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Abstract: Area business continuity management (Area-BCM) is introduced to enhance sustainable
economic growth by building public-private partnerships. It is implemented in pilot industrial
zones in disaster-prone regions to tackle problems beyond a single organization’s capacity. The
framework emphasizes multiple stakeholders in the decision-making process, but participation
and implementation remain major challenges for many practitioners in the search for potential
pathways. Therefore, this study presents a model of causal relationships between concepts to achieve
the implementation of Area-BCM. To capture expert perceptions and visualize relationships, a fuzzy
cognitive map (FCM) is deployed. The use of fuzzy logic facilitates the integration of diverse
viewpoints and the representation of ambiguous and complex scenarios. Initially, 28 appropriate
concepts were identified by reviewing the literature on practical Area-BCM cases, which were then
scrutinized by experts, including eight driving causes, eleven required actions, and nine outcome
variables. Subsequently, FCMs were constructed through individual interviews. Since the FCMs
had been aggregated, a scenario analysis was performed under five different conditions to evaluate
potential strategies. The simulation results present promising concepts that could improve Area-BCM
implementation. The findings emphasize that these strategies will have a positive influence when top
management is committed, government support is achieved, and workshops exist.

Keywords: area business continuity management; implementation; disaster; fuzzy cognitive map;
strategy development

1. Introduction

Disasters hinder the progress of sustainable development, as they are unpredictable
events with real impacts on society and the economy. A disaster that occurs in one region
can cause a decrease in productivity, which will also reduce the economic growth in that
country. A study of a disaster in Japan revealed the impacts of an earthquake on people’s
livelihoods in terms of significant damage to agricultural production, fisheries, tourism,
and industrial production [1,2]. In an era of globalized industries, a disaster that strikes
one region can have ripple effects across the supply chain worldwide. The 2011 flood in
Thailand demonstrated the vulnerability of the networked world, as Thailand is a hub of
manufacturing for automotive and electronic parts [3]. The impact of the flood not only
caused damage to local households and factories, but also disrupted the global supply
chain [4]. Failing to deliver automotive and electronic parts from Thailand forced many
manufacturers to suspend their operations globally, which impacted the automobile and
electronic industries most severely because they are especially dependent on suppliers
in flood-affected areas [4]. Moreover, halting business operations caused people to lose
their jobs and incomes [2,4]. Consequently, the growth rate of Thailand’s GDP decreased
from 4.1% and is expected to drop to 2.9% [3]. These events are obstacles to economic
sustainability. Dispersion forces must be built by having sufficient stocks, alternative
production sites, and diversified suppliers to reduce the risk of supply chain disruption

Sustainability 2023, 15, 13531. https:/ /doi.org/10.3390/5u151813531

https:/ /www.mdpi.com/journal/sustainability


https://doi.org/10.3390/su151813531
https://doi.org/10.3390/su151813531
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://doi.org/10.3390/su151813531
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su151813531?type=check_update&version=1

Sustainability 2023, 15, 13531

20f22

due to high concentrations [2,4]. This strategy, known as a business continuity plan (BCP),
aims to increase resilience, and encourage early recovery. However, the magnitude of the
disaster’s impact sends a clear message: no individual, group, organization, or society can
face a disaster alone. The BCP survey found that although companies have developed
BCPs, they still face challenges in dealing with information sharing, recovery resources, and
utility supply in the event of a disaster [5]. To address this issue, the Japan International
Cooperation Agency (JICA) introduced area business continuity management (Area-BCM),
which broadens the scope of a BCP [6]. It involves stakeholders who manage local risks
by forming alliances, making risk-informed decisions, and developing area plans [6,7].
The ultimate goal is to boost long-term economic growth and community resilience while
reducing the risk of a global supply disruption.

Eastern Asia is a global factory and the center of supply chain networks and industrial
agglomerations. Thus, an Area-BCM was implemented in pilot areas vulnerable to disasters,
such as Indonesia, the Philippines, and Vietnam [6,7]. The process of implementing the
Area-BCM requires ongoing activities among stakeholders [7]. When Area-BCM was
initially introduced to the target company, the executors found that they did not take it
seriously [8]. In particular, achieving stakeholder involvement without incentives was
difficult [6]. Another challenge was that conducting a risk assessment of the area would
have been difficult without government leadership because a company cannot simulate
large-scale disasters [6]. The Area-BCM strategy implemented in Thailand presented a
unique challenge: the plan was not followed after a new leader was appointed. [9]. The
need to spend time and effort has caused increasing disillusionment among practitioners
who cannot achieve tangible results and the claimed benefits [10]. This complication in
the implementation of Area-BCM reveals its slow progress. These issues call for a better
understanding of the components of implementing Area-BCM. Improvement or neglect of
some issues may positively or negatively impact performance. As a result, an entire region
cannot improve its disaster capabilities, and its sustainability is impeded.

To achieve sustainability in business and supply chain management, previous studies
presented models and key attributes to consider. For instance, Shokouhyar et al. [11]
constructed a relation map for a sustainable supply chain. Kumar et al. [12] analyzed
critical success factors for sustainable manufacturing in the automobile industry, and the
findings emphasized the involvement of upper management. Meanwhile, Rajak et al. [13]
examined the supply chain barriers to sustainable transportation and found that economic
benefits were the most significant barrier. However, the factors and models in those studies
may not accurately represent the characteristics of Area-BCM, which focuses on managing
regional risks by integrating stakeholders. Some previous studies investigated significant
factors in the BCP field but lacked system-level analyses. For example, Sapapthai et al. [14]
applied an analytic hierarchy process to categorize and prioritize business continuity
management (BCM) factors but did not analyze how the factors influenced each other.
Montshiwa [15] presented a modified BCP for a complex automobile supply chain and
implemented structural equation modeling to analyze interactions among factors but
lacked some important factors, such as government support and information sharing.
Meechang and Watanabe [16] built an interpretive model of factors for Area-BCM but
could not explain to what extent a factor influenced the results. The current literature
reveals the knowledge gap, including Area-BCM processes, important barriers, causal
relationships between factors, and model dynamics. Therefore, a study that considers
causal relationships is needed to understand the implementation system of Area-BCM.

Therefore, this study builds a model of causal relationships to achieve the implementa-
tion of Area-BCM. The novel aspect of this study is its suggestion of developing a strategy
for Area-BCM with the aid of a fuzzy cognitive map (FCM) that is used to aggregate factors
within the system from the perceptions of experts. Since the concepts in Area-BCM are
ambiguous and uncertain, FCM can capture nonquantifiable knowledge [17] and provide
information about how a change of one factor can affect others [18]. Analyzing causal
relationships among them can help identify hidden connections between drivers, actions,



Sustainability 2023, 15, 13531

30f22

and outcomes that are difficult to predict, even by practitioners. It is a semiquantitative
method that could be a step forward and easy for decision making in management. In light
of this, the recent study answers the research question:

e  To what extent do defined factors influence the Area-BCM implementation in differ-
ent scenarios?

