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Abstract: In this paper, we propose a novel approach to the development of green public policies.
We emphasize the significance of the system of systems (SoSs) methodology, which concentrates
on understanding and managing complex systems by contemplating their interdependencies and
interactions as a single integrated system. Based on this perspective, we consider green public policy
as a system interacting with the energy, health, pollutants, and economic systems of the SoSs. As a
method of systematic structural analysis, we use both decision-making trial and evaluation laboratory
(DEMATEL) and interpretive structural modeling (ISM) techniques to understand the relationships
between the systems listed above. We provide a literature review on the application of these soft
operation research (SOR) techniques. We note that SOR methods are suitable for the formulation of
effective public policies. Using an example, we demonstrate the primary advantage of DEMATEL and
ISM, which is the establishment of easily comprehendible causal relationships between the systems
in the SoSs.
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1. Introduction

The imperative need to resolve environmental concerns and promote sustainable
development requires the formulation of effective green public policies. This necessity is
strengthened by the global commitment to the Sustainable Development Goals (SDGs) of
the United Nations, which provide a comprehensive framework for attaining a sustainable
future for everyone. The SDGs comprise seventeen interconnected goals that span social,
economic, and environmental dimensions intending to eradicate poverty, safeguard the
planet, and ensure prosperity for all [1].

Green public policies play a pivotal role in advancing the SDGs by aligning national
and international efforts to address environmental challenges [2]. These policies serve as
strategic instruments for governments to integrate sustainable practices into various sectors,
including energy, transportation, agriculture, and waste management. By embracing green
policies, countries can promote a transition to low-carbon economies, enhance resource
efficiency, protect ecosystems, and improve the well-being of their populations.

Designing effective green public policies is significant and pertinent due to their capac-
ity to address urgent environmental concerns while supporting sustainable development
goals. Rapid industrialization, population growth, and unsustainable consumption pat-
terns have resulted in a variety of environmental issues, such as climate change, air and
water pollution, deforestation, and biodiversity loss. These obstacles have far-reaching
effects on ecosystems, human health, socioeconomic stability, and the well-being of current
and future generations.

In the literature, a lot of papers have been investigating the multifaceted dimensions of
green governance, public policy, and their intricate relationship with sustainability-oriented
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practices, with a particular emphasis on the importance of designing green policies. This
is the case of the studies in [3-11] that stress the impact of environmental regulations [4],
public support [5], sustainability orientation [6], digital technologies [7], and incentive
mechanisms [8] in promoting green initiatives, urban greening, green consumption, real
estate development, and the transition to a low-emission economy:.

In this paper, we propose a novel approach to the development of green public
policies. We emphasize the significance of the SoSs methodology, which concentrates on
understanding and managing complex systems by contemplating their interdependencies
and interactions as a single integrated system. Based on this perspective, we consider green
public policy as a system interacting with the energy, health, pollutants, and economic
systems of the SoSs. As a method of systematic structural analysis, we use both DEMATEL
and ISM techniques to understand the relationships between the systems listed above.
This allows for better designing of green policies, as we are considering important factors
highlighted in the literature in a much more comprehensive way. Additionally, we provide
a literature review on the application of these soft operation research (SOR) techniques. We
note that SOR methods are suitable for the formulation of effective public policies. Using
an example, we demonstrate the primary advantage of DEMATEL and ISM, which is the
establishment of easily comprehendible causal relationships between the systems in the
50Ss. The application of the proposed approach will allow policymakers and managers to
effectively design evidence-based green public policies that address pressing environmental
challenges while promoting sustainability (aligned with SDGs).

The rest of this paper is structured as follows: Section 2 examines the relevant literature
on green public policies as well as the approaches usually used in policy creation. Section 3
discusses the established framework and provides an example of how to use the decision-
making trial and evaluation laboratory (DEMATEL) and interpretative structural modeling
(ISM) to build green public policy. Finally, Section 4 summarizes the important results,
discusses their consequences, and suggests future study possibilities in the area of green
policy design.

2. Literature Review

Rapid industrialization and urbanization have increased greenhouse gas (GHG) emis-
sions, pollution, and other environmental challenges, worsening the consequences of
climate change. Green policies are critical in this context for minimizing the negative
environmental consequences of human activity and fostering sustainable development [3].
Green policies are policies that encourage long-term development by minimizing or elimi-
nating negative environmental consequences while assuring economic growth and social
welfare. These measures are intended to decrease GHG emissions, improve energy effi-
ciency, promote renewable energy, minimize waste, and protect natural resources [3].

