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Abstract

The global spread of COVID-19, international trade protectionism, geopolitical conflicts, and climate change presents
challenges and risks to sustainable supply chains (SSCs). In recent years, scholarly interest in sustainable supply chain risk
management (SSCRM) has continued to rise. A helpful literature review is necessary to enable supply chain practitioners to
apply empirical findings from academic research or conceptual frameworks to their operations to maintain the stability and
competitiveness of sustainable supply chains. The knowledge map of SSCRM is explored in this study using both quantita-
tive and qualitative analysis. A total of 793 articles were retrieved to reveal the knowledge map of SSCRM. Scientometric
and context analysis are combined in quantitative analysis to identify the intellectual structure of risk management research
related to SSC. Then, a critical review is conducted in qualitative analysis to summarize and analyze the motivations, strate-
gies, approaches, and tools of SSCRM. Combining the quantitative and qualitative analysis results, a conceptual model is
constructed for SSCRM from three aspects: (1) risk identification, (2) risk assessment, and (3) risk mitigating and respond-
ing. Finally, future research directions are suggested based on the conceptual model for guiding the theories and practice of
SSCRM. This study can work as a roadmap for providing appropriate risk management policies and toolkits to SSC, which
could advance theoretical thinking on how to mitigate SSC risks.

Keywords Sustainable supply chain - Risk management - Knowledge map - Intellectual structure - Logic diagram -
Conceptual model

Introduction
Sustainable supply chain and risk management
Many corporations and organizations have acknowledged

the need for sustainability in business as public awareness
of environmental and social concerns has grown. So SSC
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emerges as the times require and becomes one of the hot
issues in research. Especially in the context of the COVID-
19 pandemic, the government has increased government
spending, which has stimulated economic recovery and
increased per capita GDP but has also brought environmen-
tal degradation, posing a considerable challenge to sustain-
ability issues (Adebayo et al. 2022; Isik et al. 2022; Ongan
et al. 2022; Sharif et al. 2019). However, there is no agreed-
upon definition of SSC. Scholars from different schools and
academic backgrounds have different understandings of
SSC. According to Securing and Miiller (2008), SSC is the
management of natural resources, funds, and information
by members of the supply chain to protect the interests of
customers and shareholders by considering the three dimen-
sions of sustainable development: economy, environment,
and society. Carter and Rogers (2008) put the long-term
interests into the supply chain. They characterized SSC as
the company and its supply chain’s long-term economic per-
formance that can be improved by coordinating, integrating,
and managing its key business processes while considering
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the company’s social, environmental, and financial goals.
One of the most thorough definitions that included organiza-
tional flexibility for the introduction of risk in SSC was pro-
vided by Ahi and Searcy (2013). According to their research,
SSC can create a cooperative and coordinated supply chain
and effectively manage stuff, information, and capital flows
related to procurement, production, distribution, and ser-
vices by integrating economic, environmental, and social
aspects, and increase the profitability, competitiveness, and
resilience of businesses in the long and short term (Ahi and
Searcy, 2013). Although these definitions are not identical,
most of them combine environmental responsibility, social
responsibility, and economic benefits with the supply chain,
which is congruent with Elkington’s notion of the “triple
bottom line” presented in 1998 (Elkington 1998).

Evidence shows that enterprises suffer huge losses due
to ignoring the supply chain’s social responsibility, envi-
ronmental problems, and economic impact. For example,
multinational enterprises in Bangladesh’s Rana Plaza build-
ing suffered significantly after the building’s collapse, and
the import volume of brand countries of origin related to
the event decreased by about 40% in 2013 (Koenig and
Poncet 2019). In 2015, 165 people were killed in the explo-
sion of a dangerous goods warehouse of Ruihai company
in Tianjin, China, causing a direct economic loss of RMB
6.866 billion (State Council of China 2016). Volkswagen’s
emissions cheating scandal in 2015 caused its market value
to drop by a third in just 1 week (Rhodes 2016). In contrast
to a standard supply chain, the risks associated with SSC
include those posed by natural disasters like earthquakes and
flooding. Improper management of natural disaster risks will
also bring considerable losses to the company. For example,
Toyota’s output dropped by 40,000 automobiles in 2011 due
to the earthquake and tsunami in Japan and the nuclear crisis
that followed, costing the company $72 million per day in
revenues (Pettit et al. 2013). The supply chain for computer
and automobile makers was harmed by the 2011 floods in
Thailand (Chopra and Sodhi 2014).

The high-risk supply chain is unstable and ineffective.
Once interrupted, it will suffer huge losses. To retain the
SSC’s long-term strategic advantage, it is critical to reduce
its risks and threats (Valinejad and Rahmani 2018). Environ-
mental problems and social responsibility may lead to SSC
risks. In terms of environmental problems, environmental
pollution or waste of resources may damage the company’s
reputation. Damage to reputation may affect the company’s
profits and damage the brand’s image. Low-carbon policies
are also critical. Since the Paris Agreement, governments
have made many efforts to reduce greenhouse gas emissions,
but this has brought new risks to the supply chain of many
industries. For example, tourism, agriculture, and transpor-
tation industries are closely related to carbon dioxide (Aziz
et al. 2020; Isik et al. 2017; Sharif et al. 2020a). In terms
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of social responsibility, non-compliance with sustainability
requirements may lead to consumer boycotts, labor disputes,
costly legal proceedings, and other losses (Lee and Vachon
2016). In terms of economics, financial mechanisms target-
ing the economy can also lead to environmental and social
issues, creating SSC risks (Sinha et al. 2021).

Previous literature on sustainable supply chain risk
management

In fact, over the past few years, supply chain managers and
academia have been increasingly concerned about SSCRM,
as can be seen from the growing amount of studies recently
published. As mentioned above, the triple bottom line concept
integrates the three dimensions of environmental, social, and
economic into the supply chain, defining three aspects of SSC
(Seuring and Miiller 2008). In particular, environmental regu-
lations, global warming, climate change, and energy shortages
affect the achievement of sustainability goals and pose many
risks to the supply chain (Ali et al. 2021; Ho et al. 2015; Isik
et al. 2021a, b; Shahzad et al. 2021). Achieving sustainability
goals brings new risks to traditional supply chains, and study-
ing these risks is essential. Some scholars have carried out
research from an industry perspective. For example, Choirun
et al. (2020) studied SSCRM in agriculture. Chowdhury and
Quaddus (2021) studied SSC risks in the context and apparel
industry. Different industries have their characteristics. For
example, the leading SSC risks in the textile industry are the
use of child labor and long working hours. Other scholars
have developed risk identification, assessment, mitigation, and
response research. For example, Abdel-Basset and Mohamed
(2020) use the TOPSIS-CRITIC methodology to identify
and assess SSC risks. Hsu et al. (2022) use the QFD-MCDM
approach to mitigate SSC risks. Kusi-Sarpong et al. (2021)
use big data to analyze critical risks to SSC. Most of these
risks are triggered by pressure from external demands such
as government, customers, and other stakeholders (Koksal
et al. 2017). In response to these pressures, the word “risk
management” is receiving increasing attention and a review
of SSCRM is necessary.

Based on this, a search related to SSCRM found that only
seven review papers were found, including Chiang et al.
(2021); Koksal and Strahle (2021); Choirun et al. (2020);
Bubicz et al. (2019); de Oliveira et al. (2019); Rafi-Ul-Shan
et al. (2018); and Koeksal et al. (2017). The review by Chi-
ang et al. (2021) focuses on the application of IT in SSC,
with risk management not being the main objective of the
review. Among several papers comparatively relevant to
SSCRM, the major industries focus on fashion and agricul-
ture (Choirun et al. 2020; Koksal and Strahle 2021; Rafi-
Ul-Shan et al. 2018). The above three review articles do
not conflict with the content of this review, which focuses
on a particular industry in isolation. Bubicz et al. (2019)
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and Koeksal et al. (2017) reviewed the social responsibil-
ity aspects of SSC, and the limitation of these two articles
is that they review only one dimension of SSC. The paper
by de Oliveira et al. (2019) is the closest attempt to this
paper which discusses the impact of internal and external
risk factors regarding environmental risks on a company’s
supply chain. However, their research is not on SSC, and the
risks discussed are not exclusively SSC risks. These seven
reviews only comb through the literature on one dimension
of SSCRM or a few specific industries. They do not provide
a comprehensive, objective, and systematic picture of the
knowledge map of the field.

