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Abstract: It is critical for urban and regional planners to examine spatial relationships and
interactions between a port and its surrounding urban areas within a region’s spatial structure.
This paper seeks to develop a targeted framework of causal relationships influencing the spatial
structure changes in the Bushehr port-city. Hence, the study utilizes Fuzzy Cognitive Maps
(FCMs), a computational technique adept at analyzing complex decision-making processes.
FCMs are employed to identify concepts that act as drivers or barriers in the spatial structure
changes of Bushehr port-city, thereby elucidating the causal relationships within this context.
Additionally, the study evaluates these concepts’ relative significance and interrelationships.
Data was collected through interviews with ten experts from diverse backgrounds, including
specialists, academics, policymakers, and urban managers. The insights from these experts
were analyzed using FCMapper and Pajek software to construct a collective FCM, which
depicts the influential and affected concepts within the system. The resulting collective FCM
consists of 16 concepts, representing the varied perspectives and expertise of the participants.
Among these, the concepts of management and planning reform, economic growth of the city-
port, and port development emerged as the three most central concepts. Moreover, the effects
of all influential concepts on the spatial structure change in Bushehr port-city were evaluated
through simulations conducted across four different scenarios. The analysis demonstrated that
the system experiences the most significant impact under the fourth scenario, where the most
substantial changes are observed in commercial and industrial growth and the planning of port-
city separation policies.

Keywords: port; city; port-city spatial structure; fuzzy cognitive mapping; FCMapper; Pajek;
Bushehr

1. Introduction

Ports, the primary gateways for importing and exporting goods across a region,
play a significant role in shaping and transforming the spatial structure of a territory
(Yan et al., 2021). The critical role of ports in strengthening supply chains and
fostering urban spatial development has led many researchers since the mid-20th
century to focus their studies on this topic within the specialized field of spatial
planning. A review of research in this area indicates that a portion of these studies
emphasizes the evolution of spatial structures and the development of spatial
relationships and interactions between ports and cities (Chang et al., 2024; Li et al.,
2023; Lugo and Martinez-Mekler, 2022; Rossetto Ribeiro and Beloto, 2022). This
focus has been so influential that port-city studies can be characterized into five
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thematic areas: physical-spatial, infrastructural-support, economic, managerial-social,
and environmental (Zarei et al., 2024).

In practice, many researchers analyze the diffusion of port development towards
urban areas to explain the relationships and delineate the spatial structure of port-cities,
thereby defining new phases of port-related activities within urban regions (Daamen
and Vries, 2013; Guo and Qin, 2022). While this diffusion can lead to spatial
equilibrium between the port and the city, it can also contribute to spatial inequality in
surrounding regions (Bottasso et al., 2014; Schubert, 2020; Solak Fiskin, 2024). In
Iran, there is clear evidence of polarization, spatial inequality, and regional imbalance
in southern port cities (Dadashpoor and Taheri, 2023a, 2023Db).

This research focuses on the port-city of Bushehr in Iran. Geographically located
at 50°5629.637" E longitude and 28°46'7.9064" N latitude in southwestern Iran
(Figure 1), Bushehr covers approximately 984.5 square kilometers and serves as the
capital of Bushehr province (Tayebeh et al., 2023). As of the last census in 2016,
Bushehr had a population of 223,504, making it the most populous city in the province
and the fourth most populous in southern Iran. The city is situated along an 11
kilometer coastline at 18 m above sea level in a coastal region of the Persian Gulf

(Mohammadi et al., 2023).
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Figure 1. Location of Bushehr port-city within Bushehr province, Iran.
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Historically, Bushehr has played a significant role in developing port-city
relationships and strengthening other ports within Bushehr province, both
economically and geopolitically (Adnani, 2016; Floor, 2014). Today, Bushehr has
become a key hub for the supply chain in foreland areas, particularly in trade with
countries like China, Kuwait, and Qatar. It has also significantly contributed to the
foreign exchange earnings from the export of oil derivatives (such as base mineral oils,
other light oils, and products excluding gasoline) and metal products (such as non-
alloy steel or iron sheets), which are chiefly engaged towards Iran’s capital, Tehran
(Ports and Maritime Organization reports, 2023).

