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Abstract: A hazard zoning map is the most essential tool during the crisis management cycle’s
prevention and risk reduction phase. In this study, a geographic information system (GIS) is applied
to the crisis management of ports through the preparation of a risk zoning map in Jazan Port, Saudi
Arabia, using a novel integrated model of the fuzzy hierarchical analysis process and emotional
artificial neural network (FAHP-EANN). The objective is to more accurately identify the highly
potential risk zones in the port through hybrid techniques, which mitigates the associated life and
financial damages through proper management during a probable hazard. Prior to creating the risk
zoning map, every potential port accident is identified, categorized into six criteria, and assigned a
weight through the utilization of a machine learning algorithm. The findings indicate that the three
most effective criteria for the risks of Jazan Port are land fires, pollution and dangerous substances,
and human behavior, respectively. A zoning map of all risks in Jazan Port was generated by using
the weights obtained for each of the major accidents. This map may be utilized in the development of
crisis prevention measures for the port and in the formation of crisis management units.

Keywords: risk assessment; soft computing; geographic information system; fuzzy hierarchical
analysis process; emotional artificial neural network; port management

1. Introduction

Ports are essential arteries of global trade and commerce, serving as lifelines for
economies worldwide [1-4]. Beyond their economic significance, ports are strategic assets
critical to national security and resilience [5-7]. However, their significance also encom-
passes inherent risks, as they are susceptible to various unforeseen events and crises that
can disrupt operations and pose significant challenges to management and recovery ef-
forts [8]. The ability to comprehensively assess and evaluate these risks is paramount in
effective crisis management and mitigation strategies. By mitigating or eliminating these
risks, ports will become more efficient [9,10]. Given that the owners of goods request
expedited passage through ports, as well as lower tariffs and transportation fees, ports have
the capacity to meet these demands efficiently. Efficient and safe ports provide prompt and
dependable services to their customers, resulting in increased revenue, customer attraction,
satisfaction, and the ability to offer lower-cost services [11-13].

In today’s society, where increasingly complex systems are being implemented, system
failures or accidents can cause disruptions at multiple levels and may be interpreted as
societal threats. This is why all individuals within the system remain safe and the risk of
harm is low [14]. The activity in ports exposes them to a multitude of risks, ranging from
natural disasters to human-induced accidents [15-17]. The consequences of such events
extend far beyond the confines of a port, impacting supply chains, regional economies, and
even national security [18].
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By assessing the liability for major accidents in specific regions of a port, researchers
seek to delineate zones of extreme risk, high risk, medium risk, and low risk, providing
decision makers with a nuanced understanding of the spatial distribution of vulnerabil-
ities [19]. In recent years, the integration of soft computing techniques and geographic
information system (GIS)-based models has emerged as a promising approach to enhance
the effectiveness of spatial analysis and risk evaluation in port management [20,21]. Soft
computing encompasses computational methodologies inspired by human cognition, such
as fuzzy logic, neural networks, and genetic algorithms, which excel in handling un-
certainty, complexity, and imprecision inherent in real-world data and decision-making
processes [22]. Coupled with a GIS, which provides powerful spatial data management and
visualization capabilities, these techniques offer a comprehensive framework for assessing
and mitigating port-related risks [23].

A wide range of hazards and risks may arise during various operational procedures at
each of the port terminals [24]. Terminal operators can ultimately improve service quality
and productivity by effectively reducing losses and controlling tangible and intangible costs
by implementing risk assessment and management practices at their facilities [25,26]. As a
result, terminal operators are currently engaged in intense competition to determine the
most effective method of mitigating the risks associated with managing the aforementioned
operating systems and related activities [27]. Spatial analysis and risk evaluation are
fundamental components of proactive port crisis management [28]. Spatial analysis enables
the examination of geographic data to uncover patterns, relationships, and trends pertinent
to port operations and vulnerabilities [29]. Meanwhile, risk evaluation entails the systematic
assessment of potential threats and their likelihood of occurrence, as well as the severity of
their consequences [30].

The complexity and dynamic nature of port operations necessitate the creation of a
reliable framework for predicting and managing risks. Such a framework should be robust
and adaptable and able to integrate various risk factors to provide accurate and actionable
insights [31]. Consequently, it is imperative to assess potential risks and areas with high risk
potential in ports using dependable methods to develop a comprehensive risk assessment
model that enhances the operational efficiency and flexibility of ports.

In the context of port management, GIS technologies have emerged as key spatial
analysis tools, providing valuable insights into the geographical distribution of risk and
vulnerability. By integrating GIS and soft computing techniques, a novel approach can be
used to improve the accuracy and efficiency of risk assessment processes. This study uses
the fuzzy analytic hierarchical process (FAHP) and an emotional artificial neural network
(EANN) to identify high-risk areas based on the primary causes of accidents. The objective
of this study is to identify the most significant risks and hazards in the operational systems
of Jazan Port in Saudi Arabia, followed by the presentation of risk management strategies.
Moreover, another goal is to more accurately identify the port’s high potential risk zones,
thereby reducing the associated life and financial losses through proper management
during a potential hazard. Based on port experts’ opinions, a list of the main criteria and
sub-criteria related to potential risks in ports is established. The weight of these criteria
and sub-criteria is extracted using the proposed model. Finally, the port risk zoning map is
presented using a GIS model.

