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Abstract: This research investigates the Saudi marine sector’s response to climate change.
In particular, it assesses industry stakeholder awareness, attitudes, and actions concerning
climate-related challenges. A complete survey was distributed to a varied range of industry
participants, including executives, managers, seafarers, and academics, to assess their
understanding and involvement. The research indicates moderate levels of awareness
and engagement, and significant challenges, including financial limitations, a lack of
experience and knowledge, and insufficient regulatory support, to implementing more
sustainable practices. The study also mentions ongoing attempts to satisfy International
Maritime Organization (IMO) requirements, while present mitigating techniques have
limited efficacy. Compared to other regions, Saudi Arabia mostly depends on fossil fuels,
which poses specific difficulties in the transformation of sustainable maritime practices.
The study identifies current strategies and proposes prospects such as raising financial
assistance, and the adoption of innovative technologies. These findings are critical to
providing the link between the Saudi marine sector and the climate targets, as well as the
Saudi Vision 2030.

Keywords: climate change; Saudi marine sector; IMO requirements; sustainable maritime
practices; climate adaptation; Vision 2030

1. Introduction

Climate change and global warming are significant global issues caused by greenhouse
gas emissions (GHGs) including carbon dioxide (CO,), methane (CHy), nitrous oxide (N,O),
and fluorinated gases, which trap heat contributing to an increase in the Earth’s temperature
(IPCC [1]). From these changes, the Saudi Arabian marine industry faces considerable
problems, such as rising sea levels that threaten the coasts and their structures, which
require expensive adjustments (Tarawneh and Chowdhury [2]).

In 2024, Saudi Arabia’s population is expected to be 37.5 million; its ecosystems, water
scarcity, and coastal flooding are highly vulnerable to climate change (Worldometer [3];
MacroTrends [4]). However, despite its ambitious Green Initiative, there are some barriers
like fossil resources and high energy consumption which makes it ranked 67 in the Climate
Change Performance Index (CCCI) in 2024, reflecting the need for greater efforts.

Maritime transport is a cornerstone of global trade and moves approximately 80%
of the world’s trade by volume (Asariotis et al. [5]). In Saudi Arabia, the maritime sector
is pivotal for industrial growth and economic development, underscored by its role in
Vision 2030, which seeks to diversify the economy and promote sustainability. The country
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operates 21 advanced ports, and in May 2024 (CCPI [6]), cargo volumes increased by
8.09%, reaching over 27.63 million tonnes. Exported and imported container traffic also
saw significant growth (Arab News [7]). Additionally, Saudi ports experienced an 8.06%
increase in ship traffic in 2022 (General Authority for statistics [8]). Figure 1 illustrates these
trends in maritime traffic.
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Figure 1. Marine data report of ship traffic in Saudi Arabia for 2022. Source: General authority for
statistics [8].

However, the sector contributes to greenhouse gas emissions, including CO,, NOy,
SOy, and particulate matter, which harm both the environment and public health
(Zhao et al. [9]). Recent data show (Maritime Transport [10]) the maritime transport
CO, emissions in Saudi Arabia were 239,832.3 metric tons in July 2023, 227,600.8 metric
tons in August 2023, and 220,750.7 metric tons in September 2023. The evolving regulatory
landscape, influenced by international pressure to reduce emissions, presents technical and
financial challenges for the Saudi maritime industry (IMO [11]).

To ensure resilience and sustainability, Saudi Arabia’s maritime sector necessitates
comprehensive strategies, including infrastructural and technological adaptations, policy
reforms, and increased sustainable investment (Alharbi and Csala [12]).

The purpose of this survey research is as follows:

1.  Assess stakeholders’ understanding and attitudes towards climate change in Saudi
Arabia’s marine industry.

2. Examine marine organization’s strategies to mitigate and adapt to climate change,
such as policies and technology.

3. Provide recommendations to improve the sector’s climate resilience and sustainability
based on survey findings.

4. Assess the efficacy of these strategies and identify barriers to their implementation.

This research aims to fill a research gap that concerns the assessment of reactions to
climate change in Saudi Arabia’s marine industry, providing valuable data for policymakers
and industry leaders to support sustainable development initiatives to improve the sector’s
sustainability and resilience.
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2. Literature Review

Several studies have pointed out the major impacts of climate change on global
maritime sectors, including fisheries, shipping, port operations, and marine biodiver-
sity. Increasing CO, emissions could reduce world fisheries revenue by 35% by 2050
(Lam et al. [13]; Mendenhall et al. [14]). Sea-level rise, severe weather, and coastal flooding
increase operating hazards in the shipping and port industries, resulting in economic
losses (Izaguirre et al. [15]; Miola et al. [16]). These climate-induced issues damage marine
ecosystems and the livelihoods of communities that rely on maritime industry.

Rising temperatures and sea levels in the Middle East, particularly in the ROPME Sea
Area (which includes Saudi Arabia, Bahrain, Iran, Iraq, Kuwait, Oman, Qatar, and the UAE),
pose a hazard to marine biodiversity and coastal populations. Higher water temperatures
cause negative impacts on algal blooms, affecting the desalination and cooling systems,
and other valuable ecosystems such as coral reefs and mangroves (Bahrawi and Elhag [17];
CEFAS [18]).

Further, Saudi Arabia-related research has emphasized the vulnerable condition of the
Red Sea and Arabian Gulf marine ecosystems to climatic obstacles, especially the rising
rate of coral bleaching events and the deterioration of mangrove habitats (Bruckner and
Dempsey [19]; Hosseini et al. [20]).

All of these challenges require adaptation and mitigation strategies. Integrated policies
of regional cooperation improve the stability of the maritime industries. It also encompasses
infrastructure adaptation to climate effects, sustainable fishing practices, and technology to
reduce emissions of GHGs in maritime sectors (Miola et al. [16]; Strong [21]).

Previously, studies have discussed only detecting and monitoring emissions from
shipping (Eyring et al. [22]; Heitmann et al. [23]), later developed to evaluate the decrease
in emissions and climate change methods. (Alzahrani et al. [24]; European Environment
Agency [25]; Halim et al. [26]; Izaguirre et al. [15]; Wan et al. [27]).

These studies have also examined governance actions, organizations, and strategies re-
lated to reducing shipping emissions and using technologies including lightweight material,
optimized ship designs, and alternative fuels as well as operational approaches like slow
steaming (Dong et al. [28]; Gritsenko [29]; OECD [10]; Prehn [30]). Saudi Arabia’s Vision
2030 includes ambitious plans for utilizing alternative fuels to improve the sustainability of
the country’s marine sector. As part of its larger energy transition, the Kingdom aspires to
achieve net-zero greenhouse gas (GHG) emissions by 2060, with a 50% renewable energy
target and a reduction of 278 million tonnes of CO, equivalent per year by 2030 (Islam and
Ali [31]).

According to Bouman et al. [32], emissions might be decreased by more than 75%
by 2050 using a mix of technical, operational, and regulatory solutions, providing that
relevant rules and regulations are implemented, this shows the possibilities for a significant
reduction in shipping emissions through employing various methods and technologies,
including alternative fuels and efficiency improvements. In this case, economic incentives,
such as carbon taxes and emissions trading initiatives, are powerful tools for operational
improvement and innovation (Nikolakaki [33]).

Adaptation approaches highlight structural and management activities, requiring
ports and maritime infrastructure to maintain resilience to sea level changes and extreme
weather events for long-term sustainability (Loza and Veloso-Gomes [34]). Strategic man-
agement, which includes environmental scanning, strategy formulation, and evaluation, is
crucial for effective adaptation (Syuzairi [35]).

This study aligns with several SDGs of the United Nations since it investigates the
effects of climate change and adopts mitigation and adaptation strategies within the marine
industry. Firstly, the study supports SDG 7 Affordable and Clean Energy by promot-
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ing alternative fuels, such as liquefied natural gas and biofuels, to minimize emissions
(Mikhaylov et al. [36]). SDG 9 Industry, Innovation, and Infrastructure emphasizes resilient
maritime infrastructure, focusing on technological innovations to enhance the sustainability
of port operations (Loza and Veloso-Gomes [34]). Furthermore, the research supports SDG
13 Climate Action by improving the resilience and emissions of Saudi Arabia’s marine
sector (Ezinna et al. [37]). SDG 14 Life Below Water focuses on the role of the maritime in-
dustry on marine ecosystems. Finally, SDG 17 Partnerships for the Goals highlights the role
of regional and international collaboration in addressing climate change (Diniz et al. [38]).