Research objects and purposes

Many studies of SSC have focused on risk, and risk manage-
ment is essential to SSC management. However, the overall
research in this area is still fragmented, and the literature
review on SSCRM is scarce and incomplete. For example,
the literature review by de Oliveira et al. (2019) focuses on
SSC risks from an environmental perspective. The literature
review by Choirun et al. (2020) analyses the risks of SSC in
agriculture. Given today’s environment of increased uncer-
tainties such as epidemics, climate, and politics, it is crucial
to summarize and review risk management for SSC. It is cru-
cial to keep practitioners and interested readers abreast of the
latest developments and management practices in SSCRM,
which contribute to the development of SSC management.
A literature review is a methodical, transparent, and repeat-
able method for discovering, assessing, and interpreting rel-
evant literature that contributes to developing a trustworthy
knowledge base by amassing existing information (Fisch
and Block 2018). Ralston et al. (2017) argue that there is a
need to review previous literature to help researchers study
hotspots that are still to be studied accordingly. A helpful
literature review allows supply chain practitioners to apply
empirical findings or conceptual frameworks from academic
research to their operations to maintain SSC’s stability and
competitiveness while enabling research scholars to shed
more light on SSC.

Articles on SSCRM usually focus only on environmen-
tal issues, and some scholars lack a comprehensive under-
standing of SSCRM. At the same time, there is a wide
range of research on SSCRM, covering a wide range of
industries, with a wide variety of research methods and a
lack of holistic analysis. Accordingly, this study aims to
fill this gap. For a thorough knowledge of SSCRM, this
research included scientometrics analysis and a thorough
qualitative examination. Scientometrics research is the
presentation of published articles from the standpoint of
objectivity and quantitative (Zhou and Song 2021). The
analysis’s important outcome is the “intellectual struc-
ture,” a scientometrics notion for visualizing the structural

properties and study horizons. An intellectual structure
can be used to establish a clear visual map that displays
the intellectual structure in the subject of SSCRM in a
complete, objective, and systematic manner. Establishing
a knowledge map can effectively make up for the lack of
current research. Despite its benefits, scientometric analy-
sis cannot fully grasp the issue under investigation (Booth
et al. 2021). Through quantitative analysis, the research
framework of SSCRM can be established, and the knowl-
edge structure of this field can be deeply analyzed. This
study aims to help supply chain managers and academic
researchers better understand the knowledge of SSCRM
and increase emphasis on risk management. More specifi-
cally, it is to answer the following five questions.

RQ1: What is the intellectual structure of SSCRM?

RQ2: What are the risk types of SSCRM?

RQ3: How to apply risk management strategies in
SSCRM?

RQ4: What are the main modeling approaches for
SSCRM?

RQS5: What are the conceptual model and future
research directions of SSCRM?

To answer the above questions, this paper intends to
use a combination.

of qualitative and quantitative research as the basis for
a qualitative discussion based on quantitative research. A
quantitative analysis can answer RQ1. Scientometric anal-
ysis can visualize the knowledge structure of SSCRM and
help researchers find topical issues for research and the
classic literature in the field. By answering RQ2, RQ3,
and RQ4 through a discussion of the quantitative results,
the qualitative discussion allows for a more detailed anal-
ysis of the logical relationships demonstrated by these
quantitative results and can help the researcher gain a
quick and comprehensive understanding of the critical
knowledge of SSCRM. It concludes with a conceptual
model and future research directions, which can help
supply chain managers and academic researchers better
understand the risk factors, research methods, gaps, and
impacts of SSCRM.

The remainder of this article is structured as follows:
The research methodologies used for this study are dis-
cussed in the “Methodology” section. The intellectual
structure of SSCRM is quantitatively identified and ana-
lyzed in the “Intellectual structure of risk management in
sustainable supply chain” section. In the “Logic diagram
of risk management in sustainable supply chain” section,
a critical review is conducted in qualitative analysis to
reveal the logic diagram of SSCRM. Then, the “Concep-
tual model and future research directions of risk manage-
ment in sustainable supply chain” section proposes a con-
ceptual model and potential research objectives. Finally,
the “Conclusion” section summarizes the study findings.
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Methodology
Research design

The knowledge of SSCRM is explored using a combination
of quantitative and qualitative analysis approaches in this
research. Figure 1 depicts the study framework for this study.

A literature review provides an in-depth description
of existing papers in a field of study and is reproducible,
illuminating, and explanatory (Chiang et al. 2021). The
following steps are included in the research process for
this article, as shown in Fig. 1.

Step 1—research scope: The main issue in step 1 is to
clarify the review’s scope and avoid ambiguity in the review.
Firstly, identify the review process and research themes
for this paper based on previous classic literature. The

systematic literature review (SLR) approach increases the
chances of finding the subject study and the study’s reliabil-
ity (de Oliveira et al. 2019). Seuring and Miiller (2008), for
example, conducted a four-step process of collecting materi-
als, the descriptive analysis of those materials, the identifica-
tion of categories, and the assessment of those materials in
their literature review. de Oliveira et al. (2019) extend the
research framework of risk management in supply chains by
describing each study step in more details. In conjunction
with the above papers, this study uses a four-step research
process of research scoping, data collection, results analysis,
conceptual modeling, and future research directions. Sec-
ondly, as defined in the “Introduction,” the research scope
of this paper is SSCRM. Finally, it was determined that the
research criteria for this paper were all relevant articles in
the database from 1996 to 2021 while excluding conference
articles, reviews, and non-peer-reviewed articles.

Fig.1 The research framework
of this study
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Step 2—data collection: The second step is data collec-
tion, which begins with the selection of a suitable database;
the database used for this study is the Web of Science. Web
of Science is ideally suited to the analysis needs in this paper
because it covers most of the quality literature and is the
most reliable and commonly used database. The next is to
select appropriate keywords. The detailed steps are shown
in the “Research design” section. Finally, 793 articles were
screened.

Step 3—results analysis: Scientometric analysis is first
carried out to establish intellectual structure, which can
be used to create clear visual maps that give a complete,
objective, and systematic picture of the knowledge struc-
ture of the SSCRM discipline. The intellectual structure
includes academic community, keyword analyses, and co-
citation analyses, and the quantitative analysis process is
shown in the “Quantitative analysis approach” section.
The three categories of risk type, model, and strategy
were summarized through keyword co-occurrence of
intellectual structure. The three categories are further dis-
cussed in detail through qualitative analysis to answer the
three questions of SSC risk types, risk management strat-
egies, and modeling approaches. The qualitative analysis
method is shown in the “Qualitative analysis approach”
section.

Step 4—conceptual model and future research directions:
Finally, a conceptual model of SSCRM is developed based

Table 1 Keywords selection criteria

on the analysis in step 3. Future research directions are pro-
posed, and the findings of this paper are discussed.

Data collection

The initial stage in this research’s scientometrics journey
is to choose a database to gather high-quality data. Similar
to other prior scientometrics research (da Silva et al. 2020;
de Oliveira et al. 2019; Rafi-Ul-Shan et al. 2018), in this
work, data is collected using Web of Science’s core col-
lection database. Web of science covers most high-quality
literature, which can fully meet the needs of scientometrics
analysis.

The second stage is to get data from the chosen database
and filter it for scientometric analysis. The appendix sum-
marizes the keywords used by researchers in their study on
SSCRM. Considering the extent to which these keywords
are covered and the theme of this article, we try to take
more keywords into account to ensure the comprehensive-
ness and reliability of the search. The summary of key-
words selection criteria is shown in Table 1.

“BS” stands for the title of the article, “TS” stands for
the subject, and “*” stands for fuzzy search. Because the
search was done on April 2, 2021, the time from January
1, 1996, to April 2, 2021, was included in this research.
Finally, 793 bibliographic records were obtained, and the
number of articles per year is shown in Fig. 2.

Keywords KeyWords Plus BSORTS
sustainable “sustainable” OR “sustainability” OR “green” OR “social” OR “ethic*” BS
supply chain “purchasing” OR “sourcing” OR “supply” OR “supply chain” OR “logistics” OR “logistical” BS
risk “risk*” OR “disaster” OR “hazards” OR “resilience” OR “unpredictable” OR “Robustness” OR “vulner- TS
ability” OR “uncertainty” OR “threat” OR “disruption” OR “disturbance” OR “crisis” OR “catastro-
phe” OR “peril” OR “hazard” OR “emergency” OR “resilience”
Fig.2 Number of articles per 120
year
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Analysis approaches
Quantitative analysis approach

Using scientometrics analysis, we can get an overall
understanding of the current research on SSCRM. Sci-
entometrics analysis can be carried out through various
software, including VOSviewer, Biblioshiny, CiteSpace,
and Bibexcel. As a freshly designed software package
based on the R environment, Biblioshiny is more adapt-
able, combining the visual features of numerous meas-
uring tools (Shi et al. 2020). Biblioshiny is simple to
operate and can provide a solid graphic visualization
effect. A literature review by Shi et al. (2020) analyzed
public—private partnerships in the construction industry
using Biblioshiny. This paper uses both Biblioshiny and
VOSviewer for the analysis. Biblioshiny has a richer form
of data analysis, which is needed to build the intellectual
structure of this paper. Through Biblioshiny academic
community, keywords analyses, and co-citation analyses
were carried out. Academic community analysis identifies
the most relevant journals, the most influential institu-
tions, and academics and their partnerships, which helps
provide a quick overview of knowledge in SSCRM. Key-
words are the most concise and essential description of
an article by the author. Keyword analysis allows scholars
to find popular themes and key research points in the
field of study. The co-citation analysis allows scholars to
sort out the research lineage between scholars and iden-
tify the more critical articles in the field of study. At
the same time, this paper uses VOSviewer for keyword
co-occurrence network and co-citation network analysis.
The VOSviewer clustering algorithm is more mature than
Biblioshiny, and the results are more reliable, forming an
excellent complementary relationship with Biblioshiny.