A review of the extant literature offers a captivating exploration of studies that investi-
gate the multifaceted dimensions of green governance, public policy, and their intricate
relationship with sustainability-oriented practices, with a particular emphasis on the im-
portance of designing green policies. [4] illuminate the positive impact of environmental
regulations, public support, and sustainability orientation on green governance, underscor-
ing the pivotal role of regulatory frameworks, public engagement, and a sustainability-
focused mindset in driving environmental progress. Their work highlights the importance
of designing green policies that align the interests of different stakeholders and foster
environmentally friendly practices. Ref. [5] analysis unveils the applied digital technologies
and public policy dimensions deployed to promote urban greening. The study emphasizes
the significance of multi-stakeholder engagement, interpretive approaches, and technology-
driven solutions in addressing urban environmental challenges. It underscores the need
for designing green policies that facilitate cross-border coordination, complementarities,
flexibility, and productivity in urban greening initiatives. Ref. [6] brings forth a novel
perspective on green consumption and its relationship with environmental policies. The re-
search reveals that green consumption can independently improve the environment without
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relying solely on supply-driven policy measures. Their findings highlight the importance of
designing green policies that incentivize and encourage sustainable consumption practices.
Ref. [7] sheds light on the barriers and opportunities entailed in incentivizing, regulating,
and engaging real estate developers in constructing green projects. Their study advocates
for cities to assume the roles of educators, mediators, regulators, and incentivizing bodies,
fostering collaboration between the public and private sectors. Designing green policies
that align the interests of real estate developers with sustainability goals becomes crucial in
promoting green projects and sustainable development in the real estate industry. Ref. [8]
scrutinizes incentives for building owners to invest in green infrastructure and discover that
financial subsidies and legal obligations are prevalent mechanisms worldwide. This insight
underlines the pivotal role of policy instruments in stimulating private sector engagement
and fostering sustainable urban development. Designing green policies that incorporate
financial incentives and legal obligations can effectively encourage building owners to
invest in green infrastructure.

These studies collectively advocate for comprehensive policy frameworks, stakeholder
interaction, fiscal measures, and innovative solutions to drive environmental progress and
sustainable development. Designing green policies that consider these aspects becomes
essential in achieving the desired environmental outcomes.

Numerous studies have employed the DEMATEL method to resolve crucial concerns in
the formulation of green policies. Ref. [12] investigated the factors that influence individuals’
propensity to employ platforms for green public welfare activities. The authors conducted
in-person DEMATEL questionnaire surveys. According to the research, content accessibility,
user-friendliness, and an interactive community were the most influential factors in the
propensity to utilize platforms for green public welfare activities. Ref. [13] examined the
significant determinants of environmentally responsible public procurement in Singapore.
The authors interviewed senior executives involved in the public procurement process and
employed a conceptual framework based on natural resource-based theory. The authors
analyzed interview information and data using the DEMATEL method. The research found
that energy efficiency strategy and environmental standards were the two most influential
factors in Singapore’s environmentally conscious public procurement. Ref. [14] examined
the impediments to green supply chain management in Canada. The authors employed a
DEMATEL-based strategy and recruited seven manufacturers of electronic products. The
authors categorized obstacles as knowledge-related, commitment-related, and product
design-related. Ref. [15] identified the main performance evaluation indicators (PEIs) of
green supply chains using the DEMATEL technique. The authors chose twenty performance
assessment indicators with six dimensions and solicited the assistance of six specialists from
two distinct organizations. According to the research, the four most significant PEIs for
the success of GSCM were senior management support and commitment, green corporate
culture, investment preparedness, and government support policy. Ref. [16] developed a set
of dimensions and criteria for evaluating green project management. The authors devised
six aspects and twenty-four criteria of green project management by combining DEMATEL
and the analytic network process (ANP) into an integrated methodology. The research
uncovered the interrelationship structure and priority of each dimension and criterion in
green project management. Using the DEMATEL technique, ref. [17] established the priority
of the most important GSCM factors pertinent to Indian Government Public Procurement.
The authors analyzed twenty-six GSCM criteria across eight dimensions and found that
supplier engagement and support, management support, and consumer involvement and
support were the most significant GSCM success factors.

While DEMATEL has proven effective in analyzing causal relationships, system think-
ing has emerged as another powerful method for designing ecological public policies.
System thinking, based on understanding interconnections and dynamic behavior in com-
plex systems, offers a holistic approach to comprehending the complexities of green policy
formulation. Although it has not been extensively utilized for this purpose, the combination
of system thinking and DEMATEL can provide valuable insights into the interrelationships



Sustainability 2023, 15, 10765

40f18

and dynamics within complex systems, aiding the development of evidence-based policies
that promote environmental preservation and public health.

System thinking is an effective method for designing ecological public policies. SoSs
is based on the system thinking approach, which focuses on the interconnections and
dynamic behavior of complex systems. Rather than analyzing each component separately,
it emphasizes understanding their interactions. Using causal loop diagrams, it analyzes the
systems holistically. This method is applicable in a variety of disciplines and is useful for
comprehending the complexities of devising green public policies; nevertheless, it has not
been used seriously for this aim.