Although existing research comprehensively discusses climate change-related con-
cerns in the worldwide marine sector, there is a considerable lack of study on Saudi Arabia’s
maritime industry. While regional studies on the Middle East highlight the vulnerability
of marine ecosystems and the impacts of climate change, limited research investigates
how industry stakeholders in Saudi Arabia are aware of, respond to, and engage with
these challenges. Furthermore, while numerous studies explore the adoption of mitiga-
tion techniques in other locations, there is a lack of study on the challenges to adopting
these policies in a country like Saudi Arabia, which relies significantly on fossil fuels for
energy for marine requirements. Also, although some studies focus on the International
Maritime Organization’s (IMO) regulatory framework and the adoption of mitigation
technologies, few studies evaluate the effectiveness of these strategies in light of Saudi
Arabia’s unique challenges, which include financial constraints, a lack of experience, and
insufficient regulatory support.

This research aims to fill these gaps by focusing on the Saudi maritime sector, analyzing
stakeholder awareness and actions regarding climate change, and exploring the barriers to
adopting sustainable practices. By exploring the sector’s response to sustainability goals,
the study adds to the literature on climate change responses in the maritime industry,
providing insight into how a national framework can support the sector’s transition to
sustainability.

3. Materials and Methods
3.1. Research Design

The study utilized a survey to gather information from various marine sector organi-
zations, including executives, managers, supervisors, mariners, and academics. The survey
covered climate change knowledge, GHG emissions, IMO compliance, perceived impacts,
employee engagement, technological advances, financial challenges, future strategies, and
additional insights. The framework aimed to encompass all aspects of the industry’s
response to climate change.

3.2. Questionnaire Development

The questionnaire, which consists of 25 items divided into nine sections, was intended
as a quantitative instrument to analyze various aspects of climate change in the marine
sector, as shown in Figure 2 below. These parts were aimed to capture the whole range
of climate change knowledge, attitudes, and activities, ensuring that the questionnaire
covered all relevant topics. The questionnaire’s content was examined by experts from
many nations to confirm its validity and relevance, with their input refining and improving
the final version.
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Questionnaire Structure by Section

Additional Insights

Future Strategies and Investments

Financial Barriers and Opportunities
Technological Innovations

Employee Awareness and Engagement
Perceived Impacts of Climate Change

IMO Commitments and Regulatory Compliance
Greenhouse Gas (GHG) Emissions

Knowledge and Awareness of Climate Change

2 3 4 5
Number of Items

=

Figure 2. Questionnaire structure.

Experts were selected based on their considerable knowledge of maritime sustain-
ability, climate change, and the Saudi marine industry. The selection criteria focused on
their substantial experience in maritime industry practices or policy development. Experts
from a variety of sectors, including industrial, academic, and governmental entities, were
involved to ensure a comprehensive understanding of the issues discussed. They provide
suggestions and insights to meet the aim of making sure that the survey addresses the most
relevant and impactful subjects.

3.3. Sampling and Data Collection

The study involved 122 participants, representing a cross-section of roles within the
maritime industry. These participants included 11 executives, 46 managers or supervisors,
39 seafarers, 10 academics or researchers, and 16 others in various roles. The sample was
diverse, as shown in Figure 3 below, which breaks down the participants by age, gender,
job title, years of experience in the maritime industry, and education level.
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Figure 3. Research sample demographics. The reported percentages have been calculated over the
total interviewed people (for example, 8.2% of the sample were under 25).
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Among the seafarers, the study further categorized them by their department and the
type of vessel they worked on, as shown in Figure 4.

Seafarer Demographics by Role and Vessel Type

== Deck Department
=== Engine Department
Type of Vessel

Master/Captain

Chief Officer/Chief Mate

Second Officer/Second Mate

Third Officer/Third Mate

Second Engineer/First Assistant Engineer
Third Engineer/Second Assistant Engineer

Fourth Engineer/Third Assistant Engineer

Deck Cadet

Chief Engineer

Engine Cadet
Cargo/Container ship |
Tanker |

Passenger ship
Specialized vessel |

Other

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5
Frequency

Figure 4. Seafarer demographics.

3.4. Data Analysis Techniques

The survey data were analyzed using various statistical methodologies, including
descriptive statistics to provide an overview of demographic and professional categories,
such as age, gender, job title, years of marine sector experience, and education level
(Field [39]). To investigate potential differences in responses depending on job title, a
Chi-square test for independence was used to compare two categorical variables. This
research employed it to assess differences in responses across several employment positions,
including executives, managers, mariners, and academics. The Chi-square statistic (x?) was
computed with the following equation:

_ « (0i —Ei)?
=Y g M

The observed frequency for each category is represented by Oi, while the expected
frequency is represented by Ei, assuming independence between variables (McHugh [40]).
The research utilized cross-tabulations to compare responses among different demographic
groups, revealing how age and experience influence climate change views. This method
enabled a more extensive study of the data, showing major trends and patterns (Gravetter
and Wallnau [41]). The data processing and statistical analyses were conducted using SPSS
version 27 (IBM Corp. [42]). The statistical methods used enabled a thorough examination
of the survey data, allowing for well-supported findings on the marine industry’s response
to climate change.

Statistical Interpretation and Practical Implications

The Chi-square test results are interpreted to assess whether observed differences in
responses across job titles are statistically significant. A non-significant p-value (p > 0.05)
suggests that any observed differences are likely due to random variation, indicating
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consistency across groups. Conversely, a significant p-value (p < 0.05) implies meaningful
disparities that warrant further investigation.

In this research, non-significant results across most variables indicate uniformity in
perceptions and practices across roles, suggesting broad organizational exposure to climate
change initiatives. This uniformity supports the design of inclusive training programs and
policies that address all job titles. However, response variability within groups highlights
areas where tailored interventions could address specific knowledge gaps or challenges.

4. Results

4.1. Knowledge and Awareness of Climate Change
4.1.1. Understanding of Climate Change

According to the survey, 47.54% of respondents found their understanding of the im-
pact of climate change on the marine sector as “good”, with 31.15% rating it as “moderate”.
Only 14.75% rated their knowledge as “Excellent”, while 5.74% rated their understanding
as “Poor”, and 0.82% chose “Very Poor” (Table 1).

Table 1. Assessment of understanding of climate change impacts on the maritime industry by job
title (n = 122).

How Would You Rate Your Job Title Total
Understanding of Climate Change and . Manager/ Academic/
Its Impact on the Maritime Industry? Executive Supervisor Seafarer o cher  Other
Verv Poor Count 0 0 1 0 0 1
y % 0.00% 0.00% 2.56% 0.00% 0.00% 0.82%
P Count 0 3 0 1 3 7
oor % 0.00% 6.52% 0.00% 10.00% 18.75% 5.74%
Mod Count 3 14 15 1 5 38
oderate % 27.27% 30.43% 38.46% 10.00% 31.25% 31.15%
Good Count 6 19 22 5 6 58
00 % 54.55% 41.30% 56.41% 50.00% 37.50% 47.54%
Excell Count 2 10 1 3 2 18
xcellent % 18.18% 21.74% 2.56% 30.00% 12.50% 14.75%
Total Count 11 46 39 10 16 122
ota % 100.00% 100.00% 100.00% 100.00% 100.00%  100.00%
Chi-Square Test: Chi-Square = 20.91 p-value = 0.18

Looking at job titles, seafarers predominantly rated their understanding as “Good”
(56.41%), slightly ahead of executives (54.55%). Managers and supervisors mostly rated
their knowledge as “Good” (41.30%) or “Moderate” (30.43%). Among academics, 50%
rated their understanding as “Good” and 30% as “Excellent”. Respondents classified as
“Other” had the highest percentage of “Poor” ratings (18.75%) (Table 1).