Qualitative analysis approach

Qualitative analysis is carried out according to the key-
words analysis of scientometrics. The articles were cat-
egorized according to the keyword co-occurrence network
analysis results. The categories in SSCRM were summa-
rized by reading the abstracts and keywords, a process that
was done in a continuous process of construction, revision,
testing, and iteration. Read further the articles in the cat-
egories with higher citations published in relatively recent
years. Combined with keyword and citation analysis, find
out essential articles in SSCRM, and read these articles.
Three scholars defined and verified the above process to
exclude the controversy defined by a single scholar.

@ Springer

Intellectual structure of risk management
in sustainable supply chain

Academic community
Journal sources

Knowledge of the most relevant journals lets scholars
know where to submit their research articles. In addition,
it allows scholars to find articles related to SSCRM more
quickly. The top 20 journals that published the most arti-
cles on SSCRM are shown in Fig. 3, which can be con-
sidered the most relevant in SSCRM. Journal of Cleaner
Production, Sustainability, and International Journal of
Production Economics are relatively more productive than
the rest of the journal sources. The above analysis shows
that the subjects of SSCRM mainly focus on environmen-
tal management and sustainability.

Country

Using Biblioshiny to analyze the countries of the article,
we can find the most influential countries. The top 10
countries in the world have published the largest number
of articles on SSCRM, as shown in Table 2. China has the
largest number of published articles, with 183, much more
than any other country, followed by the USA (132 articles)
and Iran (104 articles).

Figure 4 shows the countries in which articles on
SSCRM have been published. The depth of color is
directly proportionate to the number of articles published.
As shown in Fig. 4, 53 countries have published relevant
studies, of which 15 countries have published more than
ten articles. There are approximately 70% of countries
with only 1-10 articles, which means there is still a lot of
room for studying SSCRM in these countries.

Figure 5 shows the network of cooperative relations
among countries. There are three apparent clusters in
the whole cooperative network. Cluster # 1 comprises
21 countries, including China, the UK, France, the USA,
and other countries, among which the UK, China, and the
USA have the closest cooperation. Cluster # 2 comprises
seven countries, including Iran, Denmark, Lithuania, and
others. The strongest cooperation relationship of cluster
2 is between Iran and Denmark. Cluster # 3 consists of
only five countries, the Netherlands, Poland, Belgium,
and other Nordic countries. Meanwhile, there are some
connections between clusters, among which cluster # 1
and cluster # 2 are more closely related.
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Fig.3 Top 20 relevant journals

Table2 Top 10 countries with the largest number of published arti-
cles

Country NP SCP MCP MCP_Ratio
China 183 125 52 0.2938
USA 132 68 26 0.2766
Iran 104 60 18 0.2308
UK 96 29 32 0.5246
India 57 32 9 0.2195
Germany 55 29 11 0.275
Canada 51 14 14 0.5
Australia 45 13 12 0.48
France 43 5 18 0.7826
Italy 33 14 8 0.3636
Institution

Table 3 lists the top 10 institutions that have published the
most SSCRM-related publications. It is worth noting that
Iranian research institutions are relatively active in SSCRM.
The three research institutions that have published the most
articles belong to Iran, namely, Iran University Science and
Technology (36 articles), University of Tehran (24 articles),
and Islamic Azad University (17 articles). This shows that
Iran pays more attention to the research of SSCRM.

Figure 6 shows the main institutional cooperation groups
that contribute to the research of SSCRM. There are seven

obvious clusters, and the largest cluster is cluster # 1, which
contains 12 institutions. Cluster # 1 centers on Iran Univer-
sity of Science and Technology, which publishes the largest
number of articles and collaborates most with other institu-
tions. Iranian universities’ scientific relationship with the
University of Tehran is the strongest, as shown by the thick-
ness of the line connecting them. Islamic Azad University
and University Southern Denmark are also in cluster # 1.
Combined with Table 3, the top four institutions with the
largest published articles are all in cluster # 1, so cluster # 1
should be the most influential cluster. There are ten institu-
tions in the second-largest cluster #2. Lunghwa University
of Science and Technology is the core institution in cluster
#2 and is closely linked with Dalian University of Technol-
ogy, Coventry University, and the University of Nottingham.
Clusters #3—#7 also include several additional institutions’
collaboration groups actively involved in the research of
SSCRM. Cluster # 3, cluster # 5, and cluster # 6 are coopera-
tive institutions mainly in China. Cluster # 4 is a cooperative
institution dominated by the USA. There are also different
degrees of cooperation among various clusters, while Fig. 6
indicates that Clusters #1, #2, and #3 cooperate most closely
because of the dense links between them.

Scholar

The most prolific and influential authors are found in this
article using Biblioshiny. Table 4 shows the top 20 authors
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Fig.4 Countries around the world published relevant articles

Fig.5 Country collaboration
network based on co-authorship
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Table 3 Top 10 institutions with the largest number of published arti-
cles

Institution NP
Iran Univ Sci and Technol 36
Univ Tehran 24
Islamic Azad Univ 17
Univ Southern Denmark 12
Lunghwa Univ Sci and Technol 11
Hong Kong Polytech Univ 11
Univ Connecticut 10
Coventry Univ 10
Univ Regina 9
Hanyang Univ 9

and Wu K. J. This demonstrates that these scholars have a
greater influence than others.

Figure 7 displays the production of the top 20 writers
over time. The color of the sphere in Fig. 7 is proportional
to the total citations annually, and the volume of the sphere
is proportional to the number of articles annually. Among
these scholars, Liu Y. published five articles in 2018, the
largest number of published articles among all researchers.
In 2017, Govindan K.’s total citations per year (TC/Y) was
68.2, the highest among all researchers. Govindan K.’s total
citations per year (TC/Y) in 2011 is 39.27, which shows
that he is more influential than other scholars in these two
years. Tseng M. L.’s total citations per year (TC/Y) in 2018

Fig.6 Institution cooperation
network
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is 39.25, and Li Z.’s total citations per year (TC/Y) in 2016
is 32, reflecting that these scholars are more influential
than others. Figure 7 also indicates that Chen X., Saheb H.,
Huang Y., Govindan K., and Liu Y. have published many
articles in the last several years, suggesting that these schol-
ars have paid great attention to the field of SSCRM in recent
years.

Keyword analysis
Keyword frequency

The core and refinement of the research content is the key-
word. In the subject of SSCRM, keyword analysis can aid
in the identification of key research subjects as well as the
representation of macro changes. The keywords are analyzed
according to the time trend better to understand the changes
in research subjects in different periods. First, the 24 years
from 1996 to 2020 are divided into eight periods. Because
of the small number of articles published from 1996 to 2006,
the 10 years are combined as one time period for observa-
tion. The rest are divided into seven periods with a period
of 2 years. Finally, as shown in Fig. §, we get ten common
keywords in SSC.

As shown in Fig. 8, the most frequent keyword is “man-
agement,” which is easy to understand because most of
the articles we collected are about supply chain manage-
ment. The second most frequent keyword is “model,” which
shows that most articles on SSCRM use model analysis or
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Table 4 Top 20 most influential authors

Author h-index TC NP PY-start
Tseng M. L 13 654 16 2014
Govindan K 9 1229 12 2011
LiuY 6 214 10 2017
Pishvaee M. S 8 528 11 2012
CruzJ.M 8 580 8 2006
WuK.J 7 321 8 2015
Zhang Y 6 116 8 2017
Busse C 7 316 7 2014
Liy 4 108 7 2018
Sahebi H 2 9 7 2020
Zhang J 4 162 7 2014
Chen X 3 27 6 2018
Huang Y 4 75 6 2013
Jabbarzadeh A 5 192 6 2016
LiZ 4 226 6 2014
Lim M. K 4 177 6 2017
Mangla S. K 3 466 6 2015
Seuring S 5 248 6 2014
Cao C 4 136 5 2017
Chen'Y 3 69 5 2015

use model to optimize the supply chain. “Risk” is the third
most frequent keyword. Before 2015, the word “risk” did not
appear many times, but after 2015, the growth rate was very
high, indicating that risk has become a prominent subject
in the latest years. More and more scholars are interested
in risk management. The term “impact” is also prevalent
and has shown a steady growth, which indicates that supply

Fig. 7 Top 20 authors’ produc-
tions over time
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chain impact study has long been a focus for scholars.
Finally, all the keywords show an upward trend, suggesting
that the research on SSCRM has continued to increase in
the latest years.

