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Abstract: Background: The constraints imposed by the pandemic COVID-19 increased the risks of
the disruption of supply chains, bringing new challenges to companies. These effects were felt
more intensely in less-developed countries, which are highly dependent on imports of products and
raw materials. This study aims to assess the impact of supply chain resilience in a less-developed
country (Guinea-Bissau) using complex adaptive system theory. Methods: We used a qualitative
methodology through multiple case studies. Semi-structured interviews were conducted with
four companies. The semi-structured script contains questions about supply chain disruptions,
vulnerabilities and resilience. Results: The main results show that the companies in Guinea-Bissau,
due to their dependence on the outside world and the absence of formal, larger and more diversified
supply chains, suffered serious consequences with the disruption imposed by the pandemic. It was
also concluded that the more resilient the supply chain, the fewer the impacts of crisis events and that
the resilience of companies at this level depends on their obtaining competitive advantages over their
competitors. Conclusions: The main practical implications of this study are the need to formalize the
supply chain, diversify the supply of services and products of companies dependent on the exterior,
adopt metrics that allow for the early detection of situations of supply chain disruption, effectively
manage stocks and promote proactive crisis resolution strategies. Studies on the impact of resilience
on supply chains in crises are scarce, especially on companies located in underdeveloped countries.

Keywords: logistics; resilience; strategies; complexity; operations management; SARS-CoV-2/COVID-
19 pandemic; supply chain vulnerability; supply chain disruptions

1. Introduction

Currently, supply chains in organizations are constantly challenged by risks, uncertain-
ties and market vulnerability, threatening their performance. Thus, the level of interruption
is high, causing a high range of consequences, including human and financial losses.
Economic and/or natural interruptions (examples: terrorist attacks, diseases, fuel crises,
political uncertainty and earthquakes, among other phenomena that affect the external
environment) have become increasingly frequent, implying negative effects on supply chain
operations. Disruption can arise in various forms, from the operational to the strategic
level, including accidents or equipment failure, delays and obstacles in production, natural
hazards and pandemics [1-6]. Thus, companies are increasingly looking for ways to adopt
more reliable strategies for risk management in their supply chains. The goal is to manage
the external or internal interruptions in the supply chain more effectively and consistently.

At this juncture, the recent COVID-19 pandemic caused many disruptions in the
supply chain, and companies were faced with new problems such as: (1) the obligation
to maintain physical and social distance, (2) mobility restrictions, (3) border closures,
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(4) labour and raw materials shortages, (5) the diversion of some raw materials for the
manufacture of products considered of greater need in the fight against the COVID-19
pandemic (6) and also the exponential increase of certain demands for final products and
raw materials [7,8]. As a result, companies had to adapt quickly to this new pandemic
crisis scenario. This new scenario had not been properly anticipated in strategic planning,
so companies had to take reactive actions to face it. One of the ways to combat this new
scenario was for companies to become more resilient. Organizational resilience involves
the ability to adapt to turbulent environments through routines that allow adequate and
rapid responses to change [9,10].

In this context, the supply chain is considered to be a dynamic and complex organ-
ism. The complexities of a supply chain arise mainly from its risk. Risks, as a rule, are
caused by external factors beyond the control of managers and executives but do influence
supply chains [11,12]. That said, the increasing uncertainty of the environment and the
development of global supply chains require companies to adjust their standards in terms
of logistics management. Companies, regardless of their environment, want to maintain
continuity of supply in terms of material flows while optimizing cost reduction. Thus,
companies want to build a resilient supply chain system to make it seamless [13,14].

Supply chain resilience is defined as the capability to proactively design and plan the
supply chain network, anticipating unexpected disruptive (negative) events in order to
respond adaptively to disruptions. For a company to have resilience in its supply chain, it
must maintain control of the entire logistics process. Usually, after the disruptive event, if
the company is able to stay in the market, it becomes more competitive and may even gain
a competitive advantage [10,15].

On the other hand, the effects of the pandemic COVID-19 increased supply chain risks,
bringing new challenges that are pertinent to be studied. The pandemic COVID-19 brought
sudden instability in supply chains, which will impact the companies’ results in the long
term [10,16]. Companies’ strategies in disruption situations can serve as a basis for other
supply chain networks [9,12,17,18].

Academics have studied supply chains over time [17-19]; however, these studies have
been neglected for less-developed countries. In underdeveloped countries, disruptive
situations that affect the value chain, such as COVID-19, can have severe and irreparable
consequences in terms of supply, production and distribution and, as such, in terms of
economic growth and development. Thus, it becomes pertinent to assess how creating more
resilient and less vulnerable value chains in underdeveloped countries can allow companies
to overcome disruptive situations and be drivers of value creation for companies.

