chain 
(Barman et al. 2021), medicine supply chain (Goodarzian 
et al. 2021a), commercial products supply chain (Paul and 
Chowdhury 2020), etc.

The pandemic created dual disruptions like a rapid 
increase in demand for high-demand products like hand 
sanitiser, toilet paper, etc., and a decrease in the supply of 
the raw material in supply chains (Koonin 2020). To reduce 
the negative impacts of the COVID-19 pandemic agile pro-
ject management was proposed (Koch and Schermuly 2021). 
A production recovery model was established by using a 
mathematical modeling approach to overcome these dis-
ruptions in the supply chain of high-demand and essential 
products during the pandemic (Paul and Chowdhury 2020). 
To develop sustainable SCM, an operational excellence 
approach was applied through the role of big data analytics 
(Bag et al. 2020). Furthermore, 33 barriers were identified 
in innovations for sustainable SCM in the manufacturing 
industry of a developing country, and a framework to over-
come these barriers was provided by using the best–worst 

method (Gupta et al. 2020). However, Fasan et al. (2021) 
reported that companies with green SCM practices expe-
rienced less negative abnormal stock returns during the 
pandemic. They suggested that green SCM is identified as 
an effective risk management tool. Thus, we proposed the 
following propositions:

Proposition 1: To develop a supply chain model using 
AI techniques to mitigate sudden risks and disruptions 
caused by the COVID-19 pandemic.
Proposition 2: To recommend applicability and benefits 
of emerging technology like AI, 3D printing solutions, 
blockchain, automation, etc., in solving real-time issues 
and creating a resilient supply chain post-COVID-19.
Proposition 3: To assess both strengths and weaknesses 
of AI-enabled technologies in project management and 
SCR post-COVID-19.

5.2 � Sustainable transportation and logistics

The growth and development of an economy lead to a 
massive rise in transportation activities. In industrial-
ized countries, transportation has become a crucial and 

Fig. 6   Author collaboration for AI and SCR research work
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basic activity for social and economic development. As 
the gross domestic product grows, transportation activi-
ties certainly increase (Faulin et al. 2019). Transportation 
is linked to various adverse external effects like air and 
noise pollution, greenhouse gas emissions, accidents, etc. 
Also, it is a major contributor to human-induced climate 
change. It is reported that greenhouse gas emissions have 
grown globally at a faster rate in the transportation sector 

than in any other sector (Tchanche 2021). Logistical and 
transportation activities have numerous detrimental effects 
on the societal and natural environment which are neces-
sary to be reduced. Therefore, sustainable development 
of transportation and logistics necessitate sustainable 
activities that reduce adverse environmental impacts and 
significantly bring social and economic benefits (Abbasi 
and Nilsson 2016).

Fig. 7   Country collaboration for 
AI and SCR research work

Fig. 8   Generated topic labels 
from the STM approach

387



1 3

F. Naz et al.

Ta
bl

e 
6  

T
op

 id
en

tifi
ed

 w
or

ds
 u

nd
er

 e
ac

h 
to

pi
c

S.
 N

o
To

pi
c 

la
be

l
W

or
ds

 w
ith

 th
e 

hi
gh

es
t p

ro
ba

bi
lit

y
Fr

ex
Li

ft

 1
.

R
is

k 
as

so
ci

at
ed

 w
ith

 su
pp

ly
 c

ha
in

 m
an

ag
e-

m
en

t
Su

pp
lie

r, 
ris

k,
 c

ha
in

, n
et

w
or

k,
 d

is
ru

pt
, 

m
od

el
, c

os
t

R
is

k,
 p

ro
ba

bi
lit

y,
 ta

ke
, p

ro
pa

ga
te

, g
lo

ba
l, 

ch
ai

n,
 to

ta
l

Pa
rtn

er
, p

re
-e

m
pt

iv
e,

 a
ck

no
w

le
dg

e,
 b

ra
nd

, 
en

co
un

te
r, 

in
te

r-d
ep

en
d,

 sc
an

 2
.

Su
st

ai
na

bl
e 

tra
ns

po
rta

tio
n 

an
d 

lo
gi

sti
cs

Su
pp

lie
r, 

ch
ai

n,
 tr

an
sp

or
t, 

sy
ste

m
, s

up
pl

ie
r, 

ne
tw

or
k,

 p
er

fo
rm

Tr
an

sp
or

t, 
se

cu
re

, i
nt

er
de

pe
nd

, i
nf

ra
str

uc
-

tu
re

, A
N

N
, t

he
ft,

 c
om

bi
ne

Fo
re

st,
 te

rm
in

al
, c

ar
go

, c
ov

er
, r

ai
l, 

su
rr

ou
nd

, 
un

im
od

al
 3

.
Re

si
lie

nc
y 

in
 su

pp
ly

 c
ha

in
Re

si
lie

nt
, s

up
pl

ie
r, 

ch
ai

n,
 n

et
w

or
k,

 u
se

, 
pe

rfo
rm

, r
es

ea
rc

h
Re

si
lie

nc
y,

 li
te

ra
tu

re
, c

ap
ab

le
, d

es
ig

n 
m

et
ho

do
lo

gy
 a

pp
ro

ac
h,

 o
rig

in
al

ity
 v

al
ue

, 
pu

rp
os

e,
 k

ey

A
bs

or
pt

io
n,

 a
ge

nc
y,

 a
lik

e,
 a

ns
w

er
, n

at
io

n,
 

sy
nt

he
si

s, 
th

re
at

 4
.