Co-occurrence keywords

Co-occurrence analysis can identify potential subjects in text
data and reveal the logical structure of current research. Key-
word co-occurrence analysis refers to the frequency of two
or more keywords appearing in the same article. The cluster
represents the direction of current research. As shown in
Fig. 9, the co-occurrence map is divided into three clusters:
red (22 items), green (13 items), and blue (9 items). The
nodes in the network graph represent the keywords, and the
nodes' size shows the keywords’ frequency.

Red clustering is the largest of the three clusters, and
the main keywords include “performance, impact, environ-
mental management, corporate social responsibility, and
framework.” The related articles of this cluster tend to study
the motivation of enterprises to implement SSC, as well as
ways to lower the risk for enterprise supply chain through
sustainability and analyze the advantages of implementing
SSC. This research attempts to address the following ques-
tions: What are some barriers to implementing SSC? What
impact do corporate social responsibility and reputation
have on SSC? What benefits can green and SSC brings to
enterprises. For example, Lee et al. (2013) and Valinejad
and Rahmani (2018) studied the impact of reputation on
corporate finance. Mulhall and Bryson (2014) investigated
the risk of lack of social responsibility to SSC.
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Fig.8 The change of the top 10 keywords by frequency

The most common keywords in the green cluster are
“management, model, optimization, programming approach,
uncertainty, system.” The “model” has more links with other
keywords, with more than 40 keywords across the red and
blue clusters. The related research focuses on establishing
models to evaluate and optimize the SSC. The cluster also
discusses the supply chain network design, algorithm opti-
mization, and other issues. For example, Govindan et al.
(2015) discussed how a closed-loop supply chain should
be designed. Chaabane et al. (2012) studied SSC's network
design.

The blue cluster contains the keywords “risk, innovation,
coordination, decision.” Related studies focus on strategies

Fig.9 Co-occurrence network

and solutions from a macro-perspective. Examples include
global supply chain integration and green innovation, coop-
erative strategies in SSC, and the provision of socially
responsible supply chain networks. For instance, Shete et al.
(2020) studied the advantages of implementing green inno-
vation. Wang et al. (2017) studied on fashion supply chain’s
cooperation strategy.

Evolution trends of research subjects

This section tries to analyze the subject evolution of SSCRM
from 1996 to 2020 from a dynamic perspective. From the
perspective of the number of articles, there were few stud-
ies on this subject before 2011. Therefore, 38 articles pub-
lished in 15 years from 1996 to 2011 are considered one
period for convenience of research. The following 9 years
are divided into a small cycle every 3 years. Consequently,
the whole study is divided into four consecutive sub-periods,
1996-2011, 2012-2014, 2015-2017, and 2018-2020. Fig-
ure 10 shows the amount of literature that was published
within each period. The literature published in the first
15 years was very low, but the articles published in each
subsequent period nearly doubled.

Figure 11 further analyzes the strategic diagrams of each
period. Using Biblioshiny keyword-based subjects evolution
analysis, highly relevant keywords are grouped into subject
clusters, with high-frequency keywords appearing in the
circle. There are four quadrants in Fig. 11, each represent-
ing a distinct type of subject matter. Each subject cluster
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Fig. 10 Number of articles published in each period

is described in terms of two measures: centrality and den-
sity. The first quadrant’s subjects have a high centrality and
density, indicating that it is vital for developing SSCRM
and a key component of many fundamental theories. Low
centrality and high density suggest that the second quadrant
subjects have strong internal links but are typically isolated
points, which are of little importance to SSCRM. The third
quadrant is the subjects of low center and low density, which
indicates that these subjects are declining research frequency
or emerging subjects, and the development of these subjects
is relatively weak. The fourth quadrant is the subjects of high
concentration and low density, which indicates that these

subjects are fundamental to developing SSCRM but have
not been thoroughly studied. The circle volume in Fig. 11
is proportional to the frequency of the keywords in each
subject’s name, which is shown in each circle.

Figure 12 shows that the number of subject clusters
increases consistently from the first period to the period,
indicating that SSCRM has developed into a complex and
colorful research field covering diverse subjects. There-
fore, it is necessary to create a Sankey diagram, depicted in
Fig. 12, to study how subject clusters in Fig. 11 interact with
one another in a longitudinal framework and identify their
primary evolutionary trajectories. Each node in the Sankey
chart represents a subject set that displays the most frequent
keywords. The number of keywords in the associated subject
determines the node’s size. The flowing shows subject clus-
ters’ developmental orientation among nodes, and a group
of subjects evolving in different sub-periods can be regarded
as subject domains.

From the overall point of view, we can find that the num-
ber of links between subjects increases over time. In the four
periods, the subject of risk management is divided into many
subheadings, such as management — risk — risk — sys-
tem, management — risk — risk — policy. The word “risk”
appears in the second period, increases in frequency in the
third period, and is divided into multiple subjects in the last
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Fig. 12 Subjects’ evolution at
different periods

management-practices--2012-2014

impact--1996-2011
flexibility--2012-2014

trust-1996-2011

management--1996-2011

period. It can be seen from Fig. 12 that system risk, policy
risk, and energy risk may be the key research subjects in
this field. The subject of supply chain optimization begins
to appear in the second period, evolving from the initial
vocabulary of influence, implementation, and management
to supply chain optimization and merging into the most fre-
quent keywords in the last period. The evolutionary path
shows that supply chain optimization has become increas-
ingly important in SSCRM. It shows that the optimization
problem has developed into a stable and mature subfield
in SSCRM, and it has become increasingly significant to
integrate with many other subjects.

Co-citation analysis
Static perspective

This article uses co-citation analytics to determine co-cita-
tion articles’ frequency and investigate the citation connec-
tion in SSCRM from a static standpoint. Co-citation analysis
can assist in identifying the most significant articles in the
subjects of SSCRM. The co-citation network in SSCRM is
drawn using VOSviewer software in this section, as illus-
trated in Fig. 13. A 20-citation threshold is used to create
the co-citation network, and 78 nodes in the network are
selected. Figure 13 depicts every node as an article, with the
volume of each node corresponding to the number of cita-
tions in each published article. The nodes’ co-citation rela-
tionship is shown by the lines connecting them and the same
color reflecting comparable topics in these articles. There are
three different clusters in the network: the red cluster, the
blue cluster, and the green cluster. There are 32 nodes in the
red cluster, 30 in the green cluster, and 16 in the blue cluster.
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selection--2012-2048
l =
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We can gain a basic idea of the three clusters’ content
by looking at the titles and abstracts of all the articles in
each cluster. The co-citation network’s blue cluster is the
tiniest. From the subjects of this cluster, we can see that it
focuses on the network design and optimization of the sup-
ply chain, such as supply chain network design (Chaabane
et al. 2012; Eskandarpour et al. 2015; Pagell and Wu
2009), closed-loop supply chain, and reverse logistics sup-
ply chain (Govindan et al. 2015; Pishvaee et al. 2010). The
co-citation network’s blue cluster is the biggest. This clus-
ter contains literature reviews as well as the core theory
studies of the supply chain, such as the conceptual frame-
work for SSC management (Pishvaee et al. 2010, Seuring
and Miiller 2008), theory of SSC management (Gold et al.
2010; Pagell and Wu 2009), and the evolution and future
direction of SSC management (Gold et al. 2010). Green
cluster is relatively early research representing the man-
agement practice. For example, consider the collaborative
role of environmental management as well as supply chain
efficiency (Vachon and Klassen 2008).

decision-making-2018-2021 [Jll

risks-2018-2021 [0

models--2018-2021
energy--2018-2021 £
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systems--2018-2021
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governance--2015-2017 l ‘

Dynamic perspective

The study of SSCRM may benefit from a dynamic per-
spective provided by historical citation analysis. Bibli-
oshiny is used to generate the historical citation network
of SSCRM. The citation connection among the first 25
cited articles, as shown in Fig. 14, demonstrates the
development of key literature study focus in the field
of SSCRM. Each node in this network represents a sin-
gle article, and their connections indicate their citation
relationship.
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Fig. 14 Historical citation |
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2012). Sahebjamnia et al. (2018) studied the network design
of a sustainable tire closed-loop supply chain. Zohal and
Soleimani (2016) studied the network design of the gold
industry's green closed-loop supply chain.

