The current issue and full text archive of this journal is available on Emerald Insight at:
https://www.emerald.com/insight/2690-6090.htm

Maturity and resilience in supply  Maturity and

resilience in

chains: a systematic review supply chains
of the literature

Luiz Carlos Roque Janior and Guilherme F. Frederico 1
School of Management, Federal University of Parana, Curitiba, Brazil, and

Maykon Luiz Nascimento Costa peLeeived 3 August 2022

Institute of Molecular Biology of Parana, Curitiba, Brazil Accepted 21 November 2022

Abstract

Purpose — A globalized world demands proactive tactics from organizational supply chains. Companies
should be capable of mitigating the impacts of natural and manmade disasters, which requires that they
understand their stages of maturity and resilience. This study develops a theoretical model of the relationship
between maturity and resilience, seeking to guide decision-making about aligning these two concepts.
Design/methodology/approach — A systematic literature review was conducted to identify the constructs
that form the basis for our proposed maturity and resilience model.

Findings — The authors identified the key constructs related to maturity and resilience by analyzing the
existing literature and selected 13 constructs and 3 maturity stages to construct our maturity and
resilience model.

Research limitations/implications — This research contributes to the supply chain management literature,
especially that involving the themes of maturity and resilience. It can encourage research to develop future
empirical research in the field to validate and overcome the limitations of the initial model the authors propose.
Practical implications — The authors’ proposed model supports supply chain managers in establishing
strategies to increase resilience based on the maturity of the chains they manage, enabling them to face crises
such as the coronavirus disease 2019 (COVID-19) pandemic.

Originality/value — The model presents a holistic view of maturity and resilience in supply chains
contributing to supply chain theory by examining the alignment between the two themes.
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1. Introduction

Resilience in supply chains has been extensively studied from the strategic, tactical and

operational perspectives in the context of diverse events including natural disasters like

tsunamis, fires, floods, snow, rain, hurricanes and earthquakes, and human interventions like

wars, terrorist attacks, maritime blockages, discontinuation of suppliers, strikes, equipment

failures, industrial accidents, large swings in supply or demand and geopolitical crises (Dixit

et al., 2016; Hecht et al,, 2019; Hou et al., 2018; Khalili et al, 2017; Lim-Camacho et al., 2017,

Papadopoulos et al., 2017; Pettit et al, 2019; Shao and Jin, 2020; Tan et al., 2020; Szyliowicz and

Zamparini, 2022). According to a review, supply chain resilience has been actively researched

in recent years, especially focusing on developed countries; few studies have been conducted |
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in developing countries, even though they are more intensely affected by the supply chain
risks arising due to a lack of social, political or human resource structures (Tukamuhabwa
et al., 2015). While examining supply chain risks and disruptions, Kochan and Nowicki’s
(2018) review identified studies of industry segments such as agri-food, automotive, chemical
and petrochemical, coal, counterfeiting, humanitarian aid, electronics, energy, health, military
and retail.

The search for resilience in supply chains can have multiple motivations (Liicker and Seifert,
2017; Pettit et al, 2019; Szyliowicz and Zamparini, 2022). As one of the biggest challenges
managers face, the need for resilience can be directly linked to the impact of a disruption in a
supply chain and its ripple effects. Some studies (Chowdhury and Quaddus, 2016; Purvis et al,
2016; Ivanov, 2018; Pettit et al, 2019; Szyliowicz and Zamparini, 2022, Sprecher et al, 2017,
Szyliowicz and Zamparini, 2022) present three salient points regarding resilient supply chains:
first, disruptions of chains can occur at various points and are strongly influenced by supply or
demand; second, sustainability through use of the circular economy does not affect supply chain
resilience; and third, supply chain complexity is due to the “us” of globalized chains. Globalized
chains can face events in multiple countries, and these events may or may not be linked. A
supply chain is complex due to its multiple nodes and connections such as supply carriers,
warehouses and stock. Each point is a node; therefore, more nodes increase complexity because
they require information, people, products and more. Sprecher ef al (2017) highlight the need to
analyze other supply chains. This is consistent with Pettit ef al (2019) and Szyliowicz and
Zamparini (2022) who state that a company’s resilience is linked beyond its supply chains to the
contextual environment, which comprises communities and governments, and that these
linkages need to be considered.

Resilience has been presented as an advantage of the supply chain maturity model.
According to Alicke et al (2020), lack of maturity is a vulnerability that organizations must
resolve. Junior ef al’s (2019) supply chain maturity and complexity model contribute to this
view, adding a key factor to the internal, interface and external complexity. It shows that a
supply chain is a living organism that can be influenced and must constantly and agilely
adapt to avoid disruptions. Maturity models of supply chains are not a new concept; although
they have been scarcely explored in the literature, their contributions are significant
(Benmoussa et al., 2015; Domingues et al., 2016; Fischer et al., 2016; Frederico and Martins,
2012; Junior et al., 2019).

On March 11, 2020, the Director-General of the World Health Organization (WHO), Tedros
Adhanom Ghebreyesus, announced that the coronavirus disease 2019 (COVID-19) was a
pandemic (OPAS, 2020). It was not the first pandemic declared by WHO in recent years, as the
world has seen the emergence of the 2009 HIN1 (swine flu) pandemic and the 2014 Ebola
virus epidemic (Patel et al., 2017). The effects of the glut were repeated in supply chains as
demand and production capacity were low, there was heavy dependence on Chinese suppliers
and there was a risk of supply cuts. These consequences were also identified in China during
the SARS outbreak in 2003 and during COVID-19 in 2020, as per Wang et al. (2016),
unfortunately, millions of lives were lost in this event. Thus, we identified a gap in the
literature regarding the direct link between resilience and maturity, leading to the following
research question:

RQI1. How can the resilience and maturity constructs contribute to avoiding or reducing
damages arising from supply chain disruptions?

