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Abstract: The presence of a crisis has consistently been an inherent aspect of the Supply Chain,
mostly as a result of the substantial number of stakeholders involved and the intricate dynamics
of their relationships. The objective of this study is to assess the potential of Big Data as a tool
for planning risk management in Supply Chain crises. Specifically, it focuses on using
computational analysis and modeling to quantitatively analyze financial risks. The “Web of
Science—Elsevier” database was employed to fulfill the aims of this work by identifying
relevant papers for the investigation. The data were inputted into VOS viewer, a software
application used to construct and visualize bibliometric networks for subsequent research. Data
processing indicates a significant rise in the quantity of publications and citations related to the
topic over the past five years. Moreover, the study encompasses a wide variety of crisis types,
with the COVID-19 pandemic being the most significant. Nevertheless, the cooperation among
institutions is evidently limited. This has limited the theoretical progress of the field and may
have contributed to the ambiguity in understanding the research issue.

Keywords: big data; supply chain; financial risk; risk management; crisis; sustainability; data
modeling

1. Introduction

The crisis has always been a part of the Supply Chain, mainly due to the increased
number of stakeholders as well as the complicated interactions between them. As
Supply Chains increase in complexity, crisis events are becoming even more frequent
with higher impact than in previous years (Honkanen, 2023; James et al., 2011).
However, the last five years have proven that crisis has many faces, and “black swans”
are more likely to become real hazards than ever before. The COVID-19 pandemic
ascertained that unthinkable events may interrupt supply chains on a global scale
(Sakas and Giannakopoulos et al., 2021), as well as the Ukrainian—Russian conflict
reminded us that border stability sometimes is a disputable condition and a crisis
generation source (Mariotti, 2022). Additionally, climate change has proven a huge
potential for generating supply chain crisis events, starting from raw materials
production up to the “last mile” and the final consumer (Kaniewski et al., 2023).

Crises could be described as forest fires, by considering them either as pure
distraction events or an opportunity for regeneration and new development for the
organization. However, in order to endure or get an upper hand during a crisis, Supply
Chain Management must establish effective techniques and procedures to reduce
susceptibility and guarantee uninterrupted service by proactively identifying potential
financial risks and possibilities. Despite an increasing understanding of the possible
repercussions of a crisis event, numerous firms are insufficiently equipped for its
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happening, and their risk management strategies are either inadequately planned or
nonexistent.

Properly developed risk management plans, including regular financial risk
assessment allow for the proactive identification of potential future crises. While it
may not always be feasible to completely avoid crises, organizations should develop
mitigation measures and contingency plans to lessen the damage and ensure business
continuity during such situations. Planning for disasters is a clear indicator of
organizational robustness and demonstrates a clear ability to face major supply chain
financial risks, however, predicting all kinds of financial risks is practically impossible
since “unknown-unknown” risks may arise at any time. Since management dormancy
and neglect are pointed out as the major reason for business crises (Sapriel, 2003),
integrating financial risk management activities into daily business operations is an
essential measure for developing a flexible and robust Supply Chain capable of
enduring any crisis. This initiative should be backed by a directive from the company’s
top management, emphasizing the importance of collaboration among all key business
functions.

Although a rigid financial risk management plan is a good guideline for the
organization’s crisis preparedness, it should incorporate adequate response procedures
that will ensure a smooth transition for the company from “business as usual” to “crisis”
mode. Businesses are compelled to adjust their industrial practices due to swift
fluctuations in the Supply Chain, in order to consistently pursue the highest quality at
the most favorable price and with the shortest possible delivery time. This condition
triggers a constant reorganization of the supply chains. This organizational mobility
requires a dynamic restoration of links and processes within the organization, resulting
in a challenging business environment where uncertainty and vulnerability put
uninterrupted supply chain processes at stake. This fact highlights, even more, the
crucial role of financial risk management in the successful continuity of services for
organizations. Reliable and solid financial risk management is a strategic choice for
many organizations that consider risk-free supply chains of the same importance as
productivity (Roberts, 1990).

The objective of this study is to evaluate the potential of Big Data as a tool for
planning financial risk management in the context of Supply Chain crises, in terms of
financial risk quantitative analysis through computational scrutiny and modeling. Big
Data can be obtained either from within the organization’s processes or can be mined
from crowdsourced platforms (Sakas and Kamperos et al., 2021).

2. Theoretical background

2.1. Supply chain crises

Crisis, by definition, points at uncertainty since its origins from Greece and
specifically form the word “crisis” that can be translated as judgment or decision
(Desoutter and Lavissiere, 2018). ISO standard 22399 (2007), defines crisis as: “any
incident(s), human-caused or natural, that require(s) urgent attention and action to
protect life, property, or environment”. Other researchers employ a distinct
methodology and propose that a crisis is delineated as an abrupt occurrence or
sequence of occurrences that compels organizations to respond promptly.
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Alternatively, it may stem from a protracted course of action that has already led to
irreparable harm (Honkanen, 2023). The definition of a crisis according to other
studies is “a low probability, high impact event that threatens the viability of the
company and is characterized by ambiguity of cause, effect, and means of resolution,
as well as by a belief that decisions must be made swiftly” (Pearson and Clair, 1998).
Although each definition approaches the point of matter from a different angle, all
could agree on some common characteristics regarding crises. Researchers suggest
that every crisis consists of three main elements (King, 2002). Firstly, a crisis is an
unforeseen occurrence that has the capacity to disrupt both the internal and external
framework of a company. Secondly, it can happen at any moment. Lastly, it has the
power to undermine the credibility of a company.

Despite the growing scientific interest in Supply Chain Management (SCM),
which has led to numerous studies on the topic (Baldini, 2012; Hittle and Moustafa,
2011; Jittner and Maklan, 2011; Natarajarathinam et al., 2009; Pfohl et al., 2010;
Wagner et al., 2017), the existing literature lacks a comprehensive definition of the
supply chain crisis phenomenon. Nevertheless, other studies have put forth noteworthy
recommendations. Durugbo and Al-Balushi (2023) differentiate between the concept
of'a Supply Chain Crisis and the concept of the Supply Chain in a Crisis. By combining
these two concepts, researchers suggest four different modes of crises for the Supply
Chains. The most challenging of these 4 modes is the “Supply Chain Crisis in Crisis
Times”, an inherent condition of SCM characterized by chaos, difficulties, and
complexity that have a direct and visible impact on a supply chain (Sawyerr and
Harrison, 2019).

