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Abstract: This study investigates the relationship between shipping connectivity, environmental quality, 

financial development, and economic growth among 14 countries in the Regional Comprehensive Economic 

Partnership (RCEP) from 2006 to 2019. Using panel-corrected standard error, Dynamic Seemingly Unrelated 

Regression, and Driscoll-Kraay estimation methods, the analysis reveals that shipping connectivity 

significantly contributes to financial development and economic growth, while also exerting a negative impact 

on environmental quality. These findings underscore the dual role of shipping connectivity in fostering 

economic prosperity and increasing environmental challenges, highlighting the trade-offs between growth and 

sustainability. The study also emphasizes that as trade between RCEP countries grows, driven in part by the 

removal of customs tariffs, shipping activities—and consequently environmental pollution—will likely 

increase. To achieve sustainable development in the maritime sector, policymakers must devise strategies that 

maximize economic benefits while mitigating environmental harm. These strategies include promoting 

environmentally friendly green ports, adopting low-carbon and advanced technologies, and strengthening 

policies to control emissions and marine pollution. Collaboration among shipping companies, local 

governments, and environmental organizations is also essential. 

Keywords: shipping connectivity; environmental sustainability; financial development; economic 

growth; Regional Comprehensive Economic Partnership; RCEP 

 

1. Introduction 

Global economic growth develops in parallel with energy demand and international trade. 

Maritime trade plays a key role in international trade with an increasing number of ships (Elgohary et 

al. 2015). The growth in global trade volume in 2022 was lower than expected, at 2.7%, with a decrease 

in the fourth quarter. The World Trade Organization predicts a 1.7% growth in merchandise trade 

volume in 2023, below the averages of 2.6% and 2.7% over the last 12 years, respectively (WTO 2023). 

In recent years, the global shipping industry has also been facing many challenges, such as increasing 

trade policy and geopolitical tensions. Consequently, changes are seen in maritime trade routes, and 

maritime trade volume decreased slightly by 0.4% in 2022. However, UNCTAD predicts that this rate 

will increase in the coming years (UNCTAD 2023). 

Maritime trade is vital to the global economy as it accounts for more than 80% of global trade by 

volume and 70% by value. This rate remains even higher in most developing countries (UNCTAD 

2021). Maritime connectivity has become an increasingly popular topic in the global economy due to its 

close relationship with maritime trade (Mishra et al. 2021). High maritime connectivity with low 

transport costs leads to further development of trade. Similarly, increased trade may enhance maritime 
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connectivity and further reduce costs through economies of scale and the leverage of network effects 

(Hofmann et al. 2020). 

The rapid globalization of economies has propelled maritime transport to the forefront of global 

trade, solidifying its position as the primary mode of transportation (Jiang et al. 2015). Shipping 

connectivity (SC) has become one of the determining factors of bilateral exports (Fugazza and 

Hoffmann, 2017). The Liner Shipping Connectivity Index (LSCI) was developed by UNCTAD in 2004 

to assess and compare countries' roles in the global liner shipping network. This index includes five 

main factors: vessel quantity, container capacity, maximum ship size, service frequency, and the 

presence of container ship operators in a country's ports (UNCTAD 2017). 

Liner shipping is one of the elements that facilitate the movement of goods worldwide (Del Rosal 

2023). The Liner Shipping Connectivity Index shows a country's position within global maritime 

transport networks (Tovar and Wall 2022). A country's access to global markets largely depends on its 

transport connectivity and, in particular, the quality of its transport services (World Bank 2024). The 

connectivity level of the shipping network is an indicator of how well the ports in the network are 

connected to each other. Good connectivity values mean that goods are delivered smoothly between 

trading countries (Pan et al. 2022). 

On the other hand, increasing trade and expanding shipping networks bring with them rising 

shipping emission values. Like every sector, the maritime sector must organize its activities according 

to the needs of a sustainable world and be sensitive to the environment (Hasanspahić et al. 2021). 

Sustainability is a reaction to the unsustainability of the characteristics of industrial society (Caradonna 

2022). As a concept, sustainability includes three basic dimensions: economic, social, and environmental 

considerations, which are integral across various sectors, including maritime transportation (Lee et al. 

2019). 

In the global efforts to reduce greenhouse gases and CO₂, the decarbonization of the maritime 

sector holds an important place (Romano and Yang 2021). Approximately 3% of global greenhouse gas 

emissions come from shipping, and this rate has increased by 20% in the last decade (Wang and Wright 

2021). Unless necessary measures are taken, emissions are projected to rise to 90-130% of 2008 levels by 

2050 (IMO 2020). Table 1 shows selected countries’ shipping carbon dioxide emission amounts (in 

tonnes) in 2012 and 2022. 

Table 1. Shipping Carbon Dioxide Emissions of Countries in 2012 and 2022 (tonnes). 

Rank Country 2012 Emissions 2022 Emissions Rate of Change (%) 

1 China 43,493,613 102,317,721 135.25 

2 Japan 99,628,524 101,254,900 1.63 

3 Greece 69,330,862 95,968,419 38.42 

4 USA 43,859,245 45,656,717 4.10 

5 China, Hong Kong 18,822,466 39,060,933 107.52 

6 Germany 86,588,074 37,040,384 -57.22 

7 Singapore 19,806,355 32,522,147 64.20 

8 South Korea 24,324,282 28,736,060 18.14 

9 Denmark 23,473,417 28,007,662 19.32 

10 Norway 25,748,700 26,496,768 2.91 

21 Indonesia 4,930,297 10,830,329 119.67 

28 Malaysia 6,020,028 5,548,442 -7.83 

29 Vietnam 2,098,899 5,296,530 152.35 

Table 1 was prepared by UNCTAD ((UNCTAD 2023) for 29 countries, seven of which are the 

Regional Comprehensive Economic Partnership (RCEP) countries. The increase in shipping carbon 

dioxide emissions in China, Indonesia and Vietnam, which are members of RCEP, is particularly 

striking.  On November 15, 2020, RCEP was signed, marking the world's largest free trade agreement. 

The agreement involved ten ASEAN countries along with New Zealand, Japan, South Korea, China, 

and Australia (Shimizu 2021). In the first phase, the RCEP agreement entered into force for ten member 
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countries on 1 January 2022 (RCEP 2022), and then the process was completed for the remaining five 

countries (South Korea, Myanmar, Malaysia and Indonesia) (RCEP 2023). This agreement holds 

significance, representing around one-third of the global population, 30% of the world's GDP, and 28% 

of global trade (Armstrong and Drysdale 2022). On the other hand, within the scope of the RCEP 

agreement, customs tariffs applied to more than 90% of the member countries' goods will be gradually 

eliminated over the next 36 years (Zhu and Huang 2023). 

Therefore, the carbon emissions resulting from the shipping trade of RCEP countries are 

considerable. The main purpose of this study is to examine the relationship between the Liner Shipping 

Connectivity Index, environmental quality, economic growth (EG), and financial development (FD). In 

other words, it aims to determine the impact of shipping connectivity on environmental quality, 

economic growth, and financial development. In this context, data for the 2006–2019 period from 14 

RCEP countries were used in the study. In the empirical analyses, the Westerlund and Edgerton (2007) 

bootstrap methods were employed for cointegration relationships; Panel-Corrected Standard Errors, 

Dynamic Seemingly Unrelated Regression, and Driscoll-Kraay methods were used for long-term 

coefficients; and the Dumitrescu-Hurlin (2012) bootstrap methods were utilized for causality 

relationships. 