Despite notable research on the factors influencing spatial organization and the
formation of spatial structures in Iran (Asadzadeh and Hatami, 2023; Rabiei-Dastjerdi,
2023), there is a lack of documented studies explicitly examining the role of critical
concepts in the spatial structure changes of Bushehr city. Therefore, this study aims to
establish a targeted framework of causal relationships among the fundamental
concepts influencing the spatial structure changes in the Bushehr port-city using the
Fuzzy Cognitive Mapping (FCM) method. Given that the concepts influencing these
changes may be ambiguous, FCM helps identify hidden relationships between
concepts and uncovers tacit knowledge, providing insights into how changes in one
concept can impact others (Meechang and Watanabe, 2023). This study addresses the
following research questions:

1) What are the key concepts that exert the most influence and are most affected by
changes in the spatial structure of Bushehr city, with a focus on the Bushehr port?
2) How do the identified concepts influence the spatial structure changes of the

Bushehr port-city across different scenarios?

The findings aim to develop a targeted framework for understanding the spatial
structure changes in the Bushehr port-city, considering its specific spatial and
geopolitical context. This framework could be invaluable even for stakeholders who
might find it challenging to predict such changes.

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

2. Materials and methods

This study was conducted using the Fuzzy Cognitive Mapping (FCM) method,
as it not only models and simulates the complex relationships among identified factors
but also reflects the causality among all factors involved in decision-making (Kanellos
et al., 2024). This capability allows for potential changes in the relationships between
the factors within the system, providing a more realistic depiction of what occurs in a
decision-making process (Infante-Moro et al., 2022).

The FCM method relies on expert judgment and is maintained by data collected
through interviews. To gather data for this study, specialists discussed the causal
relationships between qualitative factors. They analyzed and evaluated quantitative
data based on their experiences, knowledge, and perceptions of the interrelationships
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among these factors (Singh et al., 2019). Interviews were conducted from 1 July to 31
July 2023, with ten specialists from various backgrounds, including experts,
academics, policymakers, and urban managers, to identify the key concepts
influencing the spatial structure changes in port-city relationships and to quantify and
analyze all causal relationships between these concepts.

Interviewees were provided with a table listing concepts identified during the
literature review, and they were requested to determine which concepts are involved
in the spatial structure changes in the port-city relationship in Bushehr. Additionally,
they were encouraged to add new concepts if necessary and analyze the causal
relationships between all identified concepts. They were then requested to assess the
degree and nature of the relationships between these concepts.

For instance, the concepts C; and C; might have a direct or indirect relationship
or no relationship (Kang et al., 2004). The relationships between the concepts could
be positive, negative, or neutral, indicating the type of relationship and the degree of
causality (Papageorgiou et al., 2006). The value Wj represents how C; influences C;
(Bagdatli et al., 2017). Thus, a positive and/or negative causal relationship between
two concepts, C; and C;, indicates that an increase in the activity level of C; leads to an
increase and/or decrease in C;. Similarly, a decrease in the activity level of C; leads to
a decrease and/or increase in C; (Tsadiras and Zitopoulos, 2017). Figure 2 provides
an example of the FCM method and its components.

Figure 2. An example of a fuzzy cognitive map (FCM).

In graph theory, the relationship between concepts evolves from a binary state
{0, 1} or {1, 0, —1} to a set of states represented by a number within the range [0, 1]
or [—1, 1] or through fuzzy linguistic terms (Bakhtavar et al., 2021). A Fuzzy Cognitive
Map (FCM) comprises n concepts organized within an n x n matrix (Pérez et al., 2019).
In this matrix, concept C; is placed on the vertical axis, and concept C; on the horizontal
axis, forming a square matrix (Ozesmi and Ozesmi, 2004). Suppose a positive
relationship exists between two concepts, ;> 0, so if a negative causality is present,
Wi; <0, and if no relationship exists between two concepts, W;; = 0. Accordingly, the
values of W; indicate the extent to which one concept C; influences another concept
C; (Salmeron et al., 2019).