Chi-square analysis (x? = 20.91, p > 0.05) showed no statistically significant differences
in climate change awareness across job titles. While awareness is generally high, the
presence of respondents with “Poor” or “Very Poor” understanding highlights the need for
ongoing education across all roles (Table 1).

4.1.2. Training and Information

The survey shows that 45.08% of respondents reported their organizations provided
climate change training or information sessions, while 40.16% stated no such sessions were
offered. Additionally, 14.75% were uncertain (Table 2).
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Table 2. Proportion of organizations providing climate change training or information sessions by
job title (n = 122).

Has Your Organization Provided Job Title Total
Training or Information Sessions on E . Manager/ Seaf Academic/ Oth
Climate Change? xecutive Supervisor alarer  Researcher er
Y, Count 3 22 16 5 9 55
©s % 27.27% 47.83% 41.03% 50.00% 56.25% 45.08%
Mavbe Count 3 4 9 2 0 18
y % 27.27% 8.70% 23.08% 20.00% 0.00% 14.75%
N Count 5 20 14 3 7 49
© Yo 45.45% 43.48% 35.90% 30.00% 43.75% 40.16%
Total Count 11 46 39 10 16 122
ota Y% 100.00% 100.00% 100.00% 100.00% 100.00%  100.00%

Chi-Square Test:

Chi-Square = 8.87 p-value = 0.35

Academics and managers had the highest participation in climate-related training
(50% and 47.83%, respectively). In contrast, 45.45% of executives and 43.75% of those in
other roles reported no access to such training (Table 2).

Chi-square results (x> = 8.87, p > 0.05) show no statistically significant differences
across job titles, indicating uniformity in training availability across the industry. However,
the absence of training in some organizations highlights the need for more widespread
access to these resources (Table 2).

4.1.3. Awareness of IMO Commitments

A majority of respondents 65.57% felt informed about the International Maritime Or-
ganization’s (IMO) climate change regulations, while 20.49% reported not being informed,
and 13.93% were uncertain (Table 3).

Table 3. Awareness of organizational GHG emissions levels by job title (n = 122).

Are You Aware of the Greenhouse Gas Job Title Total
Emissions Levels from Your . Manager/ Academic/
Organization’s Operations? Executive Supervisor Seafarer Researcher Other
Y Count 7 33 25 7 13 85
€s % 63.64% 71.74% 64.10% 70.00% 81.25%  69.67%
N Count 4 13 14 3 3 37
© % 36.36% 28.26% 35.90% 30.00% 18.75% 30.33%
Total Count 11 46 39 10 16 122
ota % 100.00% 100.00% 100.00% 100.00% 100.00%  100.00%

Chi-Square Test:

Chi-Square = 1.87 p-value =0.76

Executives had the highest awareness (90.91%), followed by academics (80%) and
managers/supervisors (69.57%). Seafarers (53.85%) and those in other roles (56.25%) were
less informed about IMO commitments (Table 3).

Chi-square analysis (x> = 9.26, p > 0.05) shows no significant differences in awareness
across job titles, suggesting a general consistent knowledge of IMO regulations. However,
the fact that some respondents lack sufficient information points to the need for improved
communication within the industry (Figure 5).
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Figure 5. IMO regulation awareness by job title.

4.2. Greenhouse Gas (GHG) Emissions
4.2.1. Awareness Levels

The survey reveals that 69.67% of respondents are aware of their organization’s green-
house gas (GHG) emissions levels, while 30.33% are not (Table 4).

Table 4. Implementation of GHG emission reduction strategies by job title and perceived effectiveness
(n=122).

Does Your Organization Have Job Title Total
Strategies to Monitor and Reduce . Manager/ Academic/
GHG Emissions? Executive Supervisor Seafarer Researcher Other
Y, Count 8 36 27 7 10 88
©s % 72.73% 78.26% 69.23% 70.00% 62.50% 72.13%
N Count 3 10 12 3 6 34
© % 27.27% 21.74% 30.77% 30.00% 37.50% 27.87%
Total Count 1 46 39 10 16 122
ota Y% 100.00% 100.00% 100.00% 100.00% 100.00%  100.00%
Chi-Square Test: Chi-Square = 1.79 p-value = 0.78

By job title, managers and supervisors lead in awareness at 71.74%, followed closely by
academics/researchers at 70%. Among seafarers, 64.10% are aware of their organization’s
emissions, and 63.64% of executives share this awareness. Those in other roles report the
highest awareness at 81.25% (Table 3).

Chi-square analysis (x> = 1.87, p > 0.05) shows no statistically significant differences in
awareness across job titles, indicating consistent knowledge of GHG emissions throughout
the maritime sector. However, the fact that 30.33% are unaware underscores the need
for better communication within organizations to ensure all employees understand the
environmental impact of their operations.
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4.2.2. Emission Reduction Strategies

The survey indicates that 72.13% of respondents report their organizations have
implemented strategies to monitor and reduce GHG emissions, while 27.87% state that no
such strategies are in place (Table 4).

Managers and supervisors show the highest rate of strategy implementation at 78.26%,
with academics/researchers (70%) and seafarers (69.23%) following closely. Executives
report 72.73% implementation, while those in other roles are somewhat less likely to
confirm such strategies, at 62.50% (Table 4).

Chi-square analysis (x> = 1.79, p > 0.05) suggests no significant differences in the
presence of GHG reduction strategies across different job titles, indicating a uniform
approach to GHG management in the industry. Despite the high adoption rate, the 27.87%
lacking these strategies signals room for improvement.

The survey also explores specific strategies employed, with the most common being
waste management and recycling (55.68%), energy efficiency improvements like HVAC and
lighting upgrades (53.41%), and fuel switching to liquefied natural gas (36.36%). Carbon
offsetting is reported by 34.09%, and renewable energy adoption by 31.82%. A smaller
percentage (9.09%) mentioned other strategies not listed (Figure 6).

36.36%

Fuel switching

53.41% Energy efficiency improvements

34.09% Carbon offsetting

31.82% Use of renewable energy sources

55.68% Enhanced waste management and recycling processes

0.000 [l omer

Figure 6. Adopted strategies for GHG emission reduction in organizations (n = 122).

Organizations face several challenges in reducing emissions, including technical dif-
ficulties (48.86%), financial constraints (45.45%), a lack of expertise (38.64%), regulatory
hurdles (30.68%), and resistance to change (19.32%) (Figure 7).

45.45% Financial constraints

48.86%

Technical challenges

30.68% Regulatory hurdles

38.64% Lack of internal expertise or training

19.32% Organizational resistance

2.27% I Other

Figure 7. Challenges encountered in implementing GHG emission reduction strategies (n = 122).
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Regarding effectiveness, 46.59% of respondents rated their organization’s strategies as

“Moderately Effective” and 25.00% rated them as “Effective”, while smaller portions found
them “Somewhat Ineffective” (13.64%) or “Very Effective” (10.23%). Only 4.55% rated the

strategies as “Very Ineffective” (Table 5).

Table 5. Evaluation of the effectiveness of GHG emission reduction strategies by job title (n = 88).

Job Title Total
Rate the Effectiveness of These M y Acadermic/
Strategies Executive anag:er Seafarer cademic Other
Supervisor Researcher
Very Ineffective Count 0 1 1 1 1 4
y % 0.00% 2.78% 3.70% 14.29% 10.00% 4.55%
S hat Ineffecti Count 2 4 4 0 2 12
omewhat Ineffective % 25.00% 11.11% 14.81% 0.00% 20.00% 13.64%
. Count 3 16 15 5 2 41
Moderately Effective % 37.50% 44.44% 55.56% 71.43% 20.00%  46.59%
Effecti Count 3 9 7 1 2 22
ective % 37.50% 25.00% 25.93% 14.29% 20.00% 25.00%
. Count 0 6 0 0 3 9
Very Effective % 0.00% 16.67% 0.00% 0.00% 30.00%  10.23%
Total Count 8 36 27 7 10 88
ota % 100.00% 100.00% 100.00% 100.00% 100.00%  100.00%
Chi-Square Test: Chi-Square = 18.57 p-value = 0.29

Chi-square results (x> = 18.57, p > 0.05) reveal no significant differences in perceived
effectiveness across job titles, suggesting that while strategies are generally seen as effec-
tive, perceptions of their impact vary. These findings highlight the need for an ongoing
refinement of GHG reduction efforts and improved internal communication to ensure that
all levels within organizations recognize the benefits and effectiveness of these strategies.