This study is expected to contribute to the literature in three different aspects: 1) Expansion of 

Environmental Literature. Only one study examining the relationship between shipping connectivity 

and environmental quality has been conducted by Ayesu (2023) on African countries. This study 

investigates the relationship from the perspective of RCEP countries, allowing for the expansion of the 

environmental literature. 2) First Empirical Findings on SC's Impact on FD and EG. This study is 

important as it reveals the first empirical findings on the impact of shipping connectivity on financial 

development and economic growth. 3) Policy Development for Reducing Carbon Footprint. The 

research results may contribute to the development of policies and practices to reduce the carbon 

footprint of the maritime industry. Additionally, the findings may help RCEP countries balance 

sustainability and economic growth when developing maritime trade policies. In summary, the 

findings of this study may provide strategically important information for decision-makers, 

policymakers, and industry stakeholders in various areas such as regional development, environmental 

sustainability, economic integration, social development, and regional cooperation. 

The upcoming sections of this study are structured as follows: Following this introduction, a 

concise review of the literature is provided in Section 2. Section 3 elucidates the dataset and models 

utilised in the research. Section 4 elaborates on the empirical methodology, while Section 5 delves into 

the analyses and discusses the empirical findings. Ultimately, the findings are evaluated, and 

recommendations for future studies are put forth in the conclusions section. 

2. Literature Review 

There is a strong connection between shipping transport, global trade, global supply chains, 

economic growth and development (Fratila et al. 2021). Bouazza et al. (2023) conducted a descriptive 

analysis using the Liner Connectivity Index database to determine the region most connected to 

Morocco. They concluded that Morocco has strong bilateral ties with Europe and Asia. Then, they 

identified 15 factors under six topics related to the development of a robust bilateral connection. The 

analysis results show that EG, logistics, and maritime factors have a strong and positive impact on 

bilateral connectivity. Alnıpak et al. (2023) developed models to evaluate the logistics performance 

of 32 European countries and determine the factors affecting Logistics Performance Indexes (LPIs). 

Twelve variables were determined for the analysis, and data for 2010–2018 were collected. The 

findings show that three factors—LSCI, GDP, and commercial service imports—are more effective 

on LPI. Rizkallah (2023) aimed to investigate the direct and indirect impact of logistics investments 

on EG. The study used panel data for the 2007–2016 period of six Arab countries and the 2007–2018 

period of 31 OECD countries. The analysis employed a product of coefficients approach alongside 

bootstrapping methodology. Findings reveal a discernible relationship between logistics investment 

and EG in OECD nations, but this relationship appears less evident in Arab countries. 
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Li et al. (2023) conducted a comprehensive study on the ramifications of the Panama Canal's 

expansion on regional EG. Their findings underscored the significant role of improved port 

connectivity and expanded infrastructure in stimulating EG at the regional level. On the other hand, 

Adenigbo et al. (2023) delved into the intricate relationship between maritime trade and EG in 

Nigeria. Over the period spanning 1970 to 2020, they examined four key variables. Through 

cointegration tests, they identified both short- and long-term causality relationships among imports, 

exports, exchange rates, and GDP. Notably, their study highlighted the pivotal role of imports in 

Nigeria's EG trajectory, emphasizing the enduring impact of imports and exchange rates on GDP 

dynamics in the long run. Şeker (2020) studied the impact of the Liner Shipping Connectivity Index 

and economic grwoth on exports in European countries and Turkey, finding a positive effect on 

exports. Liang and Liu (2020) examined port infrastructure connectivity, logistics performance, and 

trade on the EG of 32 countries, suggesting that improvements may promote trade and growth. 

Liner shipping is one of the most important transportation systems that enable the movement of 

goods around the world. The LSCI score is an indicator of how well a country is connected to global 

shipping networks. However, a higher LSCI score also means that the country may cause more 

environmental damage due to increased CO₂ emissions from liner shipping. Ayesu (2023) examined 

the environmental impact of shipping-related emissions in Africa using regression analysis. The 

study analyzed data from 31 countries from 2006–2016 and concluded that shipping in Africa 

increases short- and long-term emissions. Guo et al. (2023) investigated the nexus between maritime 

energy consumption, maritime trade, and greenhouse gas emissions using time series data for 2005–

2017 for eight Northern European countries. Using the extended environmental Kuznets curve 

model, they examined the relationship between container throughput, LSCI, and trade openness. The 

findings show that increases in energy consumption led to higher marine greenhouse gas emissions 

in all eight countries, but this increase was more significant in Denmark, Norway, and Sweden. 

Chua et al. (2023) aimed to investigate the impact of the Emission Trading System (ETS) on the 

fleet distribution decisions of liner shipping companies. In this context, they developed a short-term 

fleet planning model that accounts for CO₂ emissions for a transportation company. The findings 

show that regional ETS practices are not sufficient due to carbon leakage. Lu et al. (2023) developed 

an approach to measure global maritime container shipping emissions and estimate CO₂ emissions 

for 2015–2020. The study determined that container traffic at Asian ports constitutes approximately 

55% of total global shipping emissions. Although energy efficiency improvement activities reduce 

emissions, the growth impact of trade plays a dominant role in increasing maritime emissions. 

Becker et al. (2021) examined Asian and European countries in terms of the relationship between 

connectivity and sustainability within the scope of the Asia-Europe Meeting (ASEM). For this 

purpose, two indices were developed in the study: connectivity and sustainability. They determined 

significant differences between European and Asian countries in terms of connectivity and 

sustainability indices. Wang et al. (2021) developed various models using trans-Arctic routes for 

shipping due to climate change and ice retreat. In this context, the liner shipping bilateral connectivity 

index was created to determine port pairs where ships may head to trans-Arctic routes. The study 

sample includes 522,691 shipping transactions. The analysis indicated that only 20 movements would 

reduce shipping costs and greenhouse gas emissions. 

Numerous studies in the literature have explored various aspects of the Regional 

Comprehensive Economic Partnership. However, research focusing on economic growth, logistics, 

financial development, and environmental implications within the RCEP framework still needs to be 

completed. Hence, this study aims to fill this gap in the literature. Sikder et al. (2024) investigated 

factors influencing logistics sector performance and CO₂ emissions across 16 countries, including 

RCEP and the South Asian Association for Regional Cooperation (SAARC) nations. Utilising 11 

variables related to the environment, logistics, and the economy spanning from 2007 to 2018, the 

study revealed that economic growth, foreign direct investment inflows, and international trade 

positively impact logistics performance. Tian et al. (2022) initially evaluated the economic impacts of 

RCEP and then estimated the resulting CO₂ emissions. Their findings suggested that complete tariff 

elimination among RCEP members might lead to a 3.1% annual increase in global CO₂ emissions. 
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Meanwhile, Fan et al. (2022) developed the green Logistics Performance Index (LPI) using the entropy 

method based on the traditional LPI.  

Furthermore, their study analyzed the influence of RCEP countries' green logistics practices on 

China's exports. Fan et al. (2023) also presented three policy scenarios for carbon pricing under the 

RCEP agreement. Their findings indicated potential increases in RCEP's GDP, energy consumption, 

and CO₂ emissions due to trade liberalization. Finally, Tu et al. (2022) explored the impact of 

economic growth, energy consumption, renewable electricity generation, and energy efficiency on 

emissions across 12 RCEP countries. By analyzing panel data from 1990 to 2020, they concluded that 

economic growth and energy consumption contribute to emissions growth. 

