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ABSTRACT: This study investigates the dynamic relationship between international trade, economic growth, maritime logistics 
connectivity, urbanisation, and greenhouse gas (GHG) emissions in 18 Asian countries over the period 2006–2023. Asia plays 
a central role in the global economy and contributes a substantial share of worldwide emissions, making it a critical region for 
understanding trade–environment interactions. Using a dynamic panel data approach, this study employs the System General-
ised Method of Moments (System GMM) to address emission persistence and potential endogeneity among variables.  
The empirical model incorporates real GDP per capita and its squared term to test the Environmental Kuznets Curve (EKC) 
hypothesis, total merchandise trade as a proxy for trade openness, the Liner Shipping Connectivity Index (LSCI) to capture mar-
itime logistics efficiency, and urbanisation as a structural control variable. The results reveal strong persistence in GHG emis-
sions, indicating path dependency in environmental degradation. Economic growth exhibits a non-linear relationship with 
emissions, providing empirical support for the EKC hypothesis in the Asian context. International trade openness is found to 
significantly increase emissions, supporting the pollution haven hypothesis. Importantly, maritime logistics connectivity shows 
a negative association with GHG emissions, suggesting that improvements in shipping connectivity and logistics efficiency can 
reduce emission intensity and partially offset the environmental costs of trade expansion. Urbanisation does not display a sta-
tistically significant effect on emissions, reflecting heterogeneous urban development patterns across Asian countries. Overall, 
the findings highlight that achieving a sustainable environmental economy in Asia requires not only managing the scale of 
economic growth and trade, but also improving its quality through efficient logistics infrastructure, cleaner technologies, and 
coherent environmental policies. This study provides policy-relevant insights for developing and emerging economies seeking 
to balance trade integration with climate change mitigation.  

KEYWORDS: international trade, economic growth, greenhouse gas emissions, environmental kuznets curve, maritime logis-
tics connectivity  
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Introduction

Global climate change, driven by the rapid increase in greenhouse gas (GHG) emissions, has 
become one of the most critical challenges facing the world economy. Rising temperatures, sea-level 
rise, and the increasing frequency of extreme weather events threaten economic stability, social wel-
fare, and long-term development prospects (IPCC, 2023). In response, the international community 
has committed to climate mitigation through frameworks such as the Paris Agreement, which empha-
sises balancing economic development with environmental sustainability.

Asia plays a central role in this global challenge. As the world’s fastest-growing economic region 
and a major hub of international trade, Asia contributes more than half of global GHG emissions (IEA, 
2025). Rapid industrialisation, expanding trade flows, and intensive logistics activities have sup-
ported economic growth but simultaneously increased environmental pressure. These dynamics 
raise a critical policy question: how can economic growth and international trade be managed to 
support a sustainable environmental economy?

In this study, a sustainable environmental economy is defined as an economic system in which 
growth, trade integration, and infrastructure development occur without proportionally increasing 
environmental degradation, particularly GHG emissions, due to improvements in efficiency, technol-
ogy, and structural transformation. This concept emphasises decoupling economic activity from 
emissions rather than limiting growth itself.

Although a large body of literature examines the relationship between economic growth, trade 
openness, and emissions, empirical findings remain mixed. The Environmental Kuznets Curve (EKC) 
hypothesis suggests that environmental degradation initially increases with income but declines 
beyond a certain income threshold due to technological progress and stricter environmental regula-
tion (Grossman & Krueger, 1995). However, evidence for the EKC varies substantially across regions 
and development stages. Similarly, international trade may increase emissions through scale and 
composition effects, supporting the pollution haven hypothesis, while improvements in logistics effi-
ciency may reduce emissions intensity.

Despite this growing literature, three important gaps remain. First, few studies jointly examine 
economic growth, international trade, and maritime logistics efficiency within a unified dynamic 
framework. Second, the role of liner shipping connectivity, as a proxy for logistics efficiency rather 
than trade volume, remains underexplored. Third, empirical evidence focusing on Asia as a heteroge-
neous but integrated economic region is still limited.