DEMATEL and ISM techniques are utilized to establish the causal linkage between
the elements of the defined SoSs. They are soft operations research (SOR) techniques that
fall under the category of systematic structural analysis [18]. Hard operations research
(HOR) and SOR are two methodologies within the discipline of operations research (OR).
Soft systems methodology (SSM) and ANP are additional examples of SOR, whereas linear
programming, integer programming, and dynamic programming illustrate HOR [18-21].

It is crucial to note that the distinction between SOR and HOR is not always clear-cut;
depending on the problem at hand, there can be overlaps and combinations of approaches.
SOR and HOR both seek to enhance decision making and problem solving. Some re-
searchers and practitioners utilize a mixed methods strategy that incorporates soft and
hard OR techniques to solve complex real-world problems [19]. However, it should be
noted that the methodologies and assumptions of SOR and HOR differ [19]. Utilizing
techniques such as interviews, case studies, and surveys, SOR employs qualitative and
subjective methods that emphasize stakeholder participation, social interactions, and hu-
man judgment. It seeks to comprehend complex systems and their dynamics, addressing
unstructured and ill-defined problems while taking human factors and subjective opinions
into account [18-21]. In contrast, HOR employs quantitative and objective methods, such
as mathematical modeling, optimization algorithms, and statistical analysis. It focuses
on rigorous mathematical formulations, numerical analysis, and optimization in order to
derive optimal solutions for well-defined and structured problems [19]. It is concerned with
mathematical optimization. SOR endorses participative decision making, involving stake-
holders and experts, and acknowledges the significance of subjective judgments and social
consensus. In social sciences, organizational behavior, policy analysis, and community
development, it has applications. HOR, on the other hand, emphasizes objective deci-
sion making based on quantitative analysis, to find optimal solutions using mathematical
models and algorithms [19,20].

DEMATEL is a beneficial technique for analyzing the cause-and-effect relationships
among various decision-making factors or criteria. Other applications of DEMATEL in-
clude strategic management, organizational analysis, risk analysis, quality management,
sustainability assessment, and technology evaluation. It is classified as a non-compensatory
method that concentrates on interdependence analysis and lies under the category of multi-
criteria decision-making (MCDM) methods. DEMATEL analyzes complex systems and the
relationships between their elements. It is founded on the system thinking methodology,
which aids in comprehending the structure of a system by identifying and visualizing
the interrelationships and interdependencies between its constituent parts. It provides
an exhaustive view of the system’s architecture, emphasizing the major components and
their interconnections. One of the most essential features of DEMATEL is that it explicitly
models the causal relationships between factors, enabling decision makers to comprehend
the problem’s cause-and-effect dynamics. DEMATEL identifies feedback loops and interde-
pendencies between factors, allowing decision makers to evaluate the indirect effects of
changes in one factor on others [19,20].

On the flip side, DEMATEL has two significant disadvantages. First, it significantly
depends on the judgments of experts, which introduces subjectivity and bias due to varying
perspectives and interpretations. Second, it can be difficult to collect accurate and reliable
data on the relationships between factors, especially when data is limited, incomplete, or
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ambiguous. Insufficient or inaccurate data can undermine the validity and dependability
of an analysis. To improve the accuracy and usefulness of DEMATEL as a decision-making
instrument, careful consideration, minimizing bias, ensuring expert participation, and
collecting reliable data are required [19,20].

ISM is also a SOR method that is utilized to analyze complex systems and comprehend
the hierarchical relationships between factors [22]. Similarly, to DEMATEL, ISM can
visualize the interdependencies and interrelationships between its components using the
system thinking methodology. ISM can also be used to create a hierarchical representation
of the system, illustrating the relative importance and influence of various elements. This
hierarchical structure facilitates comprehension of the relative significance of various system
components and their influence on the entire system.

ISM permits the evaluation of system component relationships, facilitating the iden-
tification of strong and feeble relationships. It aids in identifying which elements exert
direct influence on others and which elements serve as intermediaries or movers within the
system. By delineating the relationships and dependencies between system components,
ISM can provide a systematic approach to decision making [22].

ISM technique also has some disadvantages. It requires identifying relationships,
constructing hierarchies, and analyzing dependencies, which can be difficult and time-
consuming to implement, particularly for large and intricate systems [22]. Simplifying
and generalizing complex systems can result in omissions and the loss of crucial details.
ISM is subjective and biased, relying largely on the knowledge and judgment of experts,
which can result in errors and inconsistencies. The availability and quality of data present
obstacles, and inaccurate or insufficient data can lead to erroneous interpretations. ISM
lacks a dynamic representation, as it is primarily concerned with immutable relationships
and does not account for temporal variations or feedback cycles. Expertise is required
to interpret ISM results, limiting their accessibility and utility for decision makers and
stakeholders [22].