Su
pp

lie
r r

is
k 

m
an

ag
em

en
t

Sy
ste

m
, s

up
pl

ie
r, 

ris
k,

 st
ud

ie
s, 

m
an

ag
em

en
t, 

su
pp

lie
r, 

re
si

lie
nc

y
A

ct
iv

e,
 a

gg
re

ga
te

, p
re

pa
re

d,
 c

on
tra

ct
, 

w
ei

gh
t, 

pr
oa

ct
iv

e,
 g

oa
l

A
gg

re
ga

te
, d

at
e,

 d
ur

at
io

n,
 g

at
he

r, 
pr

ep
ar

ed
, 

w
at

er
, l

ay
er

 5
.

D
at

a 
dr

iv
en

 su
pp

ly
 c

ha
in

m
od

el
, d

at
a,

 D
ec

is
io

n,
 in

fo
rm

, d
em

an
d,

 
pr

od
uc

t, 
us

e
Fo

re
ca

st,
 lo

ck
do

w
n,

 lo
ca

l, 
m

on
ito

r, 
da

ta
, 

re
al

-ti
m

e,
 c

ov
id

-
Po

lic
y 

m
ak

er
, l

oc
kd

ow
n,

 m
ov

e,
 p

ea
k,

 st
oc

k,
 

B
as

el
, l

ic
en

se
 6

.
D

ec
is

io
n 

m
od

el
 in

 su
pp

ly
 c

ha
in

Su
pp

lie
r, 

m
od

el
, d

is
ru

pt
, s

up
pl

ie
r, 

al
go

-
rit

hm
, c

ha
in

, p
ro

po
se

d
Re

ta
il,

 su
pp

lie
r, 

pr
ofi

t, 
ge

ne
tic

, r
eg

io
n,

 d
ec

i-
si

on
 su

pp
or

t s
ys

te
m

, a
lg

or
ith

m
M

ul
ti-

pe
rio

d,
 a

ss
ig

n,
 a

ve
rs

, c
ap

ac
ity

, c
os

t-
ris

k,
 JI

T 
(ju

st 
in

 ti
m

e)
 7

.
Te

ch
no

lo
gy

 m
an

ag
em

en
t i

n 
su

pp
ly

 c
ha

in
 

fir
m

s
Su

pp
lie

r, 
ch

ai
n,

 d
is

ru
pt

, t
ec

hn
ol

og
y,

 fi
rm

, 
eff

ec
t, 

m
an

ag
em

en
t

Te
ch

no
lo

gy
, fi

rm
, i

nn
ov

at
io

n,
 fo

od
, r

ip
pl

e,
 

pa
nd

em
ic

, a
do

pt
C

ar
e,

 m
ag

ni
tu

de
, m

ul
ti-

st
ag

e,
 h

ig
h-

ris
k,

 
in

di
re

ct
, o

rg
an

iz
at

io
n,

 p
at

ie
nt

 8
.

N
et

w
or

k 
de

si
gn

 in
 su

pp
ly

 c
ha

in
su

pp
lie

r, 
ne

tw
or

k,
 C

ha
in

, i
m

pr
ov

e,
 m

an
ag

e-
m

en
t, 

pe
rfo

rm
, c

lu
ste

r
C

lu
ste

r, 
fle

xi
bl

e,
 im

pr
ov

e,
 lo

gi
sti

cs
, f

ar
m

, 
in

ve
nt

or
ie

s, 
to

po
lo

gy
In

bo
un

d,
 te

nd
, r

em
ov

e,
 st

or
ag

e,
 w

as
te

, p
er

-
so

n,
 c

ha
ra

ct
er

 9
.

M
ac

hi
ne

 le
ar

ni
ng

 in
 su

pp
ly

 c
ha

in
D

at
a,

 su
pp

lie
r, 

ch
ai

n,
 d

is
ru

pt
, u

se
, m

ac
hi

ne
, 

pr
ed

ic
t

Fe
at

ur
e,

 m
ac

hi
ne

, l
ea

n,
 le

ar
n,

 in
fe

r, 
da

ta
C

la
rit

ie
s, 

lis
t, 

tra
ns

it,
 w

ai
t, 

re
gu

la
r, 

se
am

le
ss

10
. 