The Chi-square test results (x* = 18.57, p > 0.05) show no significant differences in
the perceived effectiveness of these strategies across different job titles. This suggests that
while the strategies are generally seen as effective, there is still variability in how different
groups within organizations perceive their impact.

These results highlight the need for ongoing efforts to refine and improve GHG
emission reduction strategies, as well as overcome the technical and financial challenges
that many organizations face. Moreover, the results highlight the importance of internal
communication and training to ensure that these strategies are effectively implemented
and perceived as beneficial across all levels of the organization.

4.3. IMO Commitments and Regulatory Compliance
4.3.1. Compliance with IMO Regulations

The survey indicates that 59.02% of respondents confirm their organizations comply
with the IMO 2020 Sulphur Cap. Compliance is relatively consistent across job titles, with
63% of executives and managers/supervisors confirming compliance, slightly lower rates
among seafarers (56.41%) and other roles (56.25%), and 50% among academics/researchers.
However, 26.23% of respondents are uncertain about their organization’s compliance,
reflecting communication gaps. Additionally, 14.75% report non-compliance, with higher
rates among seafarers (17.95%) and managers/supervisors (17.39%) (Tables 6 and 7).
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Table 6. Compliance with IMO 2020 Sulphur Cap by job title and participation in future emissions
projects (n = 122).

Job Title Total
Is your Organization Compliant with N y Academic/
the IMO 2020 Sulphur Cap? Executive Su;::x;gi:f)r Seafarer R::e;rg:;r Other
Y, Count 7 29 22 5 9 72
©s % 63.64% 63.04% 56.41% 50.00% 56.25% 59.02%
Mavbe Count 4 9 10 3 6 32
y % 36.36% 19.57% 25.64% 30.00% 37.50% 26.23%
N Count 0 8 7 2 1 18
© % 0.00% 17.39% 17.95% 20.00% 6.25% 14.75%
Total Count 11 46 39 10 16 122
ota Y% 100.00% 100.00% 100.00% 100.00% 100.00%  100.00%
Chi-Square Test: Chi-Square = 5.49 p-value = 0.70

Table 7. Engagement in ongoing projects to meet future IMO emissions targets by job title (n = 122).

Are There Ongoing Projects in Your Job Title Total
Organization Aimed at Meeting . Manager/ Academic/
Future IMO Emissions Targets? Executive Supervisor Seafarer o rcher Other
Y, Count 10 33 28 9 12 92
©s % 90.91% 71.74% 71.79% 90.00% 75.00% 75.41%
N Count 1 13 11 1 4 30
© % 9.09% 2826%  2821% 10.00%  2500%  24.59%
Total Count 11 46 39 10 16 122
ota Yo 100.00% 100.00% 100.00% 100.00% 100.00%  100.00%
Chi-Square Test: Chi-Square = 3.18 p-value = 0.53

Chi-square analysis (x? = 5.49, p > 0.05) shows no statistically significant differences in
compliance across job titles, indicating that compliance with the sulphur cap is fairly uni-
form across roles. These findings suggest that there is a need for improved communication
to address uncertainty and non-compliance within the workforce (Table 6).

4.3.2. Ongoing Projects Aimed at Meeting Future IMO Emissions Targets

The survey shows that 75.41% of organizations are engaged in projects to meet future
IMO emissions targets. Executives and academics/researchers lead these efforts, with
90.91% and 90.00%, respectively, reporting ongoing projects. Managers/supervisors and
seafarers also demonstrate strong involvement, with 71.74% and 71.79% participation,
respectively. Those in other roles report a slightly lower involvement at 75.00% (Table 7).

Conversely, 24.59% of respondents state their organizations lack ongoing projects, with
this absence most notable among managers/supervisors (28.26%) and seafarers (28.21%)
(Table 8).

Chi-square analysis (x? = 3.18, p > 0.05) reveals no significant differences in project
participation across job titles, indicating consistent efforts to align with future IMO targets
across the sector. However, the findings suggest a need for industry-wide initiatives to
ensure that all organizations are preparing adequately for future regulatory requirements
(Table 8).
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Table 8. Perceived significance of IMO regulations in shaping organizational climate policies by job
title (n = 122).

How Significant Are IMO Regulations Job Title Total
in Shaping Your Organization’s . Manager/ Academic/
Policies on Climate Change? Executive Supervisor Seafarer Researcher Other
N Count 0 3 6 0 0 9
Notat all significant % 0.00% 652%  1538%  0.00% 000%  7.38%
Slightly significant Count 2 10 > 2 4 23
% 18.18% 21.74% 12.82% 20.00% 25.00% 18.85%
Moderately significant Count 4 15 7 3 > 34
% 36.36% 32.61% 17.95% 30.00% 31.25% 27.87%
Verv sienificant Count 3 12 12 3 7 37
ys18 % 27.27% 26.09% 30.77% 30.00% 43.75% 30.33%
Extremely significant Count 2 6 0 2 0 19
% 18.18% 13.04% 23.08% 20.00% 0.00% 15.57%
Total Count 11 46 39 10 16 122
ota % 100.00% 100.00% 100.00% 100.00% 100.00%  100.00%
Chi-Square Test: Chi-Square = 15.09 p-value = 0.52

4.3.3. Significance of IMO Regulations

Survey results highlight the significance of IMO regulations in shaping organizational
climate policies. Notably, 30.33% of respondents view these regulations as “Very signifi-
cant”, 27.87% consider them “Moderately significant”, and 18.85% rate them as “Slightly
significant” (Table 8).

Perceptions vary somewhat by job title. Seafarers are most likely to see IMO regu-
lations as “Extremely significant” (23.08%), while executives and academics/researchers
more frequently consider them “Moderately significant” (36.36% and 30.00%, respectively).
Managers/supervisors and those in other roles also recognize their importance, with many
rating them as “Very significant” (26.09% and 43.75%, respectively) (Table 8).

Interestingly, 7.38% of respondents consider IMO regulations “Not at all significant”
in shaping climate policies, with this view most common among seafarers (15.38%) and
managers/supervisors (6.52%) (Table 8).

Chi-square results (x> = 15.09, p > 0.05) indicate no significant differences in perceived
significance across roles, suggesting that IMO regulations are broadly respected across the
sector. However, the variation in perceived significance highlights the need for tailored
communication strategies to ensure that all roles within organizations fully understand the
impact of these regulations on climate policies (Table 8).

4.4. Perceived Impacts of Climate Change
4.4.1. Operational Changes

The survey highlights that organizations have implemented several operational
changes in response to climate change. The most common adjustment is the adoption of
cleaner fuels, reported by 47.54% of respondents. This is followed by the increased use
of automation and technology, noted by 45.08%. Additionally, 40.98% of organizations
have implemented speed adjustments to reduce fuel consumption and emissions. Route
optimization, aimed at minimizing environmental impact through more efficient shipping
routes, was reported by 36.07%. A small percentage (2.46%) mentioned other unspecified
operational changes (Figure 8).



Future Transp. 2025, 5, 14 14 of 29

36.07% Route optimization

40.98% Speed adjustments

47.54% Use of cleaner fuels

45.08% Increased use of automation and technology

2.46% Other

Figure 8. Operational changes implemented by organizations in response to climate change (n = 122).

These findings suggest a strong focus on fuel efficiency and technological upgrades
as primary strategies to mitigate climate impacts. The emphasis on cleaner fuels and
automation indicates a shift towards sustainable practices within the maritime industry.
However, the relatively lower adoption of route optimization suggests potential areas for
further efficiency improvements.

4.4.2. Direct Impacts Observed

The survey provides insights into the direct impacts of climate change on maritime
operations. The most commonly reported impact, noted by 37.70% of respondents, is
moderate effects requiring operational adjustments. This suggests that while climate
change is having a noticeable impact, these effects are often manageable with appropriate
changes (Table 9).