By integrating ISM and DEMATEL, decision makers can obtain insight into both the
hierarchical structure and interdependencies of the factors. ISM can aid in the identification
of the system’s primary or dependent factors, which can then be incorporated into the
DEMATEL analysis.

The study provides significant contributions by introducing the utilization of the
50Ss method to develop sustainable green public policies. This novel approach takes into
account the interdependencies among energy, health, the environment, and the economy,
considering them as interconnected systems. In doing so, we recognize that each sys-
tem consists of interconnected components that collaborate to fulfill specific objectives.
While existing research often focuses on examining conflicts of interest within a single
resource, such as water or forests, the SoSs method presents a pioneering perspective
by simultaneously addressing multiple issues. Our study highlights the importance of
employing SoSs methodologies to effectively shape green public policies. To demonstrate
the functionality of the system, we employ causal loop sketches through the employment of
DEMATEL and ISM. By providing step-by-step guidance, we offer an illustrative example
that elucidates the application of these methodologies. Moreover, we thoroughly evaluate
the advantages and disadvantages of DEMATEL and ISM, while exploring their potential
synergies with complementary methods. This comprehensive analysis ensures a more
holistic understanding of these techniques and paves the way for their integration with
other approaches.

Overall, this study breaks new ground by introducing the SoSs method for building
green public policies, emphasizing its ability to address complex interdependencies among
energy, health, the environment, and the economy. The integration of DEMATEL and ISM
further enhances the effectiveness of this methodology. By providing concrete examples
and considering potential combinations with other methods, our research contributes to
the advancement of sustainable policy-making in a comprehensive and informed manner.
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Table 1 shows a summary of the main results and where this study fits in with the
other research.

Table 1. A comparison of studies from the literature.

Studies DEMATEL ISM ANP
Xu and Fu [13] X
Sujak et al. [14]
Kaur et al. [15]
Shen and Yao [16]
Chou et al. [17]
Etraj and Jayaprakash [18]

XXX X| XX

This paper

3. Definition of the Framework and an Illustrative Example

The systems included in the SoSs for designing green public policy are displayed in
Table 2. As demonstrated, green public policies play a role in the systems because we seek
to comprehend their interactions with other systems. As stated previously, we refer to
energy, health, green public policies, pollution, and the economy as systems because they
are comprised of interdependent elements, facets, or forces that collaborate to achieve a
particular objective (in this case, sustainable development). Table 2 displays two prospective
component examples for each system.

Table 2. The systems in the defined SoSs.

Notation System Sample Factor
EN Energy Renewable energy percentage (0-100%)
Total installed renewable power generation capacity (in gigawatts)
Mortality from PM2.5 and ozone (0 or higher per 1,000,000 inhabitants)
HE Health Diseases like respiratory issues, cardiovascular, allergies, impaired lung function, and
allergic reactions, caused by pollutants
PU Green Public Policies Environment-related tax percentage (0-100%)
Finance amount for innovation in eco-friendly technology
PM Pollutants Fine Particulate Matter—PM2.5 (micrograms per cubic meter)
Coarse Particulate Matter—PM10 (micrograms per cubic meter)
EC Economy Gross Domestic Product—GDP (USD)
Gross National Product—GNP (USD)
3.1. DEMATEL

The elements of DEMATEL are frequently referred to as “variables” since they reflect
multiple characteristics or components of the investigated complicated system or issue.
The DEMATEL approach is used to assess the interdependence of various factors and to
appreciate their mutual influence. The elements are referred to as a system in this research
because they are a collection of interrelated elements or components that have a common
function or purpose.

The initial direct relation matrix (IDRM) in DEMATEL indicates the degree of effect
between components. Each IDRM value is assumed to indicate the effect of the element in
the associated row on the element in the corresponding column. IDRM is often determined
via expert opinion, whose elements are generally as follows: 0: no influence or negligible
relationship between the factors; 1: weak influence or very low relationship; 2: moderate
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influence or moderate relationship; 3: moderate to strong influence or substantial rela-
tionship; 4: strong influence or strong relationship; and 5: very strong influence or very
strong relationship. Table 3 shows how the authors define the IDRM in the example. It
should be noted that the IDRM values in DEMATEL are not defined scientifically, but are
chosen based on expert opinion. While this may make DEMATEL subjective, it does allow
for the evaluation of various stakeholders” opinions. As mentioned in the introduction,
group decision-making DEMATEL is a way of combining multiple experts’ judgments,
with IDRM formed by the average values of experts [19,23,24]. We implement all matrix
operations in MATLAB R2022a and we draw figures in Microsoft Excel.

Table 3. IDRM in the illustrative example.