O
pt

im
iz

at
io

n 
al

go
rit

hm
 in

 su
pp

ly
 c

ha
in

Su
pp

lie
r, 

ch
ai

n,
 a

lg
or

ith
m

, o
pt

im
iz

at
io

n,
 

m
od

el
, d

is
ru

pt
, c

os
t

M
ul

ti-
ob

je
ct

, o
pt

im
iz

at
io

n,
 g

en
et

, a
lg

or
ith

m
, 

m
in

im
, s

ol
ut

io
n,

 c
on

fig
ur

at
io

n
In

te
rd

ic
to

r, 
qu

eu
e,

 re
fin

er
ie

s, 
bi

-le
ve

l, 
cl

as
si

c,
 

in
te

ns
e,

 la
te

r

388



1 3

Is artificial intelligence an enabler of supply chain resiliency post COVID‑19? An exploratory…	

The transport system comprises passenger mobility and 
freight transportation, which involves numerous additional 
processes like inventory management, storage manage-
ment, returns and waste issues, project management, etc. 
These activities make it more challenging and concerning 
for further research regarding sustainable development 
(Gonzalez-Feliu  2018). To support decision making, 
quantitative methods are being applied in many fields such 
as logistics, transportation, SCM, and risk minimization 
(Render and Stair 2017). Pishvaee and Razmi (2012) pro-
posed a fuzzy mathematical programming model which is 
used to develop an environmental supply chain during dis-
ruptions. An integrated approach was presented based on 
system dynamics simulation and an analytic network pro-
cess to examine policies for sustainable transport (Sayyadi 
and Awasthi 2020). Neto et al. (2008) reviewed the main 
activities in logistic networks that affect cost efficiency and 
environmental performance. They highlighted the benefits 
of using multi-objective programming (MOP) to develop 
or design a sustainable network. Nonetheless, a hybrid 
multi-criteria method is used to examine economic, social, 
environmental and risk aspects, by employing fuzzy ana-
lytic hierarchy process (AHP) and fuzzy vlsekriterijumska 
optimizacija i kompromisno resenje (VIKOR) methods 
for creating sustainable supply chain and logistics (Wang 
et al. 2021). Thus, we proposed the following:

Proposition 4: To analyse the effectiveness of advanced 
technologies in reducing social, economic, and environ-
mental impacts of transportation and logistics.

Proposition 5: The COVID-19 emergency implies the 
critical necessity of implementing sustainable practices 
in logistics and transportation.
Proposition 6:To develop an AI-based model to solve 
social and environmental issues in supply chains and link 
it with sustainable development.
Proposition 7: Future studies may evaluate the impact of 
different sustainable transport and logistics practices such 
as eco-design, net-zero carbon supply chain, research and 
development management, etc.

5.3 � Resiliency in supply chain

Many failures or disruptions have been observed in the 
supply chain by which firms get affected because of the 
unexpected changes in consumer demand and partly due 
to the inability of new technological innovation adoption 
(Singh et al. 2019). Recent economic and business risks that 
occurred due to the outbreak of the COVID-19 pandemic 
have shifted the focus of the practitioners and researchers 
to develop a resilient supply chain network (Spieske and 
Birkel 2021). Although resilience is regarded as a broad con-
cept, core concern involves measurement of the effective-
ness and performance of the entire system which comprises 
production line, supply chain network, telecommunication 
network, etc. (Singh et al. 2019). In the entire project, even 
delay in some activities can disrupt the whole network and 
reduce project resilience. In this regard, the disruptions 
caused by the COVID-19 pandemic are probably the most 
severe in the last decade to the global supply chain (Araz 

Fig. 9   Word map of ten emerging research topics of AI and supply chain resiliency
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et al. 2020). Previous literature gives evidence from various 
studies to explain the antecedents of SCR (Bode et al. 2011; 
Kim et al. 2015).

To efficiently managing disruptions in the supply chain 
in case of a pandemic, a decision support system based on 
the Fuzzy Inference System (FIS) is effective to manage the 
demand for healthcare supplies (Govindan et al. 2020). Con-
sidering the outbreak and the corresponding risks in the sup-
ply chain, a simulation model is proposed to manage global 
supply chain disruption and to predict the severe outcomes 
of COVID-19 impact on supply chain performance (Ivanov 
and Dolgui 2020). Kumar and Anbanandam (2020) offered 
an SAP-LAP framework to enhance the supply chain resil-
ience and to initiate resilience-building processes. Further-
more, an agent-based model (ABM) was developed using 
simulation software providing recovery plans and several 
strategies to manage skyrocketing demand of essential items 
during pandemic (Rahman et al. 2021). Thus, we proposed 
the following propositions:

Proposition 8: Spply chain recovery model using inno-
vative technology and big data analytics is required to 
overcome the SCR issues during an outbreak.
Proposition 9: The COVID-19 emergency has created 
a need for resilient strategies to reduce production and 
delivery complexities.
Proposition 10: To evaluate not only short-term recovery 
model for SCR but also long-term strategies to recover 
and regain strength post-pandemic by using AI efficiency.
Proposition 11: Future studies must integrate the role 
of project management in SCR post pandemic because 
only a limited number of studies exists concerning project 
management and SCR.