Thus, the present context of this study is Guinea-Bissau, which is an underdeveloped
West African country. Guinea-Bissau is currently considered the 16th poorest country in the
world [20], which is the reason why it was chosen for the present study. Guinea-Bissau has
a population of about 1.9 million [21]. The legal economy of Guinea-Bissau relies heavily
on fishing and farming, and in recent years, cashew plantations have been increasing
considerably. Guinea-Bissau is a recent example of political stabilization, which, together
with the international community, plays a very important role in the context of coopera-
tion and development [22]. According to Mendes [23], Guinea-Bissau’s development is
conditioned by economic growth through inefficiencies in production capacity, level of
activity experienced, generation of civil servants and the country’s level of indebtedness.
According to data from AICEP [24], Guinea Bissau’s trade balance in 2019 was in deficit
by —86 million USD. Guinea-Bissau’s exports were worth USD 249 million in 2019 and
the five main groups of exported products were agricultural products (66.2% of the total),
wood and cork (3.4% of the total), minerals and ores (1.5% of the total), textiles (0.4% of
the total) and machinery and equipment (0.3% of the total). Imports amounted to USD 335
million in 2019 with the top five groups of imported products being agricultural products
(20.8% of the total), food products (18.4% of the total) and mineral fuels (15.5% of the total),
such as machinery and apparatus (9.1% of the total) and common metals (6.3% of the total).
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There is an urgent need to critically re-examine the development strategies that have
been pursued in Guinea-Bissau and to adopt approaches that have real potential to put the
country on the path of development [23]. The reversal of the trade balance can be a source
of economic growth for Guinea-Bissau, a source that is very dependent on the value chain
associated with the activities developed.

This study aims to analyze the influence of supply chain resilience in a less-developed
country in West Africa using complex adaptive system theory (CAS) during the pandemic
crisis. The unit of analysis is the companies that have their head office in Guinea-Bissau.
Thus, the research questions are: What is the impact of the constraints caused by the
COVID-19 pandemic on the value chain of companies in Guinea-Bissau that are dependent
on the import of raw materials or final products? What is the impact of the constraints
caused by the COVID-19 pandemic on the value chain of companies in Guinea-Bissau that
are dependent on the export of raw materials or final products? Could it be that companies
that have larger, more resilient value chains have a greater capacity to respond and adapt
to this disruptive situation?

This study contributes to the literature on supply chain resilience in times of the
pandemic crisis of COVID-19 in economically less-developed countries. Problems in supply
chains in this country in the context of the COVID-19 pandemic are identified, suggesting
possible measures to help companies overcome the issues identified.

As the main result, in all of the Guiné-Bissau companies studied, the pandemic
had a negative impact on supply chains. None of the companies had the capacity to
anticipate the disruptions caused by the pandemic COVID-19, as they were not previously
prepared for a crisis. Companies were taken by surprise and were aggravated by the
closure of borders, which resulted in delays in the arrival of products and raw materials,
leading to stock-outs. Guinea-Bissau is an underdeveloped country in which very little
is produced domestically. Most of the products and raw materials sold are imported,
further accentuating the difficulties of local companies. With the closure of borders and
the difficulty of transportation caused by the pandemic COVID-19, companies found it
difficult to find other (domestic) solutions to supply their supply chains immediately.
Thus, the supply chain drastically affected the economy, with direct impacts on companies’
production due to delays in raw materials and marketing products by suppliers.

This study has the following structure: (1) it begins with the introduction to the topic
addressed; (2) the literature review on the theory of complex adaptive systems, supply
chain disruptions, supply chain vulnerability, supply chain resilience and the relationship
between complex adaptive system and supply chain resilience) is elaborated; (3) the entire
methodological process is detailed; (4) the results are exposed, and a discussion is carried
out; (5) finally, the main conclusions arising from the study are described.

2. Literature Review
2.1. Complex Adaptive System Theory (CAS)

Complexity theory analyses change, whether it is renewal or adaptation. According
to this perspective, organizations are considered complex adaptive systems. Thus, orga-
nizational change must consider the environment in which it operates [25-27]. Complex
systems are made up of interacting parts at the micro-level. Changes at the macro level
are often a consequence of small perturbations at the micro-level. In a complex system, the
activities of various agents are very much linked to the actions of other agents in the system.
Khanal et al. [25] state that the environment in which firms operate is constantly changing
as they dynamically interact with the environment they influence while at the same time
being influenced by the same environment. Thus, complex adaptive systems are composed
of several independent agents that interact, adapt frequently, modifying and reorganizing
their building blocks in light of prediction, experience and learning. Systems emerge over
time, and it is often difficult to determine in advance the outcome of this emergence [10,28].

Considering that there is no consensus on the definition of complexity theory, Preiser [29]
and Preiser et al. [30], have identified six common underlying features that characterize
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and help understand complex adaptive systems. From a complex systems perspective,
administrative replies to the COVID-19 pandemic can be conceptualized in six key fea-
tures of a complex adaptive system: (1) Complex phenomena are relationally constituted;
(2) Adaptive capacity to co-evolve and self-organize concerning contextual changes; (3) The
dynamic relationships that characterize complex systems and their interaction are nonlin-
ear; (4) Complex systems are context-dependent; (5) Complex systems are radically open
systems; (6) Emergent phenomena appear as a result of complex causality.

Complex systems can have the capability to respond and adapt to the environment.
Variation occurs at several scales, going from the micro to the macro level. The properties
of resilience and adaptability possessed by complex systems allow them to change their
internal structures and generate new behaviour patterns, requiring a selection perspective.
In the case of organizational environments, this requires an understanding of emerging
patterns and interventions that concentrate on standardizing products and processes or
fitting the complexity of the environment [25,31].

The current literature on supply chain management considers supply networks as
a system [32,33]. Tukamuhabwa et al. [34], recommend CAS as an appropriate lens for
studying supply chain resilience. Thus, for the present study, we consider the supply
networks in supply chain management as a “system”, intending with this study to analyze
the influence of supply chain resilience in a less-developed country.

