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Abstract:

Emphasizing the critical role of sustainability, this research comprehensively assesses environmental risks in
industrial-construction megaprojects and shows that identifying and managing these risks can help reduce
negative environmental consequences and improve sustainable decision-making. The present study aims to
analyze the environmental risk management system in a megaproject as a case. Therefore, the innovation
of this research lies in the use of a system dynamics approach and fuzzy cognitive mapping to identify and
assess environmental risks in large-scale industrial and civil engineering projects. Based on this analysis, each
aspect of a project’s environmental risk management is ranked using the Analytic Network Process (ANP),
and Decision Making Trial and Evaluation Laboratory (DEMATEL) and causal relationships are examined.
Also, using the Fuzzy Cognitive Map (FCM) approach, the in degree, out degree, and centrality of each risk
have been identified. Then, the behavioral model is determined based on the system dynamics. The risk of
completing the project timely and the issues related to the increase in time due to environmental laws were
ranked first, an over predicted increase in the project time due to environmental laws was ranked second,
and the factor of environmental issues and problems was ranked third. Environmental issues and problems
have the highest impact and the risk of completing the project timely and the issues related to the increase
in time due to environmental laws were the most affected factor. Experts believe that the involvement of
several institutions and decision-making from the perspective of environmental climate issues is one of the
most significant environmental risks affecting the completion of the project. This issue is because the risk of
completing the project timely from an environmental perspective and environmental issues and problems is
reduced by controlling and reducing this risk. These two risks are increasing with an increase in the risk of
conflict among several decision-making institutions from the perspective of environmental climate issues. The
risk of the involvement of several decision-making institutions from a climate and environmental perspective
is directly associated with two risks of environmental issues and problems and the risk of completing the
project timely. Thus, the institutions involved in the climate and environmental issues of the project can
reduce the risk of timely completion of the project and environmental issues and problems with mechanisms
and memorandums that reduce the risk of conflict among them.
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1. Introduction ing to potential risks in a project to maximize the likelihood

of positive outcomes. Also, risk management minimizes the

Risk management is a major issue in all projects. Risk  probability of harmful events and their consequences [2].
management is considered a major field of study in many =~ Boehm and Turner [3] consider a two-step process for risk
organizations involved in a project [1]. Risk managementis  management in a project. In the first step, major risk threats
a systematic process of identifying, analyzing, and respond-
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and opportunities are identified, each of which can affect
project or process outcomes. Risk assessment is the process
of estimating the probability of an event, either desirable or
undesirable, and its impact. This step helps to select less
risky projects and eliminate remaining risks.

It is possible to identify the primary and major threats and
opportunities that affect the outcomes of the project or pro-
cess using one of the risk identification tools. In the second
step, after identifying the primary risks, the frequency of
occurrence and its outcomes and impacts are assessed [4].
Then, different risks are prioritized according to the results
of the analysis. Accordingly, it is possible to compare dif-
ferent risks with each other. In the next steps of the risk
management process, it is possible to decide on the appro-
priate methods to respond to the risk [5]. Environmental risk
management in large projects has become a major research
subject [6]. Megaprojects mostly need to cross different
regions with fragile ecological environments [7]. Thus,
megaprojects face more complex environmental risks [8].
One of the unknown factors of these disasters will lead to
erosion of water and soil, destruction of the environment,
and even endangering the safety of people’s lives and prop-
erty. Additionally, taking preventive measures to minimize
environmental risks is the best option to manage environ-
mental risks [9]. This will have a direct beneficial impact
on intrinsic value, economics, and ecosystem services [10].
Accordingly, it is essential to investigate the environmental
risk factors affecting megaprojects for better management.
Generally, there are several risks in a megaproject mak-
ing it difficult to face the problem of allocation of limited
resources. Thus, comprehensive risk management is re-
quired [11]. Environmental problems and risks are widely
distributed. Improper management of these problems will
cause problems for project management and even cause
additional project costs or project failure [12].

According to above mentioned, given the rapid growth of
these projects and their significant impacts on the environ-
ment, the need for new approaches to risk management is
increasingly felt [13]. In this regard, the use of the system
dynamics approach and fuzzy cognitive mapping as an ef-
fective tool for analyzing the complexities of interactions
between environmental factors and simulating different sce-
narios helps to improve the decision-making process and
risk management [14]. This research seeks to identify weak-
nesses and opportunities in order to reduce the negative
environmental impacts of projects and enhance their sus-
tainability. Current approach helps to more accurately and
comprehensively analyze the complex interactions between
environmental factors and their impacts on projects, and
allows decision-makers to develop effective strategies for
managing risks and reducing negative impacts on the envi-
ronment by simulating different scenarios. This research
can contribute significantly to promoting project sustain-
ability and improving environmental quality. Therefore,
the identification and assessment of environmental risks in
industrial-construction engineering megaprojects is a criti-
cal issue due to the significant environmental impact these
projects have. Megaprojects often involve complex interac-
tions between various stakeholders, regulatory frameworks,
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and environmental factors, leading to uncertainties and chal-
lenges in risk management. Traditional risk assessment
methods may not adequately capture the dynamic nature of
these interactions and the inherent uncertainties associated
with them. As a result, there is a pressing need for inno-
vative approaches that can effectively model and analyze
environmental risks in this context. Also, despite the grow-
ing recognition of the importance of environmental risk
assessment in megaprojects, there remains a lack of com-
prehensive frameworks that integrate system dynamics and
fuzzy cognitive mapping. Existing literature often focuses
on either qualitative or quantitative methods in isolation,
failing to address the complexities and interdependencies
present in megaproject environments. Furthermore, there
is limited research on how fuzzy cognitive maps can be uti-
lized to enhance the understanding of environmental risks
by incorporating stakeholder perspectives and uncertain-
ties. The fuzzy approach was chosen in current study has
advantages because: The uncertainty in current study is lin-
guistic and epistemic, not probabilistic. Expert-based data
are more compatible with fuzzy modeling than with stochas-
tic models. FCM inherently relies on fuzzy-weighted causal
relationships. Fuzzy logic ensures methodological compat-
ibility with the DANP and system dynamics components.
Given these considerations, the fuzzy framework provides
the most appropriate, feasible, and theoretically coherent ba-
sis for modeling environmental risks in megaprojects within
the scope and constraints of current study.

This gap highlights the need for a systematic approach that
combines these methodologies to provide a more holistic
view of environmental risks in industrial-construction engi-
neering megaprojects, ultimately leading to better decision-
making and risk management strategies. Thus, it is essential
to consider better management of potential environmental
risks during the construction process and the operation and
maintenance period in megaprojects. For this purpose, the
present study proposes a comprehensive model for manag-
ing environmental risks in megaprojects. It includes two
goals: (1) identifying and ranking risks and (2) presenting
behavioral models of risks and scenarios for the coming
years. The contribution of the current research to participa-
tion and innovation can be examined from four perspectives.
First, this research provides a new analytical framework to
better understand the complex interactions between envi-
ronmental factors and their impacts on projects. Second, by
using simulations of different scenarios, it allows decision-
makers to develop effective strategies for managing risks
and reducing negative impacts on the environment. Third,
this research helps to promote awareness and knowledge in
the field of environmental risk management and can serve
as a reliable source for researchers and professionals in this
field. Fourth, the results of this research can help improve
environmental policies and planning in large-scale indus-
trial and construction engineering projects and contribute
to sustainable development in this industry. Finally, this
research can be used as a model for other similar projects at
different levels and help improve environmental quality and
project sustainability.