The remainder of this paper is organized as follows: Section 2 provides a review of
the relevant literature on spatial analysis, risk evaluation, and crisis management in port
environments. Section 3 describes the methodology adopted for this study, including data
collection, modeling techniques, and analytical procedures. Section 4 presents the results of
the soft computing model and spatial analysis and risk evaluation conducted for Jazan Port,
discusses the implications of these findings and offers recommendations for enhancing
port crisis management practices. Finally, Section 5 concludes the paper with a summary of
the key findings and suggestions for future research directions.
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2. Literature Review

A risk assessment is a process that ranks or compares the results of risk analyses
against predetermined decision-making objectives [32]. Prior to taking appropriate action,
the risk assessment procedure establishes the evaluation criteria and determines the relative
importance of each identified risk. Following the risk assessment process, control measures
to reduce or eliminate risks should be implemented. The process of risk identification and
prioritization is an essential component of risk management [33].

Mokhtari et al. [34] stated that the primary issue confronting port experts is a lack of
appropriate methodological and evaluation techniques to support the risk management
cycle. Therefore, in order to resolve ambiguities and ensure continuous risk control in
port industries, they used fuzzy set theory to describe and evaluate risk factors in terminal
management and port operations. An exploration case was utilized to implement their
proposed framework, in addition to a general methodology and a risk assessment model.
In conclusion, they asserted that their proposed model would facilitate decision support
and risk assessments in any port. Using a new analytical tool for evaluating construction
projects, Taylona et al. [35] demonstrated that their overall risks are imperfect and uncertain.
This study identifies the key risk criteria for construction projects at King Abdulaziz Uni-
versity and evaluates these criteria using integrated hybrid methods. The proposed hybrid
approach began with a survey to gather information. The relative importance index method
was used to prioritize project risks based on the information gathered. The construction
projects were then classified using fuzzy hierarchical analysis and fuzzy construction. The
fuzzy hierarchy analysis process was used to generate desirable weights for fuzzy linguistic
variables representing the overall risks of construction projects. Fuzzy construction meth-
ods are ideal for solving group decision-making problems in a fuzzy environment. Finally,
the results show that this method can evaluate the overall risks of construction projects and
select the project with the lowest risk using the relative importance index.

According to John et al. [36], port operations are fraught with uncertainty, with risk
assessments being particularly difficult to carry out. Because a large portion of the existing
data related to system operations are anonymous and ambiguous, a flexible but robust
approach to moving quantitative and qualitative data is needed; it is necessary to update
the existing information so that new data can become available. Their study also states that
traditional risk modeling methods are deemed insufficient and inappropriate due to their
inflexibility and inappropriate structure for dealing with system risks. In this study, the
authors proposed a new fuzzy risk assessment approach to eliminate uncertainty in port
operations and facilitate effective optimization in a systematic manner. This method com-
bines the FAHP, an intuitive reasoning approach, fuzzy set theory, and demand preference.
The FAHP is used to break down and analyze the complex structure of port operations,
as well as to identify risk factors, and their synthesis is based on intuitive reasoning. This
method provides a strong mathematical framework for joint system modeling as well as a
systematic breakdown and analysis. According to Valdor et al. [37], pollution from oil spills
is a widespread problem in the port area. Their paper describes a method for assessing
the temporal and spatial bio-environmental risks of oil-handling equipment in the port
area. They applied the K -means technique to large meteorological and oceanographic
database acquisition groups, defining the most probable environmental conditions around
offshore structures. Finally, numerical models and associated probabilities were used to
estimate the bio-environmental risks for a specific discharge point as well as a chosen
bio-environmental risk breakdown and analysis scenario. Lee et al. [38] conducted an
investigation employing a scenario-driven hazard analysis, vulnerability assessments, and
risk evaluations. Employing the GIS methodology, they constructed spatial data of the
affected area and conducted a hazard analysis of an explosion incident integrated with
three-dimensional explosion modeling. Bilasco and Ma [39] implemented a comprehensive
methodology focusing on a spatial analysis model grounded in the AHP. Utilizing an
array of spatial datasets, this model delineates the geographic dispersion and attributes of
traffic incidents to ascertain their cumulative national repercussions and pinpoint high-risk
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zones. The spatial repository, housing traffic accident data, is developed through geocoding
methods and amalgamated via network analysis to assess impact relative to distance. The
AHP framework is deployed to scrutinize impact across five principal dimensions: accident
severity, occurrence patterns, prevailing weather conditions, traffic regulations, and road
signage. This multi-tiered AHP evaluation not only identifies high-risk clusters but also
validates the efficacy of the proposed spatial model.

The existing literature on port crisis management and risk assessment demonstrates
significant progress in the application of various analytical and computational techniques.
Moreover, studies have successfully employed fuzzy set theory and hierarchical analysis to
address risk factors and prioritize project risks, respectively. These studies have further
extended the application of fuzzy logic to environmental risk assessments in port operations,
highlighting the necessity for flexible and robust approaches. Despite these advancements,
there remains a notable gap in integrating these methods within a comprehensive GIS-based
framework to enhance spatial risk evaluations. This study addresses this gap by combining
the FAHP and EANN within a GIS context to create a nuanced risk zoning map for Jazan
Port. This integrated approach not only improves the accuracy of risk identification but
also facilitates practical applications in port crisis management, thereby contributing both
methodologically and practically to the field. This study made an effort to answer the
following question: how can integrating soft computing techniques with a GIS improve
the identification and management of high-risk zones in port environments, specifically in
Jazan Port, Saudi Arabia?