In fuzzy systems, the results of approximate reasoning typically appear as one or
more fuzzy sets. In these cases, it is necessary to convert the fuzzy output into a crisp
(non-fuzzy) number. Various methods exist, including the center of gravity, center of
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area, center of maximum, sum, and weighted average methods. This study employs
the weighted average defuzzification method in the FCMapper software to create the
causal map. FCMapper first emerged as a beta version in 2009 and was the first tool
based on Microsoft Excel designed for analyzing fuzzy cognitive maps (Infante-Moro
et al., 2022). The free version (commonly licensed) of this was used.

Subsequently, this causal map is altered into an adjacency matrix. An adjacency
matrix is a square matrix composed of all concepts involved in the system and
represents the causal relationships identified by the interviewees between these
concepts. Each input matrix representing a scenario is multiplied by the adjacency
matrix of the fuzzy cognitive map, which indicates the weight of the connection
between any two concepts in the map. Since FCMs are dynamic systems, where a
change in one concept may influence other concepts, affecting the input concept’s
value, this process continues until stability is reached. The stabilized values of the
FCM concepts for each scenario are documented in a matrix for ranking scenarios in
the next step.

Given these considerations, FCMs in this study offer several advantages over
other quantitative research methods, such as Structural Equation Modeling (SEM)
(Hair et al., 2021) and Bayesian models (Hinne et al., 2020). They provide a visual
representation of causal relationships between concepts, enabling intuitive
understanding and analysis of complex systems and allowing for discovering hidden
feedback within a system (Meechang and Watanabe, 2023). Moreover, due to critical
concepts, FCMs enable experts to express their perceptions in evidence-based
decision-making to identify and determine uncertainties and dynamic changes in the
spatial structure of port-city relations in Bushehr. Additionally, this method allows for
adjusting the adjacency matrix based on expert-provided changes in the FCM
(Sztubecka et al., 2020).

Furthermore, this study employs a scenario-based approach to assess which
concepts significantly influence the spatial structure changes in Bushehr’s port-city
relations. This method enables the exploration of various geographic or hypothetical
situations, guiding strategic choices influenced by different concepts. Each scenario,
detailed in the results section, examines unique metric combinations and reveals their
specific impacts on the spatial structure changes in Bushehr’s port-city relations.
These scenarios, designed to simulate changes under the influence of critical concepts,
provide practical insights for optimizing the integration of expert analysis.

3. Results and discussion

3.1. Analysis of the CVR

In this study, the CVR (Content Validity Ratio) method is used to assess the
validity of each criterion (Norshahira and Lukman, 2021). The results are shown in
Table 1, indicating that all requirements have been validated.
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Table 1. CVR values.

No Criteria N* Ne* CVR* Result
1 Cl 10 9 0.8 Accept
2 C2 10 9 0.8 Accept
3 C3 10 9 0.8 Accept
4 C4 10 10 1 Accept
5 C5 10 9 0.8 Accept
6 Co6 10 9 0.8 Accept
7 Cc7 10 10 1 Accept
8 C8 10 10 1 Accept
9 C9 10 9 0.8 Accept
10 C10 10 9 0.8 Accept
11 Cl1 10 9 0.8 Accept
12 C12 10 9 0.8 Accept
13 C13 10 10 1 Accept
14 Cl4 10 9 0.8 Accept
15 C15 10 10 1 Accept
16 Cl6 10 10 1 Accept

* The number of expert panels that have rated the item as essential. ** Content Validity Ratio (CVR) =
(Ne-N/2)/(N/2) involved Ten expert panels (N = 10), and items with CVR values of 0.62 and above were
Accepted as instruments. In comparison, the CVR value that is less than that value has been rejected.

3.2. Analysis of the FCM network

In our study on the spatial structure changes in the port-city relationship of
Bushehr, we initially identified 127 factors impacting port-city dynamics, as discussed
in this article (Zarei et al., 2024). Based on the opinions of ten experts, only 16 factors
were found to impact the spatial structure of the Bushehr port-city relationship
significantly. We employed these 16 concepts to analyze the changes in the spatial
structure of the Bushehr port-city relationship using the fuzzy cognitive mapping
(FCM) method. Subsequently, each expert created a map based on the defined
concepts and determined the strength of the relationships between the concepts. As a
result, we integrated the experts’ opinions using a weighted average in the FCMapper
software, leading to the creation of the FCM map. This FCM map was then converted
into an adjacency matrix. Table 2 shows that this matrix comprises 256 relationships,
of which 229 are positive, and 27 are negative. The map has a density of 0.85, meaning
that 85% of the links are displayed compared to the maximum number of possible
links among the 16 concepts.