As supply networks grow alongside communication channels and information
speeds, Supply Chain complexity is highlighted by many studies as an emerging
financial risk requiring challenging solutions (Childerhouse and Towill, 2004; van der
Vorst and Beulens, 2002). According to Blackhurst et al. (2004), Supply Chains fulfill
multiple roles focusing firstly on serving as connectors between organizations,
secondly making possible collaboration between different Supply Chains in different
regions, thirdly demonstrating operational changes based on institutional
circumstances, and finally giving rise to partnerships among organizations with
varying goals. In an attempt to merge all different viewpoints, Durugbo and Al-
Balushi (2023) proposed a Supply Chain Crisis definition as: “a supply chain state or
situation triggered by a low-probability, high-impact incident that emerged gradually
or abruptly from organizational, institutional and state (or regional) causes and
conditions, threatening the values and viability of suppliers, manufacturers, and
distributors, and imposing time pressures for supply chain decisions under high
uncertainty”.

The basic Crisis Management principles covering the “before” “during” and
“after” crisis periods, also apply to Supply Chain Crisis Management, highlighting the
importance of financial risk management planning before a crisis strikes and the value
of fallback plans during damage control and operational continuity restoration.
Challenges from these cycles arise from the Supply Chain nature itself, with
distribution channels and coordination procedures generating more financial risks and
vulnerabilities as complexity increases (Armani et al., 2020; Jittner and Maklan, 2011;
Kurniawan and Zailani, 2010; Merz et al., 2009).
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2.2. Supply chain crisis financial risk management

The causes of supply chain risk can be classified into five main categories, as
outlined by Wagner and Bode (2009): i) demand side, ii) supplier side, iii) regulatory,
legal and bureaucratic, iv) infrastructure, and v) catastrophic risks. The initial two
categories of risk sources relate to supply-demand coordination difficulties that arise
within the supply chain, whereas the next three categories concentrate on risk sources
that may not necessarily originate within the chain. Researchers conclude that the
dominant outcome of a risk, under the mentioned categories, when it becomes a hazard,
is primarily financial. This can manifest as higher costs for production and
transportation, as well as lost earnings and the need to repair damaged infrastructure
(Wagner and Bode, 2009).

Although Supply Chain Financial Risk Management (SCFRM) is becoming
increasingly important, there is a lack of clear definitions for supply chain risk in the
existing literature. Some individuals define supply chain financial risk entirely based
on the concept of events. This sense of risk is consistent with the concept of risk that
has evolved over the last four centuries, which firmly links risk to the likelihood that
disruptive events will occur (Heckmann et al., 2015). When it comes to SCFRM,
events are defined by their propensity to happen (probability of financial risk) and the
consequences they will entail for the chain (impact of risk) (Heckmann et al., 2015;
La Soaetal., 2024). Consequently, definitions of supply chain financial risk often lack
clarity and specificity, and fail to incorporate quantification. As a result, assessing,
monitoring, and controlling supply chain risk remains difficult, and it is not
sufficiently accounted for in quantitative decision models. March and Shapira
introduced an early definition of financial risk in the supply chain as the “fluctuation
in the range of potential financial outcomes, their probability, and their subjective
values” (La Soa et al., 2024; March and Shapira, 1987). Nevertheless, the definition
of supply chain risk (SCR) that has gained the most acceptance is the one proposed by
Zsidisin. According to Zsidisin, supply risk is defined as the inability of affected
companies to effectively manage the consequences of an incident (Goh et al., 2007,
Kull and Closs, 2008; March and Shapira, 1987; Zsidisin, 2003).

Risk-taking is considered an inherited characteristic of management nature (La
Soa et al., 2024). Any strategic action bears some risk implications since taking a risk
equates to deciding in the face of uncertainty. Researchers emphasize the necessity for
further investigation into the connection between business strategy, financial risk, and
the consequences for supply chain management, as it remains inadequately
comprehended (Braithwaite and Hall, 1999). Prior to delving more into the SCFRM
idea, it is necessary to differentiate between risk drivers and financial risk control
tactics and strategic decisions. Increasing outsourcing as well as supply chain
globalization have been outlined as the main source of increased financial risk
exposure and organizational vulnerability to any supply chain disruption (Engardio,
2001), however, the need for increased competitiveness can often be the main driver
of financial risk since organizations utilize “calculated risks” as leverage for improved
performance effectiveness and profitability (Svensson, 2004). Conversely, financial
risk control strategies are those calculated strategic actions that organizations take on
purpose to lessen the uncertainty brought about by their financial sources (Miller, 1992;
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Natufe and Evbayiro-Osagie, 2023). Researchers propose that the primary objectives
of SCFRM are to detect and evaluate all potential financial risks and uncertainties in
the supply chain, and to create and implement strategies for controlling and monitoring
these risks in order to minimize disruptions, both in a reactive and proactive manner
(Manuj and Mentzer, 2008; Natufe and Evbayiro-Osagie, 2023; Tang, 2006). SCFRM
is an extension of traditional financial risk management since it manages to interlink
supply chain partners’ upstream and downstream risks (Wieland and Wallenburg,
2012).

An expanding number of crises face Supply Chains, some brought on by
unknown and poorly recognized risks and hazards. Because of the interdependence of
the world economy, crises have the potential to transcend national boundaries and have
a substantial impact on the economy (OECD, 2020). Global Supply Chains are acutely
aware that additional systemic shocks might seriously jeopardize their organizational
development and profitability in the wake of the financial and budgetary crises. The
management of these disruptive occurrences should be high priority goal since actions
during times of crisis have a direct impact on the confidence that the market
stakeholders have in their organizations.

Developing the skills and resources necessary to get ready for crises that have
already happened was the traditional definition of crisis preparation. Adapting
strategies that facilitate readiness for unanticipated responses is necessary to prepare
for crises in the new environment. Crisis and emergency preparedness are built on a
foundation of financial risk awareness. Response planning is made possible by the
analysis of financial risks, threats, and vulnerabilities through thorough risk
identification and assessment. Risk assessment techniques and methodologies cannot
be studied completely separated from their main goal. In other words, while creating
emergency response plans is the goal of financial risk assessment for traditional crises,
innovative or trans-border crises require a more flexible and dynamic capacity for
responses, indicating a more adaptable and comprehensive approach to financial risk
assessment. Combining data from multiple sources on the risks and hazards, as well
as the organization’s vulnerabilities and possible financial risk exposure, is a vital step
for this analysis. Along with the growth of databases, archives, and monitoring
networks, as well as modeling and mapping technologies, there is an increasing
amount of data and information available for financial risk assessments and mapping.