The maturity and resilience model presented in this study fills a gap identified in the
literature. This study proposes a model of supply chain maturity and resilience to address the
lack of a model that considers these two constructs in this context. While these themes have
been studied separately, they are related. Therefore, this study conducted a systematic
review of the literature and constructed a theoretical model. Two systematic literature



reviews were conducted to facilitate exploring and analyzing both perspectives and to
respond clearly and objectively regarding the focus areas for businesses and governments to
prepare for disruptive events. The objective of this research is to identify the maturity and
resilience constructs and how they can contribute to the evolution of the supply chain. The
work by Shishodia et al. (2021) and Wilden et al. (2022) highlights that the existing literature
tends to react to problems within the supply chain instead of proactively seeking
improvements to increase performance, it also cites the limitation of the literature on the fact
of not using proactive methodologies to support the advancement of the supply chain, this
work seeks to shed light on this gap with the maturity and resilience model, a proactive
methodology that directly contributes to improvements in chain performance of supplies by
providing a guide to managers and a guide in decision-making to create resilience with each
improvement in the capabilities and maturity of the constructs.

We first present a macro view of the subject using the VOSviewer tool and report
the findings of the systematic literature review, which explores the resilience and
maturity constructs in supply chains. Further, construction of the maturity and resilience
model is addressed. Finally, the conclusions and an agenda for future research are
presented.

2. Methodology: systematic literature review

In recent years, numerous studies have been disseminated in scientific repositories that are
now electronic, facilitating the research process in the era of growth in big data and
information. Thus, to conduct effective research, it is necessary to review the literature
(Tranfield et al., 2003; Lima ef al., 2018).

Based on the guidelines elaborated by Tranfield et al. (2003), we followed the research
methodology depicted in Figure 1.

As a starting point for the study, the first step was to define the scope of research identified
by the authors. We detailed this process by creating a research methodology flowchart. The
criterion for the search process was to select studies published between April 11, 2015, and
November 02, 2022. The Web of Science (WoS) database was used due to the ability to access
9,000 journals and 12 million articles, allowing substantial international access to high-
quality peer-reviewed papers.

In the second step—conducting the review-the keywords “resilience,” “supply” and
“chain” were combined. This yielded 192 articles from the WoS during the study period,
which were subsequently screened. Using the exclusion criterion of article impact, 67 articles
were removed at Q2 and Q3 levels. After reading the article abstracts and full text, 9 and 130
articles, respectively, were disqualified for not meeting the study’s scope and objective. After
review, articles not identified in the initial database search were added; these were nominated
by peer researchers and considered relevant to the study topic.
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Figure 2.
Review process

The article list was shared with peer researchers for a second analysis to consider some of the
articles excluded in the first phases. The study search and selection process is depicted in
Figure 2.

Due to the volume of data extracted from the WoS database on the theme of supply chain
resilience, it was considered necessary to add a data pre-analysis stage within the literature
review planning stage. The VOSviewer version 1.6.16 system was used for data analysis in
the extraction stage to obtain reliable results. An analysis was performed of all articles
presented in the WoS database per the review’s protocol to find associations with the terms
“supply chain” and “resilience.” The VOSviewer keyword co-occurrence criteria were used
with varying occurrence rates. A total of 989 keywords associated with the articles in this
study were found, and only 156 had at least three occurrences.

Figure 3 presents a word cloud that highlights the most cited words in the first articles
consulted. The most cited word is the most prominent in the central part of the figure. The less
frequent the occurrence of a word, the smaller its size.

After identifying the main keywords, we identified that the theme is growing rapidly,
with research being performed in recent years; the newest themes are in yellow (Figure 4).

Figure 5 presents the 104 journals relevant articles were published in, including articles
related to resilient supply chains in the top journal, the International Journal of Production,
which accounts for 26 articles and 498 citations. This shows the relevance of the theme and
the impact of this journal on future publications.

The same review process was used to systematically review the supply chain maturity
models. Using April 11, 2020 as the base date and considering articles published over the
previous five years, the combined keywords were “Model NEAR/2 Supply Chain Maturity”.
In this case, the search included two more databases due to the low number of articles found
in the WoS database. The Emerald and Elsevier databases were included, as both are
consolidated databases with international relevance; over 207 articles were identified. After
reading the abstracts and conclusions, 180 articles were excluded for not meeting the scope
and objective of the work, with 37 articles considered for full-text reading. Since the number of
articles was low, by the recommendation of peer researchers, the Springer database was
included, using the same keyword and period. Considering only articles, 10 articles were
located; after reading the abstracts and conclusions, only 3 were further considered. The
impact criteria Q1, Q2 and Q3 were not applied to this review due to the low incidence of
articles focusing on the theme. The phases in the search and selection process are illustrated
in Figure 6.