5.4 � Supplier risk management

Supplier risk management considers the risks associ-
ated with the wrongdoing or misconduct of suppliers 
(Canzaniello et al. 2017). The supplier selection deci-
sion is regarded as one of the major issues in the con-
text of project management (Sabbaghi 2020) and SCM 
faced by managers to retain competitiveness (Bai and 
Sarkis 2010). The risk associated with supplier selection 
can cause disruptions in entire project management and 
subsequently affect the supply chain. Also, the overall 
purchasing cost is influenced by the selection of the right 
supplier, which impact the overall cost of the final prod-
uct (Pazhani et al. 2016).

Sun et al. (2012) proposed a quality risk management 
model and developed a P-chart solution model to mitigate 
quality risks in a supplier-assembler structure supply chain. 
The issue in the manufacturing supply chain was studied that 
comprises multiple suppliers and multiple uncertainties, and 

an integrated inventory management policy was formulated 
by using the stochastic dynamic programming approach to 
enable supplier risk management (Song et al. 2014). Wu et al. 
(2010) developed a fuzzy multi-objective programming model 
for supplier selection considering risk factors. Many studies 
related to supplier risk management have similarities with 
decision modeling work. A decision model was developed 
by applying a traditional supply risk management approach 
in consideration with qualitative and quantitative risk factors 
in the selection of suppliers and evaluating other strategies for 
risk mitigation (Yoon et al. 2018). In addition, a data mining 
approach was used for supplier risk management by ascertain-
ing latent association among pre-qualification data of supplier 
and overall rating of the supplier (Jain et al. 2014). However, 
there are many techniques in AI like Bayesian networks, 
fuzzy logic, differential evolution, etc., that are not employed 
in this field of research of supplier risk management (Hamdi 
et al. 2018). In the field of supply chain risk management and 
supplier selection, Hamdi et al. (2018) conducted a literature 
review study and concluded that the research in this field is 
not considered enough in comparison to other fields of sup-
ply chain risk management. Thus, we proposed the following 
propositions:

Proposition 12:To develop an AI-enabled framework to 
mitigate the risks associated with supplier selection and 
project management.
Proposition 13: To develop supplier risk management 
model using AI techniques like fuzzy logic, Bayesian 
networks, artificial neural networks (ANNs), differential 
evolution, etc.
Proposition 14: There is a need for more scientific 
research in this field of SCM that offers optimum solu-
tions using big data analytics.
Proposition 15: Future studies may incorporate green 
SCM practices in supplier selection management.

5.5 � Data‑driven supply chain

A data-driven supply chain is a supply chain that employs 
big data as the core of qualitative and quantitative techniques 
to improve supply chain competitiveness (Shamsuzzoha 
et al. 2020). Today, companies are investing greatly in pro-
jects based on information technology to optimize inventory 
levels, automate transactions, track supply and operations, 
and various supply chain decisions (Yu et al. 2018). This 
trend of the automated or data-driven supply chain provides 
significant prospects to enhance efficiency and reduce cost 
(Wu et al. 2016). The worldwide scope of the supply chain 
brings a large volume of collected data from its numerous 
processes. This big data is analysed and interpreted by the 
supply chain professionals to support decisions and to rec-
ommend new organizing techniques of the supply chain 
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(Hazen et al. 2014). A big data strategy implementation in 
the project management and supply chain could bring poten-
tial improvements in effectiveness and efficiency through all 
project activities like demand forecasting, location moni-
toring, supply planning, product, and service acceptance, 
understanding supplier and customer behaviour, etc. (Kwon 
et al. 2014).

Over the next decade, tremendous changes are expected in 
the supply chain and logistics, such as technology influence 
on information or data flows, autonomous decision making, 
new cooperation models in value networks connections, big 
data analytics, etc. (Nitsche et al. 2021). Wanke et al. (2017) 
suggested that a good inventory allocation model manages 
various decisions regarding the logistic plan of inventories 
from sellers to consumers when there is insufficient stock 
to meet each consumer demand. A data-driven approach 
can be employed to ascertain factors enabling resilience in 
the supply chain and the importance of quality information 
sharing, and swift trust can be emphasized (Papadopoulos 
et al. 2017). Cavalcante et al. (2019) developed a data-driven 
hybrid technique to theorize the concepts of resilient supply 
chain performance. Furthermore, based on the information 
sharing and using hybrid industry 3.5 strategy, a material 
resource allocation, and management approach can also be 
developed in supply chains which can meet around 90 per-
cent consumer material fulfilment rate (Kuo et al. 2021). 
Thus, we proposed the following propositions:

Proposition 16: A multi-product and multi-horizon 
approach using big data and AI should be developed to 
bring resiliency in the supply chain post-COVID-19.
Proposition 17: The COVID-19 emergency indicates 
a need for a data-driven forecast model that provides 
demand and supply surges during an outbreak and enables 
supply chain firms to monitor their operations accord-
ingly.
Proposition 18: In a rapidly changing scenario, modifica-
tion of existing strategies is required to overcome supply 
chain disruptions during the pandemic.