The remainder of the paper is structured as follows. Sec-
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tion 2 reviews the related literature. Section 3 describes
the research methodology. Section 4 details the proposed
model, and section 5 presents the overall conclusions of the
study.

2. Literature review

Risk assessment is a crucial step in the risk management
process of a construction project [15, 16] It has been a scien-
tific field for more than 40 years [17]. It is extensively used
in the construction industry [18, 19]. Although issues such
as project management and risk management have been
discussed in detail, none of them has attempted to examine
environmental risk management as one of the most crucial
issues involved in the results and performance of projects.
However, they have focused more on the conceptual and
organizational aspects of risk. Generally, a comprehensive
study has not been conducted on the relationship between
environmental and project risk [20].

Risk assessment has also been used as a crucial part of
construction project management in existing studies on
megaprojects to analyze various potential risks [21, 22].
Several complex analysis methods and techniques have been
developed for risk assessment, such as the limit equilibrium
method [18], Bayesian networks [16, 20, 21] fault tree anal-
ysis [15] Monte Carlo simulation (Albugami and Daoud,
2015), regression analysis (Nguyen et al. 2023), and ana-
lytic hierarchy process [10]. Using MCDM techniques and
fuzzy logic, Olfat et al. [22] ranked the risks of construc-
tion projects based on the Project Management Body of
Knowledge (PMBOK) criteria. Referring to the existence
of a fuzzy decision-making environment Carbone and Tipett
[23] examined and analyzed project risks using the hybrid
approach of PMBOK and FMEA technique. FMEA is a
well-known approach implemented in many risk manage-
ment projects with different scopes [20—22]. Nguyen and
Macchion [24] investigated the factors frequently encoun-
tered by green building (GB) projects in Vietnam. Initially,
53 risk factors were identified by reviewing previous studies
and interviewing industry professionals. Then, a question-
naire was designed to collect data from 207 construction
professionals to assess the importance of GB risk factors.
Koc et al. [25] a four-step analysis method was designed
to assess the risks of the life cycle of green building (GB)
and emphasize the role of stakeholders in managing the
associated risks. For this purpose, a comprehensive liter-
ature review and group discussions were used to build a
decision-making framework suitable for the GB life cycle.
A fuzzy analytic hierarchy process (F-AHP) was used to
prioritize the identified risks based on expert opinions. Also,
the fuzzy technique for prioritization based on similarity to
the ideal solution (F-TOPSIS) was used to relate the role
of stakeholders to the management of GB risks that may
arise during GB projects. Doung et al. [26] performed to
develop and validate a measurement scale of risk in sustain-
able construction supply chains (SCs). Exploratory factor
analysis (EFA) and confirmatory factor analysis (CFA) are
used to test the reliability, convergent validity, and discrim-
inant validity of the risk constructs. The results indicate
that all tests strongly support the measurement scale, and
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seven reliable risk constructs are identified including supply,
demand, internal processes, information, financial, time,
and environmental risks. Nguyen et al. [27] developed a
comprehensive risk assessment model that considers three
important risk characteristics: impact level, probability of
occurrence, and risk manageability. Used the mean scoring
method and fuzzy mixed assessment to assess green build-
ing (GB) risks. Based on expert assessments, the model can
determine the importance of risk factors, risk groups, and
overall risk. Specifically, this study applied the proposed
model to assess GB risks in Vietnam by surveying 58 expe-
rienced GB professionals. Seyedi et al. [28] identified and
rank the risks of industrial megaprojects using the Delphi
method and to provide a structural model for the factors
affecting industrial megaprojects risk using the DEMATEL-
ANP technique. Khalilzadeh et al. [29] Focused on the
operational phase of a selected energy project and uses a
multifaceted approach. Risks are systematically identified
through a comprehensive literature review, organizational
insights, and expert judgment. The identified risks are then
filtered using the fuzzy Delphi method to ensure their rel-
evance and accuracy. High-priority risks are determined
through a probability-impact matrix, and then the fuzzy
best-worst method (FBWM) is used to weight and prior-
itize criteria in risk response planning. Finally, the Grey
Combined Compromise Solution (G-COCOSO) method is
employed to rank and select the most effective risk response
strategies under uncertainty.

Using the studies conducted by other researchers, the
present study explains the issues related to environmen-
tal risks in a megaproject and tries to define a model to
reduce the risk. Several methods are used to analyze risks.
Most project managers prefer to use matrix-based decision-
making processes over other methods. Successful project
managers use open communication across the organization
about their needs. The present study identifies the project
risks using expert opinions and ranks them using MCDM
techniques. Also, a behavioral model is recommended in
this study to predict its impacts in the next ten years. Given
the identified research gap and the critical role of environ-
mental risks in construction and industrial projects, it is
proposed that future studies should focus on the integration
of system dynamics approaches into modeling and man-
aging environmental risk. System dynamics is a powerful
tool for a better understanding of complexities and internal
interactions within projects, and it enhances the ability to
forecast the outcomes of different risk management policies
in highly uncertain contexts. This approach can contribute
to the design of flexible and resilient strategies to deal with
environmental risks in construction projects. System dy-
namics could be used to analyze the long-term and unknown
impacts of environmental risks on the performance and prof-
itability of the project, as well as to examine the effective-
ness of risk management strategies over time. Moreover,
this method could be employed in the development of op-
timization models for balancing costs, time, quality, and
environmental impacts in construction projects. Therefore,
future research should move towards the development and
application of system dynamics models for identifying, eval-
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uating, and managing environmental risks in construction
projects. This approach could improve our understanding
of the complex dynamics involved in environmental risk
management and lead to the development of strategies that
effectively protect projects against unpredictable changes
and environmental challenges.

The existing body of literature on the current study reveals
a significant gap in the synthesis of methodologies that ef-
fectively integrate system dynamics with fuzzy cognitive
mapping. While both approaches have been explored sepa-
rately, their combined application remains under-researched,
particularly in the context of megaprojects where environ-
mental risks are multifaceted and dynamic.

1. Limited Integration of Methodologies: Most stud-
ies tend to focus on either system dynamics such as
Seyedy et al. [28] or fuzzy cognitive mapping or other
MCDM approach like as Fuzzy AHP; TOPSIS; BWM
and COCOCSO such as ([25, 29]) independently, ne-
glecting the potential benefits of their integration. This
separation limits the ability to capture the complex in-
teractions and feedback loops inherent in megaproject
environments, which are crucial for a comprehensive
risk assessment.

2. Lack of Stakeholder Perspectives: Current research
often overlooks the importance of incorporating di-
verse stakeholder perspectives in the risk assessment
process. Fuzzy cognitive mapping, with its ability to
represent subjective judgments and uncertainties, can
enhance understanding by integrating these perspec-
tives. However, this potential remains largely untapped
in existing frameworks.

3. Insufficient Focus on Dynamic Interactions: The
dynamic nature of environmental risks in megaprojects
necessitates a more robust modeling approach that can
adapt to changing conditions over time. Existing risk
assessment methods frequently fail to account for these
dynamics, leading to static analyses that do not reflect
real-world complexities.

4. Need for Holistic Frameworks: There is a clear need
for the development of holistic frameworks that com-
bine system dynamics and fuzzy cognitive mapping
to provide a more nuanced understanding of environ-
mental risks. Such frameworks should facilitate the
identification of key risk factors, their interdependen-
cies, and the potential impacts of various scenarios,
ultimately leading to more effective risk management
strategies.