2.2. Interruptions and Vulnerability in the Supply Chain

Firms increasingly rely on a complicated network of worldwide partners to provide
services or products in the exact quantity, at the correct time and place, under persistent
cost pressures [35-38]. Regrettably, complex and long supply chains are frequently slow
in responding to change and are therefore vulnerable to disruptions of that supply chain.
Chain disruptions are defined as unplanned and unforeseen events that interrupt the usual
flow of materials and goods within a supply chain [39,40]. Based on this definition, these
authors proposed five different sources of disruptions: (1) demand-side, (2) supply-side,
(3) legal /regulatory, (4) infrastructure (5) and disasters. Although disruptions may have
different sources and do not occur independently, all disruptions, in the end, will lead to
one or more problems in the supply, distribution and demand of the product [41]. Both
internal and external causes are at the root of supply chain disruptions.

Regarding external causes of supply chain disruptions, discussions mainly focus on
severe events such as natural disasters and other “force majeure” events affecting the
supply chain [42,43]. This is shown, for example, by Kondo [44], wherein the study is based
on a powerful earthquake in Japan, or by Ferreira et al. [10], wherein the study is based on
a pandemic. As for the internal causes of supply chain disruptions, Fartaj et al. [45], show
that the transportation process and production logistics can be one of the main sources of
supply chain process disruptions at the internal level in the automotive industry. However,
disruptions not only arise from negative process deviations but can also be caused by
positive innovation changes, as Beltagui et al. [46], show in the introduction of 3D printing
processes in companies.

Currently, another phenomenon has emerged that has disrupted all markets and their
chains, and in almost all their facets (demand side, supply side, legal/regulatory and
infrastructure), the pandemic crisis. The COVID-19 pandemic and the measures for its
containment served to create a new modus operandi for companies, leading to adaptations
and choosing fewer long supply networks. The COVID-19 pandemic forced companies to
invest in new technologies and open up more to the domestic market and markets they
would never usually turn to. It also made managers realize that it is necessary to change
how they organize and structure their business [10,47,48].

Companies have become even more interdependent in an increasingly global market,
where a material can be made in one country and assembled in a different one. As a result,
companies need to create a wider network of relationships to mitigate the major vulnerabil-
ity issues [49]. In this perspective, managers are aware of the risks that can influence the
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supply chain negatively, but managers have failed to implement the appropriate tools for
managing these risks [38,50,51]. Supply chain risks are driven by a variety of internal and
external sources of vulnerability. Moreover, Benedito et al. [52], distinguish between three
broad categories of supply chain vulnerability sources: (1) endogenous assets (equipment,
human resources, inventories, distribution, recovery and service centers); (2) supply chain
partners (customers, suppliers and subcontractors); (3) and exogenous geographical factors
(natural disasters, major accidents and intentional attacks).

In this context, the following proposition was formulated:

P1: The disruption in the value chain of companies in Guinea-Bissau caused by the
COVID-19 pandemic, as it is an underdeveloped country, has not been overcome by the
introduction of technological, organizational and logistical innovations.

2.3. Supply Chain Resilience

The COVID-19 pandemic had an impact never seen before on the global industry at all
levels. Effective crisis management is needed to restore the links between socio-economic
actors. However, beyond considering the negative effects of this type of historical crisis,
this new scenario can be a source of opportunities to create beneficial change for the organi-
zation. The concept of resilience is incorporated into the management of organizations to
guide this change. Alonso-Mufoz et al. [9] state that resilience is the ability of a company
to adapt, reorganize its system and continue surviving and growing when a change is
occurring, that is, while the disruption is happening. A resilient supply chain implies
the ability of that chain to return normal operational performance, within an acceptable
period, after being disrupted. The concept of resilience applied to supply chains refers to
the need to mitigate and anticipate disruptions and disturbances along techniques tailored
to decrease vulnerabilities in uncertain environments [10,53,54].

Operations in the supply chain are constantly changing and under conditions of
uncertainty. Thus, resilience is a key factor [55]. Supply chains must be prepared to
respond to unexpected events [56,57]. The main tenets of supply chain resilience are
collaboration, supply chain reengineering, agility, innovation, flexibility, visibility, sharing
and trust [10,58]. Researchers have advocated the importance of some factors to increase
resilience in supply chains, highlighting integration, cooperation and communication.
The ability to return more quickly to equilibrium after a period of disruption is called
stability [9]. Complexity in supply chain networks, therefore, requires more resilience.

Complexity in supply chain networks plays a critical role in the adaptability of net-
works, interdependence, system-wide interactions and the ability to change their behaviour.
Designing resilience, collaboration between suppliers and customers, agility and follow-
ing a risk management culture are general principles of resilience in supply chain net-
works [38,59,60]. Logistics capabilities, such as low-cost distribution, reliability, speed of
delivery and responsiveness for dynamic integration, enable supply chain resilience to
become a competitive advantage. Resilience is a requirement for achieving sustainable
development and thus, a transition to circular networks [9,61].

In short, a company’s resilience is the ability of the company to resume normal business
and surrounding operations when some factor (internal or external) disrupts or interrupts
its normal functioning. It becomes necessary to take quick and effective action the moment
a disruption in this chain occurs. One important measure is to have an alternative plan in
case the natural course of the business is interrupted. Such measures should be strategically
planned well in advance so as not to catch managers off guard. A more resilient company
is a company more likely to succeed.