5.6 � Decision model in supply chain

At each level in the supply chain, effective decision-making 
plays a vital role in the reduction of inventory cost, fulfil 
consumer demands, expand market share, and enhancing 
customer service level (Singh et al. 2019). Similarly, a sig-
nificant impact is posed by decision-making on the resilient 
abilities of the company. For this purpose, developing a deci-
sion support system by supply chain automation is among 
the several approaches of optimum decision making (Wang 
et al. 2013). Riahi et al. (2014) established a mathematical 
decision-making model to evaluate the security score of the 
container by using analytical hierarchy and the Bayesian 

network process. This model was used to reduce the risks in 
the logistic process, to analyse security-based disruptions, 
and provide an acceptable security level. To quantify several 
resilient strategies for risk mitigation, a decision support 
model can be developed with the combination of layered 
analytic network process (ANP) and grey theory as in the 
casestudy of electronics producing companies conducted by 
Rajesh (2020).

An ontology-based decision support system is recom-
mended to strengthen resilience in the supply chain during 
a disruption by using PSO-DE as an optimization technique 
(Singh et  al.  2019). By contemplating the awareness of 
online consumers regarding carbon emissions, a low-carbon 
decision-making model can be established based on online 
shops and sellers (Wu et al. 2021). Pamucar et al. (2020) 
proposed a fuzzy neutrosophic approach for decision-making 
for the selection and evaluation of suppliers. Furthermore, the 
impact of COVID-19 disruptions on supply chain decisions 
must be examined and a stochastic optimization model may 
be proposed for sharing and allocating a critical resource 
during a pandemic (Mehrotra et al. 2020). Thus, we proposed 
the following propositions:

Proposition 19: To investigate the enablers of a sustaina-
ble supply chain and propose an AI-based decision model 
to overcome the challenges that occur due to pandemics.
Proposition 20: To develop the model using fuzzy MIC-
MAC and fuzzy TISM and based on experts’ recommen-
dations without biasness.

5.7 � Technology management in supply chain firms

Technology management is defined widely as “a process, 
which includes planning, directing, control and coordina-
tion of the development and implementation of technologi-
cal capabilities to shape and accomplish the strategic and 
operational objectives of an organization” (Cetindamar 
et al. 2009). It is crucial to evaluate the impact of informa-
tion technology on today’s organization as it has become 
a fundamental aspect of SCM. An efficient and successful 
SCM relies on the management of the quality and technol-
ogy within the technical and social system of the supply 
chain. These technical and social systems are established 
on the connections of several factors that lie within quality 
and technology management (Kuei et al. 2001). In transpor-
tation and logistics, technological development is bringing 
efficiency and improvements. The activities related to tech-
nological innovation can help supply chain firms to increase 
productivity, reduce risks and costs (Fu et al. 2021).

Lee et al. (2018) stated that technology innovation is 
an important factor for the sustainable growth of the com-
pany and in recent years, many companies are shifting their 
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attention to technology management to achieve competi-
tive advantage. For this purpose, they proposed an ensem-
ble model to support technological integration for achiev-
ing companies’ sustainable growth. On the other hand, for 
freight transportation, sustainable technologies were evalu-
ated by using spherical fuzzy AHP and TOPSIS approach 
(Jaller and Otay 2020). The impact of technology manage-
ment was investigated on the sustainable performance of the 
company through empirical research (Tasleem et al. 2019). 
Furthermore, the adoption barriers of blockchain technol-
ogy were investigated for accomplishing a sustainable sup-
ply chain (Kouhizadeh et al. 2021). A two-stage strategic 
framework was established by Kuei et al. (2002) that pro-
vide strategies for technology management and supply chain 
quality enhancement. However, by thoroughly reviewing the 
literature it is found that there is a dearth of literature regard-
ing supply chain firms and technology management models. 
Thus, we proposed the following propositions:

Proposition 21: To develop a framework using AI tech-
niques to facilitate recovery strategies and sustainable 
operations in supply chains covering various sectors.
Proposition 22: To identify the drivers and barriers in 
technology management to create a sustainable and resil-
ient supply chain.