EN HE PU PM EC
EN 0 5 0 5 2
HE 0 0 0 0 0
PU 5 0 0 5 0
PM 0 5 0 0 0
EC 3 0 0 0 0

Normalization scales IDRM values within a consistent range, typically between 0 and
1, enabling a clearer interpretation of influence levels and reducing any biases induced by
varying impact scales or magnitudes. To normalize the IDRM, the sum of all rows and
columns is calculated, and their utmost value is defined. In Table 3, the IDRM is given
as = 12. As shown in Table 4, the normalized IDRM is generated by dividing all matrix
elements. N denotes the normalized matrix [19,23,24].

Table 4. Normalized reachability matrix, denoted by N.

EN HE PU PM EC
EN 0 0.42 0 0.42 0.17
HE 0 0 0 0 0
PU 0.42 0 0 0.42 0
PM 0 0.42 0 0 0
EC 0.25 0 0 0 0

N is identical to the Sp matrix of direct impacts. The causal tree of direct impacts
generated from Sp is shown in Figure 1. In DEMATEL, the causal loop diagram of direct
impacts displays the linkages and causal links between system or network components.
Arrows or directed boundaries are often used to represent the direction of effect [19,23,24].
The causal loop diagram is a visual depiction of the system’s cause-and-effect interactions
that shows how the parts interact and impact one another.

Economy
o1 Pollutants
: ﬁzs 0.4
0.42
Energ
Policy

0.42 Health

Figure 1. The causal loop diagram of direct influences.
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Indirect impacts between systems may arise when the impact of one element on
another is mediated or transferred by other components in the system. These interme-
diary elements serve as bridges or paths for the impact to be conveyed. Using the fol-
lowing equation, the matrix of indirect impact may be constructed as shown in Table 5:
S;=N*(I-N )71, where I is an identity matrix [19,23,24].

Table 5. Sj, the matrix of indirect influences.

EN HE PU PM EC
EN 0.04 0.20 0 0.02 0.01
HE 0 0 0 0 0
PU 0.02 0.43 0 0.18 0.07
PM 0 0 0 0 0
EC 0.01 0.15 0 0.11 0.04

Figure 2 displays the causal loop diagram of indirect effects based on Sj.

0.04
. Econom\y ol >
O.O,]’-// A V\\\ 0.02.-¥% Pollutants
‘ 001 015 4
0.04(\\ Energy< ______ 0.02\\019\7 :."0'18
R

Figure 2. The causal loop diagram of indirect influences.

The total influence matrix is obtained as in Table 6, using the equation St = N(I — N) -1
where I is the identity matrix, and where I denotes the identity matrix. It is worth noting
that St = S; + Sp [19,23,24].

Table 6. S, the matrix of total influences.

EN HE PU PM EC
EN 0.04 0.62 0 0.43 0.17
HE 0 0 0 0 0
PU 0.43 0.43 0 0.60 0.07
PM 0 0.42 0 0 0
EC 0.26 0.15 0 0.11 0.04

Figure 3 depicts the causal loop diagram of total influences derived from Srt.
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0.04

f\ 0.11

Economy —>

0.26 Pollutants
/06'
0.04

0.62

0.60

Policy

Health

0.43

Figure 3. The causal loop diagram of total influences.

The normalized reciprocal matrix, SNRM is ysed to standardize and compare the

NRM
SNRM \where eisj

T . . . . .
and efj are the elements in row i and column j of matrices SNRM and S, respectively, and

influence values. We apply the following transformations to produce

mean®T is the average of the elements in St [19,23,24].

5 ij
e 5

T

GNRM 1, €S > meanST
= T

0, e?]- < mean

The values in the direct and indirect effect matrices may be changed throughout the
normalization process. As a consequence, SN®M and St may have different values. SNRM
is acquired as shown in Table 7.

Table 7. SNRM,

EN HE PU PM EC
EN 0 1 0 1 1
HE 0 0 0 0 0
PU 1 1 0 1 0
PM 0 1 0 0 0
EC 1 1 0 0 0

Figure 4 depicts the causal loop diagram produced from SNRM,

Economy

/ Pollutants

Energy

\ Policy

Health «—

Figure 4. The causal loop diagram obtained from SNRM.
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It should be noted that, although statistical concepts such as correlations are useful in
order to investigate interactions between variables, causal loop diagrams provide a more
comprehensive picture of how variables influence each other in a system by describing
both directed and indirect dynamics.

Matrice d'Impacts Croisés Multiplication Appliquée a un Classement (MicMac) anal-
ysis (also known as Matrix of Cross-impact Multiplication Applied to Classification) is
a methodology usually used with the DEMATEL method. In MicMac, R is determined
for each system as the total of associated rows in ST, whereas C is acquired as the sum of
relevant columns. R + C denotes prominence, which shows the total impact or relevance of
a component within the system under consideration. R — C measures a factor’s efficacy; if
R — C >0, the factor is largely effecter, whereas if R — C = 0, it is mostly affected [19,23,24].