The finding is to support practitioners in implementing Area-BCM, or it could be a
guide for other collaborative—sustainable frameworks.

The rest of this study is structured as follows. Section 2 discusses the FCM method
and the development process. Section 3 explains the application of FCM to Area-BCM
and identifies concepts for modeling. Section 4 presents the aggregated FCM and scenario
analysis results. Section 5 discusses the results and suggests an FCM-based strategy for
practitioners. Finally, Section 6 concludes this study and suggests future studies.

2. Materials and Methods

The application of FCM has been implemented in many areas, such as business
management [19], sustainable economic development [20], disaster management [21],
and supply chain management [11]. A method is also proven in industrial management
decisions, such as the containment of supply chain disruptions in the fashion industry [22]
and the implementation of strategies in the retail industry [23]. However, the literature
review shows that up to now, no previous work exists to address the concepts of Area-
BCM implementation in focusing on multistakeholder involvement. To the best of our
knowledge, FCM has not been applied to any study for analysis of factors in Area-BCM.
Therefore, we chose to model a system of implementation of Area-BCM to understand the
relationships between causes, actions, and impacts, ultimately influencing the feasibility
of achieving implementation. In such a context, the analysis is based on the knowledge
gained from experts based on their experience and perception [24,25]. Furthermore, the
factors and modeling of an Area-BCM system occur in a fuzzy environment due to the
ambiguity and lack of numerical evidence in implementation. A chosen method can deal
with fuzzy data and nonlinear systems [17].

2.1. Fuzzy Cognitive Map

FCM is a modeling technique that combines fuzzy logic and artificial neural net-
works [26]. The method is to visualize the causal relationships between variables, factors,
and concepts (referred to as concepts in this study) throughout the system [27]. Its structure
comprises nodes that represent concepts that describe system behavior and weighted edges
that represent relation degrees [24]. In general, this is a mechanism for gathering human
thoughts and displaying them as neural networks. Although FCM cannot make quanti-
tative predictions, it can forecast the effects of policy in a “what-if” scenario, assuming a
complex real world [24,28]. The main advantages of FCM over other quantitative research
methodologies, such as structural equation modeling [29] and Bayesian model [30], include
(i) its participatory approach, which allows stakeholders to express their perceptions in
evidence-based decision-making; (ii) its ability to model a complex system; and (iii) its
ability to discover hidden feedback in a system [25]. The method can develop models
considering positive and negative effects and integrating the opinions of stakeholders.
Moreover, it can describe the whole system’s behavior by representing an entity, state, and
variable. The following subsections explain the mathematical methods used in this study.

2.1.1. State Vector

To construct the FCM, we must identify the concepts representing the study’s system.
The value of concept i denoted as C; is ranged within [0, 1] [31]. The weight of edges
from C; to C; represented as w;; takes values within [—1, 1], depending on the following
conditions [31]:
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e wj; > 0isa positive causality when an increase or decrease of C; increases or decreases
the value of C]-, respectively;

e w;; < 0isanegative causality when an increase or decrease of C; increases or decreases
the value of C]-, respectively;

e w;=0isno influence between C; and C;.
At each simulation interaction, the value of a concept C; is represented by state vector

A; and is determined by the impact of other concepts on itself [32], in which the calculation
rule is the following:

N
k+1 k k k
AV = f(aP + Y A (1)
J#i
i=1
where Al(kﬂ) is the value of concept C; at time k + 1, A](.k) is the value of concept Cj

at time k, wj; is the relation degree between concepts C; and C;, and f is the sigmoid
threshold function.

The simulation of status values stops when the system reaches equilibrium; that is
Ak = Ak=1 op Ak — Ak=1 < ¢ where e is a residual, representing the minimum error
difference between concepts. It is typically set as 0.001 [20].

2.1.2. Threshold Functions

Threshold functions are used to transform a status value into an interval [0, 1] at
each step to keep the dynamic analysis bounded. Bivalent, saturation, trivalent, hy-
perbolic, linear threshold, and sigmoid functions are some of the most commonly used
functions [33,34]. The sigmoid function is the best choice for this study because we aim
to predict the probability as an output in a nonlinear system. The sigmoid function is

computed as follows:
1
US

where A > 0 is the adjustment parameter that determines how quickly the output ap-
proaches the limiting value of 0 and 1; x is the vector value A;‘ of a concept at a given
iteration; and e is a residual that describes a minimum error difference between con-
cepts [25].

@)

2.1.3. Map Aggregation

Map aggregation is vital in decision problems where we have many variables to
consider and the outcomes to be judged are not equally important to decision makers [35].
Some studies qualitatively aggregated the weight matrix to obtain a condensed weight
matrix with fewer concepts [36,37]. This study applied quantitative aggregation of an
arithmetic mean to comprehend the cumulative perceptions of all experts [25,28].

Based on Kosko’s averaged weights [24], nth experts assign the important value of
nodes C; and the relation degree w;; between nodes C; and C;. Then, the averaged node

Cf% and averaged weight w?]-ve are calculated as in Equations (3) and (4), respectively:

aove 21]/:]: Cln

cl )=f(71\} 1) 3)
ave ZHN: w:l

wi™ = f(=) @

Once we obtain the initial aggregated weight values, the proposed model is computed
until steady states to obtain the final values.
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2.1.4. Structural Analysis

Social cognitive theory is applied to examine the structure of maps through several
indices, namely density, in-degree (cumulative weights of inbound links), out-degree
(cumulative weights of outbound links), and centrality degree (sum of in-degree and out-
degree) [28,38]. To explain, in-degree indicates the concept influenced by other concepts [39].
A concept with a high in-degrees and no out-degree is a receiver, whereas that with a high
out-degree is a potential factor that influences concepts in a system [39]. The importance
of concepts can be judged by the degree of centrality, in which the higher the value of the
degree of centrality, the greater the importance of concepts [28,40].