The red sub-network is linked by 13 nodes. The sub-net-
work studies social responsibility. The earliest articles of
this subnetwork are Cruz and Wakolbinger (2008), and Cruz
(2008). Cruz and Wakolbinger (2008) studied the effect of
corporate social responsibility on the risk associated with
supply chain networks. Three articles in the historical cita-
tion form a citation relationship with this article. Klassen
and Vereecke (2012) study supply chain social problems
by linking responsibility, social management ability, risk,
and performance. Multaharju et al. (2017) integrated social,
ecological, and moral issues into SSC. Cruz’s article has six
nodes, mainly studying how to reduce the impact of SSC
risk. For example, Cruz (2013) studied how to reduce the
global supply chain risk through corporate social responsi-
bility. Cruz (2008) analyzed the supply chain network with
social responsibility.

Logic diagram of risk management
in sustainable supply chain

According to the scientometric analysis results in the “Intel-
lectual structure of risk management in sustainable supply
chain” section, a critical review was conducted in that sec-
tion to summarize the risk types, strategies, and modeling
approach of SSCRM. The logic diagram of critical review
for SSCRM is depicted in Fig. 15.

Risk types of risk management in sustainable
supply chain

With the development of modern communication technol-
ogy, information is becoming more and more transparent.
Failure to pay attention to and implement appropriate sus-
tainability strategies can easily lead to risks in the supply
chain, such as consumer boycotts, costly legal proceedings,
and a decline in corporate reputation. Common risks as
shown in Table 5.

Social responsibility

Carroll et al. (2018) believe corporate social responsibility
includes economic, legal, moral, and charitable expecta-
tions. As shown in Table 5, the most mentioned risks are
those caused by violation of local laws, business ethics, and
dangerous working environments. Compliance with local
laws is the most basic requirement for enterprises in the
supply chain. The studies of SSCRM are mainly related to
environmental regulations. For example, Zhao et al. (2013)

Risk types

T

scientometric

Modeling

management
approaches

strategies

Decision analysis Coordination
Innovation

Fig. 15 Logic diagram of risk management in sustainable supply
chain

used game theory to study enterprises’ strategic choice of
carbon emissions under different government legal policies.
In recent years, environmental protection—related laws have
become increasingly important. The government may punish
or even shut down enterprises with severe pollution. Espe-
cially in developing countries, governments tend to adopt
stricter new energy policies and environmental regulations
(Godil et al. 2020; Khan et al. 2020; Sharif et al. 2021).
Many enterprises and organizations have put greenhouse gas
emission targets into the company’s important considera-
tion (Syed et al. 2019). Institutional uncertainty is one of
the main risks to SSC (Kelling et al. 2021). The behaviors
against business ethics mainly refer to corruption, bribery,
child labor, price manipulation, fraud patent infringement,
etc. When the media reports the scandals of these compa-
nies, it will bring huge risks to the supply chain (Mulhall
and Bryson 2014). The most direct impact is the damage
to corporate reputation, which may affect the efficiency of
enterprises.

Workplace safety and comfort may also help decrease
risk and increase productivity in SSC. The work safety of
workers, especially in the construction industry and large
logistics service providers, has been paid attention to (Deng
et al. 2019). The assessment of workplace safety and comfort
includes job satisfaction, motivation, creativity, participa-
tion, sense of responsibility, and work-life balance. Focus-
ing on the company’s short-term interests and ignoring
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Table 5 Typical sustainable supply chain risks

Category

Risk factor

Reference

Economic risk

Environmental risk

Social risk

other

Reputational risk

Inflation and currency exchange rates

Energy price volatility
natural disasters
Environmental pollution risk

Inefficient use of resources
Collaborative risk
Political risk

Dangerous working environment

Law risk

Violation of business ethics

Violation of human rights

Corruption risk
Cultural risk
Lack of sustainable knowledge

Innovation risk

Alikhani et al. (2019), Mani et al. (2017), Rostamzadeh et al. (2018), Song et al.
(2017), Sutrisno et al. (2019), Torres-Ruiz and Ravindran (2018)

Alikhani et al. (2019), Rostamzadeh et al. (2018), Song et al. (2017)

Alikhani et al. (2019), Rostamzadeh et al. (2018), Shankar et al. (2018), Song et al.
(2017), Torres-Ruiz and Ravindran (2018)

Alikhani et al. (2019), Mani et al. (2017), Rostamzadeh et al. (2018), Song et al.
(2017)

Lim and Phillips (2008), Reinerth et al. (2019), Rostamzadeh et al. (2018), Song
et al. (2017), Sutrisno et al. (2019), Torres-Ruiz and Ravindran (2018)

Mani et al. (2017), Reinerth et al. (2019), Song et al. (2017)
Alikhani et al. (2019), Sutrisno et al. (2019)

Alikhani et al. (2019), Hofmann et al. (2014), Rostamzadeh et al. (2018), Sutrisno
et al. (2019)

Hofmann et al. (2014), Mani et al. (2017), Reinerth et al. (2019), Rostamzadeh
et al. (2018), Shankar et al. (2018), Song et al. (2017), Torres-Ruiz and Ravindran
(2018)

Alikhani et al. (2019), Hofmann et al. (2014), Lim and Phillips (2008), Reinerth
et al. (2019), Rostamzadeh et al. (2018), Shankar et al. (2018), Torres-Ruiz and
Ravindran (2018)

Hofmann et al. (2014), Lim and Phillips (2008), Reinerth et al. (2019), Rostamzadeh
et al. (2018), Shankar et al. (2018), Song et al. (2017), Torres-Ruiz and Ravindran
(2018)

Lim and Phillips (2008), Reinerth et al. (2019), Song et al. (2017), Torres-Ruiz and
Ravindran (2018)

Reinerth et al. (2019), Shankar et al. (2018), Sutrisno et al. (2019)
Alikhani et al. (2019), Rostamzadeh et al. (2018), Sutrisno et al. (2019)
Rostamzadeh et al. (2018), Shankar et al. (2018)

Shankar et al. (2018), Sutrisno et al. (2019)

employees’ mental and psychological problems will reduce
the creativity of employees and the quality of work and even
cause safety accidents that threaten the stability of the supply
chain (Kurniawan et al. 2019).

Environmental problem

The environmental problems mainly include natural dis-
asters, environmental pollution, and inefficient use of
resources. Environmental pollution refers to water, soil,
and air pollution, including the emission of greenhouse
gases, ozone-depleting substances, and other harmful
substances. Environmental problems are a global issue.
Many countries have formulated or are preparing to enact
greenhouse gas emissions and environmental protection
laws. If they ignore environmental problems, they may
be condemned by the public and punished by the gov-
ernment. Valinejad and Rahmani (2018) pointed out in
the case of telecom companies that greenhouse gas emis-
sions and electromagnetic radiation will bring many health
problems to people and bring considerable risks to the
management of the supply chain. Environmental problems

@ Springer

are particularly important in the textile industry, because
many chemicals used in the textile manufacturing process
are toxic and cause pollution to air, water, and soil, and
these contaminations are one of the important risks for
SSC in the textile industry (Raian et al. 2022).

Environmental pollution, greenhouse gas emissions,
natural disasters, non-compliance with sustainable devel-
opment laws, and other environmental risks have gradu-
ally become the most prominent SSC risk (Giannakis and
Papadopoulos 2016). Natural disasters refer to hurricanes,
floods, storms, earthquakes, and other disasters. These
risks do not often occur, but once occurred, they will bring
huge harm to the whole supply chain. Through an empiri-
cal questionnaire, Ahmad and Afzal (2021) demonstrated
that the impact of natural disasters on the social and envi-
ronmental aspects of SSC is significant. According to Xin
et al. (2020) findings, the losses caused by natural disas-
ters will rise from $11.8 billion in 2006 to $110 billion in
2011. Meanwhile, once a severe natural disaster occurs,
it may lead to the shutdown of the supply chain, which
may bring great losses to the upstream and downstream
enterprises.
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Economic impact

Reputation is an essential invisible asset of a company. If
the company’s reputation and trust are damaged, customers
may no longer buy its products. Meanwhile, a good reputa-
tion helps negotiate with suppliers and the government to
obtain better human resources and more capital resources.
An enterprise’s reputation is directly related to its financial
performance (Lee et al. 2013). It is important to note that
poor management of the supply chain’s downstream and
upstream firms will also lead to serious reputational and
even economic losses. For example, some media criticized
child labor and conflict minerals in Apple and Microsoft’s
upstream cobalt supply chain. Suppliers’ poor management
may also significantly impact the company’s performance
(Busse et al. 2017; Lee et al. 2013). Through MCDM’s
empirical approach, Alshehri et al. (2022) considered that
economic impact was one of the three major risks affecting
the SSC of Saudi Arabia’s manufacturing industry.