Figure 5 shows the results of the MicMac analysis. According to this graphic, PU has
the greatest impact, whereas HE is the most affected.

PU
1.5 o
1
EN
= 05 o
5 EC
©
@ O
o
ey 0 0.5 1 15 2 2.5
x -0.5 PM
(o]
-1
15 HE
(o]

R+C (Prominence)

Figure 5. MicMac analysis.

3.2. ISM

As previously stated, integrating DEMATEL with ISM allows decision makers to acquire
a more thorough picture of the system, taking into account both hierarchical links and causal
loops. ISM aids in the identification of direct linkages between components and acts as a basis
for defining the system’s hierarchical structure and interdependencies [19,24,25].

The initial matrix in ISM, like DEMATEL, is built by a set of expert assessments or
surveys in which experts evaluate the links between pairs of components in terms of their
effect or influence. The experts submit evaluations or scores indicating the level of influence,
which are then utilized to construct the interaction matrix. Ordinal scales or binary values
(0 or 1) are often used to express these assessments. In Table 3, we utilize the IDRM matrix
of DEMATEL and replace the elements higher than 0 with 1. As a result, the initial matrix
of ISM is produced, as shown in Table 8.

Table 8. Initial matrix of ISM.

EN HE PU PM EC
EN 0 1 0 1 1
HE 0 0 0 0 0
PU 1 0 0 1 0
PM 0 1 0 0 0
EC 1 0 0 0 0
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The causal loop diagram obtained from the initial matrix of ISM is depicted in Figure 6.

Economy

/ Pollutants

Energy

\ Policy
Health

Figure 6. The causal loop diagram of the initial matrix of ISM shows direct relationships among
the systems.

There are several approaches for obtaining the final matrix from the first one. This
is accomplished by examining the pairwise relationships between the components in the
original matrix. The final matrix comprises both direct and indirect interactions between the
components [19,24,25]. As seen in Figure 6, policy affects energy, which in turn influences
health. As a result, the policy has an indirect effect on health, as seen by the dashed arrow in
Figure 7. The additional indirect linkages between the systems may be constructed similarly,
as illustrated in Figure 7 with dashed arrows. Furthermore, each system is considered to
have an indirect link with itself.

ts

Figure 7. The causal loop diagram of direct and indirect relationships among the systems.

Table 9 shows the final matrix of ISM based on Figure 7.

Table 9. Final matrix in ISM.

EN HE PU PM EC
EN 1 1 0 1 1
HE 0 1 0 0 0
PU 1 1 1 1 1
PM 0 1 0 1 0
EC 1 1 0 1 1
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The dependency and influence of each system are derived using the final matrix, as
shown in Table 10. For each system, dependence is equal to the sum of the related column,
while the effect is equal to the sum of the related row.

Table 10. Dependence and effect of each system.

Dependence Effect
EN 3 4
HE 5 1
PU 1 5
PM 4 2
EC 3 4

As seen in Table 10, policy has the greatest influence and the least dependency, while
health has the greatest effect and the most dependence. This is also represented in Figure 8,
implying that the changes are mostly the result of governmental policies.

PU
5 @
EN EC
4 (o]
I3
&3
PM
2 Q
HE
1 (o]
0
0 1 2 3 4 5 6
Dependance

Figure 8. Diagram of dependence and effect of systems.

In ISM, the forming of a level is a critical step that provides managers with a visual tool.
The hierarchical grouping of components based on their interdependence and impact is
referred to as levels, which signify various degrees of influence, control, or relevance within
the system under consideration. Elements within each level are more closely connected
than elements from other levels [19,24,25].

The number of levels in an ISM analysis might vary according to the complexity of the
system under consideration. An ISM model often has multiple layers, with the top level
representing the most influential or driving components and the lower levels representing
elements impacted by the higher-level elements [19,24,25].

To form the levels, using the matrix in Table 9, we create the sets of antecedent,
reachable, and intersection sets as in Table 11. For each system, the members of the sets
of antecedent and reachable are, respectively, the ones in the corresponding column and
row. The members of the intersection set are the joint ones between the antecedent and
reachable sets [19,24,25].
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Table 11. The sets of antecedent, reachable, and intersection in the first stage of level shaping.

Antecedent Set Reachable Set Intersection Set
EN EN, PU, EC EN, HE, PM, EC EN, EC
HE EN, HE, PU, PM, EC HE HE
PU PU EN, HE, PU, PM, EC PU
PM EN, PU, PM, EC HE, PM PM
EC EN, PU, EC EN, HE, PM, EC EN, EC

The system in level 1 is the one whose reachable and intersection sets are the same.
According to Table 11, the system of health is selected as level 1. Then, the row and column
relevant to the system of health are eliminated from Table 9, whose result is as in Table 12.