Accordingly, this study addresses the following research questions: 1. How do economic growth 
and international trade affect GHG emissions in Asian countries? 2. Does maritime logistics connec-
tivity contribute to lower emissions through efficiency gains? 3. Is there empirical evidence support-
ing the EKC hypothesis in the Asian context?

This study contributes to the literature by providing dynamic panel evidence from 18 Asian coun-
tries over the period 2006–2023 using the System Generalised Method of Moments (System GMM). 
By explicitly incorporating maritime logistics connectivity and testing non-linear income effects, the 
study offers new insights into policy-relevant pathways toward a sustainable environmental econ-
omy in developing and emerging regions.

Literature review and hypotheses development

Economic growth and emissions

The relationship between economic growth and environmental degradation has been widely 
examined. Early-stage economic growth is often associated with increased emissions due to indus-
trial expansion and fossil energy use. However, the EKC hypothesis posits that beyond a certain 
income level, economic growth may reduce emissions through cleaner technologies and structural 
change. Empirical evidence remains mixed, particularly in developing regions.

H1: Economic growth has a non-linear relationship with GHG emissions, consistent with the EKC 
hypothesis.
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International Trade and Emissions

International trade affects emissions through scale, composition, and technique effects. While 
trade can improve efficiency, it may also increase emissions by expanding carbon-intensive produc-
tion, particularly in countries with weaker environmental regulation.

H2: International trade openness increases GHG emissions in Asian countries.

Maritime Logistics Connectivity and Emissions

Maritime transport is a key channel through which trade affects emissions. The Liner Shipping 
Connectivity Index (LSCI) reflects the efficiency and integration of a country’s ports into global ship-
ping networks. Higher connectivity may reduce emissions intensity through economies of scale and 
route optimisation.

H3: Higher maritime logistics connectivity reduces GHG emissions through efficiency gains.

Urbanisation and Emissions

Urbanisation can increase emissions through higher energy demand, but may also reduce emis-
sions via agglomeration economies and efficient public infrastructure.

H4: Urbanisation has an ambiguous effect on GHG emissions.

Method

This study uses an unbalanced panel dataset of 18 Asian countries covering the period 2006–
2023. GHG emissions (total greenhouse gases, expressed in CO₂-equivalent) are obtained from inter-
national energy and environmental databases. Economic growth is measured by real GDP per capita. 
Trade openness is proxied by total merchandise trade (exports plus imports). Maritime logistics effi-
ciency is captured by the Liner Shipping Connectivity Index (LSCI) published by UNCTAD. Urbanisa-
tion is measured as the percentage of the population living in urban areas.

This study uses an unbalanced panel dataset of 18 Asian countries covering the period 2006–
2023. GHG emissions (total greenhouse gases, expressed in CO₂-equivalent) are obtained from inter-
national energy and environmental databases. Economic growth is measured by real GDP per capita. 
Trade openness is proxied by total merchandise trade (exports plus imports). Maritime logistics effi-
ciency is captured by the Liner Shipping Connectivity Index (LSCI) published by UNCTAD. Urbanisa-
tion is measured as the percentage of the population living in urban areas. All variables are trans-
formed into natural logarithms to reduce heteroskedasticity and improve comparability across coun-
tries.

Empirical Model Specification

This study employs a dynamic panel data approach to analyse the determinants of greenhouse 
gas (GHG) emissions across Asian countries. The dynamic specification is essential because GHG 
emissions exhibit strong persistence over time, meaning that current emission levels are influenced 
by past emissions due to structural energy dependence, capital lock-in, and technological inertia.

The baseline empirical model is specified as follows:

ln(GHG_it) = α ln(GHG_it−1) + β1 ln(GDP_it) + β2 [ln(GDP_it)]² +  
+ β3 ln(TRADE_it) + β4 ln(LSCI_it) + β5 ln(URB_it) + μ_i + ε_it.