3. Case Study Area Description

This study focused on Jazan Port, located on the southwestern coast of Saudi Ara-
bia [40]. Jazan Port stands as a critical maritime gateway connecting the Kingdom to
international trade routes and serving as a pivotal hub for regional economic development
initiatives [41]. Established to support the burgeoning industrial sector in the Jazan region,
the port plays a multifaceted role in facilitating the import and export of goods, supporting
the energy sector, and fostering economic diversification efforts [42]. Strategically located at
the crossroads of key shipping lanes in the Red Sea and the Arabian Sea, Jazan Port boasts a
prime geographic position that enables it to serve as a vital conduit for trade between Asia,
Africa, Europe, and the Middle East. Its proximity to major maritime routes, including the
Suez Canal and the Bab-el-Mandeb Strait, positions it as an essential transshipment hub for
cargo destined for the Arabian Peninsula and beyond (Figure 1).
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Figure 1. Study Area Jazan Port in Saudi Arabia.
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Jazan Port encompasses a comprehensive array of infrastructure and facilities tailored
to meet the diverse needs of modern maritime commerce. The port features multiple termi-
nals specializing in containerized cargo, bulk commodities, and general cargo, equipped
with state-of-the-art handling equipment and storage facilities. Additionally, the port is
home to specialized terminals catering to the petrochemical industry, supporting the export
of refined petroleum products and petrochemical derivatives produced by the nearby
Jazan refinery and associated industrial complexes. With a strategic vision to enhance its
operational capabilities and accommodate growing trade volumes, Jazan Port has under-
gone significant expansion and modernization initiatives in recent years. Investments in
dredging, berth infrastructure, and logistical support systems have bolstered the port’s
capacity to handle larger vessels and increased cargo throughput, positioning it as a key
player in the global maritime trade landscape. Despite its strategic importance and sub-
stantial investments in infrastructure development, Jazan Port faces a range of challenges
and vulnerabilities that pose risks to its operational efficiency and resilience. Situated
in a region marked by geopolitical tensions and security risks, Jazan Port is exposed to
potential disruptions stemming from regional conflicts, maritime piracy, and geopolitical
rivalries. The port’s coastal location renders it susceptible to natural hazards such as
tropical cyclones, storm surges, and coastal erosion, which can affect port operations and
infrastructure integrity. Limited hinterland connectivity and inadequate transportation in-
frastructure pose logistical challenges for cargo movement to and from the port, hindering
its competitiveness and efficiency in the global market [43,44].

4. Methodology

Implementing zoning regulations to partition the port into distinct zones and conduct-
ing risk assessments for major incidents within each zone can significantly contribute to
accident prevention. Consequently, addressing this matter may yield outcomes grounded in
scientific hypotheses and furnish the port department with a general framework for imple-
mentation. Furthermore, the port is assessed with respect to geopolitical parameters. This is
achieved through the utilization of GIS functionalities and the novel soft computing model,
which enables the identification of high-risk regions based on the primary determinants.

This FAHP-EANN-based study was conducted in 2022 with the assistance of twenty-
four specialists in the field of ports and coastlines. A comprehensive literature review,
the development of a risk assessment questionnaire, and the creation of a novel method
integrating soft computing and GIS-based model risk assessments for ports comprised the
study’s methodology. The average age and work experience of the 24 experts involved
in this study were 38.89 & 8.12 and 13.21 + 8.18 years, respectively. In addition, 16 of
these individuals held master’s degrees, while 8 held doctoral degrees. The questionnaire
questions are listed in Appendix A.

4.1. Fuzzy Analytic Hierarchical Process (FAHP)

The AHP is one of the most famous multi-criteria decision-making methods. This
method is used when there are several options and several quantitative or qualitative
criteria for decision making. In this method, on the basis of a certain goal and by using
different criteria or metrics and giving weight to each of them, it is possible to choose the
best or superior option for a specific goal from among different options, and other options
are also based on the overall weight they gain is rated. Fuzzy logic is a very useful tool for
measuring fuzzy concepts related to subjective judgments [45,46].

The fundamental framework for this approach was formulated as an inquiry-based
system to assess the environmental efficacy of ports. During the final phase, the question-
naires pertaining to the analytic hierarchical process (AHP) were initially distributed to the
experts [47]. Subsequently, these questionnaires were gathered and examined for validity.
To identify invalid questionnaires, the inconsistency rate was computed on the pairwise
comparison matrices and questionnaires. In the third step, the fuzzy weights of each of
the six factors and their corresponding parameters in the developed questionnaire were
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established, utilizing the AHP. In light of this, the tool and method for assessing environ-
mental performance in ports through the FAHP were developed by assigning weights to
each parameter.

A variety of methods are presented for ranking and weighting criteria and sub-criteria
through the use of fuzzy logic and the AHP [48]. This investigation was carried out
utilizing the approach outlined by Chang [49] due to its straightforward implementation
compared to alternative methodologies and its consistent provision of precise outcomes.
Triangular fuzzy numbers are the most practical shape among the various varieties of
fuzzy numbers. The notation A= (I, m, u) represents a triangular fuzzy number, where,
m, and u denote the attributes of a fuzzy set, respectively. The upper limit denoted by u
represents the maximum possible values for the fuzzy number A. The minimum value is
denoted by 1. The most probable value of a fuzzy number is denoted by m [50]. Notably,
discrepancies and errors that arise during the comparison and assessment of the relative
significance of options and indicators distort the final result of the calculations; therefore,
it is imperative to validate the answers and data provided by the specialists. The validity
of the answers and data provided by experts was assessed using this method, which
relied on the rate of inconsistency. A consistency rate of 0.1 or lower signifies comparison
consistency, thereby confirming the validity of the respondents. Consequently, the rate
of inconsistency was computed for each matrix containing pairwise comparisons, and
responses deemed invalid were omitted from the research [49]. Following the collection
of information and expert opinions and the verification of the information’s reliability,
a total pairwise comparison matrix is generated for each level. This matrix’s entry is
determined by averaging the opinions of the experts. Various methods are employed
to determine the average matrix and the relative weights of the criteria and sub-criteria.
These methods include the geometric mean, arithmetic mean, row sum, and column sum.
The geometric mean method is implemented in this study. Before calculating the weights
of the options using this method, the geometric mean and normalization of the rows of
the standard matrix are obtained. Following the calculation of the relative weights of
general and sub-criteria, the factors and sub-factors that are most effective are determined.
The determination of the final weight of the options in a hierarchical process involves
multiplying the weight of the options by the importance of the criteria. In pursuit of this
objective, the ‘hierarchical combination” principle is implemented, resulting in a priority
vector that takes into account all evaluations across all hierarchical tiers [51].