Period:

e April 11, 2015 until e
November 02, 2022

Database:

Web of Science

located Exclusion Criteria

OCALE: . Full reading:

262 artigos R withdrawn:130
Reading summar:09

Inclusion of peer-
reviewed articles:

2 articles

Review Articles
39




R Maturity and

dlsrupton manag:man(

supply chaindisruptions  coordination reSﬂience in
methodobagy WmPE""‘E 34"““95 U3ANSFOMALN  predictive anakitics :
food secarity led ment firm performance Supply chains

barriers

N su I chaln management  =:
facility bacation robustness ppy g perspectnve ripple effect

SEIpR - kisrabiiy SUStamablllty capabilities  supplier selection
adaptaton racovery framework strategles s 5
etz sUDPlY chain resilience™ sntecedens

biydata
logistics qualiy agility e I e uncertainty systems ctateay

coll n networks
network design re S l I e I l ( :e simulation
R network A information

WRRTIEE integration mana em ent |mpact Gt

complexity . . ki algorithm  fficiency
; dlSl’UpTlOﬂS green o~ decision-making fexibility _reliabiiy
mines - dsrupion PETTOIMANCE TS i
tachnology qnbteml desi Ign ahp rlSk mOdeI H:V;‘_:e‘rating role o
chain resilience selection Supply Chaln mitigation

capacity - optimization o
) perations topsis
medels gooly chains rlSk-management organizational resilience

-

impacts  gypphe chain risk [ ain risk management
big data analytics dynamlc capabllmes challanges Figure 3.
competition  Pomplexadaptive systems Keyword cloud

supply chain dynamics

ani@ony
mater@l flow
rgllence @elcpm& sustainablejgupply chain
riicaly aggessment L] ogistidBervice

decision rules "ﬂmﬁ.sas“gc"m synéiigies - chain gggilience  af¢
« er
lexcfipnge d'pnorh usiomer  integrat@pproach

o fi nanﬂaly’fomﬁc’ gegen( gw'h(l(f.'lm-s

critigality

motor Gariers Market m‘ c’(’""% .-ﬁwan’n S
business { tle atl ﬁ® hurticane  transp@Ftation -
| n
deman@hsibility .% :Igg:;. @

bigg” %, : ? coungyeit
/ I .Nor‘ﬂ ence
mm‘auuga";biw. - l’el.l i

- air u
9, ‘s‘cn *M topsls-
® e agcn'n‘-y“ S sugp%ﬂa“nypeerlng
dis:::r ;z::edness mm:; dlsa.r ement ‘uxx“osnnm ma. okm o
<o chal base
hd |.E§ fallures .’Y'\Lﬂl(sf control
coh@ion - » o N
m‘rﬂples
cooperation dlimate @ing ‘mmn"""’;;“::;"‘ :::::I © e - Figure 4.
willingness Most cited keywords
i vosviewer acapapiny "B P ) and year of publication

mathematical programming 2016 2017 2018 2019




JIEOM
51

Figure 5.
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Figure 6.
Review process

journal of manufgcturing systems

@
iecc(ransa(lioxan\rcliabilily
N environmental sgighce & technology mathematics
international tragsactions in operat
businesghorizons & perat o 5
\ physica a-smnsnlme(hamcs and

journal of cl‘er production
annals of ope.‘ons research - / interational re«h« of real distr

®
LN . L]
asia pacific management review ® : .
? Nocr . ) supply chain man: ent-an internati
international jof | of production o

-

20\ -
business strategy and the environmen.___~ 7t
flexible services afg manufacturing o X ‘Internatibnal‘jo‘al of operations

computers & indlstrial engineering \ X \ /
e \ h { ¢
i and i v N ST p» . P N "
= A\ '\ mtern*onal]o | of physical di
" o % \ N
(ranspcr(at.mn r’arch part e-logis 2 international j I of logistics m
tourism planningi& development f sust ili n/.
urism planningié develop /i Q’: V/ind jstrial marketing management
° /
proceedings of the institution of me
international jodifnal of manpower
production pl@aning & control

complexity
international journal of constructio

direccion y@Fganizacion

& VOSviewer
2017 2018 2019 2020

Database: Period: Keywords

Web of Science, Emerald g April 11, 2015 until April 02 Model NEAR/2 Supply Chain
and Elsevier November, 2022 Maturity."

Exclusion Criteria

. . Inclusion of peer-reviewed
Located: not meeting the scope and articles:

207 artigos objective of the work
Reading summary:180

10 articles

Articles considered N Review Articles
37 articles - 20

In addition to the points described, the review was limited to peer-reviewed journals and
published articles to ensure the study’s high quality.

The next section presents the definition of resilience based on a systematic review of the
literature to align this study’s definition with the universe of definitions found.

3. Findings from the systematic literature review
3.1 Restilience constructs obtained from the systematic literature review
Resilience has been widely studied in the last 20 years, but the field still lacks research on
mapping, creating and analyzing the links of the key resilience constructs (Macdonald
et al., 2018; Kochan and Nowicki, 2018). A systematic literature review was conducted to
facilitate this mapping process, as shown in Table 1.

After conducting a systematic literature review according to Tranfield ef al. (2003) and
Webster and Watson (2002), we sought to use the matrix to determine the main constructs



Author

Methodology

Findings

Thomas et al. (2016)

Lam and Bai (2016)
Dabhilkar ef al.

(2016)
Rajesh (2016)

Hosseini ef al. (2016)
Purvis et al. (2016)

Chowdhury and
Quaddus (2016)

Mandal et al. (2016)

Papadopoulos ef al.
(2017)

Brusset and Teller
(2017)
Ivanov (2017)

Chowdhury and
Quaddus (2017)

Rajesh (2017)

Jain et al. (2017)

Datta (2017)

Liicker and Seifert
(2017)
Ali et al. (2017a, b)

Qualitative methodological approach with data
triangulation. Tools applied: questionnaires,
observations, semi-structured interviews and
focus groups

Qualitative methodological approach: a case
study
Mixed methodological approach

Quantitative methodological approach: big data

Quantitative methodological approach: an
empirical model

Qualitative methodological approach: a case
study

Mixed methodological approach

Quantitative methodological approach: an
empirical model
Quantitative methodological approach: big data

Qualitative methodological approach: survey

Quantitative methodological approach:
simulation
Mixed methodological approach

Quantitative methodological approach: an
empirical model

Quantitative methodological approach: an
empirical model

Qualitative methodological approach:
systematic literature review

Qualitative methodological approach: a case
study

Qualitative methodological approach:
systematic literature review

Key factors of resilience: technology, supply chain
integration, quality, marketing, organizational
behaviors, definitions of leadership and direction,
systems reconfigurability, supply chain
reengineering, agility, commercial flexibility,
manufacturing strategies and new developments,
effective change management, products, practices
and strategies