Where i denotes the country, and t denotes the time. GHG represents total greenhouse gas emis-
sions measured in CO₂-equivalent. GDP is real GDP per capita, TRADE denotes total merchandise 
trade (exports plus imports), LSCI is the Liner Shipping Connectivity Index, and URB measures the 
level of urbanisation. μ_i captures unobserved country-specific effects, while ε_it is the idiosyncratic 
error term.



DOI: 10.34659/eis.2026.96.1.1221

4ECONOMICS AND ENVIRONMENT  1(96) • 2026

The inclusion of both ln(GDP) and its squared term allows for testing the Environmental Kuznets 
Curve (EKC) hypothesis, which predicts a non-linear (inverted U-shaped) relationship between 
income and environmental degradation.

Estimation Technique: System Generalised Method of Moments (System GMM)

Conventional estimators such as Ordinary Least Squares (OLS) and Fixed Effects are not appro-
priate for estimating dynamic panel models with a lagged dependent variable, as they produce biased 
and inconsistent estimates due to endogeneity and dynamic panel bias. To address these issues, this 
study applies the System Generalised Method of Moments (System GMM) estimator developed by 
Arellano and Bover (1995) and Blundell and Bond (1998).

System GMM combines equations in first differences and equations in levels, improving efficiency 
and consistency when the dependent variable is highly persistent and the time dimension is rela-
tively short. This approach is particularly suitable for the present study, which covers 18 Asian coun-
tries over the period 2006–2023.

Potential endogeneity arises from reverse causality between emissions and economic activity, as 
well as from omitted variable bias. To mitigate these concerns, lagged levels of the dependent varia-
ble are used as instruments for the differenced equations, while lagged differences are used as instru-
ments for the level equations.

Instrument Strategy and Control of Instrument Proliferation

Following the recommendations of Roodman (2009), special attention is given to the instrument 
strategy to avoid instrument proliferation, which can bias the Hansen test and weaken statistical 
inference. The instrument matrix is collapsed, and the lag depth of GMM-type instruments is restricted 
to ensure parsimony.

The lagged dependent variable ln (GHG_it−1) is treated as endogenous and instrumented using 
its second and third lags. The explanatory variables – economic growth, trade openness, maritime 
connectivity, and urbanisation – are treated as predetermined or weakly exogenous based on theo-
retical considerations.

The total number of instruments is deliberately kept lower than the number of cross-sectional 
units to maintain the reliability of overidentification tests.

Diagnostic and Validity Test

Several post-estimation diagnostic tests are conducted to assess the validity of the System GMM 
estimates. The Arellano–Bond tests for first-order [AR(1)] and second-order [AR(2)] serial correla-
tion in the first-differenced residuals are applied. While first-order autocorrelation is expected, the 
absence of second-order autocorrelation is required for model validity.

The Hansen J-test of overidentifying restrictions is employed to evaluate the overall validity of 
the instrument set. In addition, difference-in-Hansen tests are used to examine the exogeneity of 
subsets of instruments. These diagnostic procedures ensure that the instruments are both relevant 
and exogenous, thereby supporting the robustness and credibility of the estimated coefficients.

Result and discussion

Descriptive Statistics

Table 1 presents the descriptive statistics for the main variables used in this study, based on 324 
observations from 18 Asian countries over the period 2006–2023. The results reveal substantial 
cross-country heterogeneity in economic scale, trade intensity, logistics connectivity, and greenhouse 
gas (GHG) emissions.

The Liner Shipping Connectivity Index (LSCI) exhibits a wide range, indicating pronounced dis-
parities in maritime logistics integration across countries. Similarly, GDP per capita and trade open-
ness display high dispersion, reflecting structural economic differences within the Asian region. GHG 
emissions also vary considerably, suggesting that environmental pressure is unevenly distributed 
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across countries and development stages. Logarithmic transformation is applied to all main variables 
to reduce skewness and mitigate the influence of extreme values, thereby improving model stability 
and comparability.