4.2. Emotional Artificial Neural Network (EANN)

The EANN model derives from the emotional behavior of humans [52-55]. The
EANN finds utility across a multitude of applications, owing to the distinctive attributes
attributed to this cerebral region. Among these characteristics are its rapid response to
stimuli resulting from the presence of short paths and a component that functions as a
modifier for inappropriate responses and reactions [56,57]. The EANN comprises the
orbito-amygdala, frontal thalamus, and sensory cortex. In response to stimuli or inputs, the
model follows two paths: the direct path is quick and has a low information load, while the
indirect path has a greater information load. The EANN is based on the emotional learning
of the brain. The number of nodes in each section of this model is equivalent to the number
of inputs, with the exception of the amygdala, which contains an extra node. In addition,
the final output of the model is computed using Equation (1).

E=E,— E,, (1)

where E; and Ey are the amygdala and orbitofrontal outputs, which are defined as
Equations (2) and (3):
n+l
E, = Z (U] X S]) +b; 2)
j=1
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n

Ey = Z(w] X S]) + b, 3)

=1

where v and w are the respective weights and b is the bias. In addition, S, which is actually
the extension link between the thalamus and the amygdala, is calculated as Equation (4).

Sni1 = max (si), (4)

The existence of the max operator does not make it suitable for system identification.
The model cannot be derived, so it is inapplicable for system identification applications
such as model-based control methods. By correcting this section, the model can be used
to identify systems. The proposed method for fixing the expansion link is described by
Equation (5):

n

sj] - COoS lnisj]. (5)
1 j=1

Therefore, the output of the model is rewritten as Equations (6) and (7):

Sy41 = sin ln
]':

n

EgzZ(ijsj)ﬂLUthXSin[”Zn:Sj] -cos[ﬂ[n:sj]; (6)
. =

j=1 j=1

n n
sj| -cos|m ) sj| — Eo, (7)
j=1 j=1

where vy, is the weight associated with the expansion link or the amygdala’s # + 1 input, as
calculated from Equation (5), so the model is ready to model complex non-linear systems.
In fact, by determining appropriate weights, the model is able to detect non-linear behavior
in systems and processes. During the training phase, the goal is to find the optimal weights.

EANN models feature a synthetic sensing mechanism that can secrete hormones to
modulate the activity of neurons or nodes. The hormone’s weight value adjusts based on
the input and output values of the network’s nodes. Each node in the EANN is capable of
generating dynamic hormones Ho,, Hoy, and Ho, facilitating the continuous exchange of
information between input and output components via a dynamic hormone generator.

During the initial training phase, the coefficients are aligned based on the correlation
between inputs and outputs. This alignment is then refined through iterative processes.
Hormonal coefficients influence node components such as the activation function, net
function, and weights. The output of the EANN model, incorporating the hormones Ho,,
Hoy, and Ho, is expressed as shown in Equation (8).

n
E =Y (0j xsj) 4oy x sinln
=1

Y; = ((vi+ Y_0inHop) x fa| Y_[(Bi + Yo nxinHop) x (aij+ Y 5 PijxHop) X+ (& + Y pxinHon)] |- (8)
T

]

—_— 2 3 4

In this context, , i, and j correspond to the input neurons, hidden layers, and output
layers, respectively. The function f, denotes an activation function. Equation (9) quantifies
hormones. The statistical neural weight -; and the harmonic weight )9, , Hoj, are applied

h

to fa. The second and third components are associated with the applied weights. The net
function and the input value y; ;, are determined by neuron j in the preceding layer. The
fourth component includes the bias of the network function, which encompasses neuronal
and hormonal weights a;, ®; ; % XinHon, Xin, ®ijr, and 9; . These parameters regulate

the hormone level (Hoy,) for each hormone. The neuron’s output (Y;) provides hormonal
feedback Ho; ), to the system, as described in Equations (9) and (10). Proper calibration
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of the EANN’s glandity throughout the training phase is crucial to ensure that the gland
receives the appropriate hormone levels [58].

Hoy = ) _iHoj(h =a,b,c); )
Ho;y = glandity; , X Y;, (10)

4.3. Integrated FAHP-EANN-GIS Model

This study hypothesizes that the integration of the FAHP and an EANN within
a GIS framework will provide a more precise identification of high-risk zones in port
environments. The EANN model can produce more reliable results using less data.
Molajou et al. [58] findings show that the EANN model can achieve better results with less
data than the classic ANN model. The methodology involves collecting data on various
risk factors, applying the FAHP-EANN model to assess these risks, and using GIS tools to
visualize and analyze the spatial distribution of these risks within Jazan Port. The EANN
model consists of general units of function and input calculations. Each input is assigned a
weight, which indicates how it affects the overall output. The weights can be optimized to
minimize the error function using the back propagation algorithm. The model structure in-
cludes default values that, for whatever reason, may not be appropriate for the researcher’s
desired model and goal, resulting in an incomplete and incorrect implementation or output.
Furthermore, model design is critical to reducing complexity while maintaining acceptable
accuracy. Regularization techniques, such as generalization and interference immunity, can
improve network stability by summarizing the model by increasing the number of training
data (the FAHP model is used in this study) and using organizing techniques to protect the
model from overfitting. Figure 2 shows the framework of the proposed model based on the
FAHP and EANN.