Figure 3, illustrates the fuzzy cognitive map, generated using FCMapper
software coding and visualized with Pajek 3.1, an open-source software used free
version (Landherr et al., 2010). Dashed lines and positive influences by solid lines
represent negative influences. Moreover, the circles’ size corresponds to the concept’s
centrality, with larger circles indicating a higher degree of influence or susceptibility.
It is important to note that each concept can influence and be influenced by another.
Therefore, a bidirectional relationship between two concepts is possible. Hence,
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except for the matrix diagonal, which indicates a concept’s influence on itself and
remains empty, all other matrix cells are filled with values between -1 and 1.

Table 2. The adjacency matrix of the studied system.

C1 C2 C3 C4 Cs ce C7 C8 c9 C10 C11 C12 C13 C14 Ci15 C16

Cl  0.00 0.82 0.91 069 0.12 051 090 091 090 097 095 0.95 0.99  0.00 0.91 0.83
C2 094 0.00 0.62 0.11 0.21 0.00 0.69 0.80 0.81 0.80  0.93 0.81 0.90  0.00 0.81 0.59
C3 096 081 0.00 050 0.81 0.70 090  0.81 0.69 090 0.80 0.89 0.81 0.00 0.88 0.79
c4 -047 -0.60 -082 000 —-089 08 -070 -049 0.00 0.00 -0.52 0.00 -050 0.00 -0.81 —0.89
Cs 070  0.60 0.81 099 0.00 0.67 0.78 090 020 0.00 0.81 0.00  0.81 0.00 0.69 0.61
c6 052 -0.19 -0.59 091 -0.81 0.00 0.81 0.80 0.00 080 080 000 070 0.00 0.69 0.81
C7 090 0.80 1.00 0091 049 090 0.00 0.8 020 079 089 032 08 000 080 091
c8 099 0.71 0.91 0.80 080 0.89 0.70 0.00 0.15 0.80 0.89 090 090 0.00 090 091
C9 081 0.70 0.50  0.83 039 090 0.72  0.81 0.00 0.71 0.80  0.78 0.81 0.00 0.19 0.81
C10 097  0.79 090 0091 042  0.87 0.81 0.82 0.19 0.00 090 0.88 0.82  0.00 0.90 0.90
Cll1 096  0.81 0.93 0.91 0.79 080 0.82 0.82 0.80 091 0.00  0.98 0.90 0.00 0.80 0.81
Cl12 096  0.81 0.89  0.81 0.60 091 0091 0.90 1.00 090 0091 0.00 0.80 0.00 0.82 0.69
CI13 096  0.90 090  0.81 069 089 099 099 098 1.00 099 096 0.00 0.00 0.82 0.78
Cl4 -0.81 -0.70 -0.60 -0.70 —-0.61 088 —-0.80 —-080 —-0.80 -090 -090 -0.89 -0.81 0.00 090 -0.80
CI15 090  0.92 070  0.79 091 090 0.80 090 090 098 097 080 089 0.83 0.00 095
Cl6 1.00 0.81 0.91 0.93 0.93 090 090 0.00 099 094 094 091 0.97 090 0.93 0.00

Source: own data.

Figure 3. Cause and effect relationships from FCM network.



Journal of Infrastructure, Policy and Development 2024, 8(11), 8789.

The centrality measures in network analysis are a theory to illustrate a map
structure. This step revealed critical features of the map and concepts. The concept
with the highest out-degree is the economic growth of the city-port (C11), weighing
13.00 and 15 outbound links. To explain, the economic growth of the city-port
influences 13 concepts in which the strong influence as a two-score rating includes the
development of port activities (C1), domestic and foreign investments (C7), different
planning approaches (C3), urban redevelopment plans (C15), and port development
(C16).

Thus, economic development in the port-city not only shapes the spatial structure
and development strategy of the port-city but also drives the port to enhance the quality
of its services continuously. The economic growth of the port-city and the
development of ports, influenced by domestic and foreign investments, are aligned
with various planning approaches to adapt to global conditions and advanced global
technologies. The concept with the highest in-degree is an urban redevelopment plan
(C15), weighing 13.14 and holding 15 inbound links. It is strongly affected by port
development (C16), different planning approaches (C3), economic growth of the city-
port (C11), and modifying the management and planning method (C13).