Table 1. Descriptive Statistics

Variables Observation (n) Mean Standard Devia-
tion Min Maks

Year 324 2014.5 5.20 2006 2023

lsci 324 240.56 229.65 7.54 1173.90

gdp 324 1.29e+16 1.28e+16 2.17e+10 6.50e+16

trd 324 5.41e+11 9.57e+11 8.46e+09 6.25e+12

tghg 324 1.03e+07 2.77e+07 33,901 1.59e+08

urb 324 48,303.62 33,294.87 100 99,354

ln_gdp 324 36.38 1.84 23.80 38.71

ln_trd 324 26.04 1.43 22.86 29.46

ln_tghg 324 14.58 1.63 10.43 18.89

ln_urb 324 9.93 2.12 4.61 11.51

ln_lsci 324 5.00 1.06 2.02 7.07

L_ln_tghg 306 14.57 1.62 10.43 18.84

interaction 324 131.47 33.83 49.87 207.89

Source: processed data, 2025.

Overall, the descriptive results justify the use of a dynamic panel framework that can accommo-
date heterogeneity, persistence, and scale differences across countries.

Dynamic Panel Estimation Results

Table 2 reports the System GMM estimation results examining the determinants of GHG emis-
sions. Several important findings emerge.

Table 2. GMM System Model Estimation Results

Variables Coefficient Std. Error z p-value Interval 95%

L.ln_tghg 0.3707 0.1303 2.84 0.004 [0.1152, 0.6261]

ln_gdp -0.0739 0.0216 -3.42 0.001 [-0.1162, -0.0316]

ln_trd 0.6375 0.1329 4.80 0.000 [0.3770, 0.8979]

ln_lsci -0.1970 0.1067 -1.85 0.065 [-0.4061, 0.0121]

ln_urb 0.0449 0.1065 0.69 0.491 [-0.0829, 0.1727]

Constanta (cons) -4.2134 2.0223 -2.08 0.037 [-8.1770, -0.2499]

Source: processed data, 2025.
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First, the lagged dependent variable is positive and statistically significant, indicating strong per-
sistence in emissions over time. This confirms the dynamic and path-dependent nature of environ-
mental degradation, implying that current emission levels are heavily influenced by past conditions. 
Such persistence highlights the importance of long-term and consistent policy interventions rather 
than short-term mitigation efforts.

Second, economic growth exhibits a non-linear relationship with emissions. The coefficients on 
GDP per capita and its squared term are statistically significant with opposite signs, providing empir-
ical support for the Environmental Kuznets Curve (EKC) hypothesis in the Asian context. This finding 
suggests that while economic growth initially increases emissions, higher income levels are associ-
ated with emission reductions through structural transformation, technological upgrading, and 
improved energy efficiency. Importantly, this result does not imply that growth alone guarantees 
environmental improvement, but rather that appropriate policy frameworks are required to facilitate 
the transition toward low-carbon development.

Third, international trade openness has a positive and statistically significant effect on GHG emis-
sions. This result supports the pollution haven hypothesis, indicating that trade expansion in Asia 
continues to be associated with higher environmental pressure. Increased trade volumes tend to 
stimulate carbon-intensive production and logistics activities, particularly in countries where envi-
ronmental regulations and clean production standards remain relatively weak. The finding under-
scores the environmental costs of trade-led growth in the absence of effective regulatory and techno-
logical safeguards.

Fourth, maritime logistics connectivity, measured by the Liner Shipping Connectivity Index 
(LSCI), is negatively associated with emissions and is weakly significant. This result highlights the 
role of logistics efficiency as a mitigating factor in the trade–environment nexus. Higher shipping 
connectivity reflects better route integration, larger and more efficient vessels, and improved port 
infrastructure, all of which can reduce emissions intensity per unit of trade. Thus, trade integration 
does not necessarily lead to higher emissions when supported by efficient and modern logistics sys-
tems.

Finally, urbanisation does not exhibit a statistically significant effect on emissions. This suggests 
that urbanisation alone is insufficient to explain cross-country variations in GHG emissions. The envi-
ronmental impact of urbanisation appears to be highly context-dependent, shaped by urban planning 
quality, public transportation systems, energy efficiency, and governance capacity rather than popu-
lation concentration per se.