In this context, the following proposition was formulated:

P2: In Guinea-Bissau, being an underdeveloped country, the value chain has low
resilience to face disruptive situations.
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2.4. Relationship between the Complex Adaptive System and Resilience in the Business
Supply Chains

The elements that make up a complex adaptive system are agents, autonomous actions,
interaction and learning. These elements can be found within a supply chain network.
Agents are firms or groups of firms that work together through partnerships or alliances
in which they share rules and economic benefits. The companies create an environment
of intense interaction motivated by exchanges of material, financial and informational
resources. The search produces such exchanges for the achievement of the individual
objectives of each company [10,12,62].

For a long time, supply networks tended to adapt to their environment, i.e., shape
their structures and add or exclude relationships between agents (e.g., connect with new
suppliers and serve as new customers). In addition, these networks tended to change
their physical capabilities and adapt behavioral processes, i.e., strategy changes [62]. In
this way, the supply network interacts with environmental demands and modifies the
environment for its competitors [32]. In this adaptation context, nonlinear effects may
occur. In the face of continuous adaptations, a complex adaptive system may exhibit
nonlinear and unpredictable effects. Therefore, the results are also irreversible. In a supply
network, cost-reduction efforts by a large buyer may lead to random outcomes. However, a
management goal might merge the control and autonomy of agents to improve the supply
network [62-65].

In a supply network, its complexity, resilience and adaptation allow a complex resilient
adaptive system to represent a business model more accurately than the general system
theory, with strong alignment between the characterization of a complex resilient adaptive
system and the characteristics of the business environment [10,66]. A business model is
also a system of links between components and dynamics [67,68]. Thus, a business model
includes a business system and a profitability model [69].

Thus, the following proposition was formulated:

P3: The business model of companies in Guinea-Bissau is not based on a complex
resilient adaptive system that allows them to adapt to disruptive situations.

3. Methodology

This paper aims to analyze supply chain resilience in an underdeveloped West African
country using complex adaptive system theory (CAS), that is, to assess the impact of a
disruptive situation such as the COVID-19 pandemic on the value chain, determining
companies’ value chain vulnerabilities and the impact of value chain resilience to face these
situations. This objective is in response to the demand for more empirical studies on supply
chain resilience in less-developed countries. Supply chains in these countries have different
characteristics and problems from more developed countries. In this study, we sought to
understand why supply chains in less-developed countries at the time of the COVID-19
pandemic were susceptible to disruptions and which resilience strategies were adopted
to reduce the impact of these disruptions. To achieve the proposed objectives, we used a
qualitative methodology through multiple case studies.

The case-study methodology, through a multiple-case study, is the most appropriate
for this study because it allows the observation in natural environments, as well as makes
it possible to research and interpret specific phenomena, such as the functioning of supply
chains, to understand the processes resulting from the activities of the companies under
study [70-73]. This methodology has been increasingly adopted by academics, making
it possible to deepen a given phenomenon [74-76]. This study’s sampling type is not
probabilistic by convenience because we only considered companies located in Guinea-
Bissau. Only companies from Guinea-Bissau were selected because this country is one
of the poorest countries in the world, and there is still a shortage of studies on this topic
under analysis. For this study, we used a cross-analysis because the variables under study
have characteristics that cannot be quantified [72,77]. Thus, given the small number of
companies existing in Guinea Bissau and the selection of companies for the sample was



Logistics 2022, 6, 3

7 of 19

based on convenience, a specific sector or dimension was not selected for the companies,
the sample being constituted by companies with different characteristics. On the other
hand, this fact also allows for more transversal conclusions, assessing whether the different
characteristics of companies influence the way in which the value chain faces the disruptive
situation caused by COVID-19.

Concerning the interviews, a semi-structured script previously applied by Ferreira et al. [10]
and Yaroson et al. [12] was used. The semi-structured script was divided into four sections.
The first section requested data about the company and the respondent. Section 2 contained
the questions about supply chain disruptions, and Section 3 asked about supply chain
vulnerabilities. In Section 4, we asked questions on supply chain resilience.

The data collection and processing process was elaborated upon, as shown in Figure 1.

Phase 1: Convenience business screening

\Z

Phase 2: Drafting emails with a view to contacting the selected companies

\Z

Phase 3: Scheduling the interview

\Z

Phase 4: Collecting the interviews

\Z

Phase 5: Organising information in Microsoft Excel - Coding

A4

Phase 6: Information analysis

\Z

Stage 7: Writing the scientific paper

Figure 1. Process of data collection and processing.

The interviews were done with the CEOs of the companies because they are the ones
who define the companies’ strategies and, therefore, can provide more diverse, rich insights
into the vulnerability and disruptions of their supply chains, as well as resilience strategies.
The semi-structured interviews lasted an average of 60 min. The interviews were collected
in June and August 2021, and all companies are limited liability Corporations (Table 1).

Table 1. Companies’ Dates.