Therefore, the research gap lies in the limited synthesis of
system dynamics and fuzzy cognitive mapping method-
ologies for environmental risk assessment in industrial-
construction engineering megaprojects. Addressing this gap
is essential for advancing the field and improving decision-
making processes in the face of complex environmental
challenges.

Seyedi et al.

3. Research methodology

The primary indicators related to environmental materials
were first identified through a systematic literature review.
The criteria obtained the previously identified indicators
by using authentic articles and Persian and Latin books.
The present study is applied research in terms of purpose
and descriptive and library in terms of the method of col-
lecting information. The data collection tools were reliable
databases and articles related to the research. They were col-
lected using a systematic review approach. The systematic
review conducted in this study to determine the indicators
is as follows:

Step 1: Purpose Determination - In this step, key ques-
tions such as topic, population, time and methodology
are identified by focusing on the research objective.

Step 2: Systematic literature review - In this step,
published articles are searched and relevant keywords
are selected.

Step 3: Search and select appropriate texts - Inappro-
priate articles are eliminated and the methodological
quality of the articles is reviewed to ensure that the
findings are valid.

Step 4: Extraction of text information - Information
from selected articles is continuously reviewed and cat-
egorized, including reference records, methodological
notes and pages of interest.

Step 5: Analysis and synthesis of qualitative findings -
The aim of this step is to create a unified interpretation
of the findings and identify common themes across the
articles.

Step 6: Quality Control - In this step, various pro-
cedures are considered to maintain the quality of the
study, including documenting the steps and using vari-
ous search methods.

Step 7: Analysis of Findings - In this step, the findings
from the previous steps are presented.

After reviewing several articles, books, and documents, the
following risks were obtained in the environmental area are
shown in the Table 1. Then, by designing a questionnaire
and distributing it among the experts, their survey was con-
ducted according to the Delphi method. The participant
of the present study, according to the data analysis steps
to finalize the input and output variables, includes experts
whose characteristics are as follows:

- Managers and those with management experience in
industrial-construction projects.

- Experts with work experience in the field of industrial-
construction projects.

Table 2 shows the profiles of the experts in the current study
based on their job position, education, and work experience.
The method of selecting the experts was based on snow-
balling. After collecting the questionnaires, the threshold
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Table 1. Identified environment criteria.

Criteria References
Climate conditions [30, 31]
The cost of solving internal and external legal disputes of the project [18, 20, 26]
Implementation of environmental regulations [17, 20, 22]
Environmental assurance [32, 33]
Environmental uncertainties [20, 25, 34]
An over predicted increase in the project price [35, 36]

An over predicted increase in the project time [37]
Involvement of several decision-making institutions [20, 23, 25-27]
Reducing the project quality [11, 15, 23]
The risk of completing the project timely and related issues regarding time increase [38]

The risk of reducing the project quality due to excessive cost increases [30-35]
Social problems [32, 35]
Social complaints [21, 26, 38]
Worksite coordination problems [12, 15, 17]

for each of the indicators was calculated, and the Del-
phi stages continued until all the indicators were found
to be thresholds. After determining the indicators using the
DANP method, the importance of the factors and then the
cause-and-effect relationships were identified. Finally, the
dynamic impact of the system was evaluated using the sys-
tem dynamics model. Figure 1 illustrates research method-
ology flowchart.

3.1 Developin a quastionarie

In this step, 15 indicators were obtained through reviewing
the subject literature and interviewing experts. These in-
dicators were submitted to the experts for prioritizing and
selecting the final indicators through a 7-option Likert scale
questionnaire and analysis by the Delphi technique.

3.2 Solution approach

In this section, the research data is analyzed. This study
aims to identify the important risks in the social dimensions
of megaprojects and analyze their behaviors. To access this
target, the DANP method has been used. The ANP method

requires the internal relationships between the factors to
calculate the weight and is identified by the DEMATEL
method, the effectiveness and influence of factors; then,
ANP super matrices are made up by the DEMATEL com-
munication matrix, and next, after reaching the causal rela-
tionships between the factors, the model will be analyzed
and simulated in the VENSIM software.

3.2.1 DANP technique

In the traditional ANP, it is assumed that every cluster has
the same weight although it is clear that the effect of each
on others may be different. So, the assumption of tradi-
tional ANP based on the same cluster weight is not rational
to create a balanced super matrix. Subsequently, an effec-
tive balanced DANP can eliminate this weakness. In this
method, the results are obtained from the completed rela-
tionship between T¢ and Tp computed by DEMATEL based
on the basic conception of ANP. Therefore, the DEMATEL
technique is used to build a network structure model for
each criteria and dimension as well as to improve the nor-
malization trend of traditional ANP [25]. This technique

Table 2. Participant ID.

Row  Job position Education =~ Work experience
1 Deputy Director of Research and Technology, National Gas Company Ph.D. 27
2 Engineering Director of Bu-Ali Sina Petrochemical Development Project M.Sc. 26
3 Construction and Installation Manager of the Sixth National Gas Pipeline Project B.Sc. 26
4 Executive of Support Projects and Tonbak Export Port Project, Pars Oil and Gas M.Sc. 20

Company
5 Executive Manager of APADANA Petrochemical Company M.Sc. 26
6 Engineering Manager of Shiraz Petrochemical Utility Project B.Sc. 25
7 Manager of Construction Engineering Department, Pars Oil and Gas Company Ph.D. 18
8 Head of Planning and Project Control, Sixth National Gas Development Engi- M.Sc. 28
neering Project
9 Management of Engineering Projects of Pars Economic Energy Region M.Sc. 24
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Figure 1. Research flowchart diagram.

is very suitable for real world problems compared to the
traditional methods and considers the dependence between
the criteria, and eventually it is combined with ANP method
to create DANP and determine the effective weights of each
dimension and criterion [20]. In the following, the steps for
creation of the network relationship structure are described
by the DEMATEL technique (steps 1-4) and determination
of effective DANP weights based on the complete commu-
nication matrix [25].

3.2.2 DEMATEL technique for creating network com-
munication map

First step- Calculating the direct communication matrix:
The evaluation of criteria (the effect of one criterion on the
other) is performed based on the experts’ opinions of the
study using a rating scale of 0-4 in which 0 is the lack of
effectiveness, 1 a little impact, 2 medium impact, 3 high
impact, and 4 very high impact. The experts are asked to
determine the effect of one criterion on another, that is, if
they believe that the measure i has an effect on the j, then,
it is shown by d’. So, the matrix D = [d;'] is obtained from
the direct relationship in Eq. (1):

[alt . dy d"]

D= |dl ... 47 ... gn (1)
dnl d"] dnn
L7¢ ¢ (G

Second step- normalizing the direct communication matrix:
The direct communication matrix D is normalized by the
following equation and the matrix N is obtained. The N ma-
trix is considered to be in accordance with the equation (2)
as recommended by Seyedi et al. [28].

1 1
maX,'Z;!:l dij ’ maij;’:] d,’j}7 (2)
i,je{1,2,---,n}

N=VD; V=min{

Third step- calculating the complete communication matrix:
When the matrix D is normalized and the matrix N obtained,
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the complete communication matrix is obtained through the

following equation. In this equation, / is the unit matrix.