5.8 � Network design in supply chain

Network design in the supply chain is sometimes regarded 
as strategic supply chain planning which is a part of the 
SCM planning process. It governs the physical structure and 
infrastructure of the supply chain (Govindan et al. 2017). 
A firm’s or system’s capability to revert to its initial con-
dition or rather to a more advantageous state after disrup-
tion is called resilience (Tang 2006). This ability in SCM is 
directly influenced by the network design, which is one of 
the most important parts of any project. However, a resil-
ient network of the supply chain must operate effectively 
in both situations, either normally or during disruptions 
(Hasani et al. 2021). In the area of creating reliable sup-
ply chain network design models, many studies undertake 
failure probability as a pre-specified constraint for transpor-
tation or facility under disruptions (Hatefi et al. 2015). As 
far as disruptions caused by the COVID-19 pandemic are 
concerned, there is a critical need for a sustainable network 
design to overcome the present and upcoming challenges. 
According to Majumdar et al. (2020), during COVID-19 the 
growing concern to fulfil environmental and social require-
ments are pushing pharmacies/hospitals to contemplate the 
influence of sustainable supply chain network design on the 
environment and society. Though, there is a dearth of good 
mathematical models in this area of research (Goodarzian 
et al. 2021a).

Fattahi (2020) proposed a data-driven approach for the 
development of socially accountable supply chain networks 
under disruptions. A multi-objective optimization model 
was proposed to enable a sustainable supply chain network 
design under uncertainty by using strength Pareto evolution-
ary algorithm 2 (SPEA2) (Hasani et al. 2021). Zahedi et al. 
(2021) developed a relief supply chain network using the 
internet of things (IoT) to analyse several suspected cases 
during the pandemic. Mehar approach was suggested to 
solve the distance problem in the supply chain network, by 
using the lexicographic method to compare interval-valued 
Pythagorean fuzzy numbers (Bhatia et al. 2021). To estab-
lish a sustainable supply chain network Lahri et al. (2021) 
proposed a multi-objective possibilistic integer linear pro-
gramming model using the integrated possibilistic program-
ming, TOPSIS, BWM, and Epsilon (ε) constraint method. 
Thus, we proposed the following propositions:

Proposition 23: Use of AI technique to minimize the risks 
for two-echelon resilient supply chain network design.
Proposition 24: To explore the role of industry 4.0 tech-
niques in creating resilient supply chain network design.
Proposition 25: To ascertain the effectiveness of AI 
applications in managing and recovering the supply chain 
from sudden disruptions like a pandemic.

5.9 � Machine learning in supply chain

Machine learning is the tool that facilitates the reduction 
and elimination of the negative impact of data interpreta-
tion because it does not entail direct human involvement. It 
responds quickly to the demands of the industries by incorpo-
rating the large data set as the input into the system (Tjahjono 
et al. 2017). To survive the increasing competition, automa-
tion is growing rapidly in industrial entities where they use 
software-enabled systems as the communication medium 
(Siderska and Jadaan 2018). Machine learning is considered 
one of the best tools in the present scenario as it focuses on 
resource optimization in the supply chain (Nagar et al. 2021). 
Machine learning helps project managers to easily organize 
thousands of tasks while managing all resources and pro-
ject. Sindhwani et al. (2019) reported that the data input and 
analysis in the traditional supply chain and project manage-
ment were performed manually which constraints the effec-
tive handling of the issues throughout the supply chain. In 
addition, data analysis was not adequate in some cases which 
led to interpretation of negative influence of the reliability of 
business operations (Kersten et al. 2019).

Therefore, to mitigate these risks and adverse effects of 
disruptions in the supply chain, the application of machine 
learning has received growing attention in recent years 
(Baryannis et  al.  2019b). To measure the risk behav-
iour Bayesian network theory was used to examine the 
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multi-echelon network-facing real-time disruptions in the 
supply chain (Ojha et al. 2018). A hybrid technique that 
combines machine learning and simulation was developed 
and used to examine its applicability in decision-making 
support in SCP and resilient supplier selection (Cavalcante 
et al. 2019). Furthermore, Wichmann et al. (2020) dis-
cussed automated supply chain mapping to maintain sup-
ply chain structural visibility by using deep learning which 
facilitated automatic extraction of the supplier–buyer rela-
tion from natural language text. It enabled firms to validate 
existing supply chain maps, generate fundamental supply 
chain maps automatically, and enhance existing maps with 
further information of the suppliers. Thus, we proposed 
the following propositions:

Proposition 26: To explore other machine learning 
techniques and a more feature-rich dataset like deep 
learning and neural networks etc. and to examine its 
applicability and effectiveness.
Proposition 27: To identify the barriers in SCR and 
big data solutions using machine learning techniques 
by applying cause-effect relationships.