Date and Time of
Interview
Interviewee

Type of Company
Area of Responsibility
Years of Experience of

the interviewee
Invoicing Volume 2020

Construction and real

Company A Company B Company C Company D
26 August 2021, at 5:30 8 June 2021 at 10:00 11 August 2021, at 4:00 25 June 2021 at 12:00
p-m. a.m. p-m. noon
CEO CEO CEO CEO
Limited Liability Limited Liability Limited Liability Limited Liability
Company Company Company Company

International moving

.. . Maintenance, repair
and logistics; archive + Tep

Wood processing.
and sale of generators. p &

estate mediation.

management.
4 years 4 years 25 years 7 years
100,000 Euros 375,907 Euros 500,000 Euros 80,558 Euros

In Table 1, all companies belong to different activity sectors: Company A is dedicated
to construction and real estate, Company B to international removals, logistics and archive
management, Company C to the maintenance, repair and sale of generators, and Company
D to wood processing. Regarding the respondents’ years of experience, the CEO of company
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A has been in this position for four years; the CEO of company B has also been in it for
four years; the CEO of company C has been in it for 25 years, and the CEO of company
D has been in it for seven years. Regarding the turnover in 2020, company A invoiced
100,000 Euros; company B invoiced 375,907 Euros; company C invoiced 500,000 Euros, and
company D invoiced 80,558 Euros, demonstrating the different sizes of the companies.

4. Results and Discussion
4.1. Supply Chain Disruptions

Supply chain disruptions are unplanned and unforeseen events that interrupt the
normal flow of goods and materials within a supply chain [39,40]. Table 2 shows the
results of supply chain disruptions. All firms revealed that delays in supplying products
to consumers occurred at the onset of the pandemic in March 2020, although in Guinea-
Bissau, the first cases of COVID-19 did not appear until nearly a month later, on March 25,
2020. For the most import-dependent companies, Companies A, B, and C, the delays took
about 90 days, which was the period of border closure with the declaration of the state of
emergency. In company D, the delay took about five days, related to the lack of materials in
the domestic market and revealing their dependence on the domestic market. As identified
by Bode et al. [39] and Wagner et al. [40], the source of interruption was initially at the
infrastructure level, with the closure of borders that led to restrictions on the supply side,
since companies faced difficulties in receiving raw materials from foreign suppliers. The
interruption in the supply chain had negative effects that were all the greater because of
the companies” dependence on longer networks outside Guinea-Bissau [10,47,48].

Table 2. Supply Chain Disruptions Results.

Timing of Reason and The Speed.of Signal Metrics Speedy Perception of Perceived Barrier
C . . the Perception . . . Impact on Areas Encountered
ompanies Product Supply Duration for the in a Disruptive the Impact of the .
I h of the . . of the Supply during the
nterruption Delay I . Case Disruption X .
nterruption Chain Interruption
Early March
2020 with the End of June; Since the Monthly reports Increasgd costs
. . - It was a lengthy from production,  of materials; lack
Company A declaration of a closing of beginning of the No :
. process. delivery and of human
state of borders. pandemic. .
service areas. resources.
emergency.
Two months before
Being an COVID-19 arrived in
. 8 Guinea-Bissau, it had Rising costs of
international .
company, it was already affected other materials and
3 months, until pany, 1t companies in the Monthly reports import services;
At the start of able to anticipate : .
P the end of June S group internationally. of the sales and greater
Company B the pandemic, in . . the situation No . L2 .
2020; closing of X There was daily expenses of each inefficiency in
March 2020. before the first Lo . . . .
borders. cases of communication with business area. public services
COVID-19 in these companies to due to successive
- . anticipate the strikes.
Guinea-Bissau. . -
interruption of
production.
There were few
barriers because
they had a large
At the start of 90 davs: closin Since the Two months before stock of fuel for
Company C  the pandemic, in S & beginning of the No COVID-19 arrived in ~ Monthly reports. 1 year, already
of borders. . . . .
March 2020. pandemic. Guinea-Bissau. foreseeing
possible delays
in materials
supply.
Machine
breakdowns,
At the start of 5 days, due to Since the Two months before l\gﬁnt}rlé)éii}t)izﬁs li;ﬁ ggﬁgiilcn
Company D the pandemic, in lack of materials beginning of the No COVID-19 arrived in P
. - . and order market and
March 2020. on the market. pandemic. Guinea-Bissau. P .
deliveries. delays in
receiving raw
materials.

The perception that the pandemic could lead to a disruption in the supply chain was
detected from the beginning of the pandemic, although no company had metrics to detect
warning signs of a disruptive event. The CEOs of these firms are concerned that risk
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situations, such as this pandemic crisis, can have harmful and irreversible consequences on
their supply chain. Company C indicates that “There are no metrics available. We only took
into account information from the news and social media”. Still, Tang [50] and Tang [51]
argued that they have delayed and failed to implement alerts, namely management control
systems based on business metrics that adequately manage this type of risk.

The monthly reports prepared by the companies in terms of production, sales, services
and orders allowed the detection of the areas that would be most affected. Company
D states that “the company evaluates through analysis of production levels and order
delivery response”. Still, they were already in a reactive strategic phase, i.e., companies
had to change their strategy in reaction to the disruption already existing in their supply
chain. The supply in the domestic market and the investment in new technologies can
be a solution to minimize the impacts of the pandemic crisis in the business investment
chain [10,47,48].

Finally, according to the interviewed CEOs, the recovery from the supply chain inter-
ruption was affected by several barriers such as rising raw material costs, lack of human
resources, higher import costs and the inefficiency of public services (customs and finance,
for example) due to numerous strikes. Company B stated that there was an “Increase in the
price of import materials and services. Greater inefficiency of public services in terms of
finance, customs and port services, even after the end of the confinement due to successive
strikes”. However, the company D revealed not to have felt many barriers because they
had a large stock of fuel for 1 year, already foreseeing possible delays in the supply of
materials, pointing to the breakdown of machines, lack of parts in the domestic market and
the delay in receiving raw materials as the main obstacles. The barriers to the supply chain
replenishment identified by companies A, B and C demonstrate that companies, as the
market is so global and susceptible to different internal and external risks, should create
more extensive and diversified networks of relationships [50,51].