2.2. Development Process

The construction of FCM requires a participatory approach that involves stakeholders
who are familiar with specific problems [21,41]. In such a context, we asked experts in
Area-BCM to give their opinions on Area-BCM implementation. Before an interview,
initial concepts were prepared as reference inputs. Then, experts were asked to review
those concepts which they were allowed to adjust or eliminate, and then rate the concepts.
At this stage, a questionnaire was developed so that experts could conveniently express
opinions. The five-scale linguistic variables are deployed as rating values of very weak,
weak, medium, strong, and very strong importance, which is equivalent to a numerical
scale of 0.2, 0.4, 0.6, 0.8, and 1, respectively [41]. Subsequently, each expert was interviewed
in order to construct an individual FCM, proving causal relationships and rating relation
degrees on the same scale as concept values, but which can be represented in either positive
or negative values. Following the completion of all interviews, each map was coded into
adjacent matrices. Averaging the multiple maps yielded FCMs [42]. After experts identify
activated concepts for scenario development and complete FCM aggregation, simulations
can be performed in the final step. The result does not provide completed quantitative
predictions but rather shows what will happen to the system in simulations under given
conditions. The entire development process is illustrated in Figure 1.

Data Collection Data Analysis Outputs

1. Literature review: initial —ﬁ 1. Constructing weight matrix ’—>| 1. Individual FCM |
set of concepts

l

2. Questionnaire: adjusted set | | ’ 2. Aggregating weight ’—v{ 2. Aggregated FCM ‘
of concepts

3. Interview of causal ’ 3. Causal inference simulations ‘—" 3. Steady-state values ‘
relationships: mind mapping

4. Scenario development '—>’ 4. Scenario simulation H 4. Strategy development ‘

Figure 1. The development process of fuzzy cognitive map (FCM).

2.3. Data Collection

Ozesmi and Ozesmi [28] mentioned that it was not necessary to have an experienced
expert in all aspects of the problem, but rather to opt for many experts from different
disciplines to capture the system. Therefore, we selected five experts from those who
succeeded in implementing BCM at a higher level than an internal organization. The
first expert has prior experience promoting Area-BCM in industrial parks in Southeast
Asia. The other three experts have prior experience developing Area-BCM in Japanese
industrial parks. Another expert has extensive experience with a mature BCM in financial
institutions and private companies. Initially, a paper and electronic questionnaire was
prepared and distributed to each expert to rate the importance of concepts for Area-
BCM implementation. Subsequently, each expert was interviewed individually, with the
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exception of one interview with a pair of experts. The interview’s goal is to observe an Area-
BCM implementation system. Every expert is asked to build a mind map that indicates
cause-and-effect relationships between concepts and score the degree of the relation. The
linguistic variables for relation degree can have a range of 1-5 and be positive, negative,
or no relationship. Figure 2 is an example of a mind map built by the n-th expert. Since
interviews have been conducted with five experts, individual FCMs were coded into Excel
sheets as an adjacent matrix, where relation values were normalized between —1 and 1.

- Definin :
Decision- Commo% Defining Government Risk Prg'm::::on Risk Area' Worklng
making % : goal responsibility Support 43— perception +—3— BCM —4—> assessment —3—> BIA team
=4 .
N4 \\/ \5\} Communication
channel
Natural
Availability EffeC!lve 7 hazards “~~4_ Defining Top
of common Area- strategy < 5 5 » Workshop
itment
resources BCM Rty Identifying of
stakeholders
) /‘44
Determining
Shari A Lack of Training o Changing - recovery
aring wareness Stakeholder ; ontinuous xternal time
information raising ——3— collaboration -3 human staff |r:_ Workload «—2— improvement ——=4— O,f, requirement
resources Organizariosy conditions

T

Y
=4

Figure 2. A mind map of the n-th expert. Area-BCM, area business continuity management; Area-BIA,
area business impact analysis.

3. Application of FCM to Area-BCM Implementation
3.1. Area Business Continuity Management

Area-BCM is a framework introduced by JICA [6]. It is an approach to address limita-
tions that individual organizations cannot address in major disasters. The main problems
include dealing with critical infrastructure, transportation, and supply chain disruptions [6].
To overcome these problems, various stakeholders from the public, private, and community
sectors must collaborate to improve the capacity for disasters. Establishing Area-BCM
requires stakeholders to share information and perform cyclic processes involving multiple
components and mutual decision-making, as shown in Figure 3 [7]. To explain, implement-
ing Area-BCM starts with understanding an area by assessing risk hazards and knowing
key business resources [7]. Then, stakeholders facing the same risks collaborate to define
common goals and decide strategies to prevent business disruptions [7]. Next, Area-BCP
must be developed, in which a document detailing the first and second phases, as well as
clearly defined responsibilities, should be included [7]. The defined strategies should then
be implemented and tested [7]. Last, Area-BCM is a management process that requires
improvement through cycle repetition [7]. The current issue is that Area-BCM has not been
prolongedly implemented due to a lack of maintenance when conditions, such as leaders
and hazards, have changed [9]. In contrast, a similar framework known as the Kyoto BCP
has been in continuous operation in the public sector of Kyoto prefecture [43].

The most difficult issues at the start of implementation are introducing new concepts
to users and requesting their participation [8]. Area-BCM will be difficult to achieve if stake-
holders are not included because the plan requires information from multiple stakeholders
to define hazards and strategies. Baba et al. [8] suggested a different approach to promoting
Area-BCM and attracting participants by visualizing the evidence-based risk and potential
impacts of external resource disruption. Furthermore, workshops in pilot areas revealed
roadblocks during plan formulation, such as participants failing to define the working
committee for Area-BCM activities due to increased workload [7]. The practical cases show
that many factors can either negatively or positively influence the implementation of a
system. Therefore, we would like to investigate the factors and actions that could lead to
Area-BCM implementation success in the public—private sector collaboration.
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Area-BCM Cycle
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disaster resilience

Formulated by stakeholders:
\ Government/ Transportation providers/

Lifeline utilities/ Industrial operators/
Private companies/ Communities

4

Implementing
and Reviewing

Figure 3. The area business continuity management (Area-BCM) cycle, adapted from [6,7].

3.2. Concepts of Causes-Actions-Impacts

Based on the system of a cooperative framework, there must be causes for stakeholders
to take action under some conditions and derive outcomes. This study compiled relevant
factors from several Area-BCM case studies [7-9,14,16] to clarify the implementation.
According to the literature, we summarize the 28 concepts in Table 1 with their descriptions
and relevant sources.

These concepts served as a guideline for experts during the data collection phase. To
ensure the significance of bundled concepts, experts may add or remove them based on
their experiences. The concepts cover three major decision-making components: causes,
actions, and impacts [21]. First, in Area-BCM, the cause is a driver of attention. Therefore,
causes represent the reasons why stakeholders decide whether or not to develop Area-BCM.
The survey reported the key reasons companies were selected to develop disaster plans, in-
cluding disaster experiences, top management commitment, and customer requirements [5].
On the other hand, the barriers that cause companies not to develop plans are resources
and knowledge [5]. Therefore, those factors are categorized into cause concepts.