5.10 � Optimization algorithm in supply chain

An optimization algorithm is a method to compare vari-
ous solutions until an effective and optimum solution for 
a problem is generated (Sadeghi et al. 2021). In this age of 
digitalization and AI, regulating the supply chain through 
emerging technologies becomes an integral part of the firms 
to generate sustainable output. Optimization algorithm pro-
vides an effective system to manage and control large pro-
jects. The scope of big data in many fields is massive but 
there is a shortage of literature in designing and formulating 
optimization models using big data analytics for the prob-
lems related to the supply chain (Goodarzian et al. 2021b). 
A two-stage supply chain distribution optimization model 
was proposed using a modified particle swarm optimization 
(MPSO) to solve inventory control and integrated location 
problems (Mousavi et al. 2017). Fathi et al. (2021) developed 
an optimization model for location-inventory supply chain 
by employing a two-phase approach based on stochastic opti-
mization and queuing theory, and a hybrid genetic algorithm 
was created to mathematically tract the problem. Neverthe-
less, to solve the substantial problems in the supply chain 
using big data characteristics two hybrid meta-heuristic algo-
rithms were proposed (Goodarzian et al. 2021b). Thus, we 
proposed the following propositions:

Proposition 28: The AI algorithms adoption to perform 
real-time data analysis in solving the resiliency issues in 
the supply chain during disruptions.

Proposition 29: To explore the strength of AI techniques and 
optimization algorithms in finding solutions to create sus-
tainable multi-stage or multi-channel supply chain networks.

6 � Discussion and proposed research model

The current study was conducted to analyse the impact of 
AI techniques in creating a resilient supply chain. The study 
has also taken into consideration the disruptions caused by 
the COVID-19 pandemic on the global SCM. The STM 
approach and a systemic literature review was adopted to 
explore the research on SCR and AI. The generated thematic 
topics, such as Risk associated with SCM, sustainable trans-
portation, and logistics, resiliency in supply chain, supplier 
risk management, data-driven supply chain, decision model 
in supply chain, technology management in supply chain 
firms, network design in supply chain, machine learning in 
supply chain, optimization algorithm in supply chain have 
been identified. A significant contribution has been observed 
in respect to SCR and the application of AI. It was also 
reported that industry 4.0 technologies can facilitate risk 
mitigation ability to the firms to continue their operations 
during disruptions (Zhang et al. 2020). Shih (2020) sup-
ported this condition of current pandemic, where the una-
vailability of human labour is the most critical issue which 
potentially harms the operations of the supply chain. Sub-
sequently, many researchers suggested that technologies of 
industry 4.0 such as AI, the IoT, and big data analytics, can 
help in building resilience in SCM (Dolgui and Ivanov 2020; 
Birkel and Hartmann 2020; Nayal et al. 2021).

The outbreak of the novel coronavirus (COVID-19) 
has uncovered the vulnerability of the supply chains at the 
beginning of the year 2020 (Govindan et al. 2020), although 
supply chains are under extreme pressure before this pan-
demic as well (Lechler et al. 2019). However, the disrup-
tions necessitate resilience in a single supply chain only, but 
the systemic threats and pandemics disturb an entire supply 
chain that involves multiple value and supply chains only 
in a short time (Golan et al. 2020). The pandemic and lock-
down in a country lead to logistic disruptions along with a 
shortage of labour force which eventually caused supply-side 
shocks to the supply chain. Furthermore, it brings an unex-
pected surge in the demand-side of the food supply chain 
because of hoarding behaviour and panic buying among con-
sumers (Hobbs 2020). Hence, the logistic system becomes 
vulnerable in managing sudden disruptions and recovering 
the supply chain (Choi 2020) which brings forth the need 
for a stronger, more innovative and resilient supply chain. 
The literature recognizes that AI is considered a pathbreak-
ing analytics tool to improve the performance of the supply 
chain (Grover et al. 2020). Several studies were conducted 
to analyse AI effectiveness in handling the supply chain 
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disruption due to COVID-19 (Ivanov and Dolgui 2020; 
Nayal et al. 2021; Belhadi et al. 2021a).

Nayal et al. (2021) evaluated the challenges of employing 
machine learning and AI in the agriculture supply chain to 
reduce the impacts of COVID-19 by using a hybrid approach 
of Delphi ISM-Fuzzy MICMAC-ANP. They reported that data 
privacy and security are the biggest challenges in the imple-
mentation of machine learning and AI in the supply chain, 
although these technological applications turned out to be a 
powerful enabler to accurately predict and minimize uncer-
tainties. The IoT is a robust tool for SCR as it enables items 
to track and determine crucial metrics along the entire supply 
chain (Kara et al. 2020). In another study, the short-term and 
long-term strategies were adopted, and the SCR model was 
developed by using sequential mixed-method for resilience 
evaluation, Financial Impact (FI) analysis, and integrating 
Time-to-Recovery (TTR). The results of the study supported 
the advanced use of industry 4.0 technologies in mitigating 
the risks related to the pandemic, also big data analytics play 
a crucial role in supply chain activities by providing real-time 
information to reduce disruptions (Belhadi et al. 2021b). 
Moreover, it is recommended that at the retail store level, 
companies should implement a contactless payment system 
to ensure safety measures (Mollenkopf et al. 2020). Similarly, 
easing capital flow was proposed to deal with the scarcity of 
capital for digitalization and restructuring the supply chain 
during or post COVID-19 (Deaton and Deaton 2020).