Eq. (3) as recommended by Seyedi et al. [28].
T=N+N*4-- +N'=N(I—-N)~!, where h — oo (3)

The complete communication matrix can be counted by the
criteria and is given by Téb Eq. (4):

Tcll Tc] J Tcln
T=|T" .. TV .. Tin 4)
_Tc.nl . T;{’j Tc.rm_

Fourth step- result analysis:

In this step, the sum of rows and columns of the complete
communication matrix is calculated separately based on the
equation (5):

T = [t)]
r:[ri]nxl 17]6{1,2,,71} (5)
c=lcjlixn

The r; indicator is the sum of the i-th row and c; that of
the j-th column. The indicator 7; + c; is obtained from the
sum of row i and column j (i = j). This indicator indicates
the amount of importance of the i-th criterion. Similarly,
the indicator r; — c¢; is equal to the difference between the
i-th row and j-th column and shows the effectiveness and
influence of the i measure. In total, if 7; —¢; is positive
(i = j), the i-th measure is from the class of causal criteria
or effective. If r; — c; is positive (i = j), the ith measure is
from the class of influence criteria. The causal graph can
be plotted by two mentioned indicators called the network
communication map. Based on this map, it is possible to
decide how to improve the dimensions and criteria.

3.2.3 DANP technique for finding effective weights for
each measure

Fifth step- normalizing the complete communication matrix
of criteria (T%) and creating an unbalanced super matrix:
Normalization of T¢ with the sum of effectiveness and in-
fluence degrees of criteria and dimensions for obtaining 7%
is as Eq. (8):

[rall alj aln]
T T, T
T;‘(X — T'Lall chalj ']‘L'(Xl'l’l (6)
anl onj ann

In the following, an example for normalizing the TCO‘11 has
the same calculation as above:

mj
11 11 .
dci :Ztcij7 12172,"',1’}’11 (7)
Jj=1
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l(l,lll tclj tclml
JiT Jir 11
d 1 dcl d 1
11 11
T(Xll . Igil] fcij tciml
O R L
cl cl cl
11 11 11
tcmll . [z‘m|_j . tcmlm| (8)
T, ar, an |
Meall 0 Lolj aln 7
tcll t(,li tclml
.
cil cij cimy
anl . onj ann
_tcmll tcmlj tcmlml_

Sixth step- creating the balanced super matrix:

In this step, the transpose of the complete communication
matrix was normalized, Té" calculated, and the balanced
super matrix obtained in Eq. (9):

wil wl wln]
w=|wi we win 9)

Wnl VVI"/ Wnn

L ¢ ¢ ¢

Seventh step- restricting the balanced super matrix:
The balanced super matrix is restricted by exponents to
a large number Z until the supermatrix is converged and
stabilized. The output of this step is the effective weights of
DANP:

lim (W *)*

Z—roo

(10)

3.2.4 Fuzzy cognitive map (FCM) aprroach

A fuzzy cognitive map (FCM) is a graphical representation
of knowledge that models complex systems and their inter-
relationships using fuzzy logic. It combines concepts from
cognitive mapping and fuzzy set theory to represent how
different elements (or concepts) influence one another in
a system. Here’s a breakdown of its key components and
features:

1. Nodes and Edges: In an FCM, nodes represent con-
cepts or variables, while directed edges (arrows) in-
dicate the relationships between these concepts. The
direction of the arrow shows the influence of one con-
cept on another.

2. Fuzzy Relationships: Unlike traditional cognitive
maps that use binary relationships (either a concept
influences another or it does not), FCMs allow for
varying degrees of influence. Each edge is assigned a
weight, typically ranging from —1 to +1, where:

o A positive weight indicates a positive influence
(as one concept increases, the other also in-
creases).

o A negative weight indicates a negative influence
(as one concept increases, the other decreases).
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3. Dynamic Behavior: FCMs can be used to simulate
the dynamic behavior of systems over time. By itera-
tively updating the values of the nodes based on their
relationships, FCMs can predict how changes in one
part of the system affect other parts.

FCMs are widely used in various fields, including decision-
making, system modeling, risk assessment, and forecasting.
They are particularly useful in scenarios where uncertainty
and complexity are prevalent, such as environmental stud-
ies, social sciences, and management. Therefore, FCMs
provide a flexible and intuitive way to model complex sys-
tems. They can incorporate expert knowledge and allow
for qualitative assessments, making them suitable for situa-
tions where quantitative data may be scarce. While FCMs
are powerful tools, they also have limitations, such as the
challenge of accurately determining the weights of relation-
ships and the potential for oversimplification of complex
interactions. Finally, fuzzy cognitive maps are valuable
tools for understanding and analyzing complex systems by
representing the interdependencies and influences among
various concepts in a flexible and intuitive manner.

3.2.5 System dynamic simulation approach

System dynamic simulation is a modeling approach used
to understand and analyze complex systems over time. It
focuses on the feedback loops and time delays that charac-
terize the behavior of systems, making it particularly useful
for studying dynamic processes in various fields such as eco-
nomics, ecology, engineering, and social sciences. Here’s
an overview of its key components and features:

1. Feedback Loops: System dynamics emphasizes the
importance of feedback loops, which can be either
positive (reinforcing) or negative (balancing). Positive
feedback loops amplify changes, leading to exponen-
tial growth or decline, while negative feedback loops
work to stabilize the system by counteracting changes.

2. Stocks and Flows: In system dynamics, the system is
represented using stocks (quantities that accumulate
over time) and flows (rates of change that affect stocks).
Stocks can represent resources, populations, or any
measurable quantity, while flows indicate how these
stocks increase or decrease.

3. Time Delays: System dynamics takes into account
time delays in the system, which can significantly af-
fect the behavior and outcomes. These delays can
arise from various factors, such as decision-making
processes, resource availability, or natural delays in
system responses.

4. Simulation Models: System dynamic simulation in-
volves creating a model that captures the essential el-
ements of the system being studied. This model is
then simulated over time to observe how the system be-
haves under different scenarios or policy interventions.
The simulation results can provide insights into system
behavior, potential outcomes, and leverage points for
intervention.
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System dynamic simulation is widely used in various do-
mains, including:

o Business and Management: To analyze supply
chains, project management, and organizational be-
havior.

o Environmental Studies: To model ecosystems, re-
source management, and climate change impacts.

o Public Policy: To evaluate the effects of policies on
social systems, healthcare, and urban planning.

System dynamics offers an integrated perspective on com-
plex systems, enabling the examination of relationships
and interdependencies within them. By simulating differ-
ent scenarios, it helps uncover leverage points for effective
intervention and strengthens decision-making processes.
Despite its strengths, system dynamics modeling demands
thoughtful attention to the model’s structure and underlying
assumptions. The reliability of its outcomes is closely tied
to the quality of available data and the depth of understand-
ing of the modeled system. Moreover, certain complexities
may still be simplified within the model. Overall, system
dynamics serves as a powerful approach for analyzing and
managing complex systems by capturing their behavior over
time, emphasizing feedback loops, stocks and flows, and
temporal delays. It effectively supports policy development
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and strategic decisions by revealing system behavior and
potential future outcomes.

4. Results

4.1 System dynamic simulation approach

In this section, the Delphi method is used to identify and
screen indicators. The steps of this method are presented
below. In the first step, a questionnaire containing the fac-
tors affecting the risk in environmental dimensions was
designed. It includes 11 indicators. It was given to § experts
to score each indicator based on a 7-point Likert scale. In
the next round of Delphi, it is examined whether this coef-
ficient will have a significant improvement or not. Table 3
presents the results of the first round of Delphi.