Port Risk Assessment

Case Study
and Risk
Items
Evaluation

Fuzzy Analytic Hierarchical Process (FAHP)

Spatial transfer of FAHP
class value to training data

Emotional Artificial Neural Network (EANN)

Main criteria and sub-criteria

| weight extraction
— — — — — — — —

—

ArcGIS Spatial
Analysis

Hazard Map Zoning

Figure 2. Framework of the proposed model based on FAHP-EANN and GIS spatial analysis.
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The integration of the FAHP and EANN leads to more precise and actionable risk
assessments, the EANN can continuously learn and adapt based on the structured inputs
from the FAHP. Compared to traditional risk assessment methods, the FAHP-EANN
approach offers several advantages. The combined method enhances the precision of
risk identification and prediction by continuously learning from new data and expert
input. By considering both qualitative and quantitative factors, the method provides a
more comprehensive assessment of risks. The approach is scalable and can be applied
to various port environments and logistics scenarios, adapting to different conditions
and requirements.

5. Results

The risk assessment questionnaire regarding ports includes six factors of land ac-
cidents, natural disasters, land fires, pollution and dangerous substances, facilities and
infrastructures, and human behavior. Meanwhile, there are 35 sub-factors in the risk as-
sessment of the port. Falling from a height, objects falling on people, vehicle accidents,
electrocution, cuts and limb defects, burns, the inhalation of toxic gases, employee conflicts,
and employee diseases were all considered when evaluating human behavior. Electricity
interruption, communication system interruption, alarm system failure, data system failure,
and port software failure are all factors that affect facilities and infrastructure. Pollution
and hazardous substances include drinking water contamination, noise pollution, waste
pollution, air pollution, toxic gas emissions, and oil pollution emissions. Land fire includes
fire caused by electricity, fires of waste materials, car fires as a result of accidents, fires of
goods, fires of flammable materials, building fires, and fires of oil tanks. Natural disasters
include earthquakes, severe storms, thunderbolts, waves, tides, and floods. Land accidents
include vehicles falling into water, vehicle accidents, and land equipment accidents. Table 1
shows all the criteria and sub-criteria.

Table 1. Research criteria and sub-criteria based on expert option.

Main Criteria Sub-Criteria

Falling from a height (A1)
Objects falling on people (A2)
Vehicle accidents (A3)
Electrocution (A4)

Cuts and limb defects (A5)
Burns (A6)
Inhalation of toxic gases (A7)
Employee diseases (A8)

Human behavior (A)

Electricity interruption (B1)
Communication system interruption (B2)
Facilities and infrastructures (B) Alarm system failure (B3)
Data system failure (B4)
Port software failure (B5)

Drinking water contamination (C1)
Noise pollution (C2)
Waste pollution (C3)
Air pollution (C4)
Toxic gas emissions (C5)
Oil pollution (C6)

Pollution and dangerous substances (C)

Fire caused by electricity (D1)
Fires of waste materials (D2)
Car fires as a result of accidents (D3)
Land fires (D) Fires of goods (D4)
Fires of flammable materials (D5)
Fires of building (D6)
Fires of oil tanks (D7)
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Table 1. Cont.

Main Criteria Sub-Criteria

Earthquakes (E1)
Severe storms (E2)
Thunderbolt (E3)
Waves (E4)
Sea level rise (E5)
Flood (E6)

Vehicles falls into sea (F1)
Land accidents (F) Vehicles accidents (F2)
Land equipment accidents (F3)

Natural disasters (E)

5.1. Weight Determination for Criteria and Sub-Criteria

There are two stages to determining weight in the EANN model. In the first stage,
weights are chosen at random. To train better and faster, all of the network’s weights are
randomly assigned between —0.50 and 0.50. Others are randomly assigned initial weights
between —0.2 and 0.2. In the second step, the software determines the final weight of each
factor in the EANN model. During the network’s learning stage, weight values are changed
in each repetition using Equations (11)-(17) to achieve the desired weight values.

]
net — Zwl]-oi, (11)
i

where, wj;, is the weights between the processor units and o; is the output of the ith processor
unit, which is obtained from Equation (12).

oj = f(net;), (12)

where f, the active function, is typically a nonlinear function that transfers the set of output
weights from one layer to the next. The model error (E) rate for a specific input pattern is
a function of the desired output vector (d) and the actual output vector (0), as shown in
Equation (13).

E= % Y k(dy — o), (13)

The process of the forward and post propagation of the error is repeated until the time
when the error of the entire network is minimized or reaches the desired value. The error
propagation algorithm is used to determine the weights of each factor, and we use these
data for classification. The importance of the output, which is the output of each node of
the output layer, is obtained from Equation (14).

Dok _ f1( et ) x 21K
(Sof Oi

= f’(netk) X W . (14)

This equation yields both positive and negative results. If the size of the effects is
arbitrary, the importance (weight) of the processor unit and its proportionality to the other
processor unit oi in the hidden layer can be calculated as a ratio of the absolute value of the
derivative of Equation (14) (Equation (15)).