Several studies have investigated various aspects of maritime transportation and economic 

development in the existing literature. These include examining the influence of logistics investments 

on EG (Rizkallah 2023), assessing the effects of port connectivity enhancements on regional EG (Li et 

al. 2023), and analyzing the impact of maritime trade on overall EG dynamics (Adenigbo et al. 2023). 

Furthermore, studies have explored the interplay between port infrastructure connectivity, logistics 

efficiency, and trade patterns in driving EG (Liang and Liu 2020), as well as investigating the 

environmental repercussions of shipping emissions (Ayesu 2023) and the complex relationship 

between maritime energy consumption, trade activities, and greenhouse gas emissions (Guo et al. 

2023). Additionally, Tian et al. (2022) delved into the economic ramifications of the RCEP agreement 

and estimated associated CO₂ emissions, while Tu et al. (2022) analyzed the influence of EG, energy 

consumption, renewable energy generation, and energy efficiency on emissions within RCEP 

member countries. Moreover, Sikder et al. (2024) aimed to assess both the operational performance 

of the logistics sector and the determinants of CO₂ emissions across 16 countries, including those 

within the RCEP framework.  

To summarize, while numerous studies have examined various aspects related to maritime 

transportation and economic development, there is a scarcity of research focusing on the combined 

effects of shipping connectivity on environmental quality, economic growth, and financial 

development within the RCEP framework. The environmental repercussions of shipping emissions, 

particularly in RCEP countries, require further exploration. This study aims to fill this gap providing 

valuable insights for policymakers and industry stakeholders. 

3. Materials and Models 

The primary objective of this study is to investigate the relationship between shipping 

connectivity and environmental quality, economic growth, and financial development. To achieve 

this, we utilize data from 2006 to 2019 for 14 member countries of the Regional Comprehensive 

Economic Partnership: Australia, Brunei, Cambodia, China, Indonesia, Japan, Malaysia, Myanmar, 

New Zealand, the Philippines, Singapore, South Korea, Thailand, and Vietnam. 

The Liner Shipping Connectivity Index has been employed to measure shipping connectivity. 

This index is used in the maritime transportation sector and aims to assess the strength and 

effectiveness of maritime transportation networks and connections. It is commonly used to evaluate 

the connectivity between ports, shipping routes, and maritime transportation infrastructure. In many 

studies, this index has been utilized to measure SC (Lin et al. 2020; Mishra et al. 2021; Tovar and Wall 

2022; Merk and Teodoro 2022; Jarumaneeroj et al. 2023). 

Carbon emissions have been used to measure environmental quality (Ullah et al. 2023a; Jóźwik 

et al. 2023a; Saadaoui et al. 2023; Ullah et al. 2024). Other variables used in the study include financial 

development and economic growth. All variables in the model have been transformed into 

logarithms. Three models incorporating the dependent and independent variables mentioned above 

have been developed. The study outlines the variables utilized, as detailed in Table 2. 

𝐶𝑂2𝑖,𝑡 = 𝛽0 + 𝛽1𝐿𝐼𝑁𝐸𝐴𝑅𝑖,𝑡 + 𝛽2𝐹𝐷𝑖,𝑡+𝛽3𝐺𝐷𝑃 + 𝜀𝑖,𝑡   (1) 

𝐹𝐷𝑖,𝑡 = 𝛽0 + 𝛽1𝐿𝐼𝑁𝐸𝐴𝑅𝑖,𝑡 + 𝛽2𝐺𝐷𝑃𝑖,𝑡+𝜀𝑖,𝑡      (2) 

𝐺𝐷𝑃𝑖,𝑡 = 𝛽0 + 𝛽1𝐿𝐼𝑁𝐸𝐴𝑅𝑖,𝑡 + 𝛽2𝐹𝐷𝑖,𝑡+𝜀𝑖,𝑡      (3) 
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Table 2. Data description. 

Variable(s) Abbrev. Unit measurement Source 

Carbon emissions 𝐶𝑂2 𝐶𝑂2 emissions (metric tons per capita) WDI 

Shipping connectivity LSCI Liner Shipping Connectivity Index UNCTAD 

Financial Development FD Financial development index IMF 

Economic Growth GDP GDP per capita (constant 2010 US$) WDI 

Note: UNCTAD rebranded to UN Trade and Development. 

4. Empirical Procedure 

In the study, cross-sectional dependence (CD) was assessed using the Breusch-Pagan LM test 

(1980), Pesaran's scaled LM test (𝐶𝐷𝐿𝑀), Pesaran's CD test (2004), and the Bias-Corrected Scaled LM 

test (LMadj)  (2008). These tests correspond to Equations 4, 5, 6, and 7, respectively. 

𝐿𝑀 = 𝑇 ∑ ∑ 𝜌̂𝑖𝑗
2 

𝑁

𝑗=𝑖+1

𝑁−1

İ=1

                                                                                                     (4) 

𝐶𝐷𝐿𝑀 = √
1

𝑁(𝑁 − 1)
∑ ∑ (𝑇𝜌̂𝑖𝑗

2 − 1)

𝑁

𝑗=𝑖+1

𝑁−1

İ=1

                                                                 (5) 

𝐶𝐷 = √
2𝑇

𝑁(𝑁 − 1)
(∑ ∑ 𝜌̂𝑖𝑗

𝑁

𝑗=1+1

𝑁−1

𝑖=1

)                                                                               (6) 

𝐿𝑀𝑎𝑑𝑗 = (
2

𝑁(𝑁 − 1)
)

1
2⁄

∑ ∑ 𝜌̂𝑖𝑗
2

(𝑇 − 𝐾 − 1)𝜌̂𝑖𝑗 − 𝜇̂𝑇𝑖𝑗

𝜐𝑇𝑖𝑗
 ~ 𝑁(0,1)

𝑁

𝑗=𝑖+1

𝑁−1

𝑖=1

             (7) 

Afterward, the Δ tests calculated by Pesaran et al. (2008) and further developed by Blomquist 

and Westerlund (2013) for slope homogeneity were employed. The homogeneity test based on the Δ 

test, including its HAC (Heteroskedasticity and Autocorrelation Consistent) version, is depicted in 

Equations 8, 9, 10, and 11. 

𝛥𝐻𝐴𝐶 = √𝑁 (
𝑁−1𝑆𝐻𝐴𝐶 − 𝑘

√2𝑘
)                                                                                                (8) 

𝑆𝐻𝐴𝐶 = ∑ 𝑇(𝛽̂𝑖 − 𝛽̂)
′
(𝑂̂İ𝑇𝑉İ𝑇

−1𝑂̂İ𝑇)(𝛽̂𝑖 − 𝛽̂)                                                                   (9)

𝑁

𝑖=1

 

𝛽̂ = (∑ 𝑇𝑂̂İ𝑇𝑉İ𝑇
−1𝑂̂İ𝑇

𝑁

𝑖=1

)

−1

∑ 𝑂̂İ𝑇𝑉̂İ𝑇
−1𝑋𝑖

′𝑀𝑇𝑦𝑖

𝑁

𝑖=1

                                                                (10) 

𝑉̂İ𝑇 = 𝛤̂𝑖(0) + ∑ 𝐾 (
𝑗

𝑀İ𝑇

) [𝛤̂𝑖(𝑗) + 𝛤̂𝑖(𝑗)′]

𝑇−1

𝑗=1

                                                        (11) 

To assess panel stationarity, we conducted the Cross-Sectionally Augmented IPS (CIPS) test, a 

second-generation panel unit root test outlined in Equations 12–16. 