In the second round of Delphi, the factors obtained a mean
of less than 4 in the first round of Delphi were removed.
In the second round of Delphi, the confirmed factors of
the first step were again submitted to the experts through
a questionnaire to score each indicator as in the first step.
Also, in this round, the mean scores of the first round of
Delphi were placed so people could make decisions based
on the total mean. In this round, many experts confirmed
their opinions in the first step. Table 4 presents the results
of the second round of Delphi.

Table 3. The results of the first round of Delphi.

Environmental risks Lowest  Highest Mean SD
score score

Environmental issues and problems 1 7 438  1.996

Climatic conditions 1 7 438  1.867

The cost of resolving internal and external environmental legal disputes of the project 2 6 3.63 1317

Implementation of environmental regulations 1 5 375 1.392

Environmental assurance 1 5 338 1.111

Environmental uncertainty 1 5 350  1.323

Over predicted increase in the price of the project from an environmental perspective 1 5 2.63 1495

Over predicted increase in project time due to environmental laws 2 7 5.00 1.871

The conflict among several decision-making institutions from the perspective of 3 7 5.00  1.500

climate and environmental issues

Reducing the project quality due to the implementation of environmental laws 1 6 338  2.176

The risk of completing the project timely and related issues regarding the increase in 1 7 4.50  2.062

the time of environmental laws

The risk of reducing the project quality due to the excessive cost of implementing 1 7 3.88  2.147

environmental laws

Social complaints due to non-implementation of environmental laws 1 6 350 1.871

Creating social problems as a result of implementing the project and possible envi- 1 6 338  1.495

ronmental pollution

Worksite coordination problems given the environmental restrictions 1 5 350 1.414

Table 4. The results of the second round of Delphi.

Environmental risks Lowest  Highest Mean SD
score score

Environmental issues and problems 2 7 4.88 1536

Climatic conditions 4 7 5.13  0.927

Over predicted increase in project time due to environmental laws 5 7 6.25  0.661

The conflict among several decision-making institutions from the perspective of 3 7 5.00  1.500

climate and environmental issues

The risk of completing the project timely and related issues regarding the increase in 2 7 5.00  1.581

the time of environmental laws
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4.2 DANP method results

In this section, a DANP method is implemented for the
sub-criteria of each primary criterion. Generally, S DANP
models will be implemented, which are given below.

4.2.1 Implementation DANP method of environmental
sub criteria

» Formation of direct correlation matrix
Table 5 presents the direct correlation matrix. This
matrix is completed based on a scale from O to 4.

* Normalizing the direct correlation matrix

Three relations were used to normalize the obtained
matrix. First, the sum of the rows and columns of the
direct correlation matrix should be obtained. Then,
the highest value should be calculated among the total
numbers, as presented in Table 6.

Then, we divide the rows of the direct correlation ma-
trix (3) by the number 13 to normalize. The normalized
matrix is presented in Table 7.

¢ Calculation of the total correlation matrix (7)
To calculate the total correlation matrix, the identity
matrix (I5y5) is first formed. Then, we subtract the
identity matrix from the normal matrix and invert the
resulting matrix. Finally, we multiply the normal ma-
trix by the inverse matrix. Table 8 shows the total
correlation matrix.

* Formation of causal diagram
To form the causal diagram, we obtain the sum of rows
(D) and the sum of columns (R) of the total correlation
matrix. Then, we calculate D+ R and D — R in Table 9.

Table 5. Direct correlation matrix of criteria.

Cl C2 C3 C4 G5

Cl 0 2 4 3 4
c2 3 0 4 2 3
c 2 1 0 2 3
c4 2 1 1 0 2
cs 2 2 3 2 0

Table 6. Total rows and columns of direct correlation matrix.

Sum of rows  Sum of columns
Cl 13 9
C2 12 6
C3 8 12
C4 6 9
C5 9 12

Maximum value = 13

Based on Table 9, the factor of environmental issues and
problems has the highest impact and the factor of risk of
completing the project timely and related issues regarding
the increase in the time of environmental laws is the most
affected factor. According to the values of D+ R and D — R
in Table 9, we can draw the causal diagram of the criteria,
which is shown in figure 2. Accordingly, the criteria that
are above the X-axis have positive D — R. These criteria
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Table 7. Normalized matrix of the DEMATEL method.

Cl Cc2 C3 C4 C5

Cl 0.000 0.154 0308 0.231 0.308
C2 0231 0.000 0308 0.154 0.231
C3 0.154 0.077 0.000 0.154 0.231
C4 0.154 0.077 0.077 0.000 0.154
C5 0.154 0.154 0.231 0.154 0.000

Table 8. The total correlation matrix of the criteria.

Cl1 C2 C3 C4 C5

Cl 0481 0480 0.856 0.681 0.869
C2 0654 0335 0.843 0.609 0.297
C3 0452 0306 0408 0461 0.606
C4 0389 0.260 0.405 0264 0.467
C5 0492 0390 0.649 0499 0.468

Table 9. Importance and effect of criteria.

D R D+R D-R
Cl 3366 2467 5833 0.989
C2 3238 1.771 5.009 1.467
C3 2233 3161 5394 -927
C4 1785 2514 4298 -0.729
C5 2498 3207 5705 -0.709

have a cause aspect. The criteria that are below the X-axis
have a negative D — R. These criteria are the effect side of
the research. This means that they are the most affected
criteria.

4.2.2 Determine internal relationships between criteria

In this step, to draw significant relationships, we specify the
threshold (arithmetic mean of the variables) from the total
correlation matrix (Table 6). When each of the numbers is
less than the limit, the value will be zero; otherwise, the
value will be one. The threshold value of the criteria is
0.525. These relationships are presented in Table 10.

¢ Normalizing the total correlation matrix (7;) and
forming the unbalanced super matrix
In this step, we normalize the total correlation matrix
(Table 10), which is the result of forming an unbal-
anced super matrix. Table 11 presents the results.

¢ Formation of balanced super matrix
In this step, the normal total correlation matrix (7;)

D-R

Figure 2. Causal diagram of factors.
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Table 10. Significant relationships between factors.

Significant relationships C1 C2 C3 C4 C5
Cl 0 0 1 1 1
C2 1 0 1 1 1
C3 0 0 0 0 1
C4 0 0 0 0 0
C5 0 0 1 0 0
Unbalanced super matrix Cl1 Cc2 C3 C4 C5
Cl 0.143 0.143 0.254  0.202 0.258
C2 0.202  0.103 0.260  0.188 0.146
C3 0.202  0.137 0.183 0.207 0.271
C4 0.218 0.146 0.227 0.148 0.262
C5 0.197 0.156 0.260  0.200  0.187
Balanced super matrix C1 Cc2 C3 C4 C5
Cl 0.143 0.202 0202  0.218 0.197
C2 0.143 0.103 0.137 0.146 0.156
C3 0.254  0.260 0.183 0.227 0.260
C4 0.202  0.188 0.207 0.148 0.200
Cs 0.258 0.246 0.271 0.262 0.187
Limit super matrix Cl1 Cc2 C3 C4 C5
Cl 0.1925 0.1925 0.1925 0.1925 0.1925
C2 0.1397 0.1397 0.1397 0.1397 0.1397
C3 0.2345 0.2345 0.2345 0.2345 0.2345
Cc4 0.1903  0.1903 0.1903 0.1903  0.1903
C5 0.2430 0.2430 0.2430 0.2430 0.2430

calculated in the previous step is transposed to form the
balanced super matrix. Table 10 presents the results.

* Forming the limit super matrix
In this step, the balanced super matrix is brought to the
power to converge. In this study, the balanced matrix
is converged to the power 3. Table 10 presents the
results.