Based on a literature review and successful experiences, urban redevelopment
projects especially for the construction of affordable housing (Dadashpoor et al., 2024;
Mansourihanis et al., 2024a, 2024b; Mansourihanis et al., 2023) and satisfaction with
one’s social life are a crucial factor driving spatial structure changes (Ahmadi et al.,
2024; Ahmadi et al., 2022; Abrishami and Chamberlain, 2023; Hamidi et al., 2024;
Kookhaie and Masnavi, 2014; Mohimi and Esmaeily, 2024). Advancements in
maritime technology, the restructuring of economies, and the emergence of globally
organized production and transportation systems have highlighted some of the main
trends in coastal port areas (Moeremans et al., 2023). In other words, when the
significant economic potential of coastal development projects in the port city of
Bushehr became evident, regulatory bodies began exerting pressure to reform
management and planning methods and implement various planning approaches on
coastal sites to align with global trade conditions.

Furthermore, a map depicts the critical role of modifying the management and
planning method (C13) from the highest degrees of centrality. Unexpectedly,
commercial and industrial growth (C14) has the lowest degree of centrality and out-
degree, which means low interactions with the other concepts. One of the primary
factors contributing to this phenomenon is the imposition of trade sanctions on Iran,
which has stifled growth in both the commercial and industrial sectors. The overall
centrality measures are comprehensive in Table 3.

Table 3. Overview of each concept indices of the FCM network.

Code  Criteria In-degree Out-degree Centrality Rank
Cl Development of port activities 11.36 12.85 2421 5

C2 Port freightage capacity 9.02 10.97 19.99 11

C3 Different planning approaches 11.25 11.99 23.24 6

C4 Urban congestion around ports 7.49 11.60 19.09 13

C5 Planning the policy of separating the port and the city 8.57 9.47 18.04 15
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Table 3. (Continued).

Code  Criteria In-degree Out-degree Centrality Rank
C6 Market structure and business strategy 8.43 11.52 19.95 12
C7 Domestic and foreign investments 10.60 12.23 22.83 8
C8 Oil revenues 11.25 11.64 22.89 7
C9 Institutions and government actors 9.76 8.61 18.37 14
C10 Gross Domestic Product [GDP] 11.08 11.40 22.48 9
Cl1 Economic growth of the city-port 12.04 13.00 25.04 2
Cl12 The amount of export and import of goods 11.91 10.07 21.98 10
C13 Modifying the management and planning method 12.66 12.41 25.07 1
Cl4 Commercial and industrial growth 11.90 1.73 13.63 16
Cl15 Urban redevelopment plans 13.14 11.85 24.99 4
Cl6 Port development 12.96 12.08 25.04 3

3.3. Validation of FCM results using the DEMATEL method

The DEMATEL method was used to validate the results. The input matrix from
the FCM was entered as the initial matrix in the DEMATEL method, and the final
results were obtained, as shown in Table 4. The correlation between the DEMATEL
and the FCM methods results is 0.979, indicating a very high correlation.

Table 4. Validation of FCM results.

D R D+R D—-R Type Criteria Rank DEMATEL Rank FCM
Cl 5.032 5.594 10.626 —0.563 Effect 5 5
C2 4.130 4.825 8.955 —0.695 Effect 11 11
C3 4.930 5312 10.242 —0.382 Effect 6 6
C4 3.300 5.064 8.364 —1.764 Effect 13 13
C5 3.744 4.198 7.942 —0.453 Effect 15 15
C6 3.715 4.980 8.695 —1.265 Effect 12 12
Cc7 4.636 5.331 9.967 —0.695 Effect 8 8
C8 4.929 5.045 9.974 —-0.116 Effect 7 7
C9 4.242 3.773 8.015 0.469 Cause 14 14
C10 4.865 4.996 9.861 —0.131 Effect 9 9
Cl1 5.209 5.624 10.833 —0.416 Effect 4 2
C12 5.151 4412 9.563 0.739 Cause 10 10
C13 5.466 5.400 10.866 0.066 Cause 2 1
Cl14 5.206 0.820 6.026 4.385 Cause 16 16
Cl15 5.684 5.187 10.871 0.496 Cause 1 4
Cl6 5.595 5.271 10.866 0.324 Cause 3 3
Correlation 0.979