∆𝑦𝑖𝑡 = 𝛼𝑖 + 𝛽𝑖𝑦𝑖,𝑡−1 + 𝑢𝑖𝑡                                                                                                  (12) 

𝑢𝑖𝑡 = 𝛾𝑓𝑡 + 𝜀𝑖𝑡                                                                                                                               (13) 
∆𝑦𝑖𝑡 = 𝛼𝑖 + 𝜌𝑖𝑦𝑖,𝑡−1 + 𝑑0𝑦̅𝑡−1 + 𝑑1∆𝑦̅𝑡 + 𝜀𝑖𝑡                                                                (14) 

∆𝑦𝑖,𝑡 = 𝛼𝑖 + 𝜌𝑖𝑦𝑖,𝑡−1 + 𝑐𝑖𝑦̅𝑡−1 + ∑ 𝑑𝑖,𝑗

𝑝

𝑗=0
∆𝑦̅𝑡−𝑗 + ∑ 𝛽𝑖,𝑗

𝑝

𝑗=0
∆𝑦𝑖,𝑡−𝑗 + 𝜇𝑖,𝑡        (15) 

𝐶𝐼𝑃𝑆 =
1

𝑁
∑ 𝐶𝐴𝐷𝐹𝑖

𝑁

𝑖=1

                                                                                                           (16) 

Subsequently, the Panel LM bootstrap cointegration test by Westerlund and Edgerton (2007) was 

employed. The equations for the panel cointegration test are presented in Equations 17, 18, and 19. 

𝛾𝑖𝑡 =  𝛼𝑖 + 𝑥𝑖𝑡
′  𝛽𝑖𝑡 + 𝑍𝑖𝑡                                                                                                      (17) 

𝒁𝒊𝒕 =  𝝁𝒊𝒕 + 𝑽𝒊𝒕 𝑽𝒊𝒕 =  ∑ 𝜼𝒊𝒋
𝒕
𝑱=𝟏                                              (18) 

𝑳𝑴𝑵
+ =  

𝟏

𝑵𝑻𝟐  ∑ ∑ 𝝎̂𝒊
−𝟐 𝑺𝒊𝒕

𝟐𝒕
𝒕=𝟏

𝑵
𝒊=𝟏                                              (19) 
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Next, we estimated the long-term coefficients using the Panel-Corrected Standard Errors (PCSE) 

estimator proposed by Beck and Katz (1995) to correct for standard errors. The PCSE model is 

represented in Equations 20, 21, and 22. 

𝒚𝒊𝒕 = 𝒙𝒊𝒕𝜷+𝜺𝒊𝒕                                                                                                                          (𝟐𝟎) 

[

𝒚𝟏

𝒚𝟐

⋮
𝒚𝒎

] =  [

𝑿𝟏

𝑿𝟐

⋮
𝑿𝒎

]  𝜷 + [

𝜺𝟏

𝜺𝟐

⋮
𝜺𝒎

]                                                   (21) 

∑[𝜺𝜺′] = 𝜴 = [

𝝈𝟏𝟏𝑰𝟏𝟏 𝝈𝟏𝟐𝑰𝟏𝟐  …  𝝈𝟏𝒎𝑰𝟏𝒎

𝝈𝟐𝟏𝑰𝟐𝟏 𝝈𝟐𝟐𝑰𝟐𝟐  …  𝝈𝟐𝒎𝑰𝟐𝒎

  ⋮            ⋮       ⋱       ⋮
𝝈𝒎𝟏𝑰𝒎𝟏 𝝈𝒎𝟐𝑰𝒎𝟐 …  𝝈𝒎𝒎𝑰𝒎𝒎

]                                                          (𝟐𝟐) 

Then, following the PCSE estimation, we estimated the second set of long-term coefficients using 

Seemingly Unrelated Regressions (SUR). Based on the results of Monte Carlo simulations conducted 

by Mark, Ogaki, and Sul (2005), it can be asserted that this estimation method is effective in cases of 

high cross-sectional dependence (CD) and heterogeneity among cross-sections. The SUR model, 

comprising MM equations, is shown in Equations 23, 24, 25, and 26. 

𝒚𝟏 = 𝒙𝟏𝜷𝟏 + 𝒖𝟏 

𝒚𝟐 = 𝒙𝟐𝜷𝟐 + 𝒖𝟐                                                                                                              (𝟐𝟑) 

⋮             ⋮           ⋮ 

𝒚𝑴 = 𝒙𝑴𝜷𝑴 + 𝒖𝑴 

[

𝒚𝟏

𝒚𝟐

⋮
𝒚𝑴

]  =  [

𝑿𝟏 𝟎 …  𝟎
𝟎 𝑿𝟐  …  𝟎
 ⋮      ⋮   ⋱    ⋮
𝟎 𝟎    …   𝑿𝑴

]  +  [

𝜷𝟏

𝜷𝟐

⋮
𝜷𝑴

] + [

𝒖𝟏

𝒖𝟐

⋮
𝒖𝑴

]                          (24) 

∑ = [

𝝈𝟏𝟏 𝝈𝟏𝟐  …  𝝈𝟏𝑴

𝝈𝟐𝟏 𝝈𝟐𝟐  …  𝝈𝟐𝑴

  ⋮    ⋮   ⋱  ⋮
𝝈𝑴𝟏 𝝈𝑴𝟐  …  𝝈𝑴𝑴

]                                           (25) 

𝜷̂ = [𝒙′𝜴−𝟏𝒙]−𝟏𝒙′𝜴−𝟏𝒚 = [𝒙′(𝜮−𝟏 ⊗ 𝑰)𝒙]−𝟏𝒙′(𝜮−𝟏 ⊗ 𝑰)𝒚                              (𝟐𝟔) 
To assess the consistency of the models estimated with the SUR estimator, we conducted tests 

using the Panel-Corrected Standard Errors and Driscoll-Kraay estimators, which are developed as 

alternatives to address issues of cross-sectional dependence and heteroskedasticity. Finally, we 

employed the causality test proposed by Dumitrescu and Hurlin (2012) to examine the causality 

between variables X and Y, which is particularly applicable for heterogeneous panels and cases of 

cross-sectional dependence. 

𝒚𝒊,𝒕 = 𝜶𝒊 + ∑ 𝜷𝒊𝒌

𝑲

𝒌=𝟏

𝒚𝒊,𝒕−𝒌 + ∑ 𝜸𝒊,𝒌

𝑲

𝒌=𝟏

𝑿𝒊,𝒕−𝒌 + 𝜺𝒊𝒕                                                      (𝟐𝟕)  

5. Results 

5.1. Descriptive Statistics and Correlation Matrix Outcomes 

Table 3 presents the descriptive statistics of the variables utilized in the study. The findings 

reveal that the average CO₂ emissions per capita among RCEP countries are estimated to be 6.72 

metric tons. The average value for the Liner Shipping Connectivity Index is calculated to be 49.92. 

Among the RCEP countries from 2006 to 2019, China has the highest LSCI, whereas Brunei has the 

lowest. The variations in LSCI and GDP suggest that while some countries have highly developed 

maritime infrastructure and strong economies, others are less connected and have lower economic 

output. 
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Table 3. Descriptive statistics. 

Variable Mean Std.dev Min Max 

𝐶𝑂2 6.726 5.608 0.150 20.575 

LSCI 49.922 38.907 3.4 158.6 

FD 0.521 0.252 0.08 0.96 

GDP 19773.67 20125.55 301.582 68198.42 

Note: the number of observations 196. 