Action represents activities that must be undertaken by multi-stakeholders who aim
to participate in Area-BCM to manage regional risks [7]. In the current study context, the
concepts of actions are the key procedures in implementing Area-BCM, from promotion
and risk analysis to improvement to the continuation of its practices [7]. These factors
were selected because they were emphasized more than other actions. For example, Area-
BCM must be promoted and raise stakeholders’ concerns about disaster risks [8]. Next, a
workshop can help people understand external resources and safety issues [44]. Moreover, a
case of Area-BCM in Bangkadi industrial park indicated that the implementation had failed
due to a lack of continuous improvement [9]. As a result, these concerns are addressed in
the concepts of actions.

The term “impact” refers to the tangible and intangible benefits resulting from par-
ticipating in Area-BCM and influencing the path to a sustainable economy. They include
working committees, collaboration efforts, information sharing, and individual thoughts,
such as perception and awareness [7], in addition to hard documents (Area-BCP) or strate-
gies. All predefined concepts represent the system of the current study. Following the
review of concepts, each expert was asked to construct an individual FCM and find the
strength of causal relationships between 28 concepts. We asked experts to explain the map
after they completed individual FCMs to gain insight into their perceptions. Maps were
then converted into adjacent matrices for data analysis. The analysis of a system was per-
formed at both static and dynamic levels. First, the static analysis is conducted to analyze
the entire map using a social cognitive approach that can present (i) several concepts and
connections, providing a characteristic of the map; (ii) density, indicating the complications
of a map; and (iii) degrees of centrality, describing the status of concepts [45]. Next, the
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dynamic analysis is to compute a fuzzy inference that interprets concepts’ importance in
a system. Additionally, scenario analysis can be used to observe the differences between
concepts in the steady state, which is necessary for strategy development.

Table 1. Predefined concepts of Area-BCM.

Concepts Description Sources
Causes
C1. Government support Supporting actions and activities to introduce Area-BCM by [6,7,16,43]
the government.
C2. External requirement Expectations to establish Area-BCM from external stakeholders. [46]
. A commitment of an organizational leader to building, allocating,
3. Top management commitment and spending resources for Area-BCM. [14,16]
C4. Natural hazards Impacts of natural hazards on industry and community. [8]
C5. Availability of common resources Non-disruptive mfrastruclture (i.e., electpaty,. gas, water supply, [6-8]
and transportation roads) during disasters).
C6. Workload The excessive tasks in Area-BCM implementation. [7]
C7. Lack of human resources Insufficient human resources to %rr}plement Area-BCM and [5]
continue activities.
- Changing of components to develop Area-BCM (i.e., new risks,
C8. Change of conditions key business, stakeholders, and responsibility). 7]
Actions
C9. Promotion of Area-BCM Introducing an Area-BCM framework and presentmg. incentives 8]
to new users/ industrial complexes/ companies.
C10. Risk assessment Analysis of potential ha'zgrds and I'lSk'S that can harm people, [47 48]
facilities, and services.
C11. Workshop An activity that gathers stakeho.lders to do an exercise and [7,46]
prepare for disasters.
o Knowing the stakeholders who are related to your business and
C12. Identifying stakeholders should participate in the implementation of Area-BCM. [7,48]
C13. Area-BIA Analysis of the impacts of the dl'saster on society and business in [44,48]
the entire area.
C14. Defining a common goal The goal of implementing the Area-BCM defined by stakeholders. [7,14]
C15. Determining recovery time A desirable time to get business (?peratlons back from suspension 7]
due to disasters.
C16. Defining strategy Obtaining a stra.teg.y to improve the capacity for business [7,9]
continuity and recovery of an area.
C17. Defining responsibility Responsibility of all stakeholders to participate in Area-BCM. [7,9]
S o A process to train and communicate the Area-BCM with staff in
C18. Training in organization , R [7,16]
one’s organization.
C19. Continuous improvement An improvement activity of Area-BCM by repeating the cycle to [7,8,14]
update information.
Impacts
. Forming a working team to work on implementation of
C20. Working team Arca-BCM. [6,7,14]
C21. Collaboration Actions among stakeholders to solve the problems of the area. [6,46]
C22. Risk perception Individual judgments and k.Je.h.efs about the potential risk and the [29]
possibility of losses.
C23. Information sharing Sharing of disaster 111f0rmat10n to prioritize activities for [6,46]
sustainable development.
C24. Communication channel A channel to communicate Area-BCM with internal and [29]
external stakeholders.
. . Understanding the weaknesses of the business and formulating
(25. Decision-making strategies for the area together with the stakeholders. 71
C26. Area-BCP A document of procedures in Area-BCM implementation. [7,8]
C27. Awareness raising Fostering information and knowledge to improve understanding [7,16]

C28. Effective Area-BCM

of hazards’ consequences.
Achieving business continuity and recovery quickly.

[7]
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3.3. Development of Input Concepts for Scenarios

The Area-BCM implementation procedure requires different elements in each phase [7].
Therefore, six scenarios (baseline + five) scenarios were developed for FCM-based simula-
tions. The study participants assigned input concepts corresponding to four scenarios. The
scenarios and identified concepts are explained as follows.

e  The baseline scenario comprises all concept values set to zero, but a concept of natural
hazards (C4) is activated [20,25]. The situation of existing hazards is represented with-
out taking any action. This scenario is a base for exploring the different concept values
between a steady state of the baseline scenario and the other developed scenarios.

e  Scenario 1 is defined as an Area-BCM promoting phase. In other words, this is the state
before the Area-BCM cycle begins. After two major disasters, namely, the 2011 Great
East Japan Earthquake and the 2011 Thailand flood [6], the Area-BCM was established
in 2013 and implemented in three pilot areas: the Philippines, Vietnam, and Indone-
sia [6]. Educating practitioners about the Area-BCM remains a significant challenge.
Therefore, to initiate Area-BCM in any region, we need to promote the features and
illustrate the concerns of stakeholders about the risks of disaster [8]. Furthermore, the
Akemi industrial park indicated the key role of governments and leaders in initiating
the park-wide BCP [43]. Since experts have experienced introducing Area-BCM to
new users, we asked them about the important concepts in this situation. The concepts
mentioned include government support (C1), top management commitment (C3),
impacts of natural hazards (C4), promotion (C9), workshop (C11), risk perception
(C22), and awareness raising (C27). Those concepts represent the potential incentives
to trigger participation in the next step.

e  Scenario 2 is a situation in which stakeholders must participate to understand the area
and follow the process as an Area-BCM cycle [7]. The primary activity is risk analysis
to comprehend potential risks and develop Area-BCP [6,47]. Experts suggested that a
workshop would aid practitioners in developing Area-BCM; as a result, the majority
of the significant factors were chosen to represent operating actions [7,46]. Govern-
ment support (C1), external requirement (C2), top management commitment (C3),
natural hazards (C4), risk assessment (C10), workshop (C11), Area-BIA (C13), defining
common goal (C14), and working team (C20) are the nine input vectors associated
with this scenario.