Table 9. Direct impacts of climate change on maritime operations as observed by job title (n = 122).

Have you Observed Any Direct Impacts Job Title Total
of Climate Change on Maritime E t' Manager/ Seaf Academic/ Oth
Operations? xecuttve Supervisor €alarer  Researcher er
No observed impacts Count 3 13 o ! 4 30
Y% 27.27% 28.26% 23.08% 10.00% 25.00%  24.59%
Minor impacts, easily Count 3 6 7 4 5 25
manageable % 27.27% 13.04% 17.95% 40.00% 31.25%  20.49%
Moderate impacts, requiring Count 3 18 17 4 4 46
adjustments % 27.27% 39.13% 43.59% 40.00% 25.00%  37.70%
Major impacts, causing Count 2 7 6 1 3 19
significant operational changes % 18.18% 15.22% 15.38% 10.00% 18.75%  15.57%
Severe impacts, threatening Count 0 2 0 0 0 2
operational sustainability Y% 0.00% 4.35% 0.00% 0.00% 0.00% 1.64%
Total Count 11 46 39 10 16 122
ota % 100.00% 100.00% 100.00% 100.00%  100.00%  100.00%

Chi-Square Test: Chi-Square = 10.72 p-value = 0.83
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In contrast, 24.59% of respondents reported no observed impacts, a view more com-
mon among executives (27.27%) and managers/supervisors (28.26%). Meanwhile, 20.49%
noted minor impacts that are easily manageable, with this view more prevalent among
academics/researchers (40%) and others in varied roles (31.25%). A smaller group, 15.57%,
reported major impacts necessitating significant operational changes, particularly among
seafarers (15.38%) and managers/supervisors (15.22%). Only 1.64% of respondents re-
ported severe impacts threatening operational sustainability, indicating that while severe
impacts exist, they are rare within the broader industry.

Chi-square analysis (x> = 10.72, p > 0.05) reveals no significant differences in perceived
impacts across job titles, suggesting a consistent perception of climate impacts across the
maritime sector. These findings highlight the varying degrees of climate impact, with most
organizations facing moderate effects that require adjustments, but also underscore the
need for ongoing adaptation to mitigate more severe consequences (Table 9).

4.4.3. How Have Operational Changes Implemented in Response to Climate Change
Affected Safety and Efficiency Within Your Operations?

Safety

The survey indicates that operational changes in response to climate change have
generally had a positive impact on safety. Specifically, 46.72% of respondents reported
that safety has “Somewhat improved”, and 20.49% noted “Significant improvements”.
Meanwhile, 24.59% observed “No change”, and 8.20% reported that safety had “Somewhat
worsened”, with no respondents indicating a “Significant worsening” (Table 10).

Table 10. Impact of operational changes in response to climate change on safety by job title (n = 122).

Job Title Total
Safet ;
¥ Executive Manager/ Seafarer Academic/ Other
Supervisor Researcher
Significantly improved Count 4 10 > 0 6 2
% 36.36% 21.74% 12.82% 0.00% 37.50% 20.49%
Somewhat improved Count 5 19 23 5 5 57
p % 45.45% 41.30% 58.97% 50.00% 31.25% 46.72%
No change Count 1 12 10 4 3 30
& % 9.09% 26.09% 25.64% 40.00% 18.75% 24.59%
S h q Count 1 5 1 1 2 10
omewhat worsene % 9.09% 10.87% 2.56% 10.00% 12.50% 8.20%
Significantly worsened Count 0 0 0 0 0 0
% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Total Count 11 46 39 10 16 122
ota % 100.00% 100.00% 100.00% 100.00% 100.00%  100.00%
Chi-Square Test: Chi-Square = 13.85 p-value = 0.31

Executives and those in other roles were most likely to report significant safety im-
provements (36.36% and 37.50%, respectively). However, a notable percentage of man-
agers/supervisors and seafarers reported “No change” in safety (26.09% and 25.64%,
respectively). Chi-square analysis (x> = 13.85, p > 0.05) shows no significant differences in
safety perceptions across job titles, indicating a consensus that operational changes have
largely had a positive or neutral impact on safety (Table 10).
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Efficiency

Regarding efficiency, 51.64% of respondents reported that operational changes have
“Somewhat improved” efficiency, while 17.21% noted “Significant improvements”. Con-
versely, 18.03% reported “No change”, and 11.48% noted a “Somewhat worsened” efficiency.
Only 1.64% reported that efficiency had “Significantly worsened” (Table 11).

Table 11. Impact of operational changes in response to climate change on efficiency by job title
(n=122).

Job Title Total
Efficiency . Manager/ Academic/
Executive Supervisor Seafarer Researcher Other
Significantly improved Count 2 8 > 0 6 21
% 18.18% 17.39% 12.82% 0.00% 37.50% 17.21%
Somewhat improved Count 8 22 22 5 6 63
% 72.73% 47.83% 56.41% 50.00% 37.50% 51.64%
No chanee Count 1 8 7 3 3 22
& % 9.09% 17.39% 17.95% 30.00% 18.75% 18.03%
S h d Count 0 7 4 2 1 14
omewhat worsene % 0.00% 15.22% 10.26% 20.00% 6.25% 11.48%
. g Count 0 1 1 0 0 2
Significantly worsened % 0.00% 2.17% 2.56% 0.00% 0.00% 1.64%
Total Count 11 46 39 10 16 122
ota % 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
Chi-Square Test: Chi-Square = 12.94 p-value = 0.68

Executives and those in other roles were again more likely to report signifi-
cant efficiency improvements (18.18% and 37.50%, respectively). Interestingly, a rela-
tively higher proportion of managers/supervisors and seafarers observed some wors-
ening of efficiency (15.22% and 10.26%, respectively). Chi-square analysis (x> = 12.94,
p > 0.05) found no significant differences in efficiency outcomes across job titles, suggest-
ing that the perceived impacts on efficiency are broadly consistent across the industry
(Table 11).

4.4.4. Barriers Encountered

The survey identifies several barriers to implementing operational changes in response
to climate change. The most common challenge, reported by 49.18% of respondents, is
technical difficulties, including technology integration issues. Financial constraints, such as
high costs and limited budgets, were cited by 37.70%. A lack of expertise or training was
noted by 32.79%, while regulatory hurdles were reported by 27.87%, and organizational
resistance by 25.41%. Only 0.82% mentioned other barriers (Figure 9).

These findings indicate that while organizations are making progress in adapting to
climate change, significant hurdles remain that must be addressed to further improve safety
and efficiency.
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37.70% Financial constraints

49.18% Technical challenges

27.87% Regulatory hurdles

25.41% Organizational resistance

32.79% Lack of expertise or training

0.82% Other

Figure 9. Barriers to implementing operational changes in response to climate change (n = 122).

4.5. Employee Awareness and Engagement
4.5.1. Frequency of Discussions

The survey reveals that discussions on climate change within organizations are less
frequent than expected, with 47.54% of respondents indicating that these discussions occur
rarely. This was the most common response, particularly among seafarers (58.97%) and
managers/supervisors (36.96%) (Table 12).

Table 12. Frequency of organizational discussions on climate change by job title (n = 122).

How Often Does Your Organization Job Title Total
Discuss Climate Change and Its . Manager/ Academic/
Impact on Operations? Executive Supervisor Seafarer Researcher Other
Weekl Count 1 3 1 1 2 8
y % 9.09% 6.52% 2.56% 10.00% 12.50% 6.56%
Monthl Count 1 17 12 2 6 38
y % 9.09% 36.96% 30.77% 20.00% 37.50% 31.15%
Rarel Count 8 17 23 5 5 58
y % 72.73% 36.96% 58.97% 50.00% 31.25% 47 .54%
N Count 0 9 2 1 2 14
ever % 0.00% 19.57% 5.13% 10.00% 12.50%  11.48%
Oth Count 1 0 1 1 1 4
ther % 9.09% 0.00% 2.56% 10.00% 6.25% 3.28%
Total Count 11 46 39 10 16 122
ota % 100.00% 100.00% 100.00% 100.00% 100.00%  100.00%
Chi-Square Test: Chi-Square = 19.25 p-value = 0.26

Monthly discussions were reported by 31.15% of respondents, most frequently among
managers/supervisors (36.96%) and those in other roles (37.50%). Meanwhile, 11.48% of
respondents stated that climate change is never discussed within their organizations, a
view more common among managers/supervisors (19.57%). Weekly discussions were
reported by only 6.56% of respondents, with a slight preference among executives and
those in other roles.
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A small percentage (3.28%) selected “Other”, indicating variability in discussion
frequency or dissatisfaction with the provided options. Chi-square analysis (x* = 19.25,
p > 0.05) shows no statistically significant differences in discussion frequency across job
titles, suggesting a consistent trend of infrequent climate discussions across the industry.