3.4. FCM network simulations

There are several considerations to consider in scenario writing within the
FCMapper software. One of these is that the software predefined an initial scenario,
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which calculates the system’s steady state. This initial scenario indicates the direction
the system will take if all concepts remain unchanged, serving as a baseline against
which the scenarios proposed by researchers can be compared. Another critical point
in scenario writing with FCMapper is that to fix the values of specific concepts, the
range [0, 1] is used. A zero value means the concept does not exist in a system iteration.

In contrast, one value indicates that the concept exists at its highest level within
the system, with the most significant activity level and/or relative frequency. The
concept is then held constant at the defined value, blocking the effects of internal
relationships that could increase or decrease it. After simulating all the scenarios
(Scenarios 1 to 4), the results were arranged, and the changes in each concept within
each scenario and the impact of each scenario on the overall system were intended.
These results are presented in Table 5.

Table 5. Results of the scenarios for concepts examined in the spatial structure changes of Bushehr port-city.

Criteria

Scenario Scenario Scenario Scenario

Base Scenario Scenariol Scenario2 Scenario3 Scenario 4

Changes1 Changes2 Changes3 Changes 4

Development
of port
activities (C1)

Port
freightage
capacity (C2)

Different
planning
approaches
(C3)

Urban
congestion

around ports
(C4)

Planning the
policy of
separating the
port and the
city (C5)

Market
structure and
business
strategy (C6)

Domestic and
foreign
investments
(€7

Oil revenues
(C8)

Institutions
and

government
actors (C9)

Gross
Domestic
Product
[GDP] (C10)

0.99997

0.99988

0.99988

0.99999

0.99723

1.00000

0.99997

0.99996

0.99968

0.99998

0.99999 0.99998 0.99999 1.00 0.003% 0.002% 0.002% —0.127%

0.99997 0.99993 0.99995 0.99677 0.009% 0.005% 0.007% —0.311%

0.99998 0.99996 0.99996 0.99655 0.011% 0.008% 0.008% —0.333%

0.00000 0.00000 0.00000 0.99964 —100% —100% —100% —0.035%

0.99971 0.99943 0.00000 0.93479 0.249% 0.220% —100% —6.261%

0.00000 0.00000 0.00000 0.99983 —100% —100% —100% —0.017%

0.99998 0.99995 0.99996 0.99902 0.002% —0.001% —0.001% —0.095%

0.99997 0.99993 0.99994 0.99947 0.001% —0.003% —0.002% —0.049%

0.99985 0.99960 0.99982 0.98985 0.017% —0.008% 0.013% —0.984%

0.99998 0.99994 0.99998 0.99914 0.000% —0.004% 0.000% —0.084%

10
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Table 5. (Continued).

Criteria

Base Scenario

Scenario 1 Scenario 2 Scenario3 Scenario 4

Scenario
Changes 1

Scenario
Changes 2

Scenario
Changes 3

Scenario
Changes 4

Economic
growth of the
city-port
(C11)

The amount of
export and
import of
goods (C12)

Modifying the
management
and planning
method (C13)

Commercial
and industrial
growth (C14)

Urban
redevelopmen
t plans (C15)

Port
development
(C16)

Total changes

0.99999

0.99991

0.99998

0.93492

0.99999

0.99994

0.99999

0.99996

0.99999

0.00000

0.99997

0.99997

0.99998

0.99990

0.00000

0.00000

0.99993

0.99994

0.99998

0.99996

0.99997

0.00000

0.99994

0.99995

0.00000

0.99733

0.00000

0.65905

0.00000

0.00000

0.001%

0.005%

0.001%

—100%

—0.001%

0.003%

18.769%

—0.001%

—0.001%

—100%

—100%

—0.005%

0.000%

25.016%

0.000%

0.005%

—0.001%

—100%

—0.004%

0.001%

25.003%

—100%

—0.258%

—100%

—29.508%
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Scenario 1 focuses on three concepts that have negative impacts on the system,

namely commercial and industrial growth (C14), market structure and business

strategy (C6), and urban congestion around ports (C4). In Scenario 1, a zero value was
allocated to each concept. According to the results of Scenario 1, which are also

depicted in Figure 4 the most significant changes occurred in planning the policy of

separating the port and the city (C5) and institutions and government actors (C9).