Contingency plan, monitoring and maintenance
and supply chain relationship management
Quality, flexibility, reliability, cost, speed

Collaboration to increase information sharing,
cross-functional teams to handle risk events,
inventory management using safety stocks and
available buffers, contingency plans to reduce
errors, redundancies in the form of multiple
vendors and insufficient resources, and visibility
in the form of early warning indicators and
financial monitoring

Absorbing capacity, adaptive capacity and
restorative capacity

Robust, agile, lean and flexible

Supporting factors: learning and development,
supply chain risk management culture, supply
chain guidance

Flexibility, speed, visibility and collaboration

Trust, quality information sharing and
publishing, partnership, infrastructure,
community resilience, resources, big data
Integration, flexibility, human resources,
organization, capital resource

Inventory redundancies and transport flexibility

Supply chain readiness, flexibility, reserve
capacity, integration, efficiency, market strength,
financial strength and supply chain design
Ability to modify SC design, agile features,
collaboration, flexibility, inventory, deferral,
standardization level, capability enhancement,
product replacement, pricing features, planning
features

Adaptive ability, collaboration, trust,
sustainability, risk and revenue sharing,
information sharing, supply chain structure,
market sensitivity, supply chain agility, supply
chain visibility, risk management culture,
minimize uncertainty, technological capacity
between partners

Communications, team building and leadership,
supplier development, supply decisions and
contracts, handling trade-offs, trust, information
sharing

Agility capability and risk mitigation inventory

Ability to anticipate, ability to adapt and recover,
ability to create, ability to respond, ability to learn

(continued)
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Table 1.

Author

Methodology

Findings

Ali ef al. (20172, b)

Ivanov (2018)

Namdar et al. (2018)
Altay et al. (2018)
Gunessee et al.
(2018)

Kochan and
Nowicki (2018)

Liu et al. (2018)

Lima et al. (2018)

Singh et al. (2018)

Mancheri ef al.
(2018)
Rasouli (2019)

Sabahi and Parast
(2019)
Hecht et al. (2019)

Ivanov et al. (2019)

Aboah et al. (2019)

Chowdhury ef al.
(2019)

Aggarwal and
Srivastava (2019)

Qualitative methodological approach, case
study

Quantitative methodological approach:
simulation

Quantitative methodological approach:
simulation

Quantitative methodological approach:
empirical models

Quantitative methodological approach:
empirical models

Qualitative methodological approach:
systematic literature review

Quantitative methodological approach: an
empirical model

Qualitative methodological approach:
systematic literature review

Quantitative methodological approach:
modeling

Qualitative, exploratory methodological
approach

Qualitative methodological approach:
systematic literature review

Qualitative methodological approach:
systematic literature review
Qualitative methodological approach:
questionnaire

Qualitative methodological approach

Qualitative methodological approach, case
study

Qualitative methodological approach, case
study

Quantitative methodological approach:
modeling

Business certifications, globalization, vertical
integration, training and development, quality
management, responsiveness to customer needs,
responsiveness to competitors’ strategies, multi-
sourcing, public—private collaboration
Dual-source policies, risk-sharing contracts,
backup providers, alternative transportation
channels

Visibility and collaboration, backup provider,
contract, multiple sources

Agility and flexibility

Agility, flexibility, lean management

Agility, flexibility, delivery, agility and flexibility
of service, visibility, speed, redundancy,
anticipation, efficiency, dispersion, market
position, collaboration, financial strength,
organization culture, anticipation, recovery,
adaptability, revenue management

Risk management culture, agility, integration and
supply chain reengineering

Collaboration, visibility, flexibility, agility,
redundancy, reengineering, information sharing,
trust, SCR culture, innovation, leadership,
sensing, information security

Government support and policy formulation,
assessment of project progress, collaboration and
coordination among stakeholders, skilled and
competent workforce, application of technology
and information systems, problem assessment,
integrated logistical management, agility in
processes, early delivery humanitarian aid, timely
inspection and quality verification

Speed, strength and flexibility

Dynamic partnership, collaborative process,
collaborative process architecture, collaborative
process engagement, data-driven methodologies
Sharing knowledge, agility and flexibility

Formal emergency planning, employee training,
service team, redundancy of food suppliers,
infrastructure, location and service providers,
insurance

Digital technologies, simulation, industry 4.0,
additive manufacturing, big data, real-time
tracking system

Flexibility, collaboration, features and
adaptability

Flexibility, redundancy, visibility and
collaboration

Collaborative culture, vulnerability, information
sharing, resilience goal alignment, resilient
supplier development, top management
commitment, resource sharing for recovery,
adaptive co transformation, resilient system
design

(continued)




Author

Methodology

Findings

Ekanayake ef al.
(2020)

Anas et al. (2021)

Shishodia et al.
(2021)

Best and Williams
(2021)

Szyliowicz and
Zamparini (2022)

Qualitative methodological approach:
systematic literature review

Qualitative methodological approach: meta-

analytical review

Qualitative methodological approach:
systematic literature review

Qualitative methodological approach:
systematic literature review

Qualitative methodological approach:
systematic literature review

Flexibility, capacity, efficiency, visibility,
adaptability, anticipation, recovery, dispersion,
collaboration, market position, security and
financial strength

Organizational capability, supply chain
flexibility, supply chain integration, internal
integration, external integration, proactive
resilience, reactive resilience, dynamic resilience,
financial performance, non-financial performance
Networks, focus, risk assessment to avoid
breakdowns/disruptions, measuring resilience
approaches/drivers to improve SC performance,
building resilient capabilities by integrating other
SC dimensions