e  Scenario 3 is to foster collaboration for Area-BCM since the scale of Area-BCM de-
pends on participants; the more parties, the greater the capacity of the disaster to
encounter disasters [7]. Therefore, the activated concepts of this scenario emphasize
interactions among stakeholders, including government support (C1), external require-
ments (C2), top management commitment (C3), natural hazards (C4), workshop (C11),
collaboration (C21), information sharing (C23), and communication channel (C24).

e  Scenario 4 is the maintenance state. Once the Area-BCM system has been placed,
stakeholders must repeat the cycle to update any changes in conditions. In this context,
practitioners obtain Area-BCP and implement measures and project improvement
for Area-BCM [7,16]. Therefore, experts identified the activated concepts to keep
Area-BCM alive, namely top management commitment (C3), natural hazards (C4),
change of conditions (C8), workshop (C11), training in organization (C18), continuous
improvement (C19), and Area-BCP (C26).

e  Scenario 5 is defined as a full execution scenario in which all 28 input vectors are
set to one. A rationale for simulating this scenario is to observe the impacts on the
Area-BCM system when the required processes have been executed.

To recap, the concept of natural hazards is activated every time for each scenario.
Furthermore, the informants identified top management commitment (C3) and the work-
shop (C11) as input vectors for all the scenarios developed. The simulation results of the
developed scenarios are then compared with the baseline scenario. Exploring the change in
concept values between scenarios offers a quantitative interpretation of the influence of



Sustainability 2023, 15, 13531

10 of 22

activated concepts on the system. Hence, the results enable the development of the strategy.
The results of the scenario analysis are presented in the next section.

4. Results

This section presents the results of FCM following the above development process. The
main results include the characteristics of a map, the degrees of centrality, the aggregated
maps, and the scenario analysis. R-4.3.0 with the fcm package is applied to perform
inference and scenario simulations [49]. In this case, R programming is chosen because
it provides transparency and eliminates calculation limitations when compared to other
tools. Mental Modeler [50], for example, is user-friendly for non-IT users but lacks learning
algorithms and has a limited set of options. FCM expert [34] has several learning algorithms
for adjusting the weight matrix, but modifying activation values takes time when a model
contains many concepts. In contrast, the open source package in R programming offers
researchers the opportunity to examine fuzzy inference with various functions and is easy
to use [49]. The results of the study are described below.

4.1. Aggregated Fuzzy Cognitive Map
4.1.1. Map Characteristics

We identified 28 concepts in the Area-BCM implementation system and asked experts
to scrutinize them. Afterward, each expert creates an individual map based on the defined
concepts and provides the strength of the relationships. As a result, we merged four FCMs
into a single map. Appendix A presents the averaged-weight matrix (Table 1). The matrix
contains 138 relations, of which 121 are positive and 17 are negative. A map has a density
of 0.18, which means that 18% of the links are displayed in comparison to the maximum
number of links between 28 concepts. Gephi [51], an open-source software, is used to
visualize the aggregated FCM, as shown in Figure 4. Because the nature of concepts was
identified, and experts provided various opinions on the Area-BCM system, the complexity
of the aggregated FCM stems from a large number of connections.
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The centrality measures in network analysis are a theory to illustrate a map struc-
ture [52]. This step revealed key features of the map and concepts. The concept with the
highest out-degree is top management commitment (C3), weighing 11.3 and 13 outbound
links. To explain, the commitment of top management directly influences 13 concepts
in which the strong influence as a five-score rating includes workshop (C11), defining
strategy (C16), continuous improvement (C19), working team (C20), collaboration (C21),
information sharing (C23), and Area-BCP (C26). Hence, top management commitment
is the potential factor that influences others in implementing the Area BCM. The concept
with the highest in-degree is a continuous improvement (C19), weighing 8.8 and holding
11 inbound links. It is strongly affected by government support (C1), external requirements
(C2), top management commitment (C3), defining common goals (C14), collaboration (C21),
and awareness raising (C27). However, it is negatively affected by workload (C6) and lack
of human resources (C7). It implies that maintaining improvement of Area-BCM needs
the most support, and it would fail to improve if there is too much workload and insuffi-
cient staff. Furthermore, a map depicts the critical role of top management commitment
(C3) from the highest degrees of centrality, holding both high out-degree and in-degree.
Unexpectedly, identifying stakeholders (C12) has the lowest degree of centrality, which
means low interactions with the other concepts. The total degree of centrality is presented
in Table 2.

Table 2. Centrality degrees and state values of each concept.