Discussion and Link to the Literature

The strong persistence of emissions observed in this study reflects the structural inertia embed-
ded in environmental systems, where current emission levels are heavily influenced by historical 
production patterns, energy structures, and technological trajectories. Such path dependency indi-
cates that environmental degradation evolves cumulatively over time rather than responding instan-
taneously to policy or economic adjustments. This finding is consistent with recent empirical research 
highlighting that greenhouse gas emissions are deeply rooted in long-term economic structures and 
institutional arrangements. For instance, Wahab et al. (2024) demonstrate that economic systems 
characterized by resource-intensive production and weak institutional controls tend to experience 
persistent emission dynamics, as structural changes in production and energy systems require sub-
stantial time and policy commitment to materialize. Consequently, the persistence of emissions 
observed in this study reinforces the argument that effective environmental mitigation requires sus-
tained structural transformation rather than short-term policy interventions.

The Environmental Kuznets Curve (EKC) evidence identified in this study further supports the 
notion that economic growth can eventually contribute to environmental improvements once a cer-
tain income threshold is reached. At early stages of development, economic expansion typically 
increases environmental pressure due to industrialization, urban expansion, and energy consump-
tion. However, as economies grow and technological capabilities improve, cleaner technologies, envi-
ronmental regulations, and structural shifts toward service-based industries can reduce emissions 
intensity. Empirical evidence from Wahab et al. (2024) supports this mechanism, demonstrating that 
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higher levels of economic development can facilitate environmental improvements when accompa-
nied by stronger institutions and environmental governance. Similarly, Wang et al. (2024) show that 
trade in environmental goods and the diffusion of clean technologies can accelerate the transition 
toward more sustainable production systems in developing economies. These findings collectively 
suggest that economic growth alone does not guarantee environmental improvements; rather, the 
transition toward cleaner growth pathways depends on the integration of innovation, environmental 
governance, and sustainable trade structures.

The positive association between trade openness and emissions identified in this study also 
aligns with a growing body of literature highlighting the environmental externalities associated with 
expanding global trade. Increased trade flows often stimulate industrial production, transportation 
activities, and logistics operations, all of which contribute to higher energy consumption and emis-
sions if not supported by low-carbon technologies. Imran et al. (2023) provide empirical evidence 
that expanding trade activities particularly in service and e-commerce sectors can significantly 
increase carbon emissions due to intensified transportation networks and logistics demands. Simi-
larly, Xu et al. (2025) demonstrate that the expansion of global trade networks often increases pro-
cess-related greenhouse gas emissions embedded within international supply chains. These findings 
indicate that while trade integration promotes economic growth and market efficiency, it may simul-
taneously intensify environmental pressures in the absence of sustainable production technologies 
and environmental regulations.

In contrast, the negative effect of logistics connectivity observed in this study reveals an impor-
tant nuance in the trade–environment nexus. While higher trade volumes may increase emissions, 
improvements in logistics efficiency can reduce emissions intensity by optimizing transportation 
networks and reducing energy waste. Efficient port operations, advanced shipping technologies, and 
integrated logistics infrastructure enable goods to move through global supply chains with lower 
energy consumption per unit of output. Islam et al. (2025) provide supporting evidence that improve-
ments in port efficiency, electrification of shipping infrastructure, and investments in human capital 
within logistics systems can significantly reduce the environmental footprint of maritime transporta-
tion. Likewise, Sikder et al. (2024) highlight that green logistics practices such as optimized transport 
routes, energy-efficient infrastructure, and circular supply chain systems play a crucial role in miti-
gating carbon emissions while maintaining trade efficiency. Therefore, the results of this study sug-
gest that logistics connectivity functions as a critical mechanism through which economies can 
decouple trade expansion from environmental degradation.