The correlation analysis between the variables employed in the study is depicted in Table 4. The 

results show a positive correlation (r = 0.14) between shipping connectivity and CO₂ emissions. This 

indicates that CO₂ emissions also tend to increase as shipping connectivity increases, although the 

relationship is relatively weak. Furthermore, a robust and positive correlation between economic 

growth, financial development, and CO₂ emissions is evident. As countries experience higher levels 

of economic activity and financial development, CO₂ emissions also increase. 

Table 4. Correlation matrix. 

Variable 𝑪𝑶𝟐 LSCI FD GDP 

𝐶𝑂2 1.000    

LSCI 0.147 1.000   

FD 0.596 0.587 1.000  

GDP 0.767 0.153 0.654 1.000 

These correlation coefficients provide initial insights into the relationships among the variables. 

The positive correlations between CO₂ emissions and both GDP and FD indicate that economic and 

financial growth may be linked to higher emissions. The moderate correlation between LSCI and FD 

suggests that improvements in shipping connectivity might be associated with financial sector 

development. However, it's important to note that correlation does not imply causation, and further 

analysis is necessary to understand the nature and direction of these relationships. 

5.2. Preliminary Statistical Tests 

In this section, we present the results of the preliminary statistical tests conducted to ensure the 

validity and reliability of our econometric models. These tests include assessments of cross-sectional 

dependence, slope homogeneity, and unit root properties of the data series.  

Table 5 presents the results of the cross-sectional dependence tests for the variables. According 

to the test results, all variables are statistically significant at the 1% level (p < 0.05). This means the 

null hypothesis of 'no cross-sectional dependence' is rejected for all variables, affirming the presence 

of cross-sectional dependence across all series. 

Table 5. Cross-Sectional Dependence (CSD) test results. 

Test 𝑪𝑶𝟐 LSCI FD GDP 

Breush-Pagan LM 242.41*** 145.23*** 341.21*** 144.96*** 

Pesaran scaled LM 54.74*** 65.16*** 34.22*** 95.78*** 

Bias-corrected scaled LM  31.92*** 23.03*** 19.18*** 41.72*** 

Pesaran CD 9.58*** 14.75*** 15.75*** 25.64*** 

Note: *** indicates statistical significance at the 1% level (p < 0.01). 

Table 6 presents the results of the slope homogeneity test using the Δ test statistics calculated by 

Blomquist and Westerlund (2013). The null hypothesis (𝐻0) of slope homogeneity is rejected in all 

models, indicating the presence of slope heterogeneity among the cross-sections in the study's 

models. 
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Table 6. Test of slope homogeneity. 

 Model 1 Model 2 Model 3 

∆̃ 11.46*** 13.52*** 7.82*** 

∆̃adj 8.74*** 9.94*** 6.87*** 

Note: *** indicates statistical significance at the 1% level (p < 0.01). 

Table 7 investigates the stationarity of the variables. The results indicate that at the level, only 

GDP is stationary at the 5% significance level, and at the first difference, all variables are stationary 

at the 1% significance level. This means the null hypothesis 𝐻0 stating that “the series contains a unit 

root” is rejected for all variables at their first differences, confirming that they are integrated of order 

one, I(1). 

Table 7. CIPS unit root test results. 

Variable Level First Difference 

𝐶𝑂2 -1.21 -3.85*** 

LSCI -1.45 -3.85*** 

FD -1.36 -4.38*** 

GDP -2.73** -5.64*** 

Note: ** indicates statistical significance at the 5% level (p < 0.05); *** indicates statistical significance at the 1% 

level (p < 0.01). 

5.3. Long-Run Coefficients and Causality Test Results 

This section presents the results of the long-run coefficients and the causality relationships 

among the variables studied. In Table 8, the Westerlund and Edgerton (2007) LM Bootstrap 

cointegration test is employed to determine the long-run cointegration relationship between the 

variables, accounting for cross-sectional dependence. This test is particularly suitable for panels with 

potential cross-sectional correlations among units. For the model evaluating LSCI, FD, and GDP's 

impact on CO2, with a Bootstrap-p value exceeding 0.10, the null hypothesis 𝐻0  is accepted, 

suggesting a cointegration relationship among the series. 

Table 8. Westerlund-Edgerton’s LM Bootstrap Cointegration Test Results. 

Models Test LM Statistics Asymptotic-p Value Boostrap-p Value 

Model 1 𝐿𝑀𝑁𝑇 13.26 0.0000 0.821 

Model 2 𝐿𝑀𝑁𝑇 16.51 0.0000 0.873 

Model 3  𝐿𝑀𝑁𝑇 11.33 0.0000 0.782 

Note: *** indicates statistical significance at the 1% level (p < 0.01). 

Table 9 presents the results from three different estimators: Panel-Corrected Standard Errors, 

Dynamic Seemingly Unrelated Regression, and Driscoll-Kraay. Using these estimators, the study 

investigated the effects of: i) shipping connectivity on carbon emissions, ii) shipping connectivity on 

financial development, and iii) shipping connectivity on economicg growth. Nine separate regression 

results were obtained using three different methods across three models.
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Table 9. Findings of long-run elasticity estimates. 

 Model 1 Model 2 Model 3 

Method PCSE SUR D-K PCSE SUR D-K PCSE SUR D-K 

Depended Var. 𝐶𝑂2 𝐶𝑂2 𝐶𝑂2 FD FD FD GDP GDP GDP 

LSCI 
4.15*** 

(0.13) 

2.51** 

(-0.13) 

2.47** 

-(0.13) 

32.99*** 

(0.03) 

12.03*** 

(0.03) 

22.57*** 

(0.03) 

13.14*** 

(182.5) 

5.71*** 

(182.5) 

9.71*** 

(182.5) 

FD 
8.23*** 

(5.39) 

3.10*** 

(5.39) 

11.17*** 

(5.39) 
- - - 

25.46*** 

(688.9) 

13.93*** 

(688.9) 

22.33*** 

(688.9) 

GDP 
12.95*** 

(0.01) 

9.74*** 

(0.01) 

11.13*** 

(0.01) 

21.02*** 

(7.22) 

13.93*** 

(7.22) 

18.63*** 

(7.22) 
- - - 

Constant 
9.89*** 

(1.13) 

1.19* 

(1.13) 

8.47*** 

(1.13) 

33.19*** 

(0.21) 

11.63*** 

(0.21) 

33.46*** 

(0.21) 

-11.71*** 

(-689.9) 

-3.02*** 

(-689.9) 

-20.52*** 

(-689.9) 

Observations 196 196 196 196 196 196 196 196 196 

R-squared 0.6078 0.6078 0.6078 0.6707 0.6707 0.6707 0.5092 0.5092 0.5092 

No. of groups 14 14 14 14 14 14 14 14 14 

Note: Standard errors are in parentheses. *, **, *** denote significance at the 10%, 5%, and 1% levels, respectively. 
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For Model 1, all estimations using the PCSE, SUR, and D-K methods are statistically significant. 

The results indicate that increased SC within RCEP countries is associated with higher per capita 

carbon emissions, suggesting a positive relationship between the two. These findings are consistent 

with those reported by Ayesu (2023) and Guo et al. (2023). Similarly, increasing SC has a positive 

impact on EG and FD, aligning with the findings of Bouazza et al. (2023), Şeker (2020), and Liang and 

Liu (2020). 