2.3. Managing crisis risks with big data

Big data technology has developed into a crucial instrument for enhancing
decision-making and corporate operations today. Furthermore, big data technology
makes it possible to understand a combination of data from many sources to detect
numerous crises and disasters early (Orenga-Rogla and Chalmeta, 2016). A
complicated collection of organized and unstructured data that is incomprehensible to
conventional technologies is referred to as big data. It is driven by data science, uses
models, and seeks to uncover hidden patterns (Taylor-Sakyi, 2016). Big data have four
distinctive features that differentiate them. These features are “Volume” which
indicates the amount of data produced consistently throughout a given period, “Variety”
that describes the incredibly wide range of data formats and types from both known
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and unidentified sources, “Velocity” describing the rate at which data is generated and
the rate at which it must be processed promptly and finally “Veracity” which is a term
that describes the objectivity, security, validity, and dependability of data (Fertier et
al., 2016). The massive volume of data that businesses worldwide generate, store, or
purchase from many sources is proof of the significance of big data. An organization’s
standing and competitiveness can be improved by properly utilizing this data, which
gives the business a wealth of knowledge about the external environment of the
organization. Even while gathering large amounts of data has clear advantages, many
organizations have had trouble making use of the massive amounts of information that
have been gathered—particularly when information is taken from several sources.

Large data volumes while processing unstructured information can result in
formatting and organizing issues. The nature of big data makes them difficult to
assimilate, making visualization and forecasting techniques a priority for them to
infuse decision-making processes. However, subsequent technological advancements
have addressed many of these difficulties. The development of big data techniques to
address challenges linked to volume and variety is an ongoing process (Orenga-Rogla
and Chalmeta, 2016). One tool that helps address the problem of data volume is the
map reduction approach, which allows massive volumes of data to be processed
simultaneously. Similarly, metadata is an innovative technique designed to help in
processing diverse types of data (Taylor-Sakyi, 2016). However, many companies still
struggle to properly exploit big data, especially during times of crisis when quick
incorporation, aggregation, and visualization are needed to support fast organizational
responses and emergency measures (Emmanouil and Nikolaos, 2015).

Big data are utilized through all four phases of crises as described by Professor
C. Hermann in 1963 (Hermann, 1963). Big data-based—crisis risk management
applications are activated throughout the Crisis Prevention, Crisis Preparedness, Crisis
Response, and Crisis Recovery phases, given that an adequately robust financial risk
management plan has been developed beforehand. For big data to help us prepare for
a future crisis, experience has to be exploited by collecting and analyzing datasets
during crisis events. Big data collected during crises or mass emergencies are
described as “Big crisis data” (Qadir et al., 2016). Like big data, there are two
categories of large crisis data: structured and unstructured. Crises data sets are mainly
unstructured. Six major categories of big data sources have been proposed that, in
general, are the main forces behind the big crisis data revolution. These comprise
internet activity, sensing technology, crowdsourcing data, public/governmental data,
tiny data/MyData, and data exhaustion (Qadir et al., 2016). However, the biggest
challenge regarding big crisis data remains the extraction of structured data from
unstructured datasets. In this study, we will attempt to compile, classify, and identify
research gaps that could lead to recommendations for future research on supply chain
crisis financial risk management with big data.

3. Materials and methods

This study strives to offer a better overview regarding the dominant research
topics of the “Big Data and Supply Chain Crises Financial Risk Management”
scientific field, as well as to further clarify the interconnections among academic
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researchers and academic institutions worldwide. To explore these identified gaps in
the literature, we started our research by formulating the research questions (RQ) as a
guide for this systematic bibliometric review:

RQ1: Is Big Data a dominant research focus point for Supply Chain Crisis
Financial Risk Management research?

RQ2: Do academic institutions from different countries collaborate to promote
research in this scientific field?

RQ3: Is research regarding “Big Data and Supply Chain Crises Financial Risk
Management” conducted only by economically developed countries?

RQ4: Has the COVID-19 crisis triggered an increase in related research from
academic institutions?

RQ5: Is COVID-19 crisis the event with the most significant influence in Big
Data and supply chain crisis financial risk management research?

The objective of this study is to examine the designated research topics and offer
a thorough analysis of existing research papers on the management of financial risks
in supply chain crises through the utilization of Big Data. The study’s research
objectives (ROs) are outlined below:

RO1: To understand the locations and methodologies of these research studies.

RO2: To comprehend our understanding of the Big Data and supply chain crisis
financial risk management phenomena and its progression in the present period.

RO3: To examine current research on Big Data and supply chain crisis financial
risk management across several fields of study.

RO4: To suggest potential areas for further research and provide
recommendations.

The bibliometric approach utilizes quantitative approaches to investigate the
links between different study components using bibliometric data. This analysis
provides a comprehensive depiction of the bibliometric and intellectual framework of
a certain area (Donthu et al., 2021). The data can be utilized to illustrate the
contributions of specific fields, develop correlations, and identify patterns and
potential deficiencies (Block and Fisch, 2020). Thus, it provides a systematic mapping
and a thorough analysis of performance that assists in identifying the thematic
development of a particular subject of study.

The “Web of Science—Elsevier” (WoS) database was utilized for this paper’s
objectives to locate pertinent papers for the study. Web of Science (WoS) is a highly
selective and extensive database that encompasses several scientific disciplines. It is
widely utilized in bibliometric analyses in different research studies (Mac Fadden et
al., 2021; Montero-Diaz, 2018; Saleem et al., 2021). WoS was selected specifically
for its comprehensive coverage across disciplines, high quality requirements, and
advanced tools for extracting and visualizing data.

One search was performed on 5 December 2023 with the search request “supply
chain (All Fields) and crisis (All Fields) and big data (All Fields)” and limited
publication date from 2013 until 2023, resulting in 80 papers. The process is described
in Figure 1.

Our study focused on English-language journal papers by looking at their titles,
abstracts, and author keywords. The selected paper dataset is presented in Appendix
A. The Dataset was extracted in txt as well as RIS formats. The distribution of papers
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during the ten years is presented in Figure 2.
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We used VOS viewer, a program for building and depicting bibliometric

networks, to further process our data (van Eck and Waltman, 2010; van Eck and
Waltman, 2017). The Extracted RIS file was imported into VOS viewer (version
1.6.20) to provide the necessary data for the analysis models.

The data analysis was conducted in three distinct segments. Initially, we
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employed a systematic literature review approach (SLR). The systematic literature
review methodology is the most appropriate method for reconciling the many
perspectives in the current study field. The current study utilizes rigorous methods to
conduct a systematic literature review (SLR) using the 4W (What, Where, Why, How)
paradigm. The focus is on examining important themes, contexts, features, and
procedures used in previous works of literature. The second component involved
doing a performance analysis to identify growth trends of publications. The third
component relied on a scientific mapping approach to examine the intellectual
structure of the area by creating bibliometric maps. This paper employed five distinct
levels of analysis, namely:

1) Text data both in title and abstract fields

2) Co-occurrence filtered by author keywords

3) Bibliographic coupling, both by authors and by documents

4) Co-authorship analysis both by authors and by countries

5) Co-citation filtered by cited sources

All various layers of analysis that were employed, created a systematic overview
of significant patterns and conclusions within clusters, effectively managing the large
volume of content created by bibliometric analysis.