Base Scenario Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5
Concepts Out-Degree In-Degree Centrality
v FV v FV v FV v FV v FV v FV
C1 6.90 0.80 7.70 0 0.8295 1 0.8295 1 0.8295 1 0.8295 0 0.8295 1 0.8295
C2 8.60 0.60 9.20 0 0.7958 0 0.7958 1 0.7958 1 0.7958 0 0.7958 1 0.7958
C3 11.30 4.80 16.10 0 0.8798 1 0.8800 1 0.8800 1 0.8801 1 0.8800 1 0.8800
C4 1.80 3.10 4.90 1 0.0518 1 0.0518 1 0.0518 1 0.0518 1 0.0518 1 0.0518
C5 0.80 2.20 3.00 0 0.9123 0 0.9124 0 0.9123 0 0.9123 0 0.9123 1 0.9124
C6 2.40 4.60 7.00 0 0.9944 0 0.9945 0 0.9945 0 0.9945 0 0.9945 1 0.9945
c7 2.20 2.00 4.20 0 0.6666 0 0.6665 0 0.6665 0 0.6665 0 0.6665 1 0.6665
C8 1.40 2.10 3.50 0 0.7394 0 0.7394 0 0.7394 0 0.7394 1 0.7394 1 0.7394
9 2.60 0.70 3.30 0 0.7988 1 0.7989 0 0.7989 0 0.7989 0 0.7989 1 0.7989
C10 2.60 6.80 9.40 0 0.9992 0 0.9992 1 0.9992 0 0.9992 0 0.9992 1 0.9992
Cl1 8.57 2.80 11.37 0 0.9359 1 0.9361 1 0.9360 1 0.9361 1 0.9360 1 0.9360
C12 1.80 0.80 2.60 0 0.8288 0 0.8289 0 0.8289 0 0.8289 0 0.8288 1 0.8289
C13 3.00 2.60 5.60 0 0.9696 0 0.9696 1 0.9696 0 0.9696 0 0.9696 1 0.9696
Cl4 7.10 1.80 8.90 0 0.9371 0 0.9371 1 0.9371 0 0.9371 0 0.9371 1 0.9371
C15 0.60 3.50 4.10 0 0.9834 0 0.9834 0 0.9834 0 0.9834 0 0.9834 1 0.9834
C16 4.90 5.70 10.60 0 0.9982 0 0.9982 0 0.9982 0 0.9982 0 0.9982 1 0.9982
C17 2.20 2.20 4.40 0 0.9543 0 0.9543 0 0.9543 0 0.9543 0 0.9543 1 0.9543
C18 2.40 1.70 4.10 0 0.9218 0 0.9219 0 0.9219 0 0.9219 1 0.9219 1 0.9219
C19 3.10 8.80 11.90 0 0.9982 0 0.9982 0 0.9982 0 0.9982 1 0.9982 1 0.9982
C20 3.20 5.07 8.27 0 0.9961 0 0.9961 1 0.9961 0 0.9961 0 0.9961 1 0.9961
C21 6.00 7.00 13.00 0 0.9994 0 0.9994 0 0.9994 1 0.9994 0 0.9994 1 0.9994
C22 4.80 2.00 6.80 0 0.9409 1 0.9410 0 0.9410 0 0.9410 0 0.9410 1 0.9410
C23 420 7.33 11.53 0 0.9996 0 0.9996 0 0.9996 1 0.9996 0 0.9996 1 0.9996
C24 2.13 1.80 3.93 0 0.9301 0 0.9301 0 0.9301 1 0.9301 0 0.9301 1 0.9301
C25 1.80 8.00 9.80 0 0.9996 0 0.9996 0 0.9996 0 0.9996 0 0.9996 1 0.9996
C26 1.40 5.00 6.40 0 0.9896 0 0.9896 0 0.9896 0 0.9896 1 0.9896 1 0.9896
Cc27 3.00 2.60 5.60 0 0.9690 1 0.9690 0 0.9690 0 0.9690 0 0.9690 1 0.9690
C28 1.60 6.00 7.60 0 0.9972 0 0.9972 0 0.9972 0 0.9972 0 0.9972 1 0.9972

IV stands for initial value; FV stands for final value.

4.1.2. FCM Steady State Analysis

Based on the initial status values of the factors A and the initial weight matrix E°
from experts, the FCM calculation is simulated to determine the steady state of a system.
We refer to the modified Kosko’s inference rule and the sigmoid function with lambda =1
(Equations (1) and (2)) [20]. To explain, a state value is calculated by multiplying the set of
initial concepts by the initial weight matrix. The final values of each concept can be derived
after a certain number of iterations and concepts are converged at A¥ — A¥=1 < 0.001. In the
first step, FCM inference is performed using a baseline scenario in which all concept values
are set to zero, except for natural hazards (C4), which are set to one. As a result, Table 2
displays the concepts’ initial and final values. Mehryar and Surminski [21] suggested that,
in addition to an aggregated map, researchers provide information on the number of times
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each relation was repeated to better understand the consensus level. After seven iterations,
the concepts in this study reach an equilibrium point. Figure 5 depicts the result of an
iterative calculation. Most concepts are limited to one, except for natural hazards (C4), lack
of human resources (C7), and change of conditions (C8). It implies that when the Area-
BCM system is generated, those three concepts can be decreased while information sharing
(C23) is activated to the greatest extent possible. As a result, this is a positive outcome of
implementing Area-BCM to reduce disaster impacts and improve information sharing.
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Figure 5. Iterative calculation of fuzzy cognitive map (FCM).

4.2. Scenario Analysis

Scenario analysis or what-if analysis presents how different values of an under a given
set of assumptions and independent variables affect other dependent variables. We can
assess how changes in one variable affect the system by selecting a given set of variables. In
other words, it is simulated to determine what the state of the system will be under various
conditions or strategies. Therefore, it is carried out to observe how the activated concepts
affect others. After the simulation results are obtained, the baseline scenario is established
to compare the outcomes of each scenario.

We conducted five scenarios utilizing concepts and weight matrix by activating defined
concepts. The activated concepts called input vectors influence other concepts by weighing
the causal relationships [25]. The input vectors in each scenario were derived from experts.
They are initially set to the most significant, which is equal to one. Finally, Table 2 displays
the FCM scenario results. The outcomes of the simulations were then compared to the
baseline result.

The FCM scenario analysis reveals slightly different perspectives on the emphasized
concepts established by the experts. It emphasizes the benefit of FCM in revealing hidden
relationships [25]. Since the concept values are obtained at a steady state, the differences
between the baseline scenario and the five scenarios are explored. Based on different
activating concepts in five scenarios, the results show a slight change in concepts between
—0.031 and 0.023%, which is comparable to the other studies [20,45,53]. Figure 6 depicts the
percentage changes in concepts (causes-actions-impacts) for five scenarios when compared
to a baseline scenario.

Figure 6a focuses on the concepts of causes. As shown, five scenarios for Area-BCM
implementation appear to be capable of increasing drivers such as government support
(C1), external requirement (C2), top management commitment (C3), decreasing barriers
such as a lack of human resources (C7) and change of conditions (C8), and mitigating
the impact of natural hazards. Scenario 5—full execution of all concepts presented in the
green bar—is activated, with the most decreased impacts of natural hazards (C4). It is
only marginally higher than scenario 1 (promotion of Area-BCM) presented in the blue
bar. However, the full implementation and promotion of Area-BCM illustrate the same
changes in increasing government support (C1), external requirement (C2), availability of
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common resources (C5), and decreasing in unstable situations as the change of condition
(C8) is lower. We expected that the full execution scenario would present the largest change
in every concept. Nevertheless, top management commitment (C3) and the lack of human
resources (C7) are the most influenced by scenario 3 (collaboration) shown in the gray bar.
From the scenario simulations, we cannot decrease the workload (C6) as there is not much
clearly changed in each scenario.
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Figure 6. Percentage of change for concept values of (a) causes, (b) actions 2, and (c) impacts in
five scenarios.
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Figure 6b reports the effects on actions. Five scenarios can make changes in the promo-
tion of Area-BCM (C9), workshops (C11), identifying stakeholders (C12), Area-BIA (C13),
defining a common goal (C14), determining recovery time (C15), defining responsibility
(C17) and training in organization (C18). To demonstrate, a full execution scenario emerges
to activate the best promotion of Area-BCM (C9). In contrast, workshop (C11), identifying
of stakeholders (C12), and organization training (C18) have the biggest changes in the
collaboration scenario. Despite the high degree of centrality in risk assessment (C10),
defining strategy (C16), and continuous improvement (C19), we barely notice any changes
influenced by scenario simulations.

