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Abstract:

Global trade has become a fundamental engine for economic development and international
cooperation. However, as supply chains extend across borders, their environmental impact—
especially their carbon footprint—has intensified. This paper investigates the relationship
between international trade and carbon emissions, focusing on the environmental consequences
embedded within global supply chains. It assesses the carbon intensity of different stages of trade
logistics, from production and transportation to warehousing and consumption. Using empirical
data from major global trade hubs and emission modeling techniques such as Environmentally
Extended Input-Output (EEIO) analysis, the study quantifies the carbon emissions associated
with supply chains in diverse industries. The research highlights how current trade practices,
particularly in sectors like electronics, apparel, and agriculture, contribute significantly to
greenhouse gas emissions. Furthermore, it evaluates policy mechanisms, such as carbon labeling,
carbon border taxes, and green logistics, which could potentially mitigate these environmental
impacts. By offering a thorough analysis of trade-induced emissions, the paper contributes to the

growing discourse on aligning economic globalization with environmental sustainability.

Keywords: Global supply chains, carbon footprint, international trade, greenhouse gas

emissions, environmental impact, sustainable trade, green logistics

I. Introduction

University of Gurjat, Pakistan

Page| 232 Pioneer Research Journal of Computing Science


mailto:atikanishat1@gmail.com

_QPRJCS Volume-ll, Issue-Il (2025)
o Pages:232-239

The exponential growth in global trade has brought unprecedented economic opportunities,
lifting millions out of poverty and accelerating industrialization across the world. Nevertheless,
the complex web of international supply chains that underpin global trade has raised serious
environmental concerns, particularly in the context of climate change [1]. As products are
sourced, manufactured, assembled, and shipped across multiple countries, the cumulative carbon
footprint of these operations becomes immense [2]. The issue is further compounded by the lack
of comprehensive environmental accountability at each stage of the supply chain. In recent
decades, scholars and policymakers have begun to pay attention to the hidden carbon costs
embedded within traded goods, particularly those involving high emissions in production and

long-distance transportation [3].

Global Trade Volume vs. Global COz Emissions (2000-2020)
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Figure 1: how global trade volume and global CO, emissions have both increased over time.

The relationship between trade and the environment is multifaceted. While trade may facilitate
access to cleaner technologies and more efficient resource allocation, it also incentivizes carbon
leakage—where emissions-intensive industries relocate to countries with laxer environmental
regulations. Moreover, trade-induced transportation is heavily reliant on fossil fuels, contributing

significantly to global greenhouse gas emissions. For instance, maritime shipping, which handles
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over 80% of global trade by volume, accounts for nearly 3% of total global emissions. In
assessing the carbon footprint of supply chains, it is vital to distinguish between territorial
emissions (produced within a country's borders) and consumption-based emissions (associated
with goods consumed within a country, regardless of where they are produced). This distinction

has profound implications for climate policy and international negotiations [4].

To address these issues, this research delves into the carbon implications of global trade flows
using data from leading trade economies and supply chain-intensive sectors [5]. It employs an
environmentally extended input-output (EEIO) analysis to trace emissions across borders and
industries. The study also explores the role of trade policies and sustainability initiatives in
mitigating emissions. Particular attention is paid to how certain regions disproportionately bear
the carbon burden of global consumption, often without reaping proportional economic benefits.
Through a comprehensive assessment of trade's carbon footprint, this paper aims to contribute to
the development of environmentally responsible trade frameworks [6].

Il. Methodology

The methodology employed in this study integrates both quantitative and qualitative approaches
to offer a comprehensive view of the carbon impacts of global trade [7]. Primarily, an
Environmentally Extended Input-Output (EEIO) analysis was conducted, which allows for the
estimation of carbon emissions along the value chain by linking economic activity data with
emission factors. Input-output tables from the World Input-Output Database (WIOD) and Global
Trade Analysis Project (GTAP) were utilized to model inter-industry transactions and trace
carbon flows from production to final consumption across different countries [8]. Sectoral
emissions data was sourced from the International Energy Agency (IEA) and Carbon Disclosure
Project (CDP), ensuring a robust dataset for analysis. The study selected three high-impact
industries for detailed case studies: apparel, electronics, and agriculture. These industries were
chosen due to their complex and geographically dispersed supply chains. The carbon footprint of
each sector was analyzed across various stages, including raw material extraction,
manufacturing, transportation, and end-user delivery [9]. For instance, the apparel industry was

examined from cotton farming in India to garment manufacturing in Bangladesh and retail in
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Europe and the United States. This allowed for the identification of emission hotspots and

assessment of where emissions are most concentrated within the chain [10].

Additionally, carbon intensity data for different transportation modes—air, sea, rail, and road—
was evaluated to assess their contribution to overall supply chain emissions. Maritime shipping
emissions were modeled using Automatic Identification System (AIS) tracking data, ship size
classes, and fuel consumption rates. Road freight emissions were calculated based on regional
vehicle efficiency data and shipment distances [11]. Air cargo, though comprising a small
portion of trade by volume, was given special consideration due to its disproportionately high
emissions per ton-kilometer. To enhance the reliability of results, a sensitivity analysis was
conducted on key assumptions, such as emission factors, transport distances, and electricity mix
in production regions. Qualitative data from policy documents, trade agreements, and corporate
sustainability reports provided context to the numerical findings. Together, these methodologies
provided a multi-dimensional view of the environmental impact of trade and highlighted

opportunities for decarbonization within global supply chains [12].