4.2. Supply Chain Vulnerabilities

Table 3 shows the results of the responses of the CEOs of the interviewed companies
regarding supply chain vulnerabilities. Concerning the type of characteristics that the
companies produce or provide services, the interviewed companies, as shown in Table 1,
have different branches of activity: construction and real estate (Company A), international
moving services, logistics and archive management (Company B); maintenance, repair
and sale of generators (Company C); and wood processing (Company D). Because the
products and services provided are distinct, the effect of a supply chain disruptive activity
has different impacts. In the case of companies A, C and D, since they are industries,
i.e., producers of goods, in the event of disruptive activity, they are left without access
to raw materials and, as such, the production can stop, with the source of the disruptive
activity being the supply side, as identified by Bode et al. [39] and Wagner et al. [40].
Company B is a service provider company and, in the event of disruptive activity in the
normal supply chain, it more easily seeks an alternative to maintain the quality of the
transport process, the transport process and logistics being one of the main sources of
disruptions in the supply chain process [45].

Given the nature of the company’s activity, the supply chains of companies A, C
and D consist of purchasing raw materials from suppliers, their transformation and/or
incorporation into the final product and then the sale to the end customer. In company B,
the client delivers the goods to be distributed to the company, which will store them and
then distribute them, usually by sea. Once customs clear the goods, they are delivered to
the final client of the company that contracted the service to company B. All the companies
mentioned that the resources required for their operations do not increase the impact of
disruptive activities.
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Table 3. Supply Chain Vulnerabilities Results.

. Amplifier Position of Influence of
Product Attributes P
. . . Feature for Suppliers in Role of Management
Companies -Whether it Increases Supply Chain . . : . . . .
. . .. Disruptive Disruptive Suppliers Decisions during
Disruptive Activity . .
Events Events a Disruption
In the case of Raw materials are must understand P
. . rupture or lack of
construction, mainly purchased the way of .
. . certain raw
products are durable domestically, working, the .
. . K materials and so , .
Company A and require many raw  with some more No. deadlines and . It doesn’t exist.
. I i e that we can find
materials, whichis the  specific products quantities .
- . an alternative
factor most affected having to be practiced, L
. . . . solution if that
by a disruption. imported. delivery methods, L
raw material is
etc.
needed.
Packaging material They leave the
must be of quality main customer,
and specialized. then are stored in
There must be access  the company and
to a global network subsequently
with reliable and distributed. After
internationally arrival at Suppliers are very .
: . s . . Suppliers are
accredited partners in destination important in the .
. . . always in contact
countries with no (usually by supply chain .
o with the company, e
Company B company sea)-and cleared No. because it is not e It doesn’t exist.
. . . . indicating any
representation. Little by customs and possible to arrive roblems that
affected by disruptive stocked, and with the product P mavy arise
activities (transport reaches the final to its destination. y ’
processes used would consumer
have to remain the through direct
same, and the sale of the
company would material or local
easily adapt to new transport
transport processes). services.
Filters and subsalient
parts for long-lasting Suppliers are very There is a close The stock of
engines and therefore important in the relationship with consumables
Company C de.pend on the European market. No. supply cham suppliers so that already in place
maintenance of a because, without the company allowed the
supply chain depend them, the always gets the company to have
on the supply of these business stops. materials it needs. no difficulties.
parts.
Furniture is . Suppliers inform Decisions at the
dependent on many  Raw materials are - . .
. us in advance Yes, the suppliers supply chain
raw materials and ordered from .
. - when there is a contact the level are taken by
customer purchasing  suppliers used to .
. change/alteration company to the partners, and
Company D power. Raw material produce the No . - -
- in their products understand the in case of
dependence and furniture and . .
and so that we need for some disruption, the
customer demand then sold to . .
e 1 . can adjust raw materials. partners look for
amplify disruptive customers. ducti 1 .
effects. production. new alternatives.

Suppliers are generally recognized as having an important role in the supply chain

disruption, as mentioned by Bode et al. [39], Wagner et al. [40] and Benedito et al. [52]. On
the one hand, because they understand the way the company works, the deadlines and the
necessary quantities of raw materials that the company needs (Company A) ensure that the
products arrive at their destination in the agreed times (Company B) and help adjust the
company’s production in case of changes in its supplied products (Company D). Company
D states that “suppliers inform the company in advance when there is a change/change in
any of the products”. In this way, the relationship with suppliers is valued, believing that
they play an important role in the supply chain’s vulnerability [10].

Regarding the company’s management decisions in cases of disruptive activity, com-

panies A and B refer that there is not one. However, company C mentions that the man-
agement decision to have consumable stocks has already allowed anticipating disruptions
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in supply chains. Company C states that “we have a one-year stock of consumables. This
allowed us to face this time of pandemic with some carelessness about the stock”. The
CEO of company D notes that the company’s management plays an important role in
the search for alternatives when these episodes occur. Company D indicates that “supply
management decisions are outlined between the partners, in case there is an interruption
that exceeds the availability that the company has, the partners enter with refundable
amounts for this purpose.” Thus, managers should incorporate in their decision-making
process the implementation of appropriate instruments for the management of risks that
may influence the supply chain negatively [50,51].