10kl , 18ok| 190k _ [frinet)uy _ i
‘80]" ]fr(netk)wjok‘ ]w]'ok]'

(15)

50f aof

The results calculated via Equation (15) for a specific processor unit in the output
layer show that the relative weight of a processor unit in the hidden layer is a ratio of the
absolute value of the connection weight between the hidden layer’s processor unit and
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the output layer when the network includes output layers with multiple processor units.
Then, Equation (15) can not be used to compare two processor units in the hidden layer;
instead, Equations (16) and (17) are used when there are multiple processor units in the
output layer.

1J
WiOe =~ Y- Wil, (16)
]]‘:1

sl wy| =l w,
j=i=¢| ik j=0| "k

According to the results of the proposed model, the weight of each risk was obtained.
The results of these factors are presented in Table 2.

Table 2. Calculated weight of possible risks in port using EANN model.

Main Criteria Weight Sub-Criteria Weight
Al 3.45
A2 3.68
A3 4.46
A4 5.20
A 412 A5 3.20
A6 3.90
A7 4.60
A8 3.10
Bl 3.24
B2 2.20
B 2.73 B3 2.30
B4 3.11
B5 2.64
C1 2.31
C2 2.36
C3 2.57
C 4.41 C4 3.82
C5 6.68
Cé6 6.61
D1 5.21
D2 6.45
D3 3.62
D 4.52 D4 3.83
D5 3.21
D6 3.42
D7 5.13
El 6.87
E2 3.05
E3 1.12
E 3.75 E4 5.41
E5 2.84
E6 1.81
F1 4.47
F 3.65 F2 3.31

F3 2.89
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5.2. Port Risk Assessment

Ports are thought to be locations where various types of goods, such as bulk goods,
petroleum, and dangerous goods, are transported. On the other hand, the port area’s heavy
traffic of goods transportation vehicles and related equipment makes it a high-risk area for
accidents and incidents. To create a risk distribution map in the port, we identify areas with
a higher risk of accidents. The table depicts the main accident risk in the six investigated
regions (Table 3).

Table 3. The risk rating of possible major accidents in the six zones of Jazan Port, Saudi Arabia.

Zone A B C D E F

Gate, bascule, 45.97 49 24.0 95.6 14.7 119.6
and docks
Buildings 377.87 1460.9 187 5.7 4832 188.3
Roads and 109.08 817.2 322.3 2.8 103.0 35.4
communication

Warehouses 890.06 38.4 118.0 219.0 271.3 184.9
Berths 186.94 492.8 584.6 157.1 54.4 14.8
il zone 109.14 143 36.5 454 730.5 160.3

William Fine’s method was used for the risk assessment. This method considers risk
as a function of the probability of the occurrence of danger, its consequences, and the level
of contact with danger. In this study, areas with a rank greater than 350 are considered
extreme-risk zones, zones with a rank between 201 and 350 are considered high-risk zones,
zones with a rank between 91 and 200 are considered medium-risk zones, and zones with a
rank less than 90 are classified as low-risk zones (Table 4).

Table 4. Risk ranking and necessary measures to eliminate the risk.

Risk Level Ranking Risk Reduction Measures
Taking action to prevent the provision of services
Extreme 3°0< until ensuring that the risk is eliminated
High 201-350 Immediate action for risk control
Medium 91-200 Urgent, necessary actions as soon as possible
Low <90 Monitoring and control stage

According to the total weight and rank of possible partial accidents in the port and
the ranks of the general categories of accidents that were extracted using this score, it is
possible to prepare maps for each of the general categories of the score in different areas of
the port. As a general danger zone, Jazan Port was prepared by using the specified weights.
The preparation of this map is of great help to the crisis management in the phase of crisis
prevention and gives a general view of the dangerous and risky areas of the port at the
disposal of the decision makers of Jazan Port crisis management. The score of each of the
spatial data layers is calculated according to the mentioned method and given in Figure 3.

According to the risk ranking map of different areas in Jazan Port, which is obtained
from the proposed model, it is possible to draw the risk zoning of the port with the help of
the spatial information system tool as a comprehensive science with a holistic view and
taking into account the influencing factors and risks. The risk zoning map of Jazan Port
is given in Figure 4. This map is expected to be an effective tool to help the managers
and decision makers of the Jazan Port safety field and is can be used in planning for the
allocation or relocation of safety equipment to high-risk locations.
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Figure 4. Risk zoning map of Jazan Port in Saudi Arabia.
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6. Discussion

Tables 1 and 2 illustrated the weighted importance of various risk factors affecting
port operations. The highest weights are assigned to factors such as ‘natural disasters’
and industrial accidents, indicating their significant impact on port safety and operational
continuity. This prioritization aligns with previous studies that emphasize the vulnerability
of ports to extreme weather events and human-induced hazards [59-62]. While novel hy-
brid prediction models have been presented in recent scientific research [63], the proposed
model in this study produced reliable results. The relatively lower weights for factors
like ‘cyber threats’ suggest that, while important, they are perceived as less immediate
threats compared to physical risks. This weighting informs our risk mitigation strategies,
suggesting a focus on enhancing infrastructure resilience and emergency preparedness.