Agile and sustainable, leadership planning,
transparency, the significance of collaboration
and relationship building

Sustainability, redesigning, managing risks,
multiple sourcing, safety stock, facility/supplier

Maturity and

resilience in

supply chains

fortification, node density, complexity, and
criticality, node density, complexity, and
criticality, lateral transshipment, lateral
transshipment, lateral transshipment, demand
coverage, segregation/dispersion (suppliers/
facilities), flexible capacity at the facilities,
reassigning of customers, expansion of facility
capacity

IA, Al techniques, data driven, decision model,
network design, machine learning, optimization
algorithm, risk mitigation

Naz et al. (2022) Qualitative methodological approach:
systematic literature review

Table 1.

by analyzing the keywords of the articles linked to the study’s subject. Further, the
most cited words in Table 1 were analyzed to group them according to taxonomy. Mapping
constructs aims to avoid ambiguity and various meanings to facilitate constructing
the theme. Table 2 presents the main resilience constructs found in the systematic
review. These were compiled based on an analysis of the most cited words in Table 1
and the keywords in Figures 3 and 4, combined with Webster and Watson’s (2002)
recommendations.

A synthesis of all articles and the keywords found in the methodological process are
summarized in Table 2 to facilitate a better understanding of each resilience construct. Based
on 39 articles regarding supply chain resilience, we identified the competencies, skills or
capacities within each construct that contribute to generating resilience. The elements that
contribute to building resilience are described below.

Flexibility: This element includes process flexibility, response flexibility, flexible and
time-based management, and strategic flexibility.

Agility: Adaptation, anticipation, recovery, restoration, absorption, dispersion, delaying
and responsiveness are part of agility.

Collaboration: Collaboration is described in several ways; however, we highlight this
skill as sharing resources, knowledge, strategies and information about risks; integration
between companies, governments, society and third sector organizations (also called non-
governmental organizations [NGOs]); relationship quality; collaborative forecasting; risk and
revenue sharing; information sharing; technological capability among partners; and
collaboration and coordination among stakeholders.
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Visibility: Supply chain visibility involves putting a set of actions into play, highlighting
predictive analytics, market visibility, supplier visibility, technology visibility and scenario
building.

Culture: Culture is explored in various ways in the findings. It appears as organizational,
corporate, risk management and collaborative cultures; organizational behavior, trust, support
factors, and learning and commitment development; and represents a key factor for creating
resilience.

Performance measurement: Performance measurement can be achieved through
several indicators, including measures of financial, business, supply chain, sustainability,
risk resilience, operations and sustainability performance; performance innovation;
measurement of resilience barriers and project progress evaluation.

Capabilities and resources: An organization’s capabilities and resources provide
essential foundations for developing resilience. These capabilities appear in the literature in
terms of security and financial strength; social capital; investment capacity; employee
training; absorption, dynamic and technological capacities; logistical capabilities;
communication; knowledge; coordination; costs; capacity to develop products, services and
resilience; green development; capacities for corporate efficiency, innovation, integration,
anticipation, preparation and robustness; climate change adaptation capabilities; rapid
emergency response capability; human capital; decision-making capacity; supplier selection;
technological capability; supplier development; ability to learn; a skilled and competent
workforce; and resource sharing for recovery.

Management: The management field is vast, but some actions are presented as vital for
building resilience. They include managing partnerships, suppliers, supply chains, supply
chain risk, resilience, operations, humanitarian, strategy, disasters, top management support,
setting leadership and direction, quality, marketing, ambidextrous, commitment, trust,
interruptions, information, service levels, self-leadership, competency, inventory,
environment, performance, reputation, sustainability, governance, team resilience,
suppliers, lean management, agility, team building and leadership, revenues, cross-
functional teams and top management commitment.

Strategy: Companies have numerous strategies for creating resilience, including
strategies for manufacturing and new product development, coping, competing, change
management and supply chain design; data-driven strategies, reengineering of supply
chains, system reconfigurability, inventory redundancies, infrastructure, location, insurance,
information technology strategies, supply decisions and contracts, handling trade-offs,
supply chain guidance, certifications and internationalization.

Environment: The environment includes the firm’s market position, sustainability, energy
policy, sustainable innovation, environmental management policies, bioenergy policy, risk
propensity policies, disaster resilience, innovation resilience and chain resilience. All are part of
this construct, as are community, social and socio-ecological resilience; market sensitivity;
government support and policy formulation; and public-private collaboration.

Processes: This element includes optimization, integration, agile manufacturing,
additive manufacturing, cloud-based manufacturing and lean processes.

Technology and tools: The use of technology and tools has been instrumental in
building resilience, especially big data tools, blockchains, data science, artificial intelligence,
Industry 4.0, the Internet, additive manufacturing, modeling, adaptive cycles, information
technology, e-business, electric vehicles and decision support systems.

3.2 Maturity constructs obtained from the systematic literature review

We now present the supply chain maturity constructs based on a systematic review of the
literature. We show the number of published articles and characteristics mentioned by the
authors, based on Webster and Watson’s (2002) reading and matrix technique.



Several models have been created over the years in attempts to show the status of
companies; for example, Junior et al. (2019) conducted a systematic review of the literature. As
every review seeks to shed light on a specific theme, a new systematic review was conducted,
continuing the work of Junior ef al. (2019) up to 2016. Table 3 was compiled based on studies
that have not been addressed and the associated constructs.