As we can conclude, the disruption of the value chain of companies in Guinea-Bissau
caused by the COVID-19 pandemic was detected at the beginning of the pandemic through
publicly disclosed information, and companies generally did not have metrics to measure
the impact of this disruption. In this way, the company’s strategy to face the ruptures in
the value chain was a reactive strategy, and, therefore, this rupture was not overcome by
the introduction of technological, organizational and logistical innovations. In this way,
Proposition 1 is confirmed.

Regarding the role of regulatory bodies in the supply of products to consumers,
according to company A, the State of Guinea-Bissau has an important role, as mentioned by
all the companies, because they are responsible for setting the price of raw materials that
ultimately influence the supply chain of companies. This type of regulation is also a source
of disruptive activity in supply chains [39,40]. However, Company B, C and D claim that
Guinea-Bissau does not have regulatory bodies for the supply of products to consumers.

4.3. Resilience in the Supply Chain

Table 4 shows the results of the responses of the CEOs of the interviewed companies
regarding supply chain resilience, i.e., the existence of business strategies to prepare for
and respond to a supply chain crisis [10,53,54].

Companies A, B and C have strategies to prepare and respond to a situation of
disruption in the supply chain: Company A has a specialized office to deal with crises and
where action and communication strategies are developed to minimize its consequences;
Company B uses horizontal communication strategies (within the company and the group
of companies) and vertical (customers and suppliers), and Company C uses an operational
strategy that consists of the annual purchase of raw materials, which mitigates the risk of
disruption in the supply chain whenever a disruptive event occurs. Company D does not
have a strategy prepared to respond to a disruption in the supply chain, implementing a
reactive strategy in a crisis. As argued by Alonso-Muiioz et al. [9], communication and
cooperation increase the resilience of supply chains in crises.
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P Supply Chain
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is reactive to the crisis. resources. documents. capacity. orders

to the existing
stocks.
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In terms of resources that facilitate the reaction to a situation of disruption in the
supply chain, company A refers to the existence of a crisis office that defines the strategies
to protect themselves from a disruptive situation, i.e., this office builds a routine for non-
routine situations, being one of the main critical aspects of the supply chain’s resilience [78].
Company B mentions the fact that the diversity of investments allows the company to
sustainably survive a crisis in the supply chain because, as they own several businesses, they
are usually not affected with the same intensity [58,79], additionally because the human
resources trained and prepared for these situations and because it is an international
company facilitating access to a network and diverse global experiences [80]. Company C
mentions that financial resources, namely that it has working capital, facilitate the reaction
to a crisis. Company C claims that “we have a financial cushion, to withstand a disruptive
event for a month or two. We are also efficient in keeping stocks”. Company D notes that
it has material and human resources prepared for the best management of supply chain
interruptions. The fact that the interviewed companies have resources to face interruptions
in the supply chain positively affects the impact of these interruptions at the company level.
This positive impact is translated into the disclosure of updated and permanent information
to customers [80] so that there is no breach of trust (Company A), in the flexibility to offer
alternative services and adjust to the customers’ needs (Company B) as predicted by Juttner
et al. [58], in the permanent updating of the stock level (Company C) and the constant
satisfaction of the customers’ needs (Company D). Thus, proposition 2, “In Guinea-Bissau,
being an underdeveloped country, the value chain has low resilience to face disruptive
situations.”, is not confirmed.

Companies adopt strategies in advance to respond to and mitigate situations of supply
chain interruption as it happens; with companies A, B and C, they are adopting proactive
strategies, i.e., anticipating crises, and as such, they end up having competitive advantages
over their competitors [19]. Company B also states that “the company has the flexibility to
offer a variety of services, and therefore, if an area is affected, the company can present a
new service to the market that is more in demand. In the case of file management, it allows
for an easy adaptation of the services offered to the new needs of customers.” However, as
in company D, adopting a reactive strategy (reaction after a crisis) prevents the company
from having a competitive advantage since its actions will always be later than those that
adopt proactive strategies.

Information about stakeholders is important for supply chain management [81], and its
sources are diverse: management reports of the company’s departments, customer feedback
through service satisfaction evaluation forms (Company B), market and marketing research
(Company C) and accounting documents (Company D). The activities that promote sharing
information between companies are also important, namely the constant (Company A)
and regular (Company B) communication. Company A also states that “we are based
essentially on establishing a relationship of trust”. Companies C and D did not identify
any information-sharing activities. Regarding the prior preparation of the supply chain for
disruptive situations, only Company A mentioned that a good analysis of suppliers and a
good relationship with stakeholders mitigates the consequences of a crisis. This finding is
in line with what is indicated by Campos et al. [82], and Messina et al. [83].

Regarding the ability to obtain products when there is a disruption in the supply
chain, companies A, B, and C refer that it is easy to obtain them because there are suppliers
readily available due to their resilient role in the supply chain [84]. Company B further
states that “in addition to the main suppliers at the group level, the company is free to buy
raw material from local/regional suppliers”. Although there are several obstacles (delivery
delays, higher prices, lower than desirable quantity and lack of financing), Company D
reports that it is difficult because it requires large quantities of raw materials that are
hardly available from suppliers without prior orders. The supplier’s resilience capability
negatively affects the buyer’s performance during disruptive events [85].

We can conclude that the fact that companies in Guinea-Bissau have vulnerable value
chains and are very susceptible to disruptions due to their dependence on external markets
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means that business models are not based on a complex resilient adaptive system and,
therefore, are not adapted in case of disruptive situations, confirming proposition 3.