Risk management strategies in sustainable supply
chain

Decision analysis

In SSCRM, demand decision analysis is a significant issue.
The strategies for demand uncertainty decisions include
demand estimation, risk transfer, collaborative, and math-
ematical modeling. Using the model to estimate the demand
reasonably to reduce SSC risk is essential. For example,
hydrogen is vital new energy, but the construction of hydro-
gen infrastructure is costly and requires a lot of investment,
so the failure to assess the demand for hydrogen will bring
considerable risks to the SSC (Dagdougui 2012). Dayhim
et al. (2014) developed a spatial aggregation model to assess
hydrogen demand. Building infrastructure based on demand
can significantly reduce the risk of hydrogen SSC. Tavana
et al. (2021) used fuzzy set theory to control the adverse
effects of demand uncertainty on SSC. Yet, other businesses,
such as the fashion industry, make it impossible to forecast
demand. The producer and retailer sign a buyback contract
in the fashion SSC to mitigate the risk posed by the retailer's
demand unpredictability.

A collaborative supply chain is also a measure to solve
demand uncertainty. The risk of SSC induced by demand
unpredictability may be handled from an overall viewpoint
by evaluating the benefits of each node of the closed-loop
supply chain (Sazvar et al. 2021). Mathematical modeling is
another essential tool for dealing with demand uncertainty.
Under the context of limited historical data, powerful mod-
els can tackle the issue of demand uncertainty. Jabbarzadeh
et al. (2019) used the drug supply chain data to analyze the
green supply chain planning, which reduced the impact of

demand uncertainty. Establishing a flexible supply chain
with an effective information sharing mechanism and more
autonomy can alleviate the demand uncertainty to a certain
extent.

Coordination and innovation

Collaboration and innovation are essential strategies to
reduce the risk of SSC. Collaboration can lead to faster com-
munication and sharing of critical information, which can
lead to better SSCRM (Kaur et al. 2022). In an empirical
study of supply chain resilience, 32% of respondents said
they worked more closely with suppliers to mitigate SSC
risks (Eggert and Hartmann 2022). Many studies employ
wholesale pricing contracts, revenue sharing contracts,
repurchase contracts, etc. to achieve supply chain coopera-
tion. In the fashion SSC, the manufacturer and the retailer
sign a buy-back contract to solve the risk caused by the
demand uncertainty of the retailer. Contracts can be more
flexible in coordinating the distribution of profits among
supply chain members and mitigate the effects of uncertainty
(Cai et al. 2022). Retailers in the clothing industry always
hold many unsold products at the end of the sales season,
which is one of the major risks of SSC, but a repurchase
strategy can reduce the risk to retailers (Wang et al. 2017).
Revenue sharing contracts can be used to reduce the risk
of demand interruption in SSC. A perfect revenue-sharing
contract that matches the fluctuation of market demand will
improve the emergency response-ability of the supply chain
in an emergency (Yan et al. 2020). Strengthening supply
chain coordination improves the supply network’s capacity
to withstand risks, hence boosting the supply chain’s eco-
nomic, environmental, and social benefits.

The supply and demand markets are getting more com-
petitive in the complicated and changing external environ-
ment. Collaborative supply chain innovation progressively
displaces individual company innovation and has become
the lifeblood of contemporary organizations’ survival and
success (Shan et al. 2020). The innovation of the supply
chain includes supply chain technology and supply chain
management. In supply chain innovation, green innovation
is particularly important. The COVID-19 pandemic has
made SSC more vulnerable to disruption, increasing green
innovation’s importance (Ayyildiz 2021). Green innovation
employs novel techniques to lessen the harmful environmen-
tal effect of the manufacturing process. Green innovation
involves reducing the discharge of hazardous substances dur-
ing manufacturing, consumption of energy, waste recovery,
waste utilization, and consumption of raw materials (Chen
et al. 2006). Green innovation can make enterprises obtain
a better public image and reduce the risk of SSC caused
by the environment, policy, and reputation. The innovation
of SSC has many sustainable advantages, such as reducing
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waste, improving environmental performance, and enhanc-
ing market social image (Shete et al. 2020). Especially
in underdeveloped countries with social corruption and
concentrated wealth, collaborative innovation of the sup-
ply chain is particularly important. Al Asbabhi et al. (2020)
evaluated the renewable energy sector in Yemen through
a TOPSIS empirical approach, showing the importance of
implementing green innovation, especially in SMEs.

Modeling approaches for risk management
in sustainable supply chain

We reviewed the SSCRM modeling approaches to under-
stand the SSCRM research comprehensively. The specific
research modeling approaches are shown in Table 6.

Game theory

The game theory generally deals with risks in two ways.
One method includes risk factors into a game theory model
to determine the best business strategy. The other is to study
the competition and cooperation of different companies in
the supply chain and share and reduce risks through coop-
eration. Game theory effectively studies SSCRM, especially
when multiple supply chain members have conflicting goals.
Zhao et al. (2012) use game theory to explore how to miti-
gate the environmental risks of SSC and study the strate-
gies that companies should adopt under cost and benefit,
government punishment, and incentive policies. Zou et al.
(2018) studied the optimal decision of a supplier and two
retailers under different price strategies and used revenue-
sharing contracts to avoid risks. Recently, game theory is

Table 6 Main modeling approaches

often used to study SSCRM research involving the govern-
ment. For example, Tong and Li (2018) studied the impact
of government subsidies on SSC.

Linear programming

Multi-objective optimization, goal programming, and
mixed-integer linear programming are the most often used
linear programming modeling approaches in SSCRM.
Linear programming studies the mathematical theory and
approach to the extreme value problem of linear objective
function under linear constraints (Dantzig 2016). Linear
programming is widely used in SSC modeling to maximize
goals, such as minimizing total costs, reducing environmen-
tal pollutants, and maximizing social benefits (Pourjavad and
Mayorga 2018; Pourjavad and Mayorga 2019). A mixed-
integer linear programming model is a variation of a linear
programming model in which specific parameters must be
integers (Dantzig 2016). The mixed-integer linear program-
ming model is mainly used for supply chain design issues
and the location of facilities. For example, Ahranjani et al.
(2020) studied the design of a sustainable bioethanol supply
chain that may be disrupted. The multi-objective optimi-
zation model is another approach that deals with conflicts
between objectives by establishing multiple linear functions
(Evans 1984). Goal programming is a branch of multi-objec-
tive optimization that deals with many, often competing for
goals (Evans 1984). In the SSCRM model, profit maximiza-
tion is not the only focus. Risk minimization and sustainabil-
ity are usually set as optimization goals. For example, Bal
and Satoglu (2018) considered the triple goals of economy,
society, and environment.

Approaches

Example articles

Game theory

Goal programming

Multi-objective linear programming
Mixed-integer linear programming

Tong and Li (2018); Zhao et al. (2012); Zou et al. (2018)

Bal and Satoglu (2018)

Cruz (2013); Hasani et al. (2021); Zhen et al. (2019)

Golpira et al. (2017); Sahebjamnia et al. (2018); Zahiri et al. (2017); Ahranjani

et al. (2020)

Nonlinear programming

Stochastic programming

Rahimi et al. (2019); Sherif et al. (2021)
Fathollahi-Fard et al. (2018); Fazli-Khalaf et al. (2017); Tsao et al. (2018); Yu

and Khan (2021)

Experts and decision-making trial and evaluation laboratory
Failure mode and effects analysis

Fuzzy importance and performance analysis

Analytic hierarchy process

Ivanov (2018); Song et al. (2017); Wu et al. (2015)

Giannakis and Papadopoulos (2016); Valinejad and Rahmani (2018)
Islam et al. (2018)

Bappy et al. (2019); Gold and Awasthi (2015); Mangla et al. (2015); Shete

et al. (2020); Wang et al. (2012)

Structural equation
Life cycle assessment
Best and worst method

(Chu et al. 2017)
Chaabane et al. (2012); Kolotzek et al. (2018)
Zhang et al. (2020)

Technique for order preference by similarity to an ideal solution Rostamzadeh et al. (2018)
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Stochastic programming

Stochastic programming is a common approach in SSCRM.
Stochastic programming usually deals with uncertain situa-
tions that seek to model risks mainly in air pollution, supply
chain disruption, fires, and earthquakes. Stochastic program-
ming has many applications in SSCRM. The following is a
description of representative examples. Design an SSC net-
work under uncertain circumstances to reduce social, envi-
ronmental, and economic risks (Tsao et al. 2018). Research
the location of distribution centers and carbon emissions in
a three-tier supply chain comprised of factories, distribution
centers, and retailers to reduce risks and enhance supply
chain stability (Yu and Khan 2021). Two-stage stochastic
programming models have been used in SSCRM to enable
sequential choices under supply and demand uncertainty
realizations. For example, Fathollahi-Fard et al. (2018) build
a closed-loop supply chain while addressing economic and
social objectives using a two-stage stochastic programming
approach. In other examples, the uncertainty and fuzzy
parameters are included in the optimization model. Over
the issue scope, information concerning fuzzy parameters
is often inadequate or unusable. In SSCRM, what is uncer-
tain is often environmental factors. For example, parameter
uncertainty and interrupt strikes are added to the model
(Fazli-Khalaf et al. 2017).