These findings highlight an area for potential improvement in organizational engage-
ment with climate change. Increasing the frequency and depth of these discussions could
enhance employee awareness and drive more proactive environmental strategies.

4.5.2. Engagement Levels

Survey results show varying levels of engagement among respondents in their organi-
zation’s climate change initiatives. The most common response, from 32.79% of participants,
was feeling “Moderately engaged”. This was particularly prevalent among executives
(45.45%) and academics/researchers (40.00%), indicating moderate but active participation
across different roles (Table 13).

Table 13. Employee engagement in organizational efforts to combat climate change by job title
(n=122).

How Engaged Do You Feel in Your Job Title Total
Organization’s Efforts to Combat E . Manager/ Seaf. Academic/ Oth
Climate Change? xecutive Supervisor o' Researcher ther
Count 0 8 5 1 6 20
Notat all engaged % 0.00% 17.39% 12.82% 10.00% 37.50%  16.39%
Sliohtly eneased Count 2 11 13 2 2 30
ghily engag % 18.18% 23.91% 33.33% 20.00% 12.50%  24.59%
Moderatelv engaged Count 5 13 13 4 5 40
y engas % 45.45% 28.26% 33.33% 40.00% 3125%  32.79%
Very enoased Count 4 12 5 1 2 24
y engag % 36.36% 26.09% 12.82% 10.00% 12.50%  19.67%
Extremely engaged Count 0 2 3 2 1 8
y engag % 0.00% 4.35% 7.69% 20.00% 6.25% 6.56%
Total Count 11 46 39 10 16 122
ota % 100.00%  100.00%  100.00%  100.00%  100.00%  100.00%
Chi-Square Test: Chi-Square = 18.42 p-value = 0.30

Following this, 24.59% of respondents reported feeling “Slightly engaged”, with
seafarers (33.33%) and managers/supervisors (23.91%) most likely to select this option. A
smaller portion, 19.67%, felt “Very engaged”, with executives (36.36%) most likely to report
high engagement. Conversely, 16.39% of respondents indicated being “Not at all engaged”,
a sentiment more common among those in other roles (37.50%) and managers/supervisors
(17.39%).

Only 6.56% felt “Extremely engaged”, with higher engagement reported among
academics/researchers (20.00%) and seafarers (7.69%). Chi-square analysis (x> = 18.42,
p > 0.05) shows no significant differences in engagement levels across job titles, suggesting
that engagement varies but is consistently distributed across the industry.

These findings suggest a need for organizations to enhance employee engagement in
climate initiatives. While many employees feel moderately involved, a significant portion
feels only slightly engaged or not engaged at all, which could limit the effectiveness of
organizational efforts to combat climate change.
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4.6. Technological Innovations
4.6.1. Adoption of Technologies

The survey shows varying levels of awareness and adoption of technologies such as
artificial intelligence (Al), big data, and automation in addressing climate change within the
maritime industry. Overall, 45.90% of respondents are aware of these technologies being
used in their industry, with awareness highest among managers/supervisors (58.70%) and
executives (54.55%). This suggests that leadership and managerial roles are more informed
about these innovations (Table 14).

Table 14. Awareness and adoption of Al, big data, and automation technologies in addressing climate
change by job title (n = 122).

Are You Aware of Technologies like Job Title Total
Al, Blg Data, and Automation Being . Manager/ Academic/
Used to Address Climate Change? Executive Supervisor Seafarer Researcher Other
Y, Count 6 27 11 5 7 56
©s % 54.55% 58.70% 28.21% 50.00% 43.75%  45.90%
Mavbe Count 2 8 17 0 5 32
y % 18.18% 17.39% 43.59% 0.00% 31.25% 26.23%
N Count 3 11 11 5 4 34
© % 27.27% 23.91% 28.21% 50.00% 25.00% 27.87%
Total Count 11 46 39 10 16 122
ota % 100.00% 100.00% 100.00% 100.00% 100.00%  100.00%
Chi-Square Test: Chi-Square = 15.50 p-value = 0.05

However, 27.87% of respondents reported not being aware of these technologies,
with the highest lack of awareness among seafarers (28.21%) and academics/researchers
(50.00%), indicating a knowledge gap in certain groups. Additionally, 26.23% were uncer-
tain, particularly among seafarers (43.59%), highlighting the need for better communication
and education regarding the role of advanced technologies in combating climate change.

Chi-square analysis (x? = 15.5, p > 0.05) indicates no statistically significant differences
in awareness across job titles, suggesting a relatively even distribution of awareness, though
targeted information may be needed to bridge gaps in understanding.

These findings emphasize the importance of increasing the awareness and under-
standing of technological innovations within the maritime sector. As these technologies
are crucial for addressing climate change, ensuring that all stakeholders are informed and
engaged will be vital for the industry’s sustainability efforts.

4.6.2. Effectiveness and Barriers

The survey provides insights into perceptions of the effectiveness of technologies
like Al, big data, and automation in mitigating climate impacts. A significant portion,
37.70%, believes these technologies are “Moderately effective”, particularly among seafarers
(51.28%) and academics/researchers (60.00%), indicating a consensus that while beneficial,
these technologies have room for improvement (Table 15).
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Table 15. Perceived effectiveness and barriers to adoption of Al, big data, and automation technologies
in mitigating climate impacts by job title (n = 122).

How Effective Do You Believe These Job Title Total
Technologies Are in Mitigating . Manager/ Academic/
Climate Impacts? Executive Supervisor Seafarer Researcher Other
Not effecti 1 Count 0 3 2 0 2 7
ot effective at a % 0.00% 6.52% 5.13% 0.00% 12.50%  5.74%
. . Count 1 11 12 0 4 28
Slightly effective % 9.09% 23.91% 30.77% 0.00% 2500%  22.95%
. Count 4 13 20 6 3 46
Moderately effective % 3636%  2826%  51.28%  60.00%  1875%  37.70%
Verv effective Count 5 16 4 2 4 31
y % 45.45% 34.78% 10.26% 20.00% 25.00% 25.41%
Extremely effective Count 1 3 ! 2 3 10
% 9.09% 6.52% 2.56% 20.00% 18.75% 8.20%
Total Count 11 46 39 10 16 122
ota % 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
Chi-Square Test: Chi-Square = 25.22 p-value = 0.07

Additionally, 25.41% of respondents consider these technologies “Very effective”, with
higher confidence expressed by managers/supervisors (34.78%) and executives (45.45%).
Conversely, 22.95% view these technologies as only “Slightly effective”, reflecting some
skepticism, especially among seafarers (30.77%) and those in other roles (25.00%). A smaller
percentage (8.20%) see these technologies as “Extremely effective”, particularly among
academics/researchers (20.00%). Meanwhile, 5.74% believe these technologies are “Not
effective at all”, a view most common among those in other roles (12.50%).

Chi-square analysis (x> = 25.22, p > 0.05) reveals no statistically significant differences
in perceptions across job titles, suggesting consistent views on the effectiveness of these
technologies across the industry.

In terms of barriers to adoption, respondents identified financial constraints as the
most significant challenge, followed by technical integration issues, a lack of expertise, and
organizational resistance. These findings underscore the need to address both financial and
technical barriers to enhance the adoption and effectiveness of Al, big data, and automation
in the maritime industry.

4.6.3. Primary Barriers to Adopting Technologies

The survey highlights several key barriers to adopting advanced technologies like Al,
big data, and automation within organizations. The most frequently cited barrier is cost,
identified by 59.02% of respondents, indicating that financial investment is a major obstacle
for many organizations (Figure 10).