In order to enhance the reliability of our results, we utilized fractional counting
for all other types of analysis in order to mitigate the influence of papers with multiple
authors. In addition, binary counting was used for analysis level “1)” to determine the
frequency of word or phrase occurrences in each respective field. Full counting takes
into account the cumulative frequency of a phrase across all papers.

4. Results

This section will present a comprehensive summary of the results obtained from
all three analytical approaches. Specifically, the SLR technique findings will be
examined, and then the performance analysis will be conducted. The final component
of this chapter will present a comprehensive bibliometric study.

4.1. Systematic literature review (SLR)

The “What” aspect of the SLR will be most effectively examined during the
analysis of textual data. “Where” refers to both the publishing journals and the studied
sector. Table 1 presents an analysis of the publishing journals, while Figure 3 presents
a word cloud that visualizes the findings.

A total of 54 distinct publications have published pertinent papers, indicating the
extensive scientific range of the subject field. The findings suggest that the journals
“Annals of Operations Research” and “Sustainability” have published the most
research papers on the topics of Big Data and Supply Chain Crisis Financial Risk
Management. Specifically, “Annals of Operations Research’ has published 13 papers,
while “Sustainability” has published 5 papers.
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Table 1. Results of SLR analysis regarding publishing journals.

Journal Num.b er.of Journal Num}) er.of
Publications Publications
Agricultural Systems 1 International Journal of Production Economics 2
Annals of Operations Research 13 International Journal of Production Research 3
Applied Sciences 3 Journal. of Agribusiness in Devel. and Emerging Econ. 1
Asia Pacific Journal of Marketing and Logistics 1 Journal of Business Research 1
Benchmarking: An International Journal 2 Journal of Cleaner Production 2
British Journal of Management 1 Journal of Decision Systems 1
Business Strategy and the Environment 1 Journal of Enterprise Information Management 1
Com. of the Association for Information Systems 1 Journal of Global Operations and Strategic Sourcing 1
Computers & Industrial Engineering 1 Journal of Organizational Comp. and Electronic Com. 1
Computers and Electronics in Agriculture 1 Journal of Theor. Applied Electronic Com. Research 1
Computers in Industry 1 Kybernetes 2
Electronics 1 Omega 1
Euro Med Journal of Business 1 Operations Management Research 1
Expert Systems with Applications 1 PLOS ONE 1
Foresight 1 Processes 1
Frontiers in Environmental Science 2 Production and Operations Management 2
Frontiers in Sustainable Food Systems 1 Sensors 1
IEEE Access 1 Sustainability 5
Industrial Management & Data Systems 3 Technological Forecasting and Social Change 1

Industrial Marketing Management

Information Systems Frontiers

International Journal of Financial Studies
International Journal of Lean Six Sigma

Inter. Journal of Logistics Research and Application
Inter. Journal of Oper & Production Management

Jour. of Information Com. and Ethics in Society

Technology in Society

Technovation

The European Journal of Finance

The Inter. 1 Jour. of Advanced Manufacturing Tech.
The International Journal of Logistics Management
he world Economy

Resources Conservation and Recycling

10
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In the second part of the “Where” component, the sector under study was
determined for all the datasets. Overall, a total of 14 distinct industries were identified,
with 23.75% of the articles focusing on supply chain management and 15% focusing
on business administration. Table 2 displays an examination of the sectors that were
researched, whereas Figure 4 illustrates the findings using a word cloud visualization.

Table 2. Results of SLR analysis regarding studied sectors.

Sector Frequency

Agribusiness 5 6.25%
Blockchains 3 3.75%
Business Administration 12 15.00%
Communications 7 8.75%
Crisis Management 1 1.25%
Disaster Management 1 1.25%
Energy Production 1 1.25%
Finance 5 6.25%
Food Industry 4 5.00%
Health Industry 2 2.50%
Humanitarian Supply Chains 9 11.25%
Manufacturing 9 11.25%
Pharmaceutical Industry 2 2.50%
Supply Chain Management 19 23.75%

Communications

Crisis Management
Blockchains

Food Indu_stry Agribusiness

Business

Supply Chain

) _Finance )
Humagltlglndarg Supply Chains
ea ndustry

Disaster Management
Pharmaceutical Industry

Energy Production

Manufacturing
Figure 4. Word cloud representing the results of SLR analysis regarding studied

sectors.
Table 3. Results of SLR analysis regarding methodologies used.
Methodology Frequency
Conceptual research study 18 22.50%
Quantitative research study 33 41.25%
Qualitative research study 20 25.00%
Mixed research study 9 11.25%

The “Why” of the SLR analysis can be effectively elucidated by the utilization
of bibliometric analysis, which is a more dynamic and comprehensive methodology.

11
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The “How” component, which refers to the methodologies employed in our dataset, is
examined in Table 3, where in Figure 5, a visualization of the results is demonstrated.

Quantitative research study
Qualitative research study
Conceptual research study
Mixed research study

Figure 5. Pie chart representing the results of SLR analysis regarding methodologies
used.

4.2. Performance analysis

Publications in the specific scientific field have been very limited during the pre-
COVID period. Our research at WoS database resulted in 3 papers that met the criteria
for the 20132018 period. There is a significant increase in relevant research during
the first year of the pandemic (2019) resulting in 4 publications. The following 4-year
period (2020-2023) was the most productive year with a total of 73 research papers
representing 91.25 percent of total research. 2022 is the most prolific year,
demonstrating 40 percent of total research volume with 32 research paper publications.

These findings indicate that the COVID-19 pandemic is likely the primary
catalyst for study in the scientific disciplines of Big Data and Supply Chain Crisis
Financial Risk Management.

All seven levels of science mapping analysis are presented below with analytical
details regarding bibliometric analysis program inputs, and graphical outputs, as well
as a descriptive discussion on the analysis outcomes, to provide a better understanding
of the resulting data.

4.3. Text data (title and abstract fields)

Binary counting was applied. Five instances of a phrase were required to be
present. 75 terms took part in the text-data network out of the total 125 that matched
the threshold. 20 terms were excluded as relevant to titles and content descriptions.
Results presented three large, and one small cluster.

*  cluster 1 (red) contained 19 nouns/phrases,

*  cluster 2 (green) included 19 nouns/phrases,

*  cluster 3 (blue) contained 16 nouns/phrases and
*  cluster 4 (yellow) included 1 nouns/phrases,

Large clusters exhibit distinct shapes and are characterized by their proximity in
certain areas. The terms “model” and “challenge” exhibit the most significant total
link strength, while the terms “risk”, “resource”, “performance”, and “perspective”
also appear to be of considerable importance. Additionally, the term “risk” shows a

12
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& VOSviewer
4]

high total link strength score, indicating a strong connection to supply chain crises and
big data scientific research topics. The aforementioned findings provide additional
evidence to corroborate the claim that the utilization of Big Data and data modeling as
financial risk management techniques are a subject of immense scientific interest in
the academic realm. A substantial number of scholarly investigations are currently
dedicated to exploring this domain.