Table 12. The revised matrix after the first stage of level shaping.

EN PU PM EC
EN 1 0 1 1
PU 1 1 1 1
PM 0 0 1 0
EC 1 0 1 1

In a similar way, the sets of antecedent, reachable, and intersection are created for the
matrix in Table 12, whose result is as in Table 13.

Table 13. The sets of antecedent, reachable, and intersection in the second stage of level shaping.

Antecedent Set Reachable Set Intersection Set
EN EN, PU, EC EN, PM, EC EN, EC
PU PU EN, PU, PM, EC PU
PM EN, PU, PM, EC PM PM
EC EN, PU, EC EN, PM, EC EN, EC

Since the reachable and intersection sets for the system of pollutants are the same,
it is selected as level 2. Accordingly, the row and column of the system of pollutants are
eliminated from Table 12, whose result is as in Table 14.

Table 14. The revised matrix after the second stage of level shaping.

EN PU EC
EN 1 0 1
PU 1 1 1
EC 1 0 1

The sets of antecedent, reachable, and intersection for the matrix in Table 12 are as in
Table 15, where the reachable and intersection sets for the systems of energy and economy
are the same. Thus, they are selected as level 3, and accordingly, the system of public policy
is level 4.
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Table 15. The sets of antecedent, reachable, and intersection in the third stage of level shaping.

Antecedent Set Reachable Set Intersection Set
EN EN, PU, EC EN, EC EN, EC
PU PU EN, PU, EC PU
EC EN, PU, EC EN, EC EN, EC

The diagram of levels is drawn in Figure 9.

Level 4 PU

Level 3 EN «—» EC
\
4

Level 2 PM

Level 1 HE

Figure 9. The obtained levels by ISM.

From Figure 9, it can be concluded that the system with the most impact in the defined
S0Ss is public policy, which directly affects the systems of energy and economy. The system
of pollutants is affected by the systems of energy and economy, while it affects the system
of health. It should be noted that this is a conclusion from Table 8, and if it is different, this
conclusion is different too. Based on this fact, it is mentioned that the results of the ISM are
subjective and based on the judgment of experts.

There should not be inconsistencies between the results of DEMATEL and ISM. The
conclusion from the MicMac analysis shown in Figure 5 is similar to the conclusion from
Figure 9.

The visual outputs of DEMATEL and ISM can be very helpful for managers, which
can be considered their advantage over other decision-making techniques. For example,
generating pairwise comparison matrices in the analytic hierarchy process (AHP) and
super-matrices in the ANP can be difficult; however, they may not be as understandable as
the outputs of DEMATEL and ISM. AHP and ANP are widely used for the prioritization and
weighting of criteria or alternatives. By incorporating the insights gained from DEMATEL,
the prioritization and weighting processes become more informed and accurate. DEMATEL
helps identify the key drivers and factors that influence the decision problem, which can be
incorporated into the prioritization process of AHP or ANP. This leads to more robust and
reliable prioritization outcomes.

As discussed in the Introduction, DEMATEL and ISM have their strengths and weak-
nesses, which are summarized in Table 16 [19,24].
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Table 16. Weaknesses and strengths of DEMATEL and ISM.

Strength Weakness
Easy to apply
Holistic perspective Subjectivity and dependency

Causal representation on expert judgments

Visual representation

The weakness of the methods mentioned in Table 16 is the main limitation of this
work. It should be noted that although the methods of this work are subjective, they can
represent the interests of stakeholders.

Other limitations of the work are that the models do not have predictive capability,
and the results are not used in methods like SD to evaluate policies. Moreover, despite the
strength of the SoSs approach in dealing with many systems and sub-systems, in this work,
we just include five systems in the model. The reason to not include more systems is to
provide a more understandable and illustrative example. In the future, we have a plan to
do more comprehensive work, considering all of these limitations.

3.3. Managerial Implications

The utilization of DEMATEL and ISM as robust and systematic structural analysis
techniques has important theoretical implications for evidence-based policy formulation.
By using the DEMATEL and ISM methods, it is possible to analyze the cause-and-effect
relationships between the systems of green public policy, economy, energy, health, and
pollutants. This gives a full picture of how all of these things depend on each other.
This understanding is crucial for making decisions and formulating policies that promote
environmental preservation and public well-being.

The comparative analysis conducted in this research contributes to the credibility
and applicability of DEMATEL and ISM as distinct analytical tools for green policy de-
sign. It highlights the unique advantages that DEMATEL and ISM offer over other es-
tablished methods, such as system dynamics, in uncovering and comprehending the
complex relationships between factors. This understanding empowers policymakers and re-
searchers to make informed decisions regarding the selection and application of appropriate
analytical methods.