Table 3 indicates that different zones within Jazan Port have varying levels of risk
associated with potential major accidents. The highest risks are observed in zones handling
critical operations such as oil, buildings, and warehouses, highlighting the need for focused
risk mitigation strategies in these areas. The significant variability within zones underscores
the importance of localized risk assessments and tailored safety measures to address specific
vulnerabilities. This comprehensive risk rating framework provides valuable insights for
port authorities to prioritize safety interventions and enhance overall port safety and
resilience. The risk ratings in gate, bascule, and dock zones vary significantly, with the
highest risk recorded at 119.6 and the lowest at 4.9. The average high rating of 95.6 indicates
a critical need for stringent safety measures and frequent monitoring, especially considering
the zone’s role as an entry point and hub for docked vessels. The relatively lower ratings
in some areas suggest targeted risk factors, possibly less intense activities or better safety
practices in place. Buildings within the port exhibit the highest variability in risk ratings,
ranging from 5.7 to 1460.9. The extremely high rating of 1460.9 signifies a substantial
risk of major accidents, potentially due to high occupancy, valuable assets, or complex
operations. This necessitates urgent risk mitigation strategies, such as enhanced structural
safety measures and emergency preparedness drills. The lower end of the spectrum,
with ratings around 5.7, indicates some buildings are either less critical or have better
safety protocols. Road and communication zones also shows a broad range of risk ratings,
with the highest at 817.2 and the lowest at 2.8. The high risk associated with roads and
communication infrastructure (817.2 and 322.3) suggests significant exposure to accidents,
likely due to high traffic volumes and the critical nature of communication networks. The
lower ratings indicate areas where traffic is less dense or where better traffic management
practices are in place.

Warehouses demonstrate substantial risk variability, with ratings from 38.4 to 890.06.
The highest rating of 890.06 reflects considerable risk, possibly due to the storage of
hazardous materials or high-value goods, necessitating robust safety and security measures.
The middle-range ratings (e.g., 184.9) suggest moderate risks, possibly from the type of
goods stored or operational practices, requiring regular safety audits and risk assessments.
The berth zone presents a wide range of risk ratings, from 14.8 to 584.6. High-risk ratings
in this zone (e.g., 584.6) indicate significant accident potential, likely due to vessel docking
operations, cargo handling, and proximity to the water. This underscores the need for
strict adherence to safety regulations and the continuous monitoring of berth activities to
prevent accidents. Lower ratings indicate areas with potentially less hazardous operations
or effective risk management practices. The oil zone exhibits high variability in risk ratings,
with a peak of 730.5 and a low of 14.3. The highest risk rating (730.5) highlights the severe
potential for major accidents, possibly due to the volatile nature of stored materials and the
complex handling processes involved. This calls for the implementation of stringent safety
protocols and emergency response plans. The lower risk ratings suggest areas where safety
measures are more effective or the risk factors are less pronounced.

Based on Figures 3 and 4, the extreme-risk and high-risk zones, particularly buildings,
warehouses, and berths, require focused attention and the immediate implementation
of enhanced safety measures. The extreme-risk rating for buildings may be due to the
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dense concentration of personnel, valuable assets, and critical operations housed within
the buildings. The berth zone indicates significant vulnerabilities due to activities such
as vessel docking, cargo handling, and proximity to the water. The warehouse zone falls
into the high-risk category, reflecting the substantial hazards associated with the storage of
various goods, including hazardous materials.

Medium-risk zones such as roads and communication and the oil zone also necessitate
ongoing monitoring and improvements in risk management strategies. Low-risk areas
like gate, bascule, and docks demonstrate effective risk management but should not be
neglected to ensure they remain secure. This detailed analysis provides a comprehensive
understanding of the risk distribution within Jazan Port, guiding port authorities in pri-
oritizing safety interventions and resource allocation to enhance the overall port safety
and resilience.

7. Conclusions

Based on the methodology implemented in this study, integrating zoning regula-
tions within the port and conducting risk assessments for major incidents in each zone
can significantly contribute to accident prevention. This approach provides a scientific
framework for implementing preventive measures and effectively addressing port crises.
Utilizing GIS functionalities and a novel soft computing model, the port’s risk assessment
considers geopolitical parameters, enabling the identification of high-risk regions based on
primary determinants.

The methodology encompassed a comprehensive literature review, the development
of a risk assessment questionnaire, and the creation of a method integrating soft com-
puting and GIS-based models for port risk assessments. The integration of FAHP and
EANN models within a GIS provides a holistic approach to port risk assessment, deter-
mining the weights for each risk factor and identifying high-risk areas within the port.
By considering factors such as human behavior, facilities and infrastructure, pollution,
natural disasters, land fires, and land accidents, the study generated a comprehensive risk
assessment framework.

The risk assessment results were used to rank and categorize potential major accidents
within different zones of Jazan Port, Saudi Arabia. Risk reduction measures were proposed
based on the severity of risks, ranging from extreme- to low-risk levels. The spatial
analysis conducted using GIS tools enabled the preparation of risk zoning maps, providing
decision makers with valuable insights for crisis management and preventive planning.
The risk assessment framework can be directly applied by port authorities to prioritize
safety measures and allocate resources effectively. For instance, the high-risk ratings in
the building and berth zones suggest an immediate need for structural reinforcements,
advanced monitoring systems, and comprehensive emergency preparedness plans. The
medium-risk zones, such as roads and communication and the oil zone, can benefit from
enhanced traffic management systems and regular safety audits. Implementing these
recommendations can significantly reduce the likelihood of major accidents and enhance
overall port resilience.

This study has several limitations that should be considered. Firstly, the research relies
heavily on specific data sets from Jazan Port, which may limit the generalizability of the
findings to other ports with different data characteristics. Secondly, the integration of the
FAHP and EANN within a GIS framework necessitates significant computational resources
and expertise, potentially posing challenges for their implementation in ports with limited
technological infrastructure.