Figure 6¢ indicates the relative change in impact concepts. To illustrate, the FCM-based
simulation of promotion is the best for building risk perception (C22). In addition, it reveals
that communication channels (24) and awareness raising (C27) can be enhanced by all
scenarios but are presented with the highest values in the collaboration scenario. Although
we expect to observe what scenarios will influence all impacts, unfortunately, we cannot
see a clear change in collaboration (C21), information sharing (C23), decision making (C25),
and effective Area-BCM (C28).

The FCM-based simulation of concepts demonstrated the importance of existing
concepts in successfully implementing Area-BCM. We assumed that when all concepts
were combined, the changes in all concepts would be positive. The full implementation of
the concept scenario can achieve the greatest decrease in natural hazards. Promoting, on the
other hand, improves risk perception. For several concepts, the result of the collaboration
scenario is suggested to be the best. Although the scenarios for the formulation of Area-
BCM and maintenance influence the concepts in the Area-BCM study, they could not
make a change as high as the other three scenarios. The results of an analysis can provide
practitioners with a set of factors that are significant to each outcome. Compiling an analysis
of different scenarios helps decision makers perceive the expected outcomes. The results
support the implications of concepts and strategy development in the next section.

5. Discussion

The findings of this study provide several insights into the implementation of Area-
BCM in industrial parks. This section discusses the concepts that are important for imple-
mentation. The results of static analysis as centrality measures are described for implica-
tions, and the results of dynamic analysis as FCM simulations are discussed for strategy
development as follows.

5.1. FCM Implications

In network analysis, the degree of centrality and the out-degree present that top
management commitment (C3) is the most important and potential concept to empower
Area-BCM implementation. It has the highest interaction degrees for supporting 13 con-
cepts and receiving impacts from seven concepts. To demonstrate supporting powers,
the role of management in Area-BCM is to provide perspective and strategy and allocate
resources, rewards, and time [54]. The management is also the person who connects
with external stakeholders. Therefore, management commitment is critical in two aspects:
(i) establishing individual BCM and (ii) aligning own BCM with Area-BCM to eliminate
external resource and interdependency problems (i.e., logistic services and the availability
of information). A strong leader with a disaster resilience attitude is required for an or-
ganization to succeed in Area-BCM [7]. The result emphasizes the interpretative model
that top management commitment is the foundation of the Area-BCM [16]. Taking into
account the impacts of the other concepts on top management commitment (C3), the result
indicates that the management commitment would not appear if it lacked the influencing
concepts, namely government support (C1), external requirement (C2), and risk perception
(C22). In other words, management may not commit to Area-BCM unless they receive
support from the government, requirements from external stakeholders, and perceive risks.
The Kyoto BCP case study revealed the key role of the government, which is concurrent
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with this study [43]. To illustrate, the government is responsible for holding BCM seminars
and building relationships between local stakeholders [43]. Moreover, the BCP survey in
Thailand revealed that many companies developed BCP due to requests from customers,
the government, and the community [5]. Therefore, this study suggests that government
support be obtained prior to introducing Area BCM into a designated area. Then, a strong
influence of government support on the management commitment and promotion of Area-
BCM can facilitate its activities. Within this pathway, initiating the Area-BCM framework
seems possible.

Continuous improvement (C19) derived the most inbound links in the degree, indicat-
ing its high dependence on ten concepts. First, the improvement will be reduced if there
is a workload (C6) and a lack of human resources (C7). The current study presents an
unusual reason for the study of Area-BCM in Bangkadi Industrial Park in Thailand, as in
the previous case, Area-BCM was not continuously improved due to the change in local
government [9]. Taking into account positive influences, continuous improvement (C19) is
affected by the other eight concepts, in which very strong drivers are government support
(C1), external requirement (C2), top management commitment (C3), defining common goal
(C14), collaboration (C21), and awareness raising (C27). Therefore, Area-BCM executors
who want to keep an Area-BCM alive should keep those concepts under control to achieve
continuous improvement. Currently, static result-based strategies that can be proposed
include maintaining long-term relationships among the government, business parties,
and firms and establishing a common goal for building a sustainable economic region
against disasters.

5.2. FCM-Based Strategy Development

The Area-BCM framework was introduced to strengthen disaster capability by build-
ing relationships among stakeholders in industrial agglomerations. Its implementation
requires multi-stakeholders to be involved in multi-step activities and layout strategies
to protect a disruption from disaster. Although guideline and implementation case ex-
amples were identified [7], practitioners are still a long way from being successful due to
the challenges of showing incentives, gaining participation, and gaining perceptions of
risk [6,8]. Furthermore, the need for leadership mechanisms for effective accountability,
such as training, maintenance, and review, cannot be ignored [7]. In this context, the FCM
is applied to illustrate causal relationships in a complex system. First, the simulation of the
baseline scenario of the implementation of Area-BCM depicts the values of concepts in a
steady state, in which the effective Area-BCM (C28) reaches one and the natural hazards
(C4) decrease to the lowest. In addition, FCM scenario analysis could help identify the criti-
cal role of concepts and provide valuable information for strategy development. This study
provides beneficial implications for developing three strategies, as depicted in Figure 7.

To promote Area-BCM, our findings are consistent with the previous study’s sug-
gestion that visualizing the disaster’s impacts and promoting a framework will increase
stakeholders’ perception when considering Area-BCM [6]. When activating concepts in
this scenario, we can see the most significant change in risk perception (C22) compared to
other scenarios. Therefore, executors who aim to introduce the Area-BCM to new users
should take the identified concepts in promoting scenarios; then, risk perception would be
increased and be able to initiate Area-BCM. Based on the results, the first strategy to pro-
mote Area-BCM can be implemented using seven factors, including government support
(C1), top management commitment (C3), impacts of natural hazards (C4), promotion (C9),
workshop (C11), risk perception (C22) and awareness raising (C27).

Regarding the previous study on the design of the Area-BCM [48], we expected that
scenario 2 (i.e., formulating the Area-BCM) would strongly influence the action concepts by
activating risk assessment (C10), workshop (C11) and working team (C20). However, we
do not find an outstanding increase compared to other scenarios. Similarly, we expected
that scenario 4 (i.e., maintenance) would significantly decrease condition change (C8) and
increase continuous improvement (C19), but no impact was observed. To explain the causal
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effect relationship, we discovered that identified concepts in these two scenarios increase
workload, which negatively impacts the Area-BCM system. In addition, experts in this
study did not identify government support for the maintenance scenario. In comparison,
since 2015, the Kyoto BCP has prioritized the prefectural government [43]. As a result,
additional factors must be investigated to eliminate the workload burden and achieve
implementation. Consequently, formulation and maintenance scenarios are not proposed
for strategy development. In other words, risk perception and collaboration are more
important than processes for implementing Area-BCM.