4.2.3 The final weights of the factors calculation

The final weight of the criteria is the same number obtained
from the limit super matrix, as shown in Table 11.
Acoording to figure 3, the factor of the risk of completing
the project timely and the issues related to the increase in the
time of environmental laws was ranked first with a weight
of 0.243.

4.2.4 Results of FCM approach

This section of the research is based on qualitative find-
ings. In this way, a 5 X 5 matrix, whose rows and columns
are formed by environmental risks in large industrial-
construction engineering projects, was designed and pro-
vided to the sample members. Using a three-point spectrum

(—1, 0, and 1), the sample members measured the degree
of valuing each component to the other and gave the com-
ponents a scale. So that the scale of —1 means the opposite
relationship, the scale of zero means no relationship, and the
relationship of +1 means a positive relationship between
the variables. After the questionnaires were collected, a
5 x 5 matrix, which is the relationship matrix, was formed
according to Table 12.

After the relationship matrix was drawn, each of the indices
of influence capacity, influence power, and centrality were
calculated for each of the components. The influence index
indicates the sum of the input edges to each node (the sum
of the column elements related to each node in the relation-
ship matrix) (which here are the environmental risks C1, C2,
and C3 with an influence capacity of 4, which have the high-
est influence capacity). The influence index indicates the
degree of influence by a factor. In other words, it indicates
the sum of the output edges from each node (the sum of the
horizontal elements related to each node in the relationship
matrix). Which here are the environmental risks C1, C3,
C4, and C5 with an influence capacity of 4, which have
the highest influence power. The sum of the previous two

Table 11. Final weights of factors.

Criterion name Criterion Crit.erion Rank
code weight

Environmental issues and problems Cl1 0.1925 3
Climatic conditions C2 0.1397 5
Over predicted increase in project time due to environmental laws C3 0.2345 2
The conflict among several decision-making institutions from the Cc4 0.1903 4
perspective of climate and environmental issues

The risk of completing the project timely and related issues regarding G5 0.2430 1

the increase in the time of environmental laws
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Figure 3. The final weight of the criteria.
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factors is influence and influence, which is identified as the
superiority index. Any factor with a higher degree of cen-
trality actually has either a higher capacity for influence or
a higher power of influence, which is therefore an important
factor and should be given special attention. As shown in
Table 12, risks C1, C3 and C5 have been identified due to
their higher capacity for influence of 8. Table 13 shows an
example of calculating the capacity for influence, power of
influence and the pivotal index.

Therefore, based on the results obtained in Table 13, the sim-
ulated system dynamics model is designed and implemented
in the next step to design long-term forecast scenarios.

4.2.5 Results of system dynamic simulation approach

State-flow model of environmental risks

After selecting the risks in the environmental dimension
through the Delphi technique, to obtain causal relationships
using the DANP method, based on the experts’ opinions, in
figure 4 the state-flow model of risks from the perspective
of environmental issues is depicted.

In this model, the risks of timely completion and related
issues, especially the increase in time in environmental laws
and environmental issues and problems, are part of the level
variables. In figure 5, the behavior of environmental issues
and problems is shown.

Climatic conditions, the risk of involvement of several
decision-making institutions from the perspective of climate
and environmental issues, and the risk of an over predicted
increase in the project time given the environmental laws
affect these two risks. Based on the model, these two risks
will have an upward trend in 10 years. It increases by
10 units in these ten years. In figure 6, risks of timely
completion and related issues regarding time increase in
environmental laws is depicted.

4.2.6 Scenario analysis

Experts believe that the involvement of several institutions
and decision-making from the perspective of environmental
climate issues is one of the most significant environmental
risks affecting project completion. In figures 7 and 8 be-

Table 12. Effect of environment risk.

Environment risk C1 Cc2 C3 C4 C5
Environmental issues and problems (C1) 1.00 -1.00 -1.00 1.00 1.00
Climatic conditions (C2) 0.00 -1.00 1.00 -1.00 1.00
Over predicted increase in project time due to environmental -1.00 1.00 0.00 1.00 1.00
laws (C3)
The conflict among several decision-making institutions from 1.00  0.00 -1.00 0.00 -1.00
the perspective of climate and environmental issues (C4)
The risk of completing the project timely and related issues -1.00 1.00 1.00 -1.00 -1.00
regarding the increase in the time of environmental laws (C5)
Table 13. Results of out degree, in degree and centrality of concepts.

Concepts Out degree In degree Centrality

C1 4.00 4.00 8.00

Cc2 4.00 3.00 7.00

C3 4.00 4.00 8.00

C4 3.00 4.00 7.00

C5 4.00 4.00 8.00
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Figure 4. State-flow model of environmental risks.
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Figure 6. Risks of timely completion and related issues regarding time increase in environmental laws.

2676-7007[https://doi.org/10.57647/j.fom]j.2025.0604.19]


https://doi.org/10.57647/j.fomj.2025.0604.19

Seyedi et al.

FOMJ6 (2025) -062519 13/16

25
[&]
g 20
=
— 15
3
g 10 :
IS / — —
e 5
w O
1 2 3 4 5 6 7 8 9 10
Time (Year)
e CUTENE Scenario 1 Scenario 2
Figure 7. Scenario of environmental issues and problems.
25
20
x> 15
B
10 —_—
==
5 /
0
1 2 3 4 5 6 7 8 9 10
Time (Year)
== Current Scenario 1 Scenario 2

Figure 8. The scenario of the risks of timely completion and related issues regarding the increase in time in environmental laws.

haviour of environmental scenario are shown.

This issue is because the risk of completing the project
timely from an environmental perspective and environmen-
tal issues and problems is reduced by controlling and re-
ducing this risk. Also, these two risks follow an increasing
trend with the increase of the risk of conflict among several
decision-making institutions from the perspective of climate
and environmental issues.

As seen in the figure 8, the risk of involvement of several
decision-making institutions from a climate and environ-
mental perspective is directly associated with the two risks
of environmental issues and problems and the risk of timely
completion of the project. The institutions involved in the
climate and environmental issues of the project can reduce
the risk of timely completion of the project and environmen-
tal issues with mechanisms and memorandums that reduce
the risk of conflict among them.

4.3 Managerial insights

The current study highlights a significant limitation in the
current research landscape regarding the methodologies
used for environmental risk assessment in megaprojects. It
points out that most studies tend to concentrate on specific
approaches, such as system dynamics, fuzzy cognitive map-
ping, or various multi-criteria decision-making (MCDM)
techniques like Fuzzy Analytic Hierarchy Process (AHP),
Technique for Order of Preference by Similarity to Ideal
Solution (TOPSIS), Best-Worst Method (BWM), and CO-
COCSO. Notable references include Seyedy et al. [28] for
system dynamics and Koc et al. [25] and Khalilzadeh et
al. [29] for MCDM approaches. The core argument is that

this tendency to treat these methodologies in isolation over-
looks the potential advantages that could be gained from
their integration. By failing to combine these approaches,
researchers limit their capacity to effectively capture the
intricate interactions and feedback loops that characterize
megaproject environments. These interactions are essential
for conducting a thorough risk assessment, as they reflect
the dynamic nature of the projects and the complex relation-
ships among various risk factors. Therefore, managers need
to prioritize the identification of key environmental issues
that may arise during the lifecycle of megaprojects. This
includes assessing potential pollution, habitat destruction,
and resource depletion. By utilizing fuzzy cognitive maps,
decision-makers can visualize the relationships between
various environmental factors and their impacts, enabling
a more proactive approach to risk management. Also, Cli-
matic conditions play a crucial role in the planning and
execution of megaprojects. Managers should incorporate
climate data into their risk assessment frameworks to un-
derstand how changing weather patterns may affect project
timelines and costs. A system dynamics approach can help
simulate different climatic scenarios and their potential im-
pacts, allowing for better preparedness and adaptability in
project planning. More ever, Environmental regulations
can lead to delays if not adequately anticipated. Managers
should engage in thorough stakeholder consultations to un-
derstand the implications of environmental laws on project
timelines. By integrating fuzzy cognitive mapping, they
can assess the likelihood of regulatory changes and their
potential impact on project schedules, enabling more accu-
rate time predictions and contingency planning. Conflicts