5. Conclusions

This paper aims to analyze the effect of resilience on the supply chain of Guinea-Bissau
(an underdeveloped country) during the COVID-19 pandemic, that is, in a disruptive situa-
tion or crisis, using the CAS theory that involves a complex network of agents, autonomous
actions, interaction and learning. Two research questions were asked: (1) What is the impact
of the constraints caused by the COVID-19 pandemic on the value chain of companies in
Guinea-Bissau? (2) Could it be that companies that have larger, more resilient value chains
have a greater capacity to respond and adapt to this disruptive situation?

Concerning the first research question, the COVID-19 pandemic negatively affected
the functioning of supply chains, causing many disruptions to organizational operations
due to a lack of supply and mobility issues that prevented normal functioning for a long
period. In underdeveloped countries, the value chain has low resilience to face disruptive
situations. Companies needed to be resilient and adapt to turbulent environments. These
consequences were even more acute in underdeveloped countries, such as Guinea-Bissau,
where almost nothing is produced domestically, and there is a heavy dependence on raw
materials and final products abroad. The closure of borders to the outside and the transport
difficulties caused serious disruptions in companies” supply chains. On the other hand,
concerning the role of regulatory bodies in supplying products to consumers, 3 of the
companies under study (B, C, D) state that Guinea-Bissau does not have regulatory bodies.

Regarding the second research question, the results show that, because companies in
Guinea-Bissau are SMEs, most supply chains are small and informal, and there is a lack of
preparation of supply chains for crises, i.e., they are more susceptible to the severe impacts
of a disruptive situation. Even more, the disruption in the value chain of companies in
Guinea-Bissau caused by the COVID-19 pandemic, as it is an underdeveloped country,
has not been overcome by the introduction of technological, organizational and logistical
innovations. This disruptive situation is more serious for companies the longer it lasts, the
less quickly they are able to understand the reasons and sources of disruption, the lack
of metrics to measure and react to disruptive events and the difficulties in assessing the
impact of the crisis on the various stages of the supply chain. On the other hand, the type
of products and services offered by companies (such as concentration on a single type of
product, perishable products, products with high dependence on raw materials) also am-
plify the consequences of disruptive activities and the existing relationship with suppliers
and management decisions are very important in minimizing the consequences of supply
chain disruption. However, the more resilient the companies’ supply chain is, the lower the
crisis’ impacts. Furthermore, the resilience of the supply chain will be all the greater when
companies adopt proactive strategies to face disruptive situations, namely through the
diversification of products and services, constant and permanent sharing of information
among stakeholders, alternative solutions and a good relationship with suppliers, among
others, which allow the company to obtain a competitive advantage in a crisis despite the
obstacles of the negative context that the company is experiencing. The business model of
companies in Guinea-Bissau should be based on a complex and resilient adaptive system
that would allow them to adapt in a sustainable way to disruptive situations.

Given these results, there are several practical implications. The results suggest that
companies need to formalize their supply chain with standards, procedures and rules that
describe planning in its entirety and are strategically followed by the company [86-88].
Then, companies should focus on product diversification rather than concentration, avoid-
ing total dependence on a single supply chain [89,90]. The companies should equip them-
selves with a set of metrics at the level of management control to detect an early disruption
in the supply chain [91,92]. Companies can also diversify supply chains (existence of
alternative suppliers in the supply portfolio) [93,94]. On the other hand, whenever there
is a high dependence on raw materials imported from third countries, there should be a
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more effective and efficient stock management policy and alternative supply routes [93,94].
Finally, the decision centers of companies should develop proactive strategies to anticipate
the consequences of disruptive crises in the supply chain [95,96].

At the level of theoretical implications, this study contributes to the literature due
to the scarcity of studies on supply chains in companies operating in African territories
and, even mores, in crises such as the pandemic COVID-19. On the other hand, this study
analyzes four companies trying to adapt their supply chains to the disruptions caused
by the pandemig, i.e., the resilience of their supply chains was assessed in a country in
which supply chains were significantly affected by the closure of borders as a result of their
dependence on foreigners.

Regarding the limitations of the study, we highlight the difficulty of obtaining in-
terviews with managers of companies in Guinea-Bissau, especially large companies and
companies in the most significant sectors of activity in the legal economy of Guinea-Bissau
(agricultural and fisheries). On the other hand, the informality of the supply chains made it
difficult for the interviewees to perceive them. Moreover, using technical terminology in the
interview made it difficult and limited the interviewees” answers. On the other hand, as we
used a quantitative methodology, with interviews with managers from four companies, the
results cannot be generalized and should be analyzed within the context of the identified
crisis (COVID-19 pandemic). Future studies could expand the number and diversify the
companies interviewed in terms of activity sector and size (micro, small, medium and
large companies), identify supply chain resilience metrics and explore other supply chain
resilience practices by different companies operating in Africa. It would be interesting
to quantitatively assess, through the business reports of the interviewed companies, the
impact of the COVID-19 pandemic on the value chain in order to assess its impact on the
disruption of the value chain, as well as to determine which indicators of vulnerability and
resilience of the value chains of companies in underdeveloped countries are relevant. Other
qualitative studies should also be carried out to verify the role of Guinea-Bissau’s regulatory
bodies in the supply of products to consumers, as the results of this study indicate that they
do not exist.
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