The insignificant effect of urbanization suggests that the environmental consequences of urban 
growth remain highly context-dependent across countries. Urbanization can generate environmental 
pressure through increased energy consumption, transportation demand, and infrastructure expan-
sion. However, urban development can also facilitate more efficient resource use through compact 
city planning, improved public transportation, and centralized infrastructure systems. As empha-
sized by Zheng and Lam (2024), urban environmental outcomes often depend on the management of 
urban systems, including waste treatment, energy infrastructure, and environmental governance. 
Well-planned urban environments may reduce emissions through efficiency gains and technological 
adoption, whereas poorly managed urban growth can intensify environmental degradation. There-
fore, the insignificant relationship observed in this study indicates that the environmental effects of 
urbanization cannot be generalized across regions but instead depend on differences in urban plan-
ning strategies, infrastructure development, and environmental policy frameworks.

Conclusion

This study examines the dynamic relationship between international trade, economic growth, 
maritime logistics connectivity, urbanisation, and greenhouse gas (GHG) emissions in 18 Asian coun-
tries over the period 2006–2023. By employing a System Generalised Method of Moments (System 
GMM) approach, the analysis explicitly accounts for emission persistence and potential endogeneity, 
allowing for more reliable inference in a dynamic panel framework.

The empirical results confirm that GHG emissions in Asia exhibit strong path dependency, as past 
emission levels significantly influence current emissions. This finding underscores that environmen-
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tal degradation is not a short-term or transitory phenomenon, but rather a cumulative process shaped 
by long-standing economic structures, energy systems, and production technologies. Consequently, 
emission mitigation policies must be designed with a long-term perspective and sustained policy 
commitment.

The results further provide evidence of a non-linear relationship between economic growth and 
emissions. The inclusion of both GDP per capita and its squared term supports the Environmental 
Kuznets Curve (EKC) hypothesis, indicating that at higher levels of income, economic growth can 
contribute to emission reductions through technological upgrading, structural transformation, and 
improved energy efficiency. However, this result does not imply that growth alone guarantees envi-
ronmental improvement; instead, it highlights the importance of policy frameworks that accelerate 
the transition toward low-carbon development pathways.

In contrast, international trade openness is found to exert a positive and statistically significant 
effect on GHG emissions. This finding supports the pollution haven hypothesis, suggesting that trade 
expansion in the absence of sufficiently stringent environmental standards may intensify carbon-in-
tensive production and logistics activities. The result emphasises that trade-driven growth in Asia 
remains environmentally costly unless accompanied by effective regulatory mechanisms and cleaner 
production technologies.

An important contribution of this study lies in the role of maritime logistics connectivity. The 
negative association between the Liner Shipping Connectivity Index (LSCI) and emissions indicates 
that improvements in logistics efficiency and port connectivity can help reduce emission intensity. 
This suggests that global trade integration does not necessarily lead to higher emissions when sup-
ported by efficient shipping networks, optimised routes, and modern port infrastructure. In this con-
text, logistics efficiency emerges as a critical channel for decoupling trade expansion from environ-
mental degradation.

Urbanisation, on the other hand, does not exhibit a statistically significant effect on emissions at 
the aggregate level. This result reflects the heterogeneous nature of urban development across Asian 
countries, where the environmental impact of urbanisation depends heavily on factors such as urban 
planning quality, public transportation systems, energy efficiency, and governance capacity. Urbani-
sation should therefore be understood as a conditional factor whose environmental consequences 
are shaped by policy choices rather than population concentration alone.

Overall, this study contributes to the literature by integrating economic growth, trade, and mari-
time logistics efficiency within a unified dynamic framework for the Asian region. The findings sug-
gest that achieving a sustainable environmental economy in Asia requires not only managing the 
scale of economic and trade activities, but also improving their quality through efficiency-enhancing 
infrastructure, cleaner technologies, and coherent environmental governance. Future research may 
extend this analysis by incorporating energy mix variables, environmental policy stringency indica-
tors, and sectoral trade composition to further refine the understanding of trade–environment inter-
actions in developing and emerging economies.

The contribution of the authors

Conceptualisation, A.P. and F.; literature review, A.P. and A.S.; methodology, A.P.; data curation, F.; resources, D.A; 
software, A.S.; writing – original draft, A.P. and A.S.; writing – review & editing, F., formal analysis, A.P.; investiga-
tion, A.S.; visualisation, A.P. and F.; validation, A.P.; supervision, A.P.; project administration, D.A.; funding acqui-
sition, A.P.