Furthermore, it is noteworthy that researchers are currently directing their
attention towards exploring the potential of not directly related technologies such as
“blockchain” and “artificial intelligence” for employment as financial risk
management tools in the framework of supply chain crises. Additionally, there is a
notable emphasis on terms related to organizational sustainability, such as

“effectiveness”, “uncertainty”, and “reliability” in the research conducted. The results
are presented in Table B1 (Appendix B) and Figures 6 and 7.
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Figure 7. Text data (title and abstract fields)—Density visualization.

4.4. Co-occurrence (by author keywords)

Co-occurrence analysis is a bibliometric method employed to examine the
potential correlation between two bibliographic items that are present in the same
dissertation. The keyword’s minimum occurrence threshold was set to two. Out of the
337 keywords, 48 satisfied the criteria and were included in the co-occurrence network.
We decided to exclude the keyword “0” as irrelevant and “Systematic Literature
Review” due to its connection to methodological terminology. Four medium and two
small clusters were created.

*  cluster 1 (red) contained 9 keywords.

*  cluster 2 (green) included 9 keywords.

*  cluster 3 (blue) contained 9 keywords.

*  cluster 4 (yellow) included 8 keywords.

*  cluster 5 (purple) included 6 keywords.

*  cluster 6 (light blue) included 5 keywords.

The consistency is good resulting in well-shaped clusters with several
interconnections between them. “Big Data”, “Supply Chain”, “Covid-19” and
“Sustainability” are suggested as the dominant keywords. The term “Risk
Management “, presents a significant total link strength score, participating as an
important keyword. The term “Big Data” is linked to all other clusters demonstrating
its’ leading significance among all other researched terms. Although clusters are not
isolated, most terms link mainly with keywords from the same group demonstrating
limited connections with the other groups. The results are presented in Table B2
(Appendix B) and Figures 8 and 9.
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4.5. Bibliographic coupling
4.5.1. By authors

Bibliographic coupling refers to the situation where two publications both
reference the same third publication. The minimum number of documents an author
may have set to two (2), while the minimum number of citations an author could have
zero (0). Out of the total of 295 writers, only 17 met the necessary criteria and
participated in the bibliographic coupling network. Two medium-sized clusters and
one small cluster were created.

*  cluster 1 (red) contained 7 authors.
*  cluster 2 (green) included 7 authors.
*  cluster 3 (blue) contained 3 authors.

Clusters are very well-formed and indicate at least 2 research teams with
bibliographic coupling connections. According to bibliographic coupling, the strength
of a relationship between two researchers is directly related to their proximity in the
coupling network (van Eck and Waltman, 2010). The findings imply that there is little
collaboration among researchers, indicating the presence of introverted research
groups. The results are presented in Table B3 (Appendix B) and Figures 10 and 11.
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Figure 10. Bibliographic coupling (by authors) network visualization.
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Figure 11. Bibliographic coupling (by authors) density visualization.

4.5.2. By documents

The minimal threshold for the number of citations a work might have established
at two (2). 61 documents fulfilled the criteria and took part in the bibliographic
coupling network. A total of 9 clusters were formed with 2 large clusters, 1 medium,
and six small clusters.

*  cluster 1 (red) contained 17 papers.

*  cluster 2 (green) included 14 papers.

*  cluster 3 (blue) contained 10 papers.

*  cluster 4 (yellow) included 5 papers.

*  cluster 5 (purple) included 5 papers.

*  cluster 6 (light blue) included 4 papers.

*  cluster 7 (orange) included 2 papers.

*  cluster 8 (brown) included 2 papers.

*  cluster 9 (light purple) included 2 papers.

Big clusters exhibit a distinct shape. “Ivanov (2020)” and “Sarkis (2021)” can be
suggested as the documents with the highest coupling degree. Most clusters are well-
formed and present a high level of interlinking between them. Smaller clusters also
present a tendency to interlink, however, most of them have limited interconnections,
and some exhibit a rather disintegrated form (orange, brown, and light purple).
“Ivanov (2020)” from the blue cluster is the document with the highest total link
strength (524). In this document (Ivanov, 2020), a novel concept known as the viable
supply chain (VSC) is theorized by researchers. According to this theory, viability is
an underlying quality of the supply chain that encompasses three perspectives:
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sustainability, resilience, and agility. The second highest total link strength score is
achieved by “Sarkis (2021)” (305) in the blue cluster as well. In this paper (Sarkis,
2021), researchers aim to offer research guidelines for future studies on supply chain
sustainability in the aftermath of COVID-19. Researchers conclude that while there
are short-term benefits to environmental sustainability, long-term implications are still
unknown and need further study. Resilience and sustainability go hand in hand, and
both need to be studied. The results are presented in Table B4 (Appendix B) and
Figures 12 and 13.
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Figure 13. Bibliographic coupling (by documents) density visualization.
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4.6. Co-authorship
4.6.1. By authors

An author must have a minimum of two (2) documents and a minimum of three
(3) citations. Out of a total of 295 authors, only 17 fulfilled the criteria and took part
in the analysis. A total of 6 clusters were formed with 1 medium and 5 small clusters.
*  cluster 1 (red) contained 7 authors.

*  cluster 2 (green) included 4 authors.
*  cluster 3 (blue) contained 3 authors.
*  cluster 4 (yellow) included 1 author.
*  cluster 5 (purple) included 1 author.
*  cluster 6 (light blue) included 1 author.

Analysis resulted in three distinctive clusters with no interconnection between
them as well as in three single—author clusters. Larger clusters propose the existence
of well-cooperated research teams that could result in high-quality research outcomes.
However, the conclusions of the authors’ bibliographic coupling analysis are
supported by the findings, which also point to introverted research teams and low
levels of research collaboration. The findings show that more scholarly collaboration
is required to further this scientific field’s study. The results are presented in Table
BS5 (Appendix B) and Figures 14 and 15.
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Figure 14. Co-authorship (by author) network visualization.
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4.6.2. By countries

Each country had a minimum document count of one (1). All 42 countries were
included in the analysis, however, only 39 are presented in the diagrams because they
had no co-authorship activity with another country. A total of 9 clusters were formed
with 2 medium and seven small clusters.

* cluster 1 (red) contained 7 countries.

*  cluster 2 (green) included 6 countries.

*  cluster 3 (blue) contained 5 countries.