A lack of expertise within organizations is the second most common barrier, noted by
50.00% of respondents, suggesting difficulties in finding or developing the necessary skills
to implement these technologies. Insufficient regulatory support, cited by 35.25% of re-
spondents, reflects concerns about unclear or unsupportive regulatory frameworks. Lastly,
31.15% mentioned technological reliability, indicating concerns about the dependability of
these innovations.
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Figure 10. Primary barriers to adopting Al, big data, and automation technologies in organizations
(n=122).

These findings highlight the need for targeted strategies to overcome these barriers,
such as improving access to funding, enhancing training, and advocating for supportive
regulatory environments. Addressing these challenges will be crucial for organizations
aiming to leverage advanced technologies to combat climate change effectively.

4.7. Financial Barriers and Opportunities
4.7.1. Cost as a Barrier

The survey reveals that cost is widely seen as a significant barrier to adopting green
technologies within organizations, with 41.80% of respondents identifying it as an obstacle.
This perception is particularly strong among seafarers (48.72%) and executives (54.55%),
suggesting that those directly involved in operational and strategic roles are more likely
to encounter financial constraints when considering green technology implementation
(Table 16).

Table 16. Perception of cost as a barrier to adopting green technologies by job title (n = 122).

Do You Perceive the Cost of Adopting Job Title Total
Green Technologies as a Barrier in E . Manager/ Seaf Academic/ Oth
Your Organization? xecutive Supervisor C ' Researcher ther
Y, Count 6 18 19 3 5 51
s % 54.55% 39.13% 48.72% 30.00% 31.25%  41.80%
Mavbe Count 3 14 12 6 3 38
y Yo 27.27% 30.43% 30.77% 60.00% 18.75% 31.15%
N Count 2 14 8 1 8 33
0 % 18.18% 30.43% 20.51% 10.00% 50.00% 27.05%
Total Count 11 46 39 10 16 122
ota % 100.00% 100.00% 100.00% 100.00% 100.00%  100.00%
Chi-Square Test: Chi-Square = 10.56 p-value = 0.23

A considerable portion of respondents (31.15%) selected “Maybe”, indicating un-
certainty or variability in how cost is perceived as a barrier, especially among aca-
demics/researchers (60.00%). Conversely, 27.05% of respondents did not view cost as
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a barrier, a perspective more common among those in other roles (50.00%) and man-
agers/supervisors (30.43%).

Chi-square analysis (x? = 10.56, p > 0.05) shows no statistically significant differences
in perceptions across job titles, indicating a broadly similar view of cost as a barrier across
the industry. However, the varied levels of agreement highlight the complex nature of
financial considerations in green technology adoption.

These findings emphasize the need for organizations to address financial challenges,
whether through securing additional funding, exploring cost-effective technologies, or
developing financial strategies to ease the burden of these investments. Overcoming
cost-related barriers will be crucial for the broader adoption of sustainable practices.

4.7.2. Investment Willingness

Survey results show varying levels of willingness among organizations to invest in new
technologies to combat climate change. The most common response, “Moderately willing”,
was reported by 40.98% of respondents, particularly among managers/supervisors (39.13%)
and academics/researchers (60.00%), indicating a supportive but cautious approach to
green technology investments (Table 17).

Table 17. Willingness to invest in new technologies to combat climate change by job title (n = 122).

How Willing Is Your Organization to Job Title Total
Invest in New Technologies to Combat E . Manager/ Seaf Academic/ Oth
Climate Change? xecutive Supervisor 4 '®T  Researcher er
1e Count 0 3 3 1 3 10
Not willing at all % 0.00% 6.52% 7.69% 10.00% 1875%  8.20%
Slichtly willin Count 2 6 12 3 1 24
sty & % 18.18% 13.04% 30.77% 30.00% 6.25% 19.67%
Moderately willin Count 5 18 15 6 6 50
y & % 45.45% 39.13% 38.46% 60.00% 37.50%  40.98%
Very willin Count 3 12 7 0 2 24
y & % 27.27% 26.09% 17.95% 0.00% 12.50%  19.67%
Extremely willin: Count 1 7 2 0 4 14
y & % 9.09% 15.22% 5.13% 0.00% 25.00%  11.48%
Total Count 11 46 39 10 16 122
ota % 100.00%  100.00%  100.00%  100.00%  100.00%  100.00%
Chi-Square Test: Chi-Square = 19.27 p-value = 0.25

“Slightly willing” and “Very willing” were each selected by 19.67% of respondents,
suggesting that some organizations are either just beginning to explore these investments
or are already more committed but still face reservations. Seafarers were more likely to
express slight willingness (30.77%), while managers/supervisors leaned towards being
very willing (26.09%).

A smaller percentage (11.48%) indicated that their organizations are “Extremely will-
ing” to invest, especially among those in other roles (25.00%) and managers/supervisors
(15.22%). Conversely, 8.20% reported their organizations as “Not willing at all”, a sentiment
more common among those in other roles (18.75%) and seafarers (7.69%).

Chi-square analysis (x> = 19.27, p > 0.05) found no statistically significant differences in
investment willingness across job titles, suggesting a consistent level of willingness across
the maritime industry. However, the findings indicate a need for further engagement and
support to encourage more widespread investment in green technologies.
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4.7.3. Financial Support Awareness

The survey indicates a significant lack of awareness regarding financial support mech-
anisms for adopting green technologies, with 65.57% of respondents unaware of any such
options. This lack of awareness is particularly pronounced among seafarers (74.36%)
and academics/researchers (80.00%), suggesting these groups may have less access to
information on financial assistance (Table 18).

Table 18. Awareness of financial support mechanisms for adopting green technologies by job title
(n=122).

Are You Aware of Any Financial Job Title Total
Support MeChanismS Available fOI' . Manager/ Academicl
Adopting Such Technologies? Executive Supervisor Seafarer Researcher Other

Y Count 4 19 10 2 7 42
€s % 36.36% 41.30% 25.64% 20.00% 43.75% 34.43%

N Count 7 27 29 8 9 80
© % 63.64% 58.70% 74.36% 80.00% 56.25% 65.57%

Total Count 11 46 39 10 16 122
ota % 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

Chi-Square Test:

Chi-Square = 3.85 p-value = 0.43

In contrast, 34.43% of respondents reported being aware of financial support mech-
anisms, with the highest awareness among those in other roles (43.75%) and man-
agers/supervisors (41.30%).

Chi-square analysis (x? = 3.85, p > 0.05) reveals no statistically significant differences
in awareness levels across job titles, indicating that the lack of awareness is widespread
across the industry, regardless of role.

These findings highlight a critical knowledge gap that could hinder the adoption of
green technologies. Increasing awareness of available financial support mechanisms could
play a crucial role in overcoming cost-related barriers and encouraging more organizations
to invest in sustainable technologies. Enhanced communication and education efforts are
needed to ensure all stakeholders are informed about the financial resources available to
support green initiatives.

4.8. Future Strategies and Investments
Investment Priorities

The survey identifies several key areas as priorities for future investment to enhance
resilience against climate change. The top priority, selected by 65.57% of respondents,
is training, particularly in climate change awareness and operational adjustments. This
underscores the importance of equipping the workforce with the skills needed to adapt to
evolving environmental conditions (Figure 11).

Close behind, 64.75% of respondents prioritize technology investment, including
cleaner technologies and emissions-tracking software. This highlights the critical role of
technological innovation in reducing emissions and improving environmental performance

in the maritime industry.
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64.75%

59.84%

65.57%

Technology

Infrastructure

Training

38.52%

Policy Advocacy

0.00% Other

Figure 11. Priority areas for future investment to enhance resilience against climate change (n = 122).

Infrastructure investments, such as port modifications and enhanced coastal defenses,
are a priority for 59.84% of respondents, reflecting the need to fortify maritime infrastructure
against the rising risks posed by climate change, including sea-level rise and extreme
weather events.

Policy advocacy is identified by 38.52% of respondents as a priority, indicating a focus
on promoting stronger environmental regulations and policies to support sustainability
within the industry.