Improving technological capability in supply chains is 
crucial to overcome the disruptions caused by the pandemic. 
Therefore, requirements and acceptance of mobile services 
have grown significantly as customers prefer to receive products 
and services at their doorstep during COVID-19 (Choi 2020). 
For this purpose, it is suggested that companies should use 
online sales, digitalization, mobile services, and information 
technology to observe the supply chain and mitigate associated 
risks. In this regard, several technologies like, AI, 3-D printing, 
Big data analytics, cloud computing, and the IoT are recom-
mended (Chowdhury et al. 2021). Also, to predict supply chain 
disruptions, adding agility to the data is suggested (Brintrup 
et al. 2020). A future research framework is proposed in Fig. 10.

The proposed research framework comprises ten emerg-
ing research themes of SCR in the first stage. The second 
stage involves several AI techniques that can be incorporated 
to achieve resiliency in the supply chain. In the last stage, the 
benefits of deploying AI techniques into SCM are presented. 
These benefits can be achieved during or post-pandemic to 
overcome disruptions.

6.1 � Implications

The present study was conducted using bibliometric analy-
sis and STM to examine the previous literature on AI in 
SCR. Based on STM-generated topics, a systematic liter-
ature review is carried out. This study contributes to the 

SCR Research 
Themes

Risk associated with supply chain management.

Optimization algorithm in supply chain 

Sustainable transportation and logistics

Resiliency in supply chain

Supplier risk management

Data driven supply chain.

Decision model in supply chain

Technology management in supply chain firms

Network design in supply chain

Machine learning in supply chain

AI Techniques SCR Benefits

Machine Learning,

Deep Learning,

Decision Tree,

Natural Language

Processing,

Artificial Neural

Network,

Genetic

Algorithm,

Support Vector

Machine,

Bayesian Network,

Fuzzy Logic, 

Robotics, Computer 

Integrated 

Manufacturing.

Risk mitigation,

Error detection.

Smooth flow of 

inventory,

On-time delivery,

Recovery from 

sudden disruption,

Data agility,

Accurate prediction,

Data evaluation,

Technology 

management.

Fig. 10   A proposed research framework for AI in SCR
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literature by providing a review of existing studies in the 
field of AI, project management, supply chain, and SCR. 
The current study provides a review of the studies conducted 
before and during the COVID-19 pandemic related to SCR. 
It adds to the literature by providing a systematic literature 
review along with the application of bibliometric technique 
and network analysis to identify the most influential works 
in this field of study.

The outcome developed from the previous studies will 
help managers to utilize AI and industry 4.0 technique 
to achieve resilience in the supply chain during or post-
pandemic. This study will also help firms and practitioners 
by providing future research propositions. The implemen-
tation of AI techniques will enable firms and managers to 
mitigate sudden disruptions caused by any virus outbreak 
and to recover the supply chain instantly. The technologi-
cal innovations and AI applications will help in creating a 
resilient supply chain and further facilitate risk mitigation, 
supplier selection, decision modeling, technology man-
agement, network design, data-driven and optimization 
algorithm in the supply chain.

7 � Conclusions

The widespread transmission of the novel COVID-19 has 
developed grave uncertainties in the global supply chain. 
The effects of the pandemic have disrupted the entire sup-
ply chain mostly in every sector. In this regard, scholars 
and practitioners have shifted their focus to create a more 
sustainable and resilient supply chain. For this purpose, AI-
based technological development has provided tools and 
techniques to implement in supply operations. The current 
study focuses on research work conducted in the field of AI 
in SCR. The various topics were identified, namely Risk 
associated with SCM, sustainable transportation and logis-
tics, resiliency in supply chain, supplier risk management, 
data-driven supply chain, decision model in supply chain, 
technology management in supply chain firms, network 
design in the scs, machine learning in supply chain, opti-
mization algorithm in SCs. Bibliometric analysis and STM 
were conducted to comprehend the research trends in AI and 
SCR. This research will provide a deeper and better insight 
into the implication of AI in SCR and it will help the SCM to 
mitigate the associated risks. An attempt is made to include 
most of the previous works related to AI in SCR based on 
the identified themes. The study is limited to only journal 
articles and does not include other papers such as conference 
papers, field reports, company reports, book chapters, etc. 
The bibliometric analysis will enable a researcher to classify 
the growth pattern and the amount of the previous literature 
available on AI in SCR. Consequently, we recommend future 
studies on the implication of AI and mitigating barriers in 

SCR. It is also recommended to analyse the detrimental 
impact of AI on SCR, and to provide evidence regarding 
the weakness and challenges of AI-enabled technologies in 
the context of SCR.
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