Additionally, an increase in EG has been found to harm the environment. Economic growth 

leads to increased energy demand and greater use of fossil fuels, potentially resulting in higher 

greenhouse gas emissions. This observation aligns with the findings of Shahbaz et al. (2023) and Ullah 

et al. (2024). Furthermore, it has been determined that an increase in FD adversely affects 

environmental sustainability. This phenomenon can be attributed to FD's association with increased 

income, greater consumption of natural resources, and increased energy demand that often 

accompanies EG. The literature supports these results (Jóźwik et al. 2023b; Ullah et al. 2023b; Shahbaz 

et al. 2023). 

In Model 2, the impact of maritime transportation connectivity on FD, the results indicate that 

an increase in maritime transportation connectivity in RCEP countries accelerates FD across all 

estimators. This phenomenon is associated with the increase in international trade and the 

strengthening of commercial relationships. The growth in foreign trade can support EG and stimulate 

FD. Additionally, the enhancement of maritime transportation connectivity can contribute to the 

expansion of international investments and commercial activities. This, in turn, may encourage 

financial institutions and investors to invest in sectors such as port infrastructure and maritime 

transportation. 

Upon examination of the results of Model 3, a robust and positive relationship between maritime 

transportation connectivity and EG is observed across all estimators. In other words, an increase in 

maritime transportation connectivity correlates with an acceleration in the rate of EG. This can be 

attributed to the strengthened connections in maritime transportation, leading to enhanced efficiency 

of ports and maritime transport services. These findings align with the results of Li et al. (2023) and 

Adenigbo et al. (2023). 

The results of the Dumitrescu-Hurlin panel causality test are presented in Table 10. They 

highlight the significant roles of maritime transportation connectivity and financial development in 

influencing CO₂ emissions among RCEP countries. For example, there is a unidirectional causality 

from LSCI to CO₂ emissions, implying that improvements in shipping connectivity lead to increased 

carbon emissions. Otherwise, the bidirectional causality between GDP and LSCI suggests that 

economic growth and maritime transportation connectivity enhance each other. Simirarly, the 

bidirectional causality between GDP and FD underscores the close relationship between economic 

performance and the development of the financial sector. The findings emphasize the importance of 

considering these factors in policy formulations aimed at promoting sustainable economic growth 

while mitigating environmental impacts. 

Table 10. Dumitrescu-Hurlin panel causality test results. 

 W-bar Z-bar P-values 

𝐶𝑂 ↛  𝐿𝑆𝐶𝐼 1.551 0.521 0.601 

𝐿𝑆𝐶𝐼 ↛  𝐶𝑂 2.628 2.382 0.017 

𝐶𝑂 ↛ GDP 2.193 1.629 0.103 

𝐺𝐷𝑃 ↛  𝐶𝑂 2.302 1.818 0.069 

𝐶𝑂 ↛  𝐹𝐷 1.863 1.060 0.288 

𝐹𝐷 ↛  𝐶𝑂 2.925 2.896 0.003 

𝐹𝐷 ↛  𝐿𝑆𝐶𝐼 2.899 3.012 0.002 

𝐿𝑆𝐶𝐼 ↛  𝐹𝐷 3.109 4.401 0.000 

𝐺𝐷𝑃 ↛  𝐿𝑆𝐶𝐼 3.356 4.715 0.000 

𝐿𝑆𝐶𝐼 ↛  𝐺𝐷𝑃 3.751 5.515 0.000 

𝐺𝐷𝑃 ↛  𝐹𝐷 2.674 3.252 0.000 
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𝐹𝐷 ↛  𝐺𝐷𝑃 2.203 2.972 0.003 

Note: the maximum lag length is taken as 1. 

6. Conclusions 

Shipping plays a pivotal role in international trade and economies by providing a cost-effective 

method for transporting large cargo volumes. However, it also contributes significantly to 

greenhouse gas emissions, primarily through the burning of fossil fuels, leading to adverse effects on 

climate change and environmental quality. This study explores the connection between the Liner 

Shipping Connectivity Index and environmental quality, economic growth, and financial 

development within the Regional Comprehensive Economic Partnership countries. Given their 

significant share in global trade, understanding these relationships is crucial. 

The analysis results show that shipping connectivity has positive effects on financial 

development and economic growth but has a negative effect on environmental quality. Furthermore, 

the gradual removal of customs tariffs applied to goods among member countries within the scope 

of the RCEP agreement implies that trade between these countries will increase further. 

Consequently, the increase in trade will lead to heightened shipping activities, which will escalate 

environmental pollution and marine emissions. Therefore, countries need policies and practices 

aimed at sustainable development alongside increasing maritime trade. Governments should plan to 

promote environmentally friendly green ports. Low-carbon and advanced technologies should be 

applied to reduce shipping emissions in maritime trade. Authorities need to tighten policies and 

increase controls to reduce or prevent environmental pollution and shipping emissions. In this 

context, industry stakeholders should encourage cooperation among shipping companies, local 

governments, and environmental organizations. 

Based on the findings of the study, to enhance environmental sustainability in the maritime 

sector, green maritime practices such as replacing ship fuels with cleaner and low-carbon alternatives, 

improving waste management, and reducing the environmental impacts of maritime activities 

should be encouraged. Investment and innovation efforts should be supported for the development 

and adoption of environmentally friendly technologies. Research and development efforts and 

investments should be increased in areas such as maritime technologies based on renewable energy 

sources and carbon reduction solutions. Additionally, RCEP countries must set stringent 

environmental regulations and standards to reduce environmental impacts in the maritime sector, 

such as reducing shipping emissions, preventing marine pollution, and protecting biodiversity. It is 

important for RCEP countries to align their trade policies with environmental sustainability 

principles and create trade policies that encourage trade in environmentally friendly products and 

ensure compliance with environmental standards. These recommendations may help RCEP countries 

achieve a balance between environmental sustainability, financial development, and economic 

growth. 

This study has some limitations. Firstly, the findings should be evaluated within the framework 

of the variables used in the study and in terms of RCEP countries. In future studies, similar research 

may be conducted for different country groups. Finally, the environmental impacts of maritime 

activities may be examined in more detail, especially their impact on CO₂ emissions, water pollution, 

and marine biodiversity. Such research may contribute to a better understanding of the maritime 

industry in terms of environmental sustainability. 
Author Contributions: conceptualization, SA; methodology, MD; software, XB; validation, FGA and BJ; formal 

analysis, MD; investigation, PT and BJ; resources, SA; data curation, XB; writing—original draft preparation, 

FGA, MD and BJ; writing—review and editing, XB and BJ; visualization, BJ; supervision, MD and BJ.  

Funding: This research received no external funding.  

Data Availability Statement: Data available in a publicly accessible repository: carbon emissions and economic 

growth at World Bank Indicators, https://databank.worldbank.org/source/world-development-indicators, Date 

of Access: 10 July 2024; financial development at International Monetary Fund, https://betadata.imf.org, Date of 

Access: 10 July 2024; shipping connectivity, UNCTAD (UN Trade and Development), 

https://unctad.org/statistics, Date of Access: 10 July 2024.  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 31 October 2024 doi:10.20944/preprints202410.2559.v1

https://betadata.imf.org/
https://unctad.org/statistics
https://doi.org/10.20944/preprints202410.2559.v1


 13 

 

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the design of the 

study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or in the decision 

to publish the results. 

References 

Adenigbo, A.J.; Mageto, J.; Luke, R. Effect of Shipping Trade on Economic Growth in Nigeria: The Vector Error 

Correction Model (VECM) Approach. J. Shipp. Trade 2023, 8, 15, doi:10.1186/s41072-023-00147-8. 