From a managerial perspective, by utilizing DEMATEL and ISM as analytical tools,
policymakers and managers can effectively design green public policies that address press-
ing environmental challenges while promoting sustainability. The abilities of DEMATEL
and ISM to uncover the complex relationships between factors enable the development of
evidence-based policies that align with SDGs.

In addition, managers can leverage the unique advantages of DEMATEL and ISM,
such as their ability to provide valuable insights into causal relationships, to enhance their
decision-making processes. The utilization of DEMATEL and ISM empowers managers to
make well-informed decisions that are aligned with sustainability objectives. By consid-
ering the comprehensive understanding of the interdependencies among energy, health,
and pollutants that DEMATEL and ISM provide, managers can develop and implement
effective green policies that contribute to environmental preservation and the well-being of
the public.

The originality of this study lies in its novel utilization of DEMATEL and ISM as
robust and systematic structural analysis techniques in the context of evidence-based policy
formulation. While these methods have been applied in various fields, their application to
the analysis of cause-and-effect relationships among green public policy, economy, energy,
health, and pollutants is a unique contribution. By employing DEMATEL and ISM in
this specific domain, the study offers a fresh perspective on understanding the complex
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interdependencies between these critical factors, which has significant implications for
policy development.

4. Conclusions and Future Works

The development of effective green public policies is crucial in addressing environ-
mental concerns and promoting sustainable development, in alignment with the United
Nations” SDGs. The primary objective of this research is to enhance the understanding and
implementation of policies that effectively promote sustainability and address pressing
environmental challenges. By utilizing the analytical capabilities of DEMATEL, we provide
a tool with which policymakers can gain a comprehensive understanding of the causal
relationships among energy, health, public policies, pollutants, and the economy. This un-
derstanding enables the formulation of evidence-based green policies. The study’s findings
highlight the distinct advantages of DEMATEL over other methods, establishing its value
as a valuable tool for informed policy decision making in the pursuit of environmental
preservation and public well-being.

The findings from the analysis of the interdependencies among the SoSs using DEMA-
TEL and ISM emphasize the significant impact of public policy on the energy, economy,
pollutants, and health systems. While subjectivity is inherent in the results obtained
through ISM, the consistency between DEMATEL and ISM reinforces their validity. The
visual outputs of DEMATEL and ISM provide valuable insights to managers, allowing
for a more intuitive understanding and improved decision-making processes, particu-
larly when integrated with other techniques like AHP and ANP. Policymakers should
strive to develop coordinated policies that address multiple sectors simultaneously, en-
suring a harmonized and mutually beneficial impact across various domains. Further-
more, aligning policies with the SDGs becomes imperative in order to foster sustainable
development comprehensively.

The analysis also underscores the importance of addressing the health-environment
nexus in policy formulation. The significant influence of pollutants on the health system
necessitates the implementation of policies aimed at reducing environmental pollution
and promoting environmental health. Policymakers should consider enacting stricter
environmental regulations, investing in clean technologies, and implementing public health
campaigns to raise awareness about the health risks associated with pollution. Additionally,
the findings highlight the importance of transitioning towards a circular economy and
renewable energy sources to address the interconnectedness between the economy, energy,
and pollutants systems. Policies promoting resource efficiency, recycling, and the use
of renewable energy can generate synergistic effects, fostering economic growth while
minimizing environmental impacts.

Although the focus of the paper centers on the application of DEMATEL as a structural
analysis technique for green policy design, it does not delve into potential challenges or
limitations specific to using DEMATEL in this context. Future research could therefore
explore practical implementation issues, data requirements, and potential biases associated
with applying DEMATEL in green policy design. Additionally, the comparative analy-
sis conducted in the study compares DEMATEL with system dynamics (SD) and fuzzy
methods, providing insights into the unique advantages of DEMATEL. However, this
comparison may not encompass all possible analytical methods used in policy formulation
and decision making.

In Table 2, we presented two examples of elements or factors for each system. They
can be generalized and also a more comprehensive model should discover the relationships
between them.

Although the results of DEMATEL and ISM reflect the interests of different stakehold-
ers, they are subjective. In future studies, it is planned to define a utility function for the
stakeholders to fill the deficiency [26]. Future research can focus on integrating DEMATEL
with various methods and approaches to enhance analysis and decision making. For ex-
ample, combining DEMATEL with grey relational analysis (GRA) can handle incomplete
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or imprecise data. Additionally, integrating DEMATEL with techniques like AHP and
ANP can determine factor weights. Further investigation can explore the application of
the Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) alongside
DEMATEL for additional insight. Researchers can also explore fuzzy DEMATEL to manage
uncertainty using fuzzy set theory. Complementary techniques like MICMAC and SSM can
enhance classification and address complex issues. Also, group decision making DEMATEL
incorporates multiple stakeholder opinions, while integrating system dynamics provide a
comprehensive understanding of systems.
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