Scenario 1 results in an overall system change of 18.769%.
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Figure 4. The impact of scenario 1 on other collective FCM concepts.
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Scenario 2 is intended around three concepts that have negative impacts on the
system—namely, commercial and industrial growth (C14), market structure and
business strategy (C6), and urban congestion around ports (C4) as well as the concept
with the highest centrality, which is the modification of management and planning
methods (C13). In this scenario, a zero value was allocated to each concept. According
to the results of Scenario 2, which are also depicted in Figure 5 the most significant
changes occurred in the concepts of planning the policy of separating the port and the
city (CS5), different planning approaches (C3), and institutions and government actors
(C9). Scenario 2 results in an overall system change of 25.016%.
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Figure 5. The impact of scenario 2 on other collective FCM concepts.
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Figure 6. The impact of scenario 3 on other collective FCM concepts.

Scenario 3 focuses on three concepts that negatively impact the system—
commercial and industrial growth (C14), market structure and business strategy (C6),
and urban congestion around ports (C4)—as well as the concept that experienced the
most changes in the previous two scenarios, which is planning the policy of separating

12



Journal of Infrastructure, Policy and Development 2024, 8(11), 8789.

the port and the city (C5). In this scenario, a zero value was allocated to each concept.
According to the results of Scenario 3, which are also depicted in Figure 6 the most
significant changes occurred in the concepts of institutions and government actors
(C9) and different planning approaches (C3). Scenario 3 results in a system-wide
change of 25.003%, the most prominent change observed across the scenarios.

Scenario 4 emphasizes the four concepts with the highest impact and centrality:
economic growth of the port city (C11), modification of management and planning
methods (C13), urban redevelopment plans (C15), and port development (C16). In this
scenario, each concept was assigned a value of zero. The outcomes of Scenario 4,
illustrated in Figure 7 indicate that the most significant changes occurred in
commercial and industrial growth (C14) and the policy planning for separating the
port from the city (C5). Scenario 4 resulted in the most substantial overall system
change, quantified at 27.379%.
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Figure 7. The impact of scenario 4 on other collective FCM concepts.

4, Discussion

The evolution of port functions, driven by diverse operational roles, has led to
substantial changes in the development of urban spaces and the structural
transformation of port cities. This study seeks to develop a targeted framework of
causal relationships among key concepts influencing spatial structural changes in the
Bushehr port-city, employing the Fuzzy Cognitive Mapping (FCM) method. The FCM
results identify the modification of management and planning methods (C13) as the
most central concept, consistent with extensive research in port management that
underscores the critical role of governance practices in port-city contexts. For
example, Akhavan (2017) notes that in Dubai’s port-city, substantial internal and
external investments, coupled with effective management and governance across local
(port area), city, and regional levels, have propelled Dubai into the ranks of the top ten
global commercial and container ports (Akhavan, 2017).
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The most influential concept (Out-degree) in driving spatial structure changes in
Bushehr port-city is the economic growth of the city-port (C11). In contrast, urban
redevelopment plans are the most affected concept (In-degree) (C15). By applying the
FCM inference technique, the study tested common concepts influencing spatial
structure changes in Bushehr port-city across four scenarios. Notably, specific
concepts, such as commercial and industrial growth (C14), market structure and
business strategy (C6), and urban congestion around ports (C4), consistently emerged
as sensitive factors adversely affecting the system in three of the scenarios.

Similar patterns have been observed in other European port-cities, as documented
by researchers like De Langen (2006) and Debrie and Raimbault (2016). They
concluded that effective coordination among private landowners, especially in areas
adjacent to ports and urban coastlines, flexible management and planning practices,
and collaboration between port-area managers and urban planners can transform
potential conflicts between the port and city into cooperative efforts. Conversely, the
absence of such coordination can severely impact commercial and industrial growth,
market structure and business strategy, and the development of urban spaces.