Strategy 1: Strategy 2: Strategy 3:
Promoting of Area-BCM Fostering Collaboration Full Execution

Government support + Top management commitment +  Workshop ‘

External requirement ‘ ’ All concepts ‘

|
‘ Promotion of Area-BCM ‘
|
|

Awareness raising ‘

|

Risk perception ‘ ’ Collaboration ‘
’ Sharing information ‘
| |

Communication channel

Eliminate lack of human
resources and enable
Area-BCM activities and
communication

Provide opportunity
to decrease impacts
of natural hazards

Increase risk perception
to participate in
Area-BCM

Figure 7. Fuzzy cognitive map-based strategies for area business continuity management (Area-
BCM) implementation.

Next, a collaboration scenario reveals the best influences on various concepts, includ-
ing top management commitment (C3), lack of human resources (C7), workshop (C11),
identifying stakeholders (C12), training in organization (C18) and communication channel
(C24). When considering the lack of human resources, the previous study presented it as a
problem that hinders BCP development [5]. However, this study finds that a collaboration
strategy will solve the human resource problem and enhance Area-BCM activities such as
workshops. To elaborate on collaboration, an expert who implemented the concept of Area-
BCM in the previous pilot countries mentioned that implementation was possible because
the local government supported firms to participate in Area-BCM activities [7]. The results
show key drivers and characteristics similar to those of a study of the BCP in the entire
Akemi industrial park wherein the government and the industrial operator increased coor-
dination and allowed two-way communication between companies and local governments
in disaster information sharing [43]. Therefore, this scenario is paramount for the collabora-
tion of stakeholders in Area-BCM. It can be applied as a strategy to develop communication
channels between sectors, which is beneficial to support stakeholder participation.

Finally, we activated all the concepts in scenario 5 (full execution) with the expectation
that it would make the best changes for every concept. On the contrary, it only presents the
best influence to reduce the impacts of natural hazards (C4) and further promote Area-BCM
(C9). Additionally, an effective Area-BCM (C28) could not be provoked. Therefore, we
left a research gap to find further strategies that improve the influences on tiny-changed
concepts in this study, such as collaboration (C21), information sharing (C23) and decision
making (C25). However, this scenario provides an important finding that if all related
concepts of Area-BCM are taken, the impacts of natural hazards can be reduced. Therefore,
full execution strategies could be a promising route for the Area-BCM system that can
minimize the impacts of disasters and lead to sustainable economic growth.
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Finally, three scenarios provide the most motivation for concepts in Area-BCM. The
simulations revealed that (i) strategies are more effective when there is government support
(C1), top management commitment (C3), and a workshop (C11), (ii) workload is a barrier
that impedes actions in Area-BCM, and (iii) concepts with high in-degree are less changed in
simulations because they are sensitive. In this study, no single strategy will perfectly fulfill
Area-BCM implementation in all aspects. Each strategy has advantages, disadvantages,
and side effects in relation to the system. However, activating all concepts results in a
significant decrease in natural hazards. Today, the question is whether the industrial sector,
regional governments, and communities will work together to establish Area-BCM and
survive mega-disasters or whether each stakeholder will work independently. One may
ask: What could we benefit from participating in Area-BCM implementation? The results of
this study indicate that the implementation of Area-BCM offers a communication channel
among stakeholders to minimize the impacts of natural hazards. The remarkable attribute
of Area-BCM over other disaster plans is prioritizing and managing common resources in
the face of disaster [6].

6. Conclusions

We anticipate long-term economic growth despite natural disasters. The Area-BCM
framework combines public and private sectors to promote disaster resilience and a sus-
tainable economy. As a result, this study investigates the concepts and attempts to provide
evidence to aid in Area-BCM implementation. The concepts to be studied are related to
Area-BCM causes (drivers and barriers), actions, and impacts. Because Area-BCM concepts
are associated with ambiguity, FCM is used to understand causal relationships between
concepts and how the system would change if developed scenarios were activated. Because
of the number of concepts and expert perceptions, the static analysis results show a compli-
cated map of Area-BCM. However, in network analysis, centrality measures can describe
the position of concepts. We found that top management commitment (C3) is a potential
concept with the highest centrality degree and out-degree. The role of top management is to
drive Area-BCM activities. Meanwhile, the highest in-degree on the map is for continuous
improvement (C19). It indicates the importance of supporting it in order to keep Area-BCM
alive. The dynamic analysis simulates the performing inference with R Studio using the
modified Kosko equation. The baseline scenario indicates the potential of Area-BCM im-
plementation to decrease the impacts of natural hazards. Scenario analysis depicts that
scenario 1 (i.e., promoting Area-BCM) increases risk perception (C22) over other scenarios.
Hence, the first strategy is to apply concepts in scenario 1 to create the perception of risk
for stakeholders. Since there is a risk perception, stakeholders may tend to participate in
the Area-BCM process. Next, scenario 3 influences the highest increase in mainly action
concepts, i.e., workshops (C11) and identifying stakeholders (C12). The previous study
mentioned a lack of human resources as a barrier to developing BCP, but we found that
the collaboration scenario can alleviate this problem and enhance Area-BCM activities.
Meanwhile, it also drives the communication channel (C24) to the most significant change.
Thus, a second collaboration strategy is proposed. The impact of natural hazards (C4) is
lowest reduced in scenario 5; then, we provide the third strategy. To imply this, simulations
indicated the impacts of Area-BCM in mitigating natural hazards, where this framework
could be a positive sign for sustainable economic growth. The study’s key findings are
that the three proposed strategies will be effective when top management commitment,
government support, and workshops are combined. Moreover, the hidden relationships
that workload impedes Area-BCM implementation are revealed. According to the results,
the paths to success in Area-BCM implementation are (i) to focus on the notable concepts
in a map (top management commitment and continuous improvement) and (ii) to develop
strategies based on the identified concepts from three significant scenarios.
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The current study has the limitation that only some concepts can be enhanced by
the defined scenarios. Therefore, future studies should investigate more strategies to
improve concepts that present tiny changes in this study. For example, what strategy
could influence risk assessment and information sharing and eliminate a workload barrier?
Furthermore, it should be noted that the model in this study is developed based on experts’
perceptions. The model’s nature is to compare concepts under different scenarios for
strategy development, but concepts cannot be evaluated quantitatively. We suggest adding
quantitative concepts to run simulations based on numeric data and integrating with a new
method to expand a pure perception model to a quantitative one.
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Appendix A

Table 1. Initial weight matrix.
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