2676-7007[https://doi.org/10.57647/j.fom]j.2025.0604.19]


https://doi.org/10.57647/j.fomj.2025.0604.19

14/16 FOMJ6 (2025) -062519

among various decision-making institutions regarding en-
vironmental and climate issues can hinder project progress.
Managers should foster collaboration and communication
among stakeholders to align objectives and mitigate con-
flicts. Utilizing system dynamics can help model the in-
teractions between different institutions and identify strate-
gies for conflict resolution, ensuring that environmental
concerns are addressed without compromising project time-
lines. The risk of delays due to environmental laws and
climatic conditions necessitates a robust risk management
strategy. Managers should develop flexible project sched-
ules that account for potential environmental disruptions.
By employing fuzzy cognitive maps, they can visualize the
interdependencies between project activities and environ-
mental risks, allowing for the identification of critical paths
and alternative strategies to maintain timely completion. Fi-
nally, Environmental risks are dynamic and require ongoing
monitoring. Managers should implement adaptive manage-
ment practices that allow for real-time adjustments based
on environmental assessments and stakeholder feedback. A
system dynamics approach can facilitate continuous learn-
ing and adaptation, ensuring that environmental risks are
effectively managed throughout the project lifecycle.
According above mentioned, managerial insights for current
research is important in various aspects:

1. Developing Preventive Strategies: By identifying
environmental risks, managers can design preventive
strategies that help reduce negative impacts on the en-
vironment. These strategies can include optimizing
processes, selecting environmentally friendly materi-
als, and improving waste management methods.

2. Using New Technologies: Using new technologies
such as smart systems and analytical tools can help
managers identify and assess risks. These tools can
provide more accurate data and lead to better decision-
making.

3. Training and Empowering Employees: Training em-
ployees in environmental risk management and the
importance of environmental protection can help in-
crease their awareness and responsibility. This, in turn,
can lead to risk reduction and improved project perfor-
mance.

4. Collaborate with stakeholders: Managers should
collaborate with various stakeholders, including gov-
ernment, local communities, and non-governmental
organizations. This collaboration can help to better
identify risks and find common solutions to manage
them.

5. System Dynamics Analysis: Using a system dynam-
ics approach allows managers to analyze the long-term
impacts of environmental risks on projects. This analy-
sis can help identify weaknesses and opportunities for
improvement in project processes.

6. Develop risk management plans: Based on the re-
sults of risk identification and assessment, managers
should develop comprehensive risk management plans
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that include the steps of identifying, assessing, respond-
ing, and monitoring risks.

7. Continuous Monitoring and Evaluation: Managers
should establish a continuous monitoring and evalua-
tion system for environmental risks so that they can
continuously assess the impacts of risks and take nec-
essary actions.

These insights can help managers manage industrial-
construction projects more effectively and minimize en-
vironmental risks. Therefore, integrating system dynamics
and fuzzy cognitive mapping provides valuable managerial
insights for identifying and assessing environmental risks
in industrial-construction engineering megaprojects. By
addressing environmental issues, adapting to climatic con-
ditions, and navigating institutional conflicts, managers can
enhance decision-making processes and improve project
outcomes in the face of complex environmental challenges.

5. Conclusion

Risk management during the project life cycle is one of the
crucial tools to achieve success in projects. The goal of
risk management is to identify as many risks as possible,
find ways to manage the risks and identify the factors re-
lated to each of them. Effective risk management requires
a proper understanding of project risks. This is beyond
simply documenting risks and prioritizing them based on
their likelihood of occurrence and impact on the project.
Several risks created during the risk management process
should be categorized in a way that allows for their proper
identification. This article presents a method for analyzing
and ranking risks in megaprojects, investigating cause-and-
effect, and behavioral models based on systems dynamics
using the DEMATEL and DANP methods. Thus, the factor
of the risk of completing the project timely and the issues
related to the increase in the time of environmental laws
was ranked first, and the factor of the over predicted in-
crease in the project time due to the environmental laws
was ranked second, and the factor of environmental issues
and problems was ranked third. Experts believe that the in-
volvement of several institutions and decision-making from
the perspective of environmental climate issues is one of
the most significant environmental risks affecting project
completion. This issue is because the risk of completing
the project timely from an environmental perspective and
environmental issues and problems is reduced by control-
ling and reducing this risk. Also, these two risks follow
an increasing trend with the increase of the risk of conflict
among several decision-making institutions from the per-
spective of climate and environmental issues. The risk of
involvement of several decision-making institutions from a
climate and environmental perspective is directly associated
with the two risks of environmental issues and problems
and the risk of timely completion of the project. The in-
stitutions involved in the climate and environmental issues
of the project can reduce the risk of timely completion of
the project and environmental issues with mechanisms and
memorandums that reduce the risk of conflict between them.

2676-7007[https://doi.org/10.57647/j.fom]j.2025.0604.19]


https://doi.org/10.57647/j.fomj.2025.0604.19

Seyedi et al.

Authors contributions
Authors have contributed equally in preparing and writing the
manuscript.

Availability of data and materials
The data that support the findings of this study are available from
the corresponding author upon reasonable request.

Conflict of interests

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to
influence the work reported in this paper.

1

—

(2]

(3]

4

—_

[5

—_

(6]

(71

(8]

[9]

[10]

(1]

[12]

[13]

[14]

References

M. Abolghasemian, A. Pourghader Chobar, M. AliBakhshi, A. Fakhr,
and S. Moradi Pirbalouti. Delay scheduling based on discrete-event
simulation for construction projects. Iranian Journal of Operations
Research, 12(1):49-63, 2021.

M. A. Kassem, M. A. Khoiry, and N. Hamzah. Assessment of
the effect of external risk factors on the success of an oil and gas
construction project. Engineering, Construction and Architectural
Management, 27(9):2767-2793, 2020.

M. Ahmadi, K. Behzadian, A. Ardeshir, and Z. Kapelan. Compre-
hensive risk management using fuzzy fmea and mcda techniques in
highway construction projects. Journal of Civil Engineering and
Management, 23(2):300-310, 2017.

H. Aladag and Z. Isik. Design and construction risks in bot type mega
transportation projects. Engineering, Construction and Architectural
Management, 26(10):2223-2242, 2019.

A. Albogamy and N. Dawood. Development of a client-based risk
management methodology for the early design stage of construc-
tion processes: applied to the ksa. Engineering, Construction and
Architectural Management, 22(5):493-515, 2015.

A. Boehm and R. Turner. Management challenges to implement-
ing agile processes in traditional development organizations. /[EEE
Software, 22(5):30-39, 2005.

C. Caldas and A. Gupta. Critical factors impacting the performance
of mega-projects. Engineering, Construction and Architectural Man-
agement, 24(6):920-934, 2017.