*  cluster 4 (yellow) included 4 countries.

*  cluster 5 (purple) included 4 countries.

*  cluster 6 (light blue) included 4 countries.

*  cluster 7 (orange) included 4 countries.

*  cluster 8 (brown) included 3 countries.

*  cluster 9 (light purple) included 2 countries.

England and France demonstrate the highest Total Link Strength scores, with the
United States of America, the People’s Republic of China, and India following suit.
Most clusters are rather merged signifying a high interlinking level, with some smaller
clusters being more isolated than others. Although economically robust countries
(World Economic Outlook, 2023) come forward as the leading academic centers for
research in this scientific topic, smaller economies like Greece, Ireland, Malaysia, and
Bangladesh also engage with this topic, with a significant group of Asian countries to
be represented in many of the clusters formed.

The results align with the research conducted by Dembereldorj et al. (2028),
which suggests the presence of a positive, nonlinear relationship between university
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performance and GDP. Evidence from citation and research metrics suggests that the
significance of research is in its quality rather than its quantity and number of
publications. It is concluded that universities that prioritize extensive research can
indirectly contribute to the economic development of countries through their research
quality. However, if we adopt a different point of view, these results could comply
with the findings of Miao (2023) who proposes that the pattern of technological
research progress has a substantial influence on the economic growth of a region.
The results are presented in Table B6 (Appendix B) and Figures 16 and 17.
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Figure 16. Co-authorship (by country) network visualization.
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4.7. Co-citation (by cited sources)

Based on how frequently two sources are mentioned alongside one another in
other documents, co-citation serves as an indicator of their semantic relatedness. A
minimal threshold of twenty (20) citations was established for a source to be included
in the bibliometric analysis. This limit allowed 55 sources to participate. A total of 5
clusters were formed with 3 range, 1 medium, and one small cluster.

*  cluster 1 (red) contained 19 sources.
*  cluster 2 (green) included 15 sources.
*  cluster 3 (blue) contained 11 sources.
*  cluster 4 (yellow) included 9 sources.
*  cluster 5 (purple) included 1 source.

Despite the complexity of the diagram due to the high interlinking level between
sources, clusters present a very distinctive formation. The small number of formed
clusters is an additional indication of the clusters’ rigidness. The large number of
connections among clusters suggests that all researchers retrieve theoretical support
from a “common pool of knowledge” to promote their study. “International Journal of
Production Economics” a very well-respected journal with an Impact Factor of 12
presents the highest Total Link strength score (241.78). The subjects covered in this
journal are mostly related to the intersection between engineering and management.
The topic is treated in its entirety regarding the industries related to process and
manufacturing sector, and as well as production in general. The journal’s focus is
multidisciplinary. This journal is followed by “The International Journal of Production
Research” with a Total Link strength score (238.87) and an Impact Factor of 9.2. This
journal’s main goal is to spread knowledge about decision support systems for
logistics, operations management, and manufacturing. The results are presented in
Table B7 (Appendix B) and in Figures 18 and 19.

kybernetes

Jhumanitlogist sup

omega-intjmanage s

eur j oper res
int j disast risk re expert syst app!

benchmparking
int | phygidistr log

managesci  Ann Oper res feee t engmanage
inti logist-res app.

Wit wi res comput ind

prod plap control

intj w econ SompUind eng

J supply chaln manag
supply chaiih manag
prod ofgr manag
transportres e-log app! seibasel
1buslogist

.
io ana; j clei rod sustainability-basel
 opetiinanag Tl Biy-basel

harvardieus rey

trengs fa@d sci tech
intjenvees pubhe food @ntrol
informisyst res 84
technol fgrecast soc
. !n['infm‘nana e B
misgliare | bigipes j 5 i I sustain prad consump
1 Jenterp ipf manag

acad mapags fay

strategidfpanage | & intj opefprod man

inform maggge-amster
J mapage
indl prarkgt manag bus strateg environ

technavation

& vOsviewer

Figure 18. Co-citation (by cited source) network visualization.
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Figure 19. Co-citation (by cited source) density visualization.

5. Discussion

Results of performance analysis and all seven levels of bibliometric analysis
present various areas of scientific interest, that can lead to useful outcomes. Although
crises have been an area of interest for supply chains for many years (van der Vorst
and Beulens, 2002), Research interest has significantly increased, particularly in
response to the COVID-19 outbreak and the resulting disruption in supply chains.
(Sakas and Giannakopoulos et al., 2021). This suggestion is supported by the data
presented in Figure 1, implying a significant increase in published papers during and
after the pandemic crisis. This notion is also supported by the co-occurrence analysis
by author keywords, which classify as dominant the keyword “COVID-19”.

Co-occurrence analysis by author keywords as well as text data analysis suggests
that big data and data modeling is an area of emerging interest for supply chain crisis
management as well as presents the strong connection between the terms of supply
chain crisis management and financial risk management. These results further support
the proposition of utilizing big data and data modeling as a supply chain crisis financial
risk management tool answering Q1 of this study. This tendency implies the
orientation of supply chain organizations towards crisis preparedness and vulnerability
mitigation through effective financial risk management procedures based on both
external and internal big data and data modeling-based quantitative analysis
procedures.

Although economically robust economies lead the way in scientific research
regarding big data and supply chain crisis financial risk management, results of co-
authorship by countries, suggest that smaller countries, with developed economies
have focused on the same scientific topic as well, to fortify their supply chains against
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upcoming crises, by adopting computerized methods as crisis financial risk
management tools. Although this suggestion could describe a global supply chain
inclination, bibliometric analysis results imply that a significant number of
underdeveloped Asian economies follow that option providing an important insight
regarding Q3 of this study.

Co-authorship analysis indicates that researchers in this scientific field are
conducting research in introverted research teams with limited interconnections with
other researchers from different research institutions. These results provide an answer
to Q2 of this study. Although this result could be explained in many ways, more inter-
academia collaboration could be encouraged to promote research in this scientific field.

Recent examples of crises of different natures have proven that all aspects of
economies link together in an unavoidable domino effect up to the last members of the
supply chains. As the latest example, the war crisis in the area of Israel has triggered
serious problems to world trade through the Red Sea and the Suez Canal, threatening
European economies with high rises in product prices for the final consumers. This
implication of the Thucydidean Theory (Kokaz, 2001) to modern economies, joined
by the wave of the climate crisis, clearly introduces global supply chains to an era of
instability where emerging financial risks of various natures are the new standard.
Utilization of new technologies regarding big data and data modeling through
forecasting applications as an effective supply chain crisis financial risk management
tool should be the focus point of economic and trade organizations who want to invest
in organizational sustainability and vulnerability mitigation within this financial risk
eruption environment.