I11. Results and Discussion

The findings reveal that global supply chains are a major driver of carbon emissions, with
consumption-based emissions often significantly exceeding territorial emissions in developed
economies [13]. The EEIO analysis showed that approximately 25-30% of global CO. emissions
are embedded in internationally traded goods. In high-income countries such as the United
States, Germany, and Japan, over 40% of their carbon footprint can be attributed to imported
goods, reflecting the carbon outsourcing phenomenon. Conversely, countries like China, India,
and Vietnam emerge as major emission producers for goods consumed elsewhere, highlighting
the uneven environmental burdens of global trade [14]. Among the industries examined, the
apparel sector exhibited a carbon-intensive profile, primarily due to water- and energy-intensive
textile processing and long-distance shipping. A typical cotton T-shirt, for example, was found to
generate over 3.5 kg of CO. across its supply chain. The electronics sector showed high
emissions during manufacturing, particularly in the production of semiconductors and batteries,
which rely on rare earth minerals and energy-intensive cleanroom environments. The agricultural

sector’s emissions were driven by land-use change, fertilizer application, and cold chain
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logistics, with exports of beef and dairy products standing out for their high carbon intensity
[15].

Transportation-related emissions were significant, with maritime shipping alone contributing
around 940 million metric tons of CO: annually. While sea freight remains more carbon-efficient
than air or road transport per ton-kilometer, its overall emissions are substantial due to scale. Air
freight, used for high-value and perishable goods, accounted for only 1% of trade by volume but
nearly 5% of transport-related emissions due to its intensive energy demands. The study also
observed that intermodal logistics—combining sea, rail, and road transport—can reduce
emissions but requires efficient coordination and infrastructure investment [16]. Policy
interventions were found to be uneven and fragmented [17]. While the European Union has
introduced Carbon Border Adjustment Mechanisms (CBAMSs) and green labeling systems, many
countries still lack enforceable regulations to account for the carbon embedded in imports.
Corporate-led initiatives, such as supply chain decarbonization programs by major retailers and
tech firms, show promise but often rely on voluntary reporting and lack standardized metrics.
Additionally, trade agreements rarely incorporate binding environmental clauses, limiting their

effectiveness in promoting sustainable practices across borders [18].

Experiments with green supply chains—such as using biofuels in shipping, electrified rail
freight, and localizing production—demonstrated potential reductions in emissions ranging from
20% to 40% depending on the sector [19]. However, the high cost of implementation, lack of
global coordination, and resistance from entrenched interests pose challenges to large-scale
adoption. The results suggest that without systematic policy frameworks and international
cooperation, efforts to decarbonize trade will remain sporadic and insufficient to meet climate

targets.
IV. Policy Implications

The assessment of global supply chain emissions highlights an urgent need for robust and
harmonized policy mechanisms to address trade-related carbon emissions [20]. One promising
approach is the adoption of carbon border taxes that reflect the environmental cost of imported

goods, thereby preventing carbon leakage and incentivizing cleaner production methods abroad.
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The European Union’s CBAM initiative is a case in point, applying a levy on carbon-intensive
imports such as cement, aluminum, and fertilizers. If adopted more widely, such measures could
level the playing field for domestic producers complying with stricter environmental standards
and push exporters in other countries to adopt greener technologies. Another critical policy lever
involves promoting transparency through carbon labeling and digital product passports that detail
the environmental impact of goods throughout their life cycle [21]. These tools empower
consumers and businesses to make more informed choices, potentially creating market pressure
for lower-emission products [22]. However, standardization and international agreement on
measurement protocols are necessary to avoid greenwashing and ensure comparability across

products and regions.

Infrastructure investment in green logistics, such as electrified freight corridors, port
electrification, and smart warehousing systems, can also reduce emissions significantly.
Governments can facilitate this through targeted subsidies, public-private partnerships, and
inclusion of such initiatives in national climate strategies. Support for innovation in sustainable
packaging, modular manufacturing, and circular economy practices further complements these
efforts by reducing material inputs and extending product lifespans. Trade agreements must
evolve to incorporate binding environmental standards and verification mechanisms. Including
climate clauses in bilateral and multilateral trade deals would ensure that environmental
considerations are not sidelined in pursuit of economic gains. Collaboration with international
bodies like the World Trade Organization (WTO), United Nations Conference on Trade and
Development (UNCTAD), and International Maritime Organization (IMO) is essential to enforce
and monitor these provisions [23]. Finally, capacity building in developing countries is crucial.
Many low-income nations serve as production hubs in global supply chains but lack the financial
and technological means to implement low-carbon practices. International funding mechanisms,
technology transfers, and green development banks can support a just transition and ensure that
environmental goals do not come at the cost of development [24].

V. Conclusion

In conclusion, this research demonstrates that international trade significantly amplifies global

carbon emissions through intricate and resource-intensive supply chains. The carbon footprint of

Page| 237 Pioneer Research Journal of Computing Science



_i;]_PRJCS Volume-ll, Issue-Il (2025)
o Pages:232-239

globally traded goods, particularly in industries such as apparel, electronics, and agriculture, is
substantial and often concealed within traditional accounting frameworks. Transportation
emissions, outsourcing of carbon-intensive production and weak regulatory oversight exacerbate
the environmental costs of global commerce. While promising strategies—such as carbon
pricing, green logistics, and environmental clauses in trade agreements—exist, their
implementation remains uneven and politically fraught. Achieving a sustainable balance between
global economic integration and environmental responsibility requires systemic policy
innovation, international coordination, and a commitment to decarbonizing supply chains at
every level. Only through such integrated efforts can trade evolve into a force that supports both

economic growth and climate resilience.
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