Alnıpak, S.; Isikli, E.; Apak, S. The Propellants of the Logistics Performance Index: An Empirical Panel 

Investigation of the European Region. Int. J. Logist. Res. Appl. 2023, 26, 894–916, 

doi:10.1080/13675567.2021.1998397. 

Armstrong, S.P.; Drysdale, P. The economic cooperation potential of East Asia's RCEP agreement. East Asian 

Econ. Rev. 2022, 26, 3–25. doi:10.11644/KIEP.EAER.2022.26.1.403. 

Ayesu, E.K. Does shipping cause environmental emissions? Evidence from African countries. Transp. Res. 

Interdiscip. Perspect. 2023, 21, 100873. doi:10.1016/j.trip.2023.100873. 

Beck, N.; Katz, J.N. What to do (and not to do) with time-series cross-section data. Am. Polit. Sci. Rev. 1995, 89, 

634–647. doi:10.2307/2082979. 

Becker, W.; Domínguez-Torreiro, M.; Neves, A.R.; Moura, C.T.; Saisana, M. Exploring the Link between Asia 

and Europe Connectivity and Sustainable Development. Res. Glob. 2021, 3, 100045, 

doi:10.1016/j.resglo.2021.100045. 

Bouazza, S.; Benmamoun, Z.; Hachimi, H. Maritime bilateral connectivity analysis for sustainable maritime 

growth: Case of Morocco. Sustainability 2023, 15, 4993. doi.org/10.3390/su15064993. 

Caradonna, J.L. Sustainability: A History; Oxford University Press: New York, NY, USA, 2022. 

Chua, Y.J.; Soudagar, I.; Ng, S.H.; Meng, Q. Impact analysis of environmental policies on shipping fleet planning 

under demand uncertainty. Transp. Res. Part D Transp. Environ. 2023, 120, 

103744. doi:10.1016/j.trd.2023.103744. 

Del Rosal, I. Trade effects of liner shipping across world regions. Marit. Bus. Rev. 2023, 9, 2–

16. doi:10.1108/MABR-06-2023-0040. 

Driscoll, J.C.; Kraay, A.C. Consistent covariance matrix estimation with spatially dependent panel data. Rev. 

Econ. Stat.1998, 80, 549–560. doi:10.1162/003465398557825. 

Dumitrescu, E.I.; Hurlin, C. Testing for Granger non-causality in heterogeneous panels. Econ. Model. 2012, 29, 

1450–1460. doi:10.1016/j.econmod.2012.02.014. 

Elgohary, M.M.; Seddiek, I.S.; Salem, A.M. Overview of alternative fuels with emphasis on the potential of 

liquefied natural gas as future marine fuel. Proc. Inst. Mech. Eng. Part M J. Eng. Marit. Environ. 2015, 229, 

365–375. doi:10.1177/1475090214522778. 

Fan, M.; Wu, Z.; Qalati, S.A.; He, D.; Hussain, R.Y. Impact of green logistics performance on China’s export trade 

to regional comprehensive economic partnership countries. Front. Environ. Sci. 2022, 10, 

879590. doi:10.3389/fenvs.2022.879590. 

Fan, Y.; Yan, X.; Cui, L.; Zhang, L.; Wang, J. Carbon pricing, carbon equity, and the RCEP framework. China Econ. 

Rev. 2023, 80, 102017. doi:10.1016/j.chieco.2023.102017. 

Fratila, A.; Gavril, I.A.; Nita, S.C.; Hrebenciuc, A. The importance of maritime transport for economic growth in 

the European Union: A panel data analysis. Sustainability 2021, 13, 7961. doi:10.3390/su13147961. 

Fugazza, M.; Hoffmann, J. Liner shipping connectivity as a determinant of trade. J. Shipp. Trade 2017, 2, 1–

18. doi:10.1186/s41072-017-0019-5. 

Guo, Q.; Wu, Z.; Ding, C.; Akbar, M.W.; Guo, B. Unveiling the nexus between marine energy consumption, 

seaborne trade, and greenhouse gases emissions from international shipping. Environ. Sci. Pollut. 

Res. 2023, 30, 62553–62565. doi:10.1007/s11356-023-26537-w. 

Hasanspahić, N.; Vujičić, S.; Čampara, L.; Piekarska, K. Sustainability and environmental challenges of modern 

shipping industry. J. Appl. Eng. Sci. 2021, 19, 369–374. doi:10.5937/jaes0-28681. 

Hoffmann, J.; Saeed, N.; Sødal, S. Liner shipping bilateral connectivity and its impact on South Africa’s bilateral 

trade flows. Marit. Econ. Logist. 2020, 22, 473–499. doi:10.1057/s41278-019-00124-8. 

IMO. Fourth Greenhouse Gas Study 2020. Available online: https://www.imo.org/en (accessed on 20 January 

2024). 

Jarumaneeroj, P.; Ramudhin, A.; Barnett Lawton, J. A connectivity-based approach to evaluating port 

importance in the global container shipping network. Marit. Econ. Logist. 2023, 25, 602–

622. doi:10.1057/s41278-022-00243-9. 

Jiang, J.; Lee, L.H.; Chew, E.P.; Gan, C.C. Port connectivity study: An analysis framework from a global container 

liner shipping network perspective. Transp. Res. Part E Logist. Transp. Rev. 2015, 73, 47–

64. doi:10.1016/j.tre.2014.10.012. 

Jóźwik, B.; Doğan, M.; Gürsoy, S. The impact of renewable energy consumption on environmental quality in 

Central European countries: The mediating role of digitalization and financial 

development. Energies 2023, 16, 7041. doi:10.3390/en16207041. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 31 October 2024 doi:10.20944/preprints202410.2559.v1

https://doi.org/10.20944/preprints202410.2559.v1


 14 

 

Jóźwik, B.; Gürsoy, S.; Doğan, M. Nuclear energy and financial development for a clean environment: Examining 

the N-shaped environmental Kuznets curve hypothesis in top nuclear energy-consuming 

countries. Energies 2023, 16, 7494. doi:10.3390/en16227494. 

Lee, P.T.W.; Kwon, O.K.; Ruan, X. Sustainability challenges in maritime transport and logistics industry and its 

way ahead. Sustainability 2019, 11, 1331. doi:10.3390/su11051331. 

Li, W.; Bai, X.; Yang, D.; Hou, Y. Maritime connectivity, transport infrastructure expansion and economic 

growth: A global perspective. Transp. Res. Part A Policy Pract. 2023, 170, 

103609. doi:10.1016/j.tra.2023.103609. 

Liang, R.; Liu, Z. Port infrastructure connectivity, logistics performance and seaborne trade on economic growth: 

An empirical analysis on “21st-century maritime silk road.” J. Coast. Res. 2020, 106 (SI), 319–

324. doi:10.2112/SI106-074.1. 

Lin, P.C.; Kuo, S.Y.; Chang, J.H. The direct and spillover effects of liner shipping connectivity on merchandise 

trade. Marit. Bus. Rev. 2020, 5, 159–173. doi:10.1108/MABR-12-2019-0055. 

Lu, B.; Ming, X.; Lu, H.; Chen, D.; Duan, H. Challenges of decarbonizing global maritime container shipping 

toward net-zero emissions. Ocean Sustain. 2023, 2, 11. doi:10.1038/s44183-023-00018-6. 

Mark, N.C.; Ogaki, M.; Sul, D. Dynamic seemingly unrelated cointegrating regressions. Rev. Econ. Stud. 2005, 72, 

797–820. doi:10.1111/j.1467-937X.2005.00352.x. 