Although there is ample research on the correlation between Big Data and the
management of financial risks in supply chains, there is a scarcity of review papers
that specifically address the context of crises. Through a comparison of the present
study with a relevant study conducted by Zamani et al. (2022), which primarily utilized
systematic literature review (SLR) analysis with internationally recognized
researchers and experts, it is evident that the bibliometric approach proposed in this
paper offers a more impartial and comprehensive method for identifying research
directions and fostering academic collaboration. This is achieved through detailed
visual representations of the dynamics within the research field.

6. Limitations

The study addresses three research inquiries: Initially, we endeavored to
determine whether Big Data is a prominent area of research in the field of Supply
Chain Crisis Financial Risk Management. Furthermore, our study specifically
examined the utilization of collaboration between academic institutions across
international borders to enhance research activities. Our third objective was to
examine the impact of a country’s economic progress on research efforts in Big Data
and Supply Chain Crises Financial Risk Management.

A weakness that affects in general the purpose of the study is that it solely relies
on the Web of Science database. Utilization of more database results could provide a
more solid result regarding our research questions, however practical challenges
regarding analysis through the bibliometric software would apply. Another constraint
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of the original study’s contribution is its exclusive reliance on metadata related to the
text, source, and citation information. Additional details such as the methodology
employed, and the software utilized would enhance the comprehensiveness and utility
of the research findings in the particular scientific domain.

7. Conclusions and future work

This study conducted a bibliometric analysis of Big Data and supply chain crisis
financial risk management from 2013 to 2023. Its aim was to map out and identify the
research structure related to this topic. There has been a significant rise in the quantity
of publications and citations on the subject during the previous five years. Furthermore,
the study contributions encompass a diverse range of crisis kinds, with the COVID-19
pandemic crisis being the most prominent. However, the collaboration between
institutions is clearly restricted. This has constrained the theoretical advancement of
the area and may have added to the confusion in comprehending the research topic.

The techniques and approach devised in this study are not exclusive to Big Data.
In future research, the approach and experiences used in the current study can be
extended to the research areas of Artificial Intelligence (Al) and Machine Learning
(ML) in the context of managing financial risks in supply chain crises. Furthermore,
the examination of co-authorship in this work provides a vital viewpoint on the
correlation between a nation’s economic advancement and its research endeavors in
the fields of Big Data and financial risk management in supply chain crises. Additional
research could be undertaken to establish the association between a country’s financial
growth indexes and the research performance of its academic institutions, specifically
in reference, but not limited, to the scientific issue being researched in this study.

Conflict of interest: The authors declare no conflict of interest.
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Appendix B
Table B1. Text data (title and abstract fields).

Term Links Total link strength Occurrences
Adoption 44 97 11
Barrier 41 61 6
Business 37 65 7
Company 49 123 14
Consumer 26 31 5
Demand 44 80 11
Digitalization 44 62 6
Driver 32 44 6
Factor 42 93 11

CLUSTER 1 Implementation 35 60 6
Originality value 47 106 13
Outbreak 43 83 10
Part 33 51 7
Policy 39 57 8
Policymaker 34 54 6
Practical implication 43 70 7
Supplier 42 76 9
Supply 37 61 8
Work 42 71 8
Addition 38 51 7
Artificial intelligence 44 84 13
Benefit 2 79 11
Blockchain 43 84 11
Case 38 72 10
Challenge 51 147 21
Emergency 30 40 5
Humanitarian supply chain 23 29 5
Integration 30 40 5

CLUSTER 2 Potential 38 64 7
Reliability 29 41
Resource 47 119 16
Risk 49 115 13
Sector 43 75 11
Stakeholder 42 75 8
Supplies chain resilience 29 47 7
Traceability 34 56 7
Transparency 31 51 6
View 41 86 11
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Table B1. (Continued).
Term Links Total link strength Occurrences
Ability 20 24 6
Analytic 36 58 12
Bigdata analytic 33 54 9
Effectiveness 29 40 6
Example 37 60 8
Future 23 33 5
Insight 48 129 19
Manager 45 98 14
CLUSTER 3
Model 49 183 30
Performance 49 122 18
Perspective 46 118 17
Practitioner 34 64 10
Relationship 43 101 13
Supply chain management 38 72 9
Uncertainty 35 41 5
Value 37 70 10
CLUSTER 4 Cost 29 46 8
Table B2. Co-occurrence (by author keywords).
Keyword Links Total link strength Occurrences
Artificial intelligence 12 14 7
Big data analytics 4 4 2
Digital transformation 4 4 2
Disaster management 3 3 2
CLUSTER 1 Emerging technologies 5 5 3
Risk management 9 12 5
Structural equation modeling 2 3 3
Supply chain performance 3 4 2
Supply chain resilience 6 8 7
Crisis management 8 8 2
Crowdsourcing 8 11 2
Customer behavior 8 11 2
Fuzzy cognitive mapping 8 11 2
CLUSTER 2 Humanitarian operations 2 2 3
Innovation 11 14 3
Risk perception 6 7 2
Text analytics 4 4 2
Web analytics 8 11 2
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Table B2. (Continued).

Keyword

Total link strength

Occurrences

CLUSTER 3

Covid-19

Environmental management

Humanitarian supply chain
Lean

Machine learning
Pandemic

Resilience

Supply chain management

Sustainability

Ju—
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Barriers

COVID-19 pandemic
Data analytics
Drivers
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Table B3. Bibliographic coupling (by author).

Author

Links

Total link strength

Documents

CLUSTER 1

Akter
Chatterjee
Chaudhuri
Dubey
Foropon
Gunasekaran

Vrontis

12
16
16
14
16
9

12

156.86
211.59
211.59
56.06
48.50
24.60
263.17

NSRS R S "I S I S B S
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Table B3. (Continued).

Author Links Total link strength Documents
Giannakopoulos 10 270.16 3
Kamperos 15 417.76 4
Kanellos 10 270.16 3
CLUSTER 2 Nasiopoulos 9 200.41 2
Reklitis 9 200.41 2
Sakas 15 486.65 5
Terzi 15 352.38 3
Albores 12 332.79 2
CLUSTER 3 Chowdhury 12 445.92 3
Rodrigez-espindola 12 445.92 3
Table B4. Bibliographic coupling (by documents).
Document Links Total link strength Citations
comes (2020) 16 16.00 28
dohale (2022) 22 25.00 11
dubey (2021) 29 59.00 71
dubey (2023) 24 40.00 13
fertier (2021) 22 10.00 6
flymn (2022) 5 3.00 3
CLUSTER 1 fuqua (2022) 19 6.00 3
gour (2022) 9 7.00 6
modgil (2020) 27 35.00 44
nguyen (2022) 27 17.00 18
rodrigez-espindola (2020) 27 22.00 108
romanpaisseles (2018) 16 12.00 50
sheng (2021b) 26 20.00 111
wilk (2023) 18 14.00 7
amentae (2021) 12 23.00 27
guruswamy (2022) 15 16.00 8
joseph jerome (2022) 34 37.00 19
lee (2021) 26 27.00 11
CLUSTER 2 lu (2019) 1 1.00 7
mangla (2022) 21 31.00 27
peng (2023) 8 16.00 3
xie (2022) 8 3.00 4
zheng (2021) 6 7.00 18
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Table B4. (Continued).