The fact that no respondents selected “Other” as a priority suggests that the provided
categories effectively capture the main areas of concern and focus for future investments.

These findings highlight the need for a multifaceted approach to enhancing resilience
against climate impacts. By prioritizing investments in training, technology, infrastructure,
and policy advocacy, organizations can better prepare for and mitigate the risks associated
with climate change, ensuring a more sustainable future for the maritime sector.

4.9. Additional Insights

The maritime sector can combat climate change through technology, education, col-
laboration, and regulation. Key strategies include emissions tracking software, clean tech
solutions, continuous training, and environmental awareness. Integrating environmental
management into maritime education is crucial for future industry leaders, as is engineering
perspective-setting science-based emissions targets and integrating climate issues into core
business plans. Financial incentives and collaboration between businesses, governments,
and civil society are crucial, supported by strict environmental regulations and benefits
or waivers.

Respondents suggest establishing specialized entities to manage and monitor specific
regions like the Red Sea, allowing for climate-related improvements to effectively tackle re-
gional challenges. Additionally, Environmental, Social, and Governance (ESG) frameworks
are crucial for enhancing industry response to climate change, and aligning operations with
sustainability goals, and are recommended for organizations.

Risk assessments, sustainable technology investment, and stakeholder engage-
ment are crucial for developing robust climate strategies. Awareness and education
through workshops, seminars, and media campaigns promote a deeper understanding of
climate issues.
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5. Discussion
5.1. Interpretation of Results

The research also indicates a moderate level of knowledge and participation among
stakeholders in the Saudi maritime sector regarding climate change, in line with global
trends. However, industries transitioning to greener practices face significant challenges;
for example, insufficient skills and limited funding, especially in traditional industries.
These challenges hinder long-term growth and require unique solutions. Despite the
huge economic importance of the industry and Saudi Arabia’s vision for 2030, these
barriers impede the adoption of green technology, focusing urgent emphasis on investments
in education and financial resources. This is in alignment with ongoing studies that
highlighted the challenges of implementing sustainable practices in industries dependent
on fossil fuels (Alharbi and Csala [12]; Mikhaylov et al. [36]).

This research establishes that, although the IMO requirements are understood, the
effectiveness of the implemented techniques is only moderate due to technical and financial
issues discussed in the literature (Wabnitz et al. [43]; Serra and Fancello [44]).

For instance, there is a lack of specialized expertise to enhance advanced green tech-
nologies, and limited financing for investing in infrastructure upgrades. Moderate stake-
holder involvement shows a greater focus on improving commitment to climate initiatives,
a common theme in global marine studies (Izaguirre et al. [15]).

5.2. Comparison with Other Regions

The response to climate change in the Saudi maritime sector replicates the global
response but is less advanced than regions including Europe and North America. In
Europe and North America, strong regulatory frameworks increased public awareness, and
market-based mechanisms, like the EU Emissions Trading System (EU-ETS), incentivize
emissions reductions through cap-and-trade schemes (Gritsenko [29]; Prehn [30]). The
EU-MRYV system for the monitoring, reporting, and verification of emissions gives a strong
foundation for policy enforcement and has significantly stimulated the uptake of alternative
fuels and innovative technologies (Olczak et al. [45]).

In contrast, the Saudi maritime sector is in the early stages of implementing these
policies, focusing on major issues such as training and technology adoption. This is
consistent with the overall gradual shift in the country towards economic transition towards
sustainability but lacks the regulatory depth observed in the countries of Europe and North
America. Furthermore, Saudi Arabia’s emphasis on infrastructure investments, such as
port modifications and coastal defenses, reflects an adaptive strategy similar to Southeast
Asia’s response to climate change, including rising sea levels and extreme weather events
(Izaguirre et al. [15]). However, Saudi Arabia’s lower policy advocacy may indicate less
regulatory pressure or public demand for substantial climate action relative to other regions,
emphasizing the need for stronger government and society alignment to climate priorities.
Saudi Arabia might use the EU-ETS and IMO initiatives to build market-based mechanisms
and promote stakeholder involvement to speed the adoption of sustainable practices.

5.3. Identified Gaps and Future Opportunities

This paper highlights gaps in current strategies, particularly in financing mechanisms
for green technology adoption. Limited access to finance frequently impedes stakeholder’s
capacity to transition to sustainable practices, emphasizing the significance of innovative
financial solutions, such as public—private partnerships or international grants. Capacity-
building programs for implementing climate policies are encouraged, since they may
provide chances for future action.
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Improving collaboration between all stakeholders, including industry, government,
and civil society, provides another potential for more integrated and effective climate action.
Such partnerships may enhance the exchange of knowledge and resources, leading to
a more comprehensive response to climate concerns. Policy advocacy is also an impor-
tant area that has to be explored more, particularly in terms of driving more extensive
regulations that support sustainability initiatives.

Future research could concentrate on developing regional strategies to tackle the
unique challenges faced by the Saudi marine sector, focusing on the localized management
of vulnerable areas like the Red Sea and implementing solutions that suit the region’s envi-
ronmental and economic context. Moreover, the additional integration of the International
Maritime Organization Initial Strategy and EU-emission Trading Scheme could help bridge
the gap and align Saudi Arabia’s maritime sector with international standards.

6. Conclusions

A comprehensive examination of the Saudi maritime industry’s current investment
goals, technological adoption, and climate change awareness has been provided in this
paper. The results indicate that, despite industry professionals having a moderate level
of awareness and engagement, the significant problem includes financial limitations and
a lack of experience in preventing the widespread implementation of green technology.
Additionally, the research highlights the need to prioritize policy advocacy, infrastructure
investment, and training to address the impact of climate change. The study also shows a
considerable knowledge gap in financial support instruments, which may be required to
overcome the financial barriers.

The following recommendations for the different stakeholder groups to address the
varying levels of expertise and responsibilities within the sector are provided:

e Lower-level staff: Training on climate change should be provided as a founda-
tion to improve the basic understanding and involvement in sustainable initiatives
(UNICEEF [46]).

e  Mid-to-upper management: The strategy and technical learning should be advanced
concepts like the integration of green technologies and policy implementation, as well
as financing planning for sustainable investments (Ikram et al. [47]).

e  Cross-sector collaboration: Policymakers and industry stakeholders should work
together to close the knowledge gap by ensuring financial support information is more
available and encouraging a culture of knowledge sharing among corporate entities,
organizations, and civil society.

By addressing the identified knowledge levels and training needs, these tailored
recommendations seek to promote engagement at all levels, ensuring that each group is
well-equipped to contribute effectively to the industry’s sustainability goals.

Practical implications and future vision: Investing in advanced technologies, such as
emission tracking software, and building infrastructure at ports and coastal regions, will
strengthen resilience to climate impacts.

Communication regarding the financial instruments will enable the decision-makers to
develop new strategies to align with international standards (Fernandez-Perez et al. [48]).

In addjition to the general recommendations listed above, the following are the neces-
sary actions for Saudi Arabia’s maritime industry:

1. Prioritize fuel substitution and retrofitting: Instead of investing in expensive new
technology, the emphasis should be on retrofitting existing vessels with alternative
fuel systems or improving energy efficiency to minimize emissions in the short term
(Kolios [49]).
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2. Overcome financial and technical barriers: Saudi Arabia may benefit by developing
relationships with international organizations to get access to technical expertise as
well as financial support. The incentives from the government, including subsidies
or reductions in taxes, could be adopted to help the transition to green technology
(Ministry of Finance [50]).

3. Enhance port infrastructure: Making an investment in modern infrastructure at Saudi
ports is vital for promoting the use of alternative fuels and technologies. This enables
vessels to make low-carbon strategies, reducing the industry’s overall carbon impact
(Munim and Schramm [51]).

The results of this study have crucial implications for the future of the Saudi maritime
sector in terms of climate change issues and improving sustainability, such as addressing
financial limitations and expertise gaps to combat climate change and promote sustainabil-
ity in the Saudi maritime sector. When the Saudi marine industry invests in technology,
infrastructure, training, and advocating for better policies, it may become a global leader in
sustainable practices and combat climate change.
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