Other modeling approaches

Main modeling approaches also include decision-making
trial and evaluation laboratory (DEMATEL) (Song et al.
2017) failure mode and effects analysis (FMEA) (Gian-
nakis and Papadopoulos 2016), analytic hierarchy process
(AHP) (Wang et al. 2012), life cycle assessment (LCA)
(Bairamzadeh et al. 2016), best and worst method (BWM)
(Zhang et al. 2020), the technique for order preference by
similarity to an ideal solution (TOPSIS) (Rostamzadeh
et al. 2018), and so on. LCA is the most commonly used
assessment approach, which can assess the environmental
problem of each stage of the product life cycle. Bairamza-
deh et al. (2016) utilized LCA to investigate the ethanol
supply chain design. The advantage of the DEMATEL
approach is the visual analysis which provides an intui-
tive analysis through the four quadrants of driving fac-
tors, autonomy, independence, and core issues to help
decision-makers identify their interactions and provide
intuitive judgment (Wu et al., 2015). Song et al. (2017)
used the DEMATEL approach to determine the key risk
factors of SSC management.

Conceptual model and future research
directions of risk management
in sustainable supply chain

Conceptual model

Some businesses believe risk management is unnecessary,
and they continue to overlook risk management’s capac-
ity to provide a competitive edge (Kwak et al. 2018). As
shown in Fig. 16, we try to establish a conceptual model to
help practitioners better establish an SSCRM system and
promote the development of SSCRM.

According to the scientometric and context analysis in
the “Intellectual structure of risk management in sustaina-
ble supply chain” and “Logic diagram of risk management
in sustainable supply chain” sections, we further propose
a conceptual model for SSCRM. As shown in Fig. 16, the
conceptual model of SSCRM is divided into three parts:
risk assessment, risk identification, and risk-mitigating and
responding. Next, we divide the conceptual model into
three propositions according to the three parts.

Proposition 1. Risk identification El Baz and Ruel (2021)
demonstrate that risk identification plays a vital role in
supply chain resilience and robustness through an empiri-
cal method of structural equations. According to Hofmann
et al. (2014), the difference between traditional and SSC is
whether the firm reacts to the supply chain’s environment.
Traditional supply chain companies will ignore these SSC
risks, which will lead to the reaction of stakeholders, and
the supply chain enterprises will bear the consequences.
The “Risk types of risk management in sustainable supply
chain” section of the article identifies the critical risk fac-
tors that affect the SSC. The triple bottom line classification
divides them into environmental, social, and economic risks.
Among these risks, the research on environment-related risks
is more than that on social and economic aspects (Bubicz
et al. 2019). It is worth noting that enterprises in different
countries, economies, and climate regions have different
risk exposures, the intensity of stakeholder pressure, and
different industries required by law in the region, which may
lead to different views and effects on the SSCRM. For exam-
ple, Isik et al. (2019a), Isik et al. (2019b), and Isik et al.
(2021a, b) proved through empirical research methods that
the consumption of fossil energy and renewable energy in
regions with different GDP levels had different environmen-
tal impacts, which should be developed in different environ-
mental policies.
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Proposition 2. Risk assessment According to Giannakis and
Papadopoulos (2016), risk identification, risk assessment,
and risk supervision and control are the three components
of a sustainable risk practice strategy. Risk assessment aims
to determine the likelihood of a risk occurring and the con-
sequences that may arise. Risk assessments are the basis
of SSCRM. Among risk assessment modeling approaches,
AHP, TOPSIS, and DEMATEL are more commonly used in
risk assessment. The advantages of these approaches are
relatively mature and easy to use. Multiple approaches are
often used for risk identification and assessment. For exam-
ple, Giannakis and Papadopoulos (2016) use FMEA and
correlation analysis to evaluate the risk factors of SSC. It is
worth noting that there are many problems in applying envi-
ronmental research approaches directly to the research on
the society and economy dimensions of SSCRM. The innova-
tion of research approaches should be developed consider-
ing the social and economic needs of SSCRM.

Proposition 3. Risk mitigating and responding The last part
is to consider the strategy to mitigate SSC risk. This part
is divided into supply chain network optimization and SSC
strategy. The first part focuses on quantitative research to
reduce the risk from the design of the supply chain. The sec-
ond part focuses on the contract, and innovative approaches
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sustainable supply chain

to supply chain risk reduction. We review the main modeling
approaches of SSCRM. We divide the models into linear
programming, the stochastic programming model, and the
game theory. Goal programming, multi-objective optimiza-
tion, and mixed-integer linear programming are some of
the linear programming-based optimization approaches
used in SSCRM modeling. Linear programming is widely
used in SSC modeling to maximize goals, such as minimizing
total costs, reducing environmental pollutants, and maxi-
mizing social benefits. Most of the supply chain models of
SSCRM are multi-objective linear models, and the modeling
approaches often used consider an economic and environ-
mental objectives. Many articles contain uncertain data and
have done intensive calculations to find the best solution.
But in practice, obtaining high-quality solutions in a limited
time is more conducive to establishing a sustainable risk
management system.

Future research directions

Based on the review of existing research, this article puts
forward the following problems that may need further
research.
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Impacts of the pandemic on sustainable supply chain

The outbreak of coronavirus (COVID-19) shows that the
epidemic will cause severe damage to the global SSC. There
is a gap in the study on the pandemic’s influence on the
SSC. To curb the spread of the virus, most governments
have taken containment measures to varying degrees, such
as border blockade and stricter quarantine measures (Bai
et al. 2020). This makes the supply chain established under
the condition of maximum efficiency suffer significant eco-
nomic losses due to various uncertainties. The national
manufacturers association of the USA surveyed the impact
of COVID-19 among its 558 US member companies and
found that more than 78% of its members expected that its
financial impact would be severe due to the uncertainty of its
business caused by the pandemic (da Silva et al. 2020). On
the other hand, too concentrated supplier procurement also
affects the supply chain’s resilience (Ivanov 2018). Wuhan,
for example, is a significant car parts manufacturing hub that
supplies vital components to global automakers, including
Toyota, GM, and Volkswagen (Choirun et al. 2020). Enter-
prises highly dependent on Wuhan as an essential supplier
will face the risk of significant supply in the early stage of
the COVID-19 epidemic. In the face of the severe dam-
age caused by the epidemic, SSC needs to strengthen its
resilience, including increasing its viability (Ivanov and
Dolgui 2020). Additionally, COVID-19 has significantly
influenced the economy, tourism, and oil prices (Isik et al.
2020; Sharif et al. 2020b). Ahmad et al. (2021) discuss the
prevention of COVID-19 from a psychological perspective,
suggesting that there should be greater awareness and more
active policies to reduce the impact of COVID-19 (Ahmad
et al. 2021). The traditional understanding of supply chain
risk and elasticity is very limited in dealing with the long-
term global pandemic interference, and new approaches or
improvements to existing approaches are needed (Queiroz
et al. 2020).

Integrity of sustainable supply chain network

Due to the integrity of the SSC network, the upstream and
downstream supply chains will interact with each other.
Internal and external integration of supply chains helps to
strengthen supply chain resilience (Tarigan et al. 2021). To
raise the flexibility of the SSC, it is required to strengthen
the flexibility between the supply chain’s upstream and
downstream members and consider the priority of each sup-
ply chain node (Zavala-Alcivar et al. 2020). In the future,
we can investigate and evaluate the supply chain network’s
weak areas in terms of process type and node vulnerability
to reduce the potential of the supply chain network’s chain
reaction. Meanwhile, strengthening the cooperation between
supply chain members to make information more transparent

will help enhance the trust between enterprises and improve
their reputation. Strengthening the cooperation of supply
chain members will also help improve the company’s abil-
ity to resist risks and help reduce the impact of unexpected
outages caused by the supplier’s possible use of suspicious
products.

Social level of risk management in sustainable supply chain

In today’s economic climate, every organization’s long-term
success should be measured in terms of profits and its contri-
bution to the future of mankind and the planet (Bubicz et al.
2019). Meanwhile, due to the strain from environmental agen-
cies, trade unions, consumers, and non-governmental organi-
zations, more and more companies are committed to sustaina-
ble development and corporate social responsibility strategies.
We have observed that the number of sustainability-related
articles has increased exponentially in recent years, but most
research only covers the environmental aspect. The number
of social level articles has only increased rapidly in recent
years, and there are still many gaps in social level research.
In terms of research approaches, researchers mainly apply the
traditional environmental problem assessment approaches to
analyze social sustainability (Cunha et al. 2019). However, the
social level is far from the conventional environmental level.
Many social problems are not easy to assess and quantify, and
the stakeholders involved are more complex. We need more
breakthroughs in the research approach and possibly a shift in
supply chain models to make them more sustainable.