Based on our systematic review of the literature, we identified that the constructs are
aligned with Frederico and Martins’s (2012) model. Moreover, many of the constructs
presented in the review are characteristics, and the new characteristics that were not
addressed by Frederico and Martins (2012) are included. The descriptions of these new
features associated with the maturity constructs are given below based on Frederico et al.
(2020). We emphasize that the process involved reading the articles in full and searching for

Author Constructs

Benmoussa et al. (2015) Planning, scheduling, execution, control and correction proposition,
standardization, capitalization, goal setting, performance monitoring and
improvement

Mendes et al. (2016) Demand forecast management, sales, and operations planning, collaborative

planning, forecasting, and replenishment, vendor-managed inventory, supply
management and purchasing operations, manufacturing, warehousing,
distribution, customer service, senior management support, PLM, the supply
chain for risk assessment and management, product tracking and visibility,
portfolio optimization, top management support

Wang et al. (2016) Functional, process, collaborative, agile, sustainable

Fischer et al. (2016) Collaboration, information flow, information technology, types of internal
flexibility, performance measurement

Domingues et al. (2016) Focus, leadership, involvement, process approach, systemic approach, continuous
improvement, evidence-based decisions, mutually beneficial relationships

Tontini ef al. (2016) Scope of supply area activities, material standardization, receiving process,
storage process, distribution process, inventory policy, inventory turnover to
control, demand forecast, purchase, replenishment, planning, purchase lead time,
process quotation, urgent purchase process, supplier selection, and qualification,
supplier evaluation

Radosavljevicef al. (2016) ~ Strategy and planning, leadership and culture, human resources, suppliers and
inventory, processes, customers, information technology, performance
measurement

Barra and Ladeira (2017)  Process documentation, process measurement, process traceability, good farming
practices, good processing practices, process sustainability

Asdecker and Felch Order processing, storage, shipping

(2018)

Dissanayake and Cross Reliability, responsiveness, agility, and asset management

(2018)

Miri et al. (2019) Organization, supply chain strategy, control, processes, materials, resources,
information

Sanae et al. (2019) Purchase and supply, production, storage and distribution, sales

Frederico et al. (2020) Capacity and management, support, technology levers, process performance
requirements, and strategic results

Zouari et al. (2021) Flexibility in sourcing, flexibility in order fulfillment, capacity, efficiency,

visibility, adaptability, anticipation, recovery, dispersion, collaboration,
organization, market position, security, financial strength
Yasanur et al. (2022) Economic, environmental, social, policy, process, product, strategy, technology
Honorato and De Melo Supply chain, manufacturing, delivery, after sales, P&D
(2022)
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Table 3.
Maturity constructs




[JIEOM the keywords identified in the review and the model presented, performing the correlation
51 indicated in the table.

(1) Costs: This is associated with the level of costs and inventories in the supply chain,
stock policy and stock turnover, economic.

(2) Customers: This feature is associated with the focus given to customers within
14 chain management and the level of customer satisfaction.

(3) Processes: This refers to the formalization, integration and structuring of
processes within the chain; planning, programming, execution, control and
correction, and standardization.

(4) Technology and tools: This is associated with the existence of information
systems and tools to support chain management, such as statistical tools for
forecasting demand and information systems for managing the chain, including
activities such as sales and operations planning, collaborative planning, forecasting
and replenishment, vendor-managed inventory and evidence-based decisions.

(5) Collaboration: This refers to sharing information, gains and resources
among chain members; communication and other joint action initiatives within a
chain, such as product development and planning, and mutually beneficial
relationships.

(6) Management: This is associated with the level of excellence in project
management within a supply chain, risk management, and the management
team’s level of awareness and training in supply chain management, managing
supplies and purchasing operations, manufacturing, warehousing, distribution,
customer service, product lifecycle management (PLM), agility, goal setting and
asset management.

(7) Performance measurement: This is associated with the extent of performance
measurement in supply chain management, delivery, after sales.

(8) Strategic focus: This refers to the strategic intention provided to supply chain
management by the chain’s focus company and its members, research and
development (R&D).

(9) Responsiveness: This is associated with the speed at which the supply chain
responds to changes in the environment, demanding service in terms of volume and
the mix of products it supplies with agility.

(10) Resources: This is associated with the types of resources used in the supply chain
that are common (required for executing processes within the chain) and
competitive (generate a competitive advantage and difficult for competing chains
to use due to their differentials); top management support, focus, leadership and
involvement.

(11) Environment: This refers to regulation issues and credit incentives that favor
better supply chain performance and sustainability.

Table 4 presents the relationship between the maturity constructs discussed in the literature
and the authors, according to Webster and Watson’s (2002) technique. The correlation is
relevant for constructing the study’s final model, as well as for demonstrating the evolution of
this theme in recent years.
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Table 5.
Interaction of maturity
and resilience models

4. Alignment between supply chain resilience and maturity constructs

This section presents the supply chain maturity and resilience model, derived from the results
of the systematic literature reviews, following the motto that “[a] review should identify
critical knowledge gaps and thus motivate researchers to close this gap” (Webster and
Watson, 2002).

In the systematic reviews of the resilience and maturity literature, similarities and gaps
were identified in some constructs and their characteristics. To facilitate understanding, we
defined the constructs as a macrostructure or construct, as the characteristics describe the
skills or competencies expected for the construct. Such a definition is essential to avoid
mixing the constructs with the characteristics that comprise them.

We ruled out that the findings in Table 2 are incorporated into the maturity and resilience
model, contributing to the construction of a robust and comprehensive model in terms of
constructs and characteristics, this view broadens the horizon of managers for better
decision-making.

To develop a model linking the two themes, the constructs and characteristics were
analyzed according to Tables 1-4; the gaps in each model are shown in Table 5, with similar
constructs depicted in green.