Scenario 4 has the most pronounced impact on the spatial structure of Bushehr
port-city, with a change of 27.379%. The most significant alterations are observed in
commercial and industrial growth (C14) and planning efforts to separate the port from
the city (C5). The current spatial changes in Bushehr port-city emphasize the
increasing spatial separation between the port and the city, leading to internal land use
changes that fail to address the connection between these two entities. This separation
has resulted in the port becoming geographically distanced from the city, reducing the
overlap in land use between the port and city and negatively affecting the commercial
and industrial growth of the port-city.

Developing the spatial structure of port-city relationships requires a
comprehensive approach that considers all relevant concepts. The unique
characteristics of each port-city and the governing systems can influence the relative
significance of specific aspects. Urban managers and planners’ priorities for targeted
spatial development will depend on their perspectives and the necessary actions. In the
context of Bushehr port-city, where multiple sanctions against Iran and existing
barriers to attracting foreign investment exist, it is crucial to create favorable
conditions for foreign investment and private sector participation. This could be
accomplished through incentivizing measures, particularly economic incentives, such
as reducing export and import tariffs, which should be prioritized.

5. Conclusion

The findings of this study reveal that among the concepts analyzed, the most
influential factors driving spatial structural changes in Bushehr port-city are
management and planning reforms, economic growth of the city-port, and port
development. The spatial transformations in Bushehr can be attributed to the strategic
allocation of trade revenues, a portion of which is reinvested into vital transportation
infrastructure, including airport expansions and new dock construction. This rapid
development significantly impacts enhancing the economic growth of the Bushehr
port-city, with the port’s expansion being propelled by capital flows aimed at adapting
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to global conditions and incorporating advanced technologies. The economic growth
of Bushehr not only reshapes the city’s spatial structure and development strategy but
also steers the port’s evolution to improve service quality and meet changing demands
continuously. Presently, Bushehr port serves a pivotal role as an international transport
and transit hub, substantially contributing to the industrial and commercial growth of
the city and occupying a key position in the Middle East’s regional trade network.

Reforming management and planning practices in Bushehr port-city is crucial for
attracting investment, fostering free trade activities, and sustaining a stable and
favorable economic environment. The port-city’s stable political conditions have
consistently bolstered the confidence of both domestic and international investors, as
well as the presence of transport companies. In the long term, enhancing national
management and fostering international collaboration with other globally recognized
port-cities while addressing economic challenges and adapting to evolving trade
networks, technological advancements, and social needs will likely shape the future
spatial development of Bushehr port-city.

Based on the findings of this study, it can be concluded that the trend of spatial
structure changes in the Bushehr port-city is similar to other port cities in the northern
Gulf region and the Oman Sea, such as Bandar Abbas, Chabahar, Mahshahr, Abadan,
Assaluyeh, and others. In the development of north ports, efforts have been made to
address challenges arising from the increasing demand for trade and port services
through the expansion of port facilities, such as advanced cargo handling and storage
services, and the development of hinterland infrastructure, including road and air
infrastructure, industrial and processing zones, and new ports and docks. Additionally,
the northern ports of these two seas, which are located along the southern maritime
borders of Iran, have a strategic advantage due to their geographic position and access
to international hinterland areas, as well as their connection to the South-North transit
corridors (linking China and India to Russia and Europe). Like other northern ports,
this locational advantage has allowed Bushehr to adapt to global trends and align its
functionality and facilities with contemporary global development. Extra notable point
regarding the spatial structure changes of the northern Gulf and Oman Sea port cities
is the similarity in how these ports interact with their associated cities. Although the
most southern ports in the Gulf and the Oman Sea have sought to enhance the
relationship between ports and cities through the integration of recreational tourism
and residential land uses, thereby softening the spatial-functional disconnection
between port and city, the northern port-cities of the Gulf and the Oman Sea continue
to exhibit an evident lack of integration between the port and its dependent town and/or
vice versa.

It is important to note that port cities in the Middle East may exhibit distinctive
development patterns due to the influence of both endogenous and exogenous forces,
potentially mirroring those observed in East Asian port cities. Future research is
recommended to explore further the issues raised in this study, emphasizing the
significance of urban governance and decision-making processes in driving spatial
structural changes in Bushehr port-city. Additionally, various statistical
methodologies are suggested for deciphering the structural changes in other Iranian
port cities.
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