Application of emerging technology in the risk
management of sustainable supply chain

Communication and information technology play a sig-
nificant role in reducing the SSCRM. The increasing use
of emerging technology tools can enhance supply chain
transparency and effectively solve the problems related to
non-compliance with the code of conduct. The research on
the use of technology needs to be deepened. For example,
blockchain technology implementation can improve supply
chain social sustainability and reduce SSC risks (Chaud-
huri et al. 2021). Blockchain can increase trust and integ-
rity, establish new cultural norms and redesign new business
processes, and blockchain technology is likely to contribute
to sustainable development goals (Hughes et al. 2019). Big
data can be used to analyze, predict, and manage the social
and environmental risks that disrupt the supply chain (Mani
et al. 2017; Zhao and Ding 2010). Artificial intelligence can
improve supply chain resilience through better monitoring
and analysis of supply chain data (Jung et al. 2021). Mean-
while, artificial intelligence, data mining, and Internet of
things can alleviate the risk of SSC by improving informa-
tion transparency and the rapid response to emergencies.
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New information technology can integrate all stakeholders
to build a sustainable and tough collaborative supply chain
network.

Multi-scales analysis of sustainable supply chain
in different countries and enterprises

Most of the published articles on social sustainable develop-
ment focus on supply chains in developed countries because
their economic stability enables them to deal with environ-
mental and social issues (Bubicz et al. 2019). Most of the
challenges that firms confront regarding social sustainabil-
ity in this era of supply chain globalization are mostly con-
nected to their internal stakeholders in the supply chains of
developing nations. Therefore, we should pay attention to
social sustainability research in underdeveloped countries.
However, most of the enterprises in these countries are small
or medium-sized companies, of which the composition of
the SSC is quite different from that of large companies. Fur-
ther research on SSCRM of small and medium-sized com-
panies is needed.

Conclusion

This article describes the knowledge map of SSCRM based
on a thorough literature review of 793 articles. A concep-
tual model of SSCRM was developed through a detailed
discussion of the intellectual structure and logic diagrams.
The article suggests future directions of SSC management
according to the shortcomings of existing research. An
essential contribution of this paper is the systematization of
knowledge on SSCRM, which will help supply chain manag-
ers and academics better understand the latest developments
in SSCRM and helps academics to understand the topical
research on SSCRM. It may also stimulate more research
by scholars in the field of SSCRM. To our knowledge, no
other papers provide a conceptual model for SSCRM. Many
articles have been written on SSCRM, and this model brings
together ideas from previous research. The presentation of
the conceptual model improves the understanding of the lat-
est knowledge in SSCRM and contributes to the develop-
ment of the field. At the same time, the findings of this study
offer answers to the following five questions.

On the first question, RQ1: What is the intellectual struc-
ture of SSRCM? Scientometric analysis has shown that
SSCRM has received increasing attention in recent years,
with publication figures for the last 3 years already exceed-
ing the number of articles published in the past combined,
indicating that the research field is growing at a high rate and
that there are many issues to be addressed. The amount of
SSRCM papers published in Journal of Cleaner Production,
Sustainability was much higher than in other journals in a
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statistical survey of related journals. The analysis of schol-
ars found that Govindan K. had the highest total number of
citations, with almost twice as many citations as the second-
ranked author, and that most of his articles were published
in the last 5 years, which indicates that Govindan K.’s arti-
cles are of high quality and influential. The fact that China
has the most publications is not unexpected. Interestingly
Iran is in third place in terms of the number of publica-
tions, while the top three universities in the ranking of the
most published are all Iranian schools. Iran is also active in
institutional cooperation networks. An analysis of country
and institutional cooperation networks shows that Iran and
Denmark cooperate more closely.

The key elements of SSCRM were determined using key-
word and citation analysis. Based on keyword frequency var-
iation analysis, keyword co-occurrence networks, strategy
diagrams, and subject evolution are used to identify research
themes hidden beneath the data. Analyzing the temporal
trends in keyword frequency reveals outstanding research
potential around the themes of models, frameworks, and
impact. Based on the analysis of the identification of topics,
we have identified some topical issues such as “performance
and framework,” “management and model,” ‘energy and
life-cycle assessment,” “big data and systems,” and “model
and criteria.” In addition, the citation analysis has identi-
fied two more prominent sub-areas. One is network design
for SSC, such as network design of reverse logistics and
closed-loop logistics. Another is the social responsibility
aspect of SSC.

On the second question, RQ2: What are the risk types of
SSCRM? This paper identifies 16 SSC risks, of which legal
violations, unsafe working environment, environmental pol-
lution, and reputational damage, are the more crucial SSC
risks. Scholars have paid more attention to environmental
risk factors in SSC and less attention to social and economic
aspects. Research on the impact of social risk factors on
SSC is still not comprehensive. Social risk factors such as
international politicization, social unrest, and business ethics
have a more pronounced and direct impact on supply chain
disruptions than environmental risk factors. They can even
be deadlier and more immediate for companies. The current
world economic landscape is changing profoundly, and sup-
ply chain managers and academics should re-identify and
reassess the importance of social aspects of sustainable risk
factors to avoid the risks to which they may be exposed. The
literature of de Oliveira et al. (2019) identifies risk factors
for SSC in the form of a review that ignores the risk factor
of an “unsafe working environment.” Many researchers often
overlook this risk factor, and a good working environment
can avoid many unnecessary risks to SSC. In identifying
environmental risk factors, we have found that the risk factor
of “natural disasters” has received increasing attention from
scholars in recent years.
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On the third question, RQ3: How to apply risk manage-
ment strategies in SSCRM? Considering SSCRM from a
holistic perspective is essential and should fully recognize
the impact relationships between upstream and downstream
companies in the SSC. Koksal and Strahle (2021) argues that
complex global SSC is prone to information asymmetries
and that there is a power imbalance in implementing social
standards in multi-layered SSC. Risk assessment of focal
companies in SSC is essential. Using risk-sharing strategies
and risk-sharing contracts between companies up and down
the SSC is a proven SSCRM strategy. Green innovation and
demand forecasting in the SSC are also critical, as demand
forecasts that deviate significantly from reality can lead to
companies placing orders unexpectedly. In the past years, the
emergence of big data analytics, as well as artificial intel-
ligence systems, has provided promise for reliable demand
forecasting. Green innovation can make enterprises obtain
a better public image and reduce the risk of SSC caused by
environment, policy, and reputation.

On the fourth question, RQ4: What are the modeling
approaches for risk management in SSC? As described in
the “Modeling approaches for risk management in sustain-
able supply chain section, modeling approaches include lin-
ear programming, stochastic programming model, and game
theory. Although SSCRM issues have their unique peculiari-
ties compared to other forms of supply chain management,
the underlying mathematical techniques of risk modeling are
relatively similar. In the SSCRM model, linear programming
and stochastic programming are the most common modeling
approaches. In SSC network design problems, stochastic
programming models can largely resolve uncertainty. It is
worth noting that the social dimension’s risk factors are
more complex than the environmental dimension, and there
are many problems with applying environmental research
methods directly to the social dimension, which requires
innovation in research methods. Most papers consider only
a single dimension and rarely consider the issue of SSC risk
comprehensively in all three dimensions.

On the fifth question, RQ5: What are the conceptual
model and future research directions of SSCRM? Rafi-Ul-
Shan et al. (2018) suggest that no study has yet proposed an
SSCRM framework. As shown in Fig. 16, we have attempted
to develop a conceptual model to help practitioners better
establish sustainable risk management systems and facilitate
the development of the SSCRM field. Future researchers
may consider looking for SSCRM research questions based
on this framework. Notable for future research directions
studies is the COVID-19 pandemics on SSC. COVID-19
pandemic significantly influences oil prices, travel, and the
economy as one of the systemic risks (Sharif et al. 2020b).
Attention should be paid to the transmission of risk. Sup-
ply chain managers and academics should be more careful
in assessing the risks posed to SSC by epidemics, politics,

reverse globalization, and resource crises. One aspect of SSC
strategy worth investigating is the holistic nature of SSC net-
works. The trend of supply chain integration is deepening,
and the interaction between upstream and downstream SSC
has become greater. Future research can consider SSCRM
from the priority and vulnerability of supply chain nodes.
The role of new technologies in SSCRM is increasingly
recognized. In particular, the application of blockchain, big
data, artificial intelligence, and other technologies in SSC
has seen rapid growth in the number of papers in this area.

This article has some limitations, one of which is the
number of articles included in this study. Web of science
provides extensive coverage for academic literature, but it
cannot cover all peer-reviewed articles and may omit some
articles. Another limitation is related to the keywords used.
Different keywords may produce different results. We refer
to keywords frequently used in several reviews to maximize
the subjects’ coverage and change the risk-related keywords
to subject search. While ensuring a comprehensive search,
articles of weak relevance will inevitably appear, which may
slightly impact the study results.
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