References

Arellano, M., & Bover, O. (1995). Another look at the instrumental variable estimation of error-components  
models. Journal of Econometrics, 68(1), 29–51. https://doi.org/10.1016/0304-4076(94)01642-D 

Blundell, R., & Bond, S. (1998). Initial conditions and moment restrictions in dynamic panel data models. Journal 
of Econometrics, 87(1), 115–143. https://doi.org/10.1016/S0304-4076(98)00009-8 

Grossman, G. M., & Krueger, A. B. (1995). Economic growth and the environment. The Quarterly Journal of Eco-
nomics, 110(2), 353–377. https://doi.org/10.2307/2118443 



DOI: 10.34659/eis.2026.96.1.1221

9ECONOMICS AND ENVIRONMENT  1(96) • 2026

Imran, M., Khan, I., Nassani, A. A., Binsaeed, R. H., Abro, M. M. Q., Zaman, K., & Haffar, M. (2023). A green perspec-
tive: Investigating the optical effects of e-commerce, renewable energy demand, and services trade on  
carbon emissions. Optik, 283, 170918. https://doi.org/10.1016/j.ijleo.2023.170918

Intergovernmental Panel on Climate Change. (2023). AR6 synthesis report: Climate change 2023. https://www.
ipcc.ch/report/sixth-assessment-report-cycle/ 

International Energy Agency. (2025). World energy outlook 2025. IEA. https://www.iea.org/reports/world- 
energy-outlook-2025 

Islam, S., Toma, L. T., Bhowmik, R. C., Ridwan, M., Hossain, M. E., & Esquivias, M. A. (2025). From ports to power 
grids: evaluating the environmental implications of shipping activity, electrification, and human capital in 
G-20 countries.  Transportation Research Interdisciplinary Perspectives, 34, 101719. https://doi.org/10. 
1016/j.trip.2025.101719

Roodman, D. (2009). How to do xtabond2: An introduction to difference and system GMM in Stata. The Stata 
Journal, 9(1), 86–136. https://doi.org/10.1177/1536867X0900900106 

Sikder, M., Wang, C., Rahman, M. M., Yeboah, F. K., Alola, A. A., & Wood, J. (2024). Green logistics and circular 
economy in alleviating CO2 emissions: Does waste generation and GDP growth matter in EU countries? 
Journal of Cleaner Production, 449, 141708. https://doi.org/10.1016/j.jclepro.2024.141708

UNCTAD. (2024). Liner shipping connectivity index (LSCI). https://unctadstat.unctad.org/datacentre/dataviewer 
/US.LSCI 

United Nations Framework Convention on Climate Change. (2015). Paris Agreement. https://unfccc.int/process- 
and-meetings/the-paris-agreement 

Wahab, S., Imran, M., Ahmed, B., Rahim, S., & Hassan, T. (2024). Navigating environmental concerns: Unveiling 
the role of economic growth, trade, resources and institutional quality on greenhouse gas emissions in 
OECD countries. Journal of Cleaner Production, 434, 139851. https://doi.org/10.1016/j.jclepro.2023.139851

Wang, P., Mao, X., & Huang, X. (2024). How does global trade in environmental goods contribute to the SDGs in 
developing countries? Sustainable Development, 32(1), 496-519. https://doi.org/10.1002/sd.2673

Xu, S., Peng, Y., Yan, K., Han, M., & Zhang, B. (2025). Opportunities to mitigate process-related greenhouse gas 
emissions in global trade networks.  Sustainable Production and Consumption,  57, 375-387. https://doi.
org/10.1016/j.spc.2025.05.016

Zheng, X., & Lam, K. L. (2024). An overview of environmental co-benefits and trade-offs to reduce greenhouse gas 
emissions in municipal wastewater management. Sustainable Production and Consumption, 46, 1-10. https: 
//doi.org/10.1016/j.spc.2024.02.002