The maturity model was constructed through a qualitative data analysis, comparing the
findings and gaps in the construct stages and characteristic stages, as shown in Tables 1-5.
Next, we present the maturity and resilience model with its constructs and characteristics, as
shown in Table 6.

MATURITY MODEL RESILIENCE MODEL

ENVIRONMENTS AGILITY

4

CUSTOMERS *E}/\‘/IRONMENTS

COLLABORATION CAPABILITIES AND RESOURCES
«

cosT

COLLABORATION
-~

STRATEGIC FOCUS

CULTURE OF INNOVATION AND KNOWLEDGE

MANAGEMENT A STRATEGY

PERFORMANCE Mm FLEXIBILITY

PROCESS MANAGEMENT

RESOURCES MEASUREMENT OF INDICATORS AND PERFORMANCE

RESPONSIBILITY

PROCESS

TECHNOLOGY AND TOOLS

TECHNOLOGY AND TOOLS
>

VISIBILITY




Constructs

Maturity and

Characteristics - .
resilience in

Agility and Responsibility

Environments

Capabilities and resources

Customers

Collaboration

Cost
Culture of innovation and

knowledge

Strategic focus

Flexibility

Agility includes adapting, anticipating, recovering, restoring, absorbing, supply chains
dispersing, delaying, responsive skills. It is associated with the speed with
which the supply chain responds to changes in the environment, requiring
service in terms of volume and the mix of products it supplies
This refers to issues of regulation and credit incentives that favor better
supply chain performance and supply chain sustainability 17
This is associated with the types of resources used in the supply chain,
which are common (required for the execution of processes within the
chain) and competitive (they generate a competitive advantage and are
difficult for competing chains to use due to their differentials). It also
includes top management support, focus, leadership, and involvement.
The capabilities and resources of an organization are important
foundations for developing resilience. These capabilities appear in the
literature as security and financial strength, social capital, investment
capacity, employee training, absorption capacity, dynamic capacity,
technological capacity, logistical capacities, communication, knowledge,
coordination, costs, capacity for developing products, services, resilience,
green development, capacity for corporate efficiency, capacity for
innovation, capacity for integration, capacity for anticipation, capacity for
preparation, capacity for robustness, capacity for adaptation climate
change, rapid emergency response capacity, human capital, decision-
making capacity, supplier selection, technological capability, supplier
development, ability to learn, a skilled and competent workforce, sharing
of resources for recovery
This is associated with the focus given to customers within chain
management as well as the level of customer satisfaction
This refers to sharing of information, gains, and resources among supply
chain members; communication and other joint action initiatives within
the chain, such as product development and planning; mutually beneficial
relationships. Collaboration is described in several ways. We highlight this
ability as sharing of resources, knowledge, strategies, and information
about risks; integration between companies, governments, society, and
third sector organizations; relationship quality; collaborative forecasting;
risk and revenue sharing; information sharing; technological capability
among partners; and collaboration and coordination among stakeholders
This is associated with the level of costs and inventories in the supply
chain; stock policy, stock turnover
Culture appears in various forms in the findings: as organizational culture,
corporate culture, risk management culture and collaborative culture;
organizational behavior, trust, learning support factors, and commitment
development, presenting a key factor in creating resilience
This refers to the strategic intention that is given to supply chain
management by the supply chain’s focus company and its members.
Companies have numerous strategies for creating resilience, including
manufacturing and new product development, coping strategies,
competing strategies, change management strategies, data-driven
strategies, supply chain design strategies, supply chain reengineering,
supplies, systems reconfigurability, inventory redundancies,
infrastructure, location, insurance, information technology strategy,
supply decisions and contracts, handling trade-offs, supply chain
guidance, certifications, internationalization
Process flexibility, response flexibility, flexibility and time-based
management, strategic flexibility Table 6.
Maturity and resilience
(continued)  model characteristics
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Constructs

Characteristics

Management

Measurement of indicators and
performance
Process

Technology and tools

Visibility

This is associated with the level of excellence in project management
within the supply chain, risk management, and the management team’s
level of awareness and training in supply chain management;
management of supplies and purchasing operations, manufacturing,
warehousing, distribution, customer service, PLM, agile, goal setting, asset
management

This is associated with the extent to which supply chain management
performance is measured

This is associated with the extent of measurement of supply chain
management performance; optimization, integration, agile manufacturing,
additive manufacturing, cloud-based manufacturing and lean processes
This is associated with the existence of information systems and tools to
support supply chain management, such as statistical tools for forecasting
demand and information systems for managing the chain, among other
activities; sales and operations planning (S&OP), collaborative planning,
forecasting, and replenishment (CPFR), vendor-managed inventory (VMI),
information and evidence-based decisions

Supply chain visibility is composed of putting a set of actions into place,
highlighting predictive analytics, market visibility, supplier visibility,

Table 6. technology visibility and scenario building
4.1 Maturity model of the alignment between supply chain resilience and maturity
The supply chain maturity and resilience model seek to cover all organizations in 13
constructs, as shown in Figure 7. Each construct is composed of numerous characteristics,
AGILITY AND RESPONSIVENESS
/\ ENVIRONMENTS
CAPABILITIES AND RESOURCES
CUSTOMERS
" COLLABORATION
K, COST
= CULTURE OF INNOVATI
o KNOWLEDGE
(T
K-
c
T
ic2
Y7 PERFORMANCE
PROCESS
TECHNOLOGY AND TOOLS
' VISIBILITY
,'/
Figure 7. . y
Maturity and resilience
framework

Maturity Stage-Initial, Intermediate and Advance



according to Table 6, that can be found in small to large companies. However, not all
characteristics will always be present in all companies, as each company’s focus will be
different, affecting characteristic identification. However, even if some characteristics are
lacking, the constructs will be present. Another important point regarding the model is that
the maturity phases start in the initial stage, move on to the intermediate stage, and finally,
progress to the advanced stage.