McCoskey, S.; Kao, C. A residual-based test of the null of cointegration in panel data. Econom. Rev. 1998, 17, 57–

84. doi:10.1080/07474939808800403. 

Merk, O.; Teodoro, A. Alternative approaches to measuring concentration in liner shipping. Marit. Econ. 

Logist.2022, 24, 723–746. doi:10.1057/s41278-022-00225-x. 

Mishra, V.K.; Dutta, B.; Goh, M.; Figueira, J.R.; Greco, S. A robust ranking of maritime connectivity: Revisiting 

UNCTAD’s liner shipping connectivity index (LSCI). Marit. Econ. Logist. 2021, 23, 424–

443. doi:10.1057/s41278-021-00185-8. 

Pan, J.J.; Zhang, Y.F.; Fan, B. Strengthening container shipping network connectivity during COVID-19: A graph 

theory approach. Ocean Coast. Manag. 2022, 229, 106338. doi:10.1016/j.ocecoaman.2022.106338. 

Pesaran, M.H. General diagnostic tests for cross-section dependence in panels; Discussion Paper No. 1240, 2004; 

pp. 1–42. 

Pesaran, M.H. A simple panel unit root test in the presence of cross-section dependence. J. Appl. Econom. 2007, 22, 

265–312. doi:10.1002/jae.951. 

Pesaran, M.H.; Ullah, A.; Yamagata, T. A bias-adjusted LM test of error cross-section independence. Econom. 

J. 2008, 11, 105–127. doi:10.1111/j.1368-423X.2007.00227.x. 

RCEP. RCEP Agreement enters into force January 1, 2022. Available online: https://asean.org/rcep-agreement-

enters-into-force/ (accessed on 21 January 2024). 

RCEP. RCEP Agreement enters into force for Philippines June 2, 2023. Available online: https://asean.org/rcep-

agreement-enters-into-force-for-philippines/ (accessed on 21 January 2024). 

Rizkallah, W.W.A. Logistics investment and economic growth in Arab Countries and OECD Countries: A 

mediation analysis approach. L'Egypte Contemp. 2023, 114, 535–

579. doi:10.21608/ESPESL.2022.175266.1036. 

Romano, A.; Yang, Z. Decarbonisation of shipping: A state of the art survey for 2000–2020. Ocean Coast. 

Manag.2021, 214, 105936. doi:10.1016/j.ocecoaman.2021.105936. 

Saadaoui, H.; Dogan, M.; Omri, E. The impacts of hydroelectricity generation, financial development, 

geopolitical risk, income, and foreign direct investment on carbon emissions in Turkey. Environ. Econ. 

Policy Stud. 2024, 26, 239–261. doi:10.1007/s10018-023-00384-y. 

Shahbaz, M.; Dogan, M.; Akkus, H.T.; Gursoy, S. The effect of financial development and economic growth on 

ecological footprint: Evidence from top 10 emitter countries. Environ. Sci. Pollut. Res. 2023, 30, 73518–

73533. doi:10.1007/s11356-023-27573-2. 

Shimizu, K. The ASEAN Economic Community and the RCEP in the world economy. J. Contemp. East Asia 

Stud.2021, 10, 1–23. doi:10.1080/24761028.2021.1907881. 

Sikder, M.; Wang, C.; Yeboah, F.K.; Wood, J. Driving factors of CO2 emission reduction in the logistics industry: 

An assessment of the RCEP and SAARC economies. Environ. Dev. Sustain. 2024, 26, 2557–

2587. doi:10.1007/s10668-022-02840-3. 

Şeker, A. The impacts of liner shipping connectivity and economic growth on international trade: Case of 

European countries and Turkey. In Handbook of Research on the Applications of International Transportation and 

Logistics for World Trade; Ceyhun, G.Ç., Ed.; IGI Global, 2020; pp. 139–150. 

Tian, K.; Zhang, Y.; Li, Y.; Ming, X.; Jiang, S.; Duan, H.; Yang, C.; Wang, S. Regional trade agreement burdens 

global carbon emissions mitigation. Nat. Commun. 2022, 13, 408. doi:10.1038/s41467-022-28004-5. 

Tovar, B.; Wall, A. The relationship between port-level maritime connectivity and efficiency. J. Transp. 

Geogr. 2022, 98, 103213. doi:10.1016/j.jtrangeo.2021.103213. 

Tu, Z.; Feng, C.; Zhao, X. Revisiting energy efficiency and energy-related CO2 emissions: Evidence from RCEP 

economies. Econ. Res.-Ekon. Istraživ. 2022, 35, 5858–5878. doi:10.1080/1331677X.2022.2038651. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 31 October 2024 doi:10.20944/preprints202410.2559.v1

https://doi.org/10.20944/preprints202410.2559.v1


 15 

 

Ullah, A.; Dogan, M.; Pervaiz, A.; Bukhari, A.A.A.; Akkus, H.T.; Dogan, H. The impact of digitalization, 

technological and financial innovation on environmental quality in OECD countries: Investigation of N-

shaped EKC hypothesis. Technol. Soc. 2024, 102484. doi:10.1016/j.techsoc.2024.102484. 

Ullah, A.; Dogan, M.; Topcu, B.A.; Saadaoui, H. Modeling the impacts of technological innovation and financial 

development on environmental sustainability: New evidence from the world’s top 14 financially developed 

countries. Energy Strateg. Rev. 2023, 50, 101229. doi:10.1016/j.esr.2023.101229. 

Ullah, A.; Tekbaş, M.; Doğan, M. The impact of economic growth, natural resources, urbanization and 

biocapacity on the ecological footprint: The case of Turkey. Sustainability 2023, 15, 

12855. doi:10.3390/su151712855. 

UNCTAD. Review of Maritime Transport 2017. Available online: https://unctad.org/publication/review-maritime-

transport-2017 (accessed on 16 January 2024). 

UNCTAD. Review of Maritime Transport 2021. Available online: https://unctad.org/publication/review-maritime-

transport-2021 (accessed on 13 January 2024). 

UNCTAD. Review of Maritime Transport 2023. Available online: https://unctad.org/publication/review-maritime-

transport-2023 (accessed on 13 January 2024). 

Wang, Y.; Wright, L.A. A comparative review of alternative fuels for the maritime sector: Economic, technology, 

and policy challenges for clean energy implementation. World 2021, 2, 456–481. doi:10.3390/world2040029. 

Wang, Z.; Silberman, J.A.; Corbett, J.J. Container vessels diversion pattern to trans-Arctic shipping routes and 

GHG emission abatement potential. Marit. Policy Manag. 2021, 48, 543–

562. doi:10.1080/03088839.2020.1795288. 

Westerlund, J.; Edgerton, D.L. A panel bootstrap cointegration test. Econ. Lett. 2007, 97, 185–

190. doi:10.1016/j.econlet.2007.03.003. 

World Bank. Metadata Glossary. Available online: https://databank.worldbank.org/metadataglossary/world-

development-indicators/series/IS.SHP.GCNW.XQ (accessed on 17 January 2024). 

WTO. Global Trade Outlook and Statistics. Available 

online: https://www.wto.org/english/res_e/booksp_e/trade_outlook23_e.pdf (accessed on 13 January 

2024). 

Zhu, N.; Huang, S. Impact of the tariff concessions of the RCEP agreement on the structure and evolution 

mechanism of manufacturing trade networks. Soc. Netw. 2023, 74, 78–101. doi:10.1016/j.socnet.2023.01.008. 

 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 31 October 2024 doi:10.20944/preprints202410.2559.v1

https://doi.org/10.20944/preprints202410.2559.v1