Document Links Total link strength Citations
begum (2022) 10 6.00 31
chatterjee (2022) 24 39.00 44
chatterjee (2023) 30 38.00 4
ivanov (2020) 31 37.00 524
CLUSTER 3
lioutas (2021) 4 4.00 45
sarkis (2021) 15 15.00 305
wang (2023) 19 21.00 24
zhao (2023) 31 84.00 10
belhadi (2021) 29 38.00 88
chen (2021) 20 15.00 8
longo (2022) 6 5.00 3
CLUSTER 4 papanagnou (2022) 32 49.00 4
sheng (2021a) 31 28.00 14
touckia (2022) 2 2.00 9
zamani (2023) 28 44.00 14
di vaio (2023) 25 35.00 19
li (2015) 1 1.00 20
CLUSTER 5 shahzad (2022) 20 22.00 10
shrivastav (2023) 28 29.00 4
zhang (2022) 17 18.00 17
sakas (2021) 19 23.00 3
CLUSTER 6 sakas (2022a) 3 19.00 6
sakas (2022b) 4 7.00 8
lamieri (2019) 1 1.00 4
CLUSTER 7
tseng (2021) 13 11.00 17
chowdhury (2023) 32 60.00 20
CLUSTER 8
rodrigez-espindola (2022) 34 82.00 3
akter (2019) 22 14.00 153
CLUSTER 9
london (2022) 1 2.00 4
bag (2023) 39 44.00 43
CLUSTER 10
lanzen (2020) 1 1.00 173

38



Journal of Infrastructure, Policy and Development 2024, 8(9), 6592.

Table BS5. Co-authorship (by author).

Keyword Links Total link strength Documents
giannakopoulos 6 3.00 3
kamperos 6 4.00 6
kanellos 6 3.00 3
CLUSTER 1 nasiopoulos 6 2.00 2
reklitis 6 2.00 2
sakas 6 5.00 5
terzi 6 3.00 3
akter 1 1.00 2
CLUSTER 2 chatterjee 2 2.00 2
chaudhuri 2 2.00 2
vrontis 3 2.00 2
albores 2 2.00 2
CLUSTER 3 chaudhuri 3 2.00 3
rodrigez-espindola 3 2.00 3
CLUSTER 4 dubey 0 0.00 2
CLUSTER 5 foropon 0 0.00 2
CLUSTER 6 gunasekaran 0 0.00 2
Table B6. Co-authorship (by country).
Keyword Links Total link strength Documents
England 11 15.00 17
India 10 11.00 12
Ireland 3 1.00 2
CLUSTER 1 Serbia 1 1.00 1
South Africa 3 2.00 2
Turkey 2 1.00 3
Wales 3 1.00 1
Estonia 7 1.00 1
Netherlands 8 3.00 3
CLUSTER 2 Norway 7 1.00 1
Pakistan 8 2.00 2
Spain 7 1.00 1
Un Arab Emirates 7 1.00 1
Australia 11 6.00 8
Ecuador 6 1.00 1
CLUSTER 3 Indonesia 6 1.00 1
Japan 6 2.00 2
Scotland 7 2.00 2
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Table B6. (Continued).

Keyword Links Total link strength Documents
Canada 1 1.00 2
Denmark 3 1.00 1
CLUSTER 4
France 16 14.00 17
Maroco 3 1.00 1
Brazil 2 2.00 2
Italy 3 1.00 3
CLUSTER 5
Malaysia 7 3.00 3
Sri Lanka 3 1.00 1
Bangladesh 2 2.00 2
P R China 17 9.00 17
CLUSTER 6
Philippines 3 1.00 1
Taiwan 3 1.00 3
Finland 1 1.00 1
Iran 1 1.00 1
CLUSTER 7
South Korea 1 1.00 1
USA 24 12.00 15
Ethiopia 1 1.00 1
CLUSTER 8 Germany 3 1.00 2
Sweden 4 2.00 2
Cyprus 4 3.00 3
CLUSTER 9
Greece 1 1.00 7
Table B7. Co-citation (by cited sources).
Journal Links Total link strength Citations
acad manage rev 50 22.51 23
brit j manage 53 36.96 38
decis support syst 54 32.11 35
harvard bus rev 51 25.47 27
ind market manag 54 49.84 53
inform manage-amster 52 40.25 42
inform syst front 52 2592 27
inform syst res 50 19.74 22
int j inform manage 54 98.38 104
CLUSTER 1 int j oper prod man 54 107.76 118
j bus res 54 113.77 124
j enterp inf manag 54 29.01 30
j manage 51 30.81 32
j marketing res 52 20.72 21
j oper manag 53 69.94 74
mis quart 52 46.44 49
prod oper manag 54 59.59 64
strategic manage j 53 50.86 54
technovation 49 17.25 21
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Table B7. (Continued).
Journal Links Total link strength Citations
appl sci-basel 47 20.78 23
bus strateg environ 48 18.37 20
comput ind 54 32.89 34
comput ind eng 54 50.15 52
food control 37 15.19 20
ieee acess 54 53.69 65
int j env res pub he 53 22.44 23
CLUSTER 2 int j logist-res app 54 23.89 24
j clean prod 54 121.3 142
resour conserv recy 53 26.56 27
sensors-basel 44 18.8 20
sustain prod consump 53 20.1 21
sustainability-basel 54 79.88 93
transport res e-log 54 4791 49
trends food sci tech 45 27.5 36
benchmarking 54 40.63 43
ieee t eng manage 52 26.03 27
ind manage data syst 53 28.51 30
int logist manag 52 61.31 65
int phys distr log 54 49.31 51
CLUSTER 3 int j prod econ 54 241.78 275
int prod res 54 273.87 295
j bus logist 53 37.99 39
prod plan control 54 62.64 64
supply chain manag 54 88.62 93
technol forecast soc 54 953 106
ann oper res 53 143.66 162
eur j oper res 54 63.95 68
expert syst appl 54 30.88 32
int j disast risk re 52 50.71 60
CLUSTER 4 j humanit logist sup 48 29.22 31
j supply chain manag 53 27.69 28
kybernetes 43 15.07 20
manage sci 47 19.5 21
omega-int j manage s 52 23.28 24
CLUSTER 5 bus horizons 54 26.57 28
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