(1) Initial stage: This is defined as the application or development of some of the
constructs through the company’s performance in the characteristics, whether or not
the company is aware of maturity, resilience or complexity in supply chains.

(2) Intermediate stage: The company is already aware of maturity, resilience or
complexity in supply chains and seeks to master one or several constructs.

(3) Advanced stage: The company has a broad domain of skills and capabilities and uses
constructs effectively as competitive differentials in the market in which it operates; the
company makes decisions based on data supported by decision-making systems; its
systems recognize risk patterns and act immediately to mitigate them; risk management
is a living organism within the organization, fed by internal and external data with
trained teams; risk management cuts across all levels from strategic to operational. The
company knows to act proactively, reactively or simultaneously at the three stages of an
event.

5. Discussion

On the future agenda regarding maturity and resilience, it is necessary to mention the impact of
the COVID-19 pandemic, an event with the highest impact on supply chains to date. It has
impacted countries and companies, as entire supply chains were paralyzed overnight,
generating a mismatch between supply and demand. Such effects and impacts could have been
mitigated or even eliminated. It is expected that more mature and resilient companies have been
affected, but their recovery has been faster and perhaps more complete than that of their
competitors. Many companies and managers who have not had the opportunity to prepare their
operations in recent years due to previous events that affected their supply chains are being
assessed in the ongoing crisis of the COVID-19 pandemic. Therefore, the theoretical model has
been proposed for practical implementation to avoid further disruptions. The work of Shishodia
et al. (2021) and Wilden ef al. (2022) collaborates with the findings in this article by concluding
that the existing literature tends to react to problems within the supply chain rather than
proactively seeking improvements to increase performance. The same author highlights as a
limitation of the literature that it does not use proactive methodologies to support the
advancement of the supply chain, with the maturity and resilience model being this proactive
methodology that directly contributes to improvements in the performance of supply chains by
providing resilience with each improvement in capabilities and maturities of constructs.

The presented model of maturity and resilience constituted a map for strategic orientation for
organizations, enabling the creation of strategies based on the constructs of Figure 7. Therefore,
the model presented contributes to create resilience and, simultaneously, increase the maturity
of an organization, which must be considered for successful implementation and management.
The model presents the evolution of the stages through which a company passes and thus seeks
its evolution in resilience and maturity, Frederico et al. (2020). The maturity and resilience model
presented in Figure 7 fills the gap identified in the literature of the absence of an integrated model
of the dimensions of resilience and maturity. In a process of building resilience, we emphasize
that such capabilities take some time to develop, showing that the process of resilience and
maturity development considers a long-term vision so that the impact is recognized Negri ef al.
(2021) and Thanos et al. (2022). For Sarkar et al. (2022), the survivability of the supply chain can
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be achieved by combining supply chain resilience and supply chain viability measures, such
findings are also part of the developed model that brings integrated constructs the which
already demonstrate in the capabilities the development opportunities for finally resilience,
showing that resilience is achieved together with the development of maturity. Shishodia et al.
(2021), in their 32-year work of systematic literature review, collaborates with the findings for the
creation of resilience, but does not mention maturity. Finally, the scope of this systematic review
is limited to the identification of constructs and capabilities and the construction of the model
presented in Figure 7, which summarizes the great competencies needed for maturity and
resilience in today’s world and in the complexity that awaits in the coming years.

When it comes to the limitations of this review, extending the search criteria from Q1 to Q2,
Q3 would have resulted in a larger set of articles to be included, extending the scope of the review
and could have offered insights into the peripheral literature. Finally, this study has identified
relevant and urgent topics, given the challenging scenarios in supply chains that present
themselves every day, which need to be incorporated into new research on the topic addressed. Is
digitizing supply chains the future for more resilience? How will small- and medium-sized
companies compete with large companies in this process (Marquez et al, 2021)? How can
companies in regions far from capital cities and with little access to infrastructures, such as
electricity, water and the Internet, be resilient (Da Silva ef al, 2020)? Will risk management or
contingency planning be part of most companies’ day-to-day lives (Marquez ef al,, 2021)? Will the
circular economy and sustainability bring more resilience to supply chains (Majumdar et al,
2020; Marquez et al, 2021; Negri et al., 2021)? How will supply chain 4.0 make companies more
resilient (Marquez et al.,, 2021; Ivanov and Dolgui, 2020; Thanos et al., 2022; Sahoo et al., 2022)?

6. Conclusions

Our review and results contributed to the existing literature and practices, offering insights into
aspects of resilience and maturity, maturity and resilience needed to operate in the ever-
changing world. This study contributes to the constructs of integration and maturity of
resilience, presenting a holistic view of supply chains and their complexities. Only by
understanding the characteristics and constructs presented will it be possible to seek ways to
shield supply chain operations from future disruptions so that, in case of disruption, the
company can overcome its effects as quickly as possible. This study provides visibility into the
constructs and underlying supply chain maturity and resilience. A systematic literature review
was performed for each of the supply chain resilience and maturity concepts. The VOSviewer
tool was used to analyze networks of keywords and co-occurrences, and the model was built
from 13 of the constructs identified in the literature review, organized into three stages of
maturity. We believe that our study makes a significant contribution to the literature, as our
model can be used by supply chain managers from anywhere in the world to develop strategies,
improvement plans, contingencies or visions for their supply chains, such as model can still
contribute as a basis for incorporating the appropriate Industry 4.0 into their businesses using
the model to increase resilience based on the maturity of the chains they manage, allowing them
to deal with crises such as the COVID-19 pandemic. Companies that do not develop supply chain
maturity are at a fatal risk, with their low resilience, any disruption will have a severe impact.
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