0. D. Cardona. The need for rethinking the concepts of vulnerability
and risk from a holistic perspective: a necessary review and criticism
for effective risk management. Mapping Vulnerability, pages 37-51,
2013.

J. E. Carriger, M. Thompson, and M. G. Barron. Causal bayesian
networks in assessments of wildfire risks: Opportunities for ecolog-
ical risk assessment and management. Integrated Environmental
Assessment and Management, 17(6):1168-1178, 2021.

M. Cepin and B. Mavko. A dynamic fault tree. Reliability Engineer-
ing & System Safety, 75(1):83-91, 2002.

H. F. Cervone. Project risk management. OCLC Systems & Services:
International Digital Library Perspectives, 22(4):256-262, 2006.

A. P. Chan, R. Osei-Kyei, Y. Hu, and L. E. Yun. A fuzzy model for
assessing the risk exposure of procuring infrastructure mega-projects
through public-private partnership: The case of hong kong—zhuhai—
macao bridge. Frontiers of Engineering Management, 5(1):64-77,
2018.

X. Ding and Q. Li. Optimal risk allocation in alliance infrastructure
projects: A social preference perspective. Frontiers of Engineering
Management, 9(2):326-336, 2022.

P. M. Hasugian, B. Sinaga, J. Manurung, and S. A. Al Hashim.
Best cluster optimization with combination of k-means algorithm
and elbow method towards rice production status determination.
International Journal of Artificial Intelligence Research, 5(1):102—
110, 2021.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

FOMJ6 (2025) -062519 15/16

M. Hopkinson. The project risk maturity model: Measuring and
improving risk management capability. Routledge, 2017.

S. H. Jiang, J. Huang, C. Yao, and J. Yang. Quantitative risk as-
sessment of slope failure in 2-d spatially variable soils by limit
equilibrium method. Applied Mathematical Modelling, 47:710-725,
2017.

L. Kang, H. Li, C. Li, N. Xiao, H. Sun, and N. Buhigiro. Risk warn-
ing technologies and emergency response mechanisms in sichuan—
tibet railway construction. Frontiers of Engineering Management, 8
(4):582-594, 2021.

E. Kutsch and M. Hall. Deliberate ignorance in project risk manage-
ment. International Journal of Project Management, 28(3):245-255,
2010.

J. Lankester, E. Bohensky, and M. Newlands. Media representations
of risk: The reporting of dredge spoil disposal in the great barrier
reef marine park at abbot point. Marine Policy, 60:149-161, 2015.

Y. Lu, Y. Pan, and C. Cai. Reliability guarantee framework for the
sichuan—tibet railway. Frontiers of Engineering Management, 8(4):
480491, 2021.

X. Liu, Y. Yin, X. Xu, Q. Tang, and H. Cui. Integrated environmental
risks. Atlas of Environmental Risks Facing China under Climate
Change, pages 205-223, 2017.

L. Olfat, F. Khosravani, and R. Jalali. Identification and ranking of
project risk based on pmbok standard by fuzzy approach. Industrial
Management Studies, 8(19):147-163, 2010.

T. A. Carbone and D. D. Tippett. Project risk management using the
project risk fmea. Engineering Management Journal, 16(4):28-35,
2004.

H. D. Nguyen and L. Macchion. A comprehensive risk assessment
model based on a fuzzy synthetic evaluation approach for green
building projects: the case of vietnam. Engineering, Construction
and Architectural Management, 30(7):2837-2861, 2023.

K. Koc, H. Kunkcu, and A. P. Gurgun. A life cycle risk manage-
ment framework for green building project stakeholders. Journal of
Management in Engineering, 39(4):04023022, 2023.

T. B. A. Duong, T. Pham, Q. H. Truong, K. Nguyen, C. H. Pham,
T. H. Hoang, and T. H. Pham. Risk in sustainable construction
supply chains: construct development and measurement validation.
Construction Management and Economics, 41(8):634-650, 2023.

H. D. Nguyen and L. Macchion. Exploring critical risk factors for
green building projects in developing countries: The case of vietnam.
Journal of Cleaner Production, 381:135138, 2022.

S. A. Seyedi, A. Mirjalili, M. Maheri, and A. Sadeghian. A structural
framework for factors influencing industrial megaproject risks using
the dematel-anp method. Operations Research Forum, 6(3):91, 2025.

M. Khalilzadeh, S. A. Banihashemi, A. Heidari, S. M. H. Orazani,
and P. Taebi. Risk management in the production phase of oil and
gas projects: evaluating risk responses and their impact on safety and
damage reduction. Discover Civil Engineering, 2(1):91, 2025.

M. B. Murtaza. Fuzzy-ahp application to country risk assessment.
American Business Review, 21(2):109, 2003.

G. Radivojevi¢ and V. Gajovi¢. Supply chain risk modeling by ahp
and fuzzy ahp methods. Journal of Risk Research, 17(3):337-352,
2014.

Y. Rahimi, R. Tavakkoli-Moghaddam, S. H. Iranmanesh, and
M. Vaez-Alaei. Hybrid approach to construction project risk man-
agement with simultaneous fmea/iso 31000/evolutionary algorithms:
Empirical optimization study. Journal of Construction Engineering
and Management, 144(6):04018043, 2018.

2676-7007[https://doi.org/10.57647/j.fom].2025.0604.19]


https://doi.org/10.57647/j.fomj.2025.0604.19

16/16 FOMJ6 (2025) -062519

(33]

[34]

[35]

Q. Wang and X. Yang. Investigating the sustainability of renewable
energy—an empirical analysis of european union countries using a
hybrid projection pursuit fuzzy clustering model and accelerated ge-
netic algorithm based on real coding. Journal of Cleaner Production,
268:121940, 2020.

X. Xu and P. X. Zou. System dynamics analytical modeling approach
for construction project management research: A critical review and
future directions. Frontiers of Engineering Management, 8(1):17-31,
2021.

L. Zhang, Y. He, and J. Chen. Analysis of site selection and de-
sign example of spoil ground. IOP Conference Series: Earth and
Environmental Science, 631(1):012005, 2021.

[36]

[37]

[38]

Seyedi et al.

J. Falana, R. Osei-Kyei, and V. W. Tam. Towards achieving a net
zero carbon building: A review of key stakeholders and their roles
in net zero carbon building whole life cycle. Journal of Building
Engineering, 82:108223, 2024.

L. Wang, W. M. C. Daniel, D. Darko, and I. Benjamin. A-state-of-
the-art review of risk management process of green building projects.
Journal of Building Engineering, 86:108738, 2024.

F. Wang, F. Maxwell, A. Shahnawaz, U. Waleed, and M. Imran. Risk
management in sustainable building projects: A systematic literature
review and scientometric analysis. Cleaner Production Letters, page
100111, 2025.

2676-7007[https://doi.org/10.57647/j.fom]j.2025.0604.19]


https://doi.org/10.57647/j.fomj.2025.0604.19

	Introduction
	Literature review
	Research methodology
	Developin a quastionarie
	Solution approach
	DANP technique
	DEMATEL technique for creating network communication map
	DANP technique for finding effective weights for each measure
	Fuzzy cognitive map (FCM) aprroach
	System dynamic simulation approach


	Results
	System dynamic simulation approach
	DANP method results
	Implementation DANP method of environmental sub criteria
	Determine internal relationships between criteria
	The final weights of the factors calculation
	Results of FCM approach
	Results of system dynamic simulation approach
	Scenario analysis

	Managerial insights

	Conclusion