Despite these limitations, the implications of our research are substantial. Practically,
the integrated FAHP-EANN-GIS framework provides a powerful tool for port authorities
to accurately identify high-risk zones and implement effective crisis management strategies.
This approach can lead to significant reductions in both life and financial losses during
port-related crises. This study advances the field of risk assessment and spatial analysis
by demonstrating the potential of soft computing techniques to improve the precision and
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efficiency of crisis management efforts. The integration of soft computing techniques with
a GIS should be further refined to ensure broader applicability, and the application of this
model should be investigated in various port settings in future research.
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Appendix A. Questionnaire
Appendix A.1. General Information

Name of the Assessor:

Work Experiences

Age:

Date of Assessment:

Zone Being Assessed (e.g., Buildings, Roads, Warehouses, Berths, Oil Zone):
Weather Conditions During Assessment:

SANNANE IR A

Appendix A.2. Criteria and Sub-Criteria Evaluation
A. Human Factors

1. Occupancy Levels

> On average, how many people are present daily?
O Less than 10
O 10-50
O 51-100
O More than 100

> Importance of this factor?
O Very low
O Low
O Moderate
O High
O Very high

2. Training and Awareness

> How often are safety training sessions conducted?

O Monthly

O Quarterly
O Annually
O Never
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> What percentage of personnel are trained?
O 0-25%
O 26-50%
O 51-75%

@) 76-100%
> What types of safety drills are conducted?
O Fire drills

O Evacuation drills
O Equipment handling drills
O Other:
> Importance of this factor?
O Very low
O Low
O Moderate
O High
O Very high

Facilities and Infrastructure

Structural Integrity
> When was the last structural audit conducted?

O Less than 6 months ago
O 6 months to 1 year ago
O 1-2 years ago
O More than 2 years ago
> What were the major findings from the last audit?

O No issues

O Minor issues

@) Moderate issues
O Major issues

@) Critical issues

> What actions have been taken to address audit findings?
O None
O Some issues addressed
O Most issues addressed
O All issues addressed
> Importance of this factor:
O Very low
O Low
O Moderate
O High
O Very high
Maintenance Practices
> How often is routine maintenance conducted?
O Daily
O Weekly

O Monthly
O Annually
> Are maintenance activities properly documented?

O Yes
O No
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> Are there any outstanding maintenance issues that need immediate attention?
O Yes
O No
> Importance of this factor:
O Very low
O Low
O Moderate
O High
O Very high

C. Pollution and Environmental Impact

5.  Pollution Levels

> What types of pollutants are monitored?
O Air
o) Water
O Soil
O Noise
> What have been the pollution levels over the past 6 months?
O Below standard limits

O At standard limits
O Above standard limits

@) Significantly above standard limits
> What measures are in place to control pollution?

O Air filters

O Water treatment

O Noise barriers

O Other:
> Importance of this factor:

O Very low

O Low

O Moderate

O High

O Very high
6. Waste Management

> What methods are used for waste disposal?
O Incineration
O Landfill

O Recycling
O Composting

> How frequently is waste collected and disposed of?
O Daily
O Weekly

O Monthly
O As needed

> What percentage of waste is recycled?
O 0-25%
O 26-50%
O 51-75%
o 76-100%
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Importance of this factor:

Very low
Low
Moderate
High
Very high

OO0O0O0OO0

Natural Disasters

Vulnerability to Natural Disasters

>

What types of natural disasters is the area prone to?
O Earthquakes

O Floods

O Hurricanes

O Other:

Is there historical data available on past natural disasters in the area?
O Yes

O No

What preparedness measures are in place to mitigate the impact of natural disasters?
O Emergency kits

O Evacuation plans
O Safety drills

o) Other:
Importance of this factor:
O Very low

@) Low

o) Moderate

O High

O Very high

Emergency Response

>

Are there dedicated emergency response teams available on site?

O Yes

O No

How often are emergency response drills conducted?
O Monthly

O Quarterly
O Annually

@) Never

Are there clearly defined evacuation plans in place?
O Yes

O No

How effective are the current emergency response measures?

O Very effective

O Effective

O Moderately effective
O Not effective

Importance of this factor:

Very low
Low
Moderate
High

ONONONGE
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O Very high
E.  Operational Risks
9. Cargo Handling and Storage
> What types of cargo are handled at the facility?
O General cargo
O Hazardous materials
O Perishable goods
O Other:
> Are there established protocols for the storage of hazardous materials?
O Yes
O No
> How often are safety inspections conducted for cargo handling and storage?
O Daily
O Weekly
O Monthly
O Annually
> Importance of this factor:
O Very low
O Low
o) Moderate
O High
O Very high
10. Traffic and Communication

>

What is the traffic density in the area during peak hours?

O Low
@) Moderate
O High

O Very high
Are there traffic management systems in place to control the flow of vehicles?

O Yes
O No

How reliable is the communication network for coordinating operations?

O Very reliable

O Reliable

O Unreliable

O Very unreliable

Importance of this factor:

Very low
Low
Moderate
High
Very high

OO0O0O0O0

Appendix A.3. Risk Ratings

For each of the following factors, rate the risk level on a scale of 1 to 5 (1 being very

low risk and 5 being very high risk).
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>  Human Factors:

(ONONORONG)
W N

5

>  Facilities and Infrastructure:

O 0OO0O0O0
w

> Pollution and Environmental Impact:

CNONONONGC
w

>  Natural Disasters:

ONONONONGC)
W

> Operational Risks:
1

2
3
4
5

O0OO0O0O0

Appendix A.4. Mitigation Measures

Current Risk Mitigation Strategies
List existing measures:

> Rate the effectiveness of these measures (1-5):

OO0OO0O0O0
w

Identify areas needing improvement:

Proposed Risk Mitigation Strategies

What new measures are planned to be implemented?
What is the expected impact of these new measures?

Appendix A.5. Additional Comments

Any other observations or recommendations:
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