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INTRODUCTION

Climate change is one of the most pressing global
challenges, and countries across the world are taking
active steps to reduce greenhouse gas emissions
through sustainable policies and climate-friendly
technologies (World Bank, 2024; UNEP, 2024).
Among the many strategies being adopted, carbon
pricing has become a central policy instrument for
balancing environmental protection with economic
growth. By assigning a cost to carbon emissions, such
policies encourage industries to adopt cleaner
production methods, improve energy efficiency, and
shift toward renewable energy sources (OECD, 2025;
IMF, 2023).

The European Union (EU) has been a global leader
in linking trade and climate governance. As part of
its Green Deal strategy, the EU introduced the
Carbon Border Adjustment Mechanism (CBAM) to

underscores the need for Pakistan to align its trade and energy policies with global
low-carbon transition strategies to sustain competitiveness.

ensure that imported goods are treated the same as
those produced within the EU in terms of carbon
costs (European Commission, 2023). The purpose of
CBAM is to prevent carbon leakage, which occurs
when industries relocate to countries with weaker
environmental regulations to avoid carbon taxes. It
also aims to promote global cooperation in achieving
climate neutrality by 2050, ensuring that trade
supports sustainable development rather than
undermining it (KPMG, 2024; Bierbrauer et al.,
2021).

For developing economies such as Pakistan, CBAM
brings both challenges and opportunities. The EU is
Pakistan’s largest export market, accounting for
nearly 28% of its total exports, valued at around
USD 7.8 billion in 2022 (Pakistan Bureau of
Statistics, 2023). Pakistan’s main exports to the EU
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include textiles, leather goods, and surgical
instruments, which are energy-intensive and largely
dependent on fossil fuels (Riaz & Khan, 2025;
ACJCE/ADS.NTU, 2025). With the full
implementation of CBAM in 2026, exporters will be
required to report the carbon emissions linked to
their products and pay the related adjustment costs.
This could raise the production cost of Pakistani
goods by approximately 6-8%, making them less
competitive in EU markets (SDPI, 2025; CGD,
2023).

At the same time, CBAM provides a strong incentive
for Pakistan to modernize its industrial base and
strengthen its longterm competitiveness. By
improving energy efficiency, expanding renewable
energy use, and adopting low-carbon technologies,
Pakistan can align its industries with global
decarbonization standards and attract investment in
green production (World Bank, 2025; Sagone,
2025). Effective coordination among trade, industry,
and environment ministries is essential to establish
strong systems for emissions measurement,
reporting, and verification (OECD, 2025; Ernst &
Young, 2023). Through these efforts, Pakistan can
protect its exports, comply with international climate
policies, and move toward a cleaner and more
sustainable industrial economy.

The objective of this study is to analyze how the
European Union’s Carbon Border Adjustment
Mechanism affects Pakistan’s export performance,
particularly in high-emission sectors such as textiles,
leather, and steel. It also aims to identify the key
risks, opportunities, and policy strategies that can
help Pakistan adjust to global low-carbon trade
standards while maintaining longterm export
competitiveness (World Bank, 2025; SDPI, 2025;
EY, 2023).

Research Questions

This research addresses the following key questions:
1. How does CBAM affect Pakistan’s exports to the
European Union?

2. How does CBAM impact the competitiveness of
Pakistan’s main export industries like textiles,
leather, and steel?

3. What steps can Pakistan take to meet CBAM

requirements and protect its exports?

METHODOLOGY

1. Research Design

This study applies a quantitative research design to
examine how the European Union's Carbon Border
Adjustment Mechanism (CBAM) affects Pakistan's
exports to the EU. The focus is on quantifiable
variables such as carbon intensity, EU carbon
pricing, and compliance costs from 1999-2023. The
aim is to understand how environmental trade
measures reshape Pakistan's export competitiveness
and trade structure.

2. Data Collection

° Data were gathered from credible sources
including:

° World Bank

° Pakistan Bureau of Statistics

o International Monetary Fund (IMF)

. ITC Trade Map

o European Commission (ETS reports)

3. Theoretical Framework and Model Specification
This research employs a quantitative econometric
approach grounded in international trade theory and
environmental economics. The analytical framework
builds on the standard trade model augmented with
environmental compliance costs, recognizing that
comparative advantage in the CBAM era reflects not
only traditional factor endowments but also carbon
efficiency and regulatory alignment.

We specify two primary regression models to
examine different dimensions of CBAM impact:

Model 1: Export Volume Determinants
TRADE_EXPORTS_EUt = a
B1CARBON_INTENSITYt
B.EU_CARBON_PRICEt
BzCOMPLIANCE_COSTt + €t

This model examines the aggregate impact of CBAM-
related variables on Pakistan's total exports to the
EU, testing Hypothesis H1 that carbon intensity, EU
carbon price, and compliance costs significantly
affect export volumes.

Model 2: Export Structure Determinants
EXPORT_STRUCTURE_INDEXt = vy
6;CARBON_INTENSITYt
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5,CARBON_EMISSIONSt +
83COMPLIANCE_COSTt + ut

This model investigates how carbon variables
influence the composition and environmental
alignment of Pakistan's export basket, testing
Hypothesis H3 that carbon emissions and intensity
significantly affect export structure.

4. Data Sources and Variable Construction

The study utilizes annual time-series data from 1999
to 2023, compiled from multiple reputable sources:

o Export Data: Pakistan Bureau of Statistics
and UN Comtrade

. Carbon  Emissions:  World Bank
Development Indicators and EDGAR database

o EU Carbon Prices: European Energy
Exchange and EU ETS reports

o Compliance Costs: Estimated based on

sectoral energy consumption and EU CBAM
reporting requirements

Variable definitions and measurement approaches:

. TRADE_EXPORTS EU: Total value of
Pakistani exports to EU member states (constant
UsD)

. CARBON_INTENSITY: CO, emissions
per unit of export value (kg CO,/USD)

. EU_CARBON_PRICE: Annual average
EU ETS carbon price (€/ton CO,)

. COMPLIANCE_COST: Estimated costs of
CBAM compliance, including emissions
monitoring, reporting, and verification

. EXPORT_STRUCTURE_INDEX:
Composite index measuring export diversification
and environmental alignment

Table 1: Descriptive Statistics of Key Variables (1999-2023)

Variable Mean
TRADE_EXPORTS_EU ($M) 1,333.20
EU_CARBON_PRICE (€/¢) 22.96
CARBON_INTENSITY 0.67
COMPLIANCE_COST ($M) 39.32
EXPORT_STRUCTURE_INDEX 0.74

5. Empirical Strategy

The empirical analysis proceeds in three stages. First,
we conduct stationarity tests using Augmented
Dickey-Fuller (ADF) and DF-GLS procedures to
ensure the validity of time-series inferences. Second,
we estimate the regression models using Ordinary
Least Squares with appropriate diagnostic tests for
autocorrelation, heteroscedasticity, and model
specification. Third, we employ Pairwise Granger
Causality tests to examine temporal relationships
and feedback effects between variables.

All statistical analyses were conducted using EViews
12 and SPSS 21, with robustness checks performed
to ensure the consistency of results across different
model specifications.

6. Results and Discussion

6.1 Descriptive Statistics and Data Characteristics
Table 1 presents summary statistics for the key
variables analyzed in this study. Pakistan's exports to
the EU averaged $1,333 million annually with
considerable fluctuation (SD = $579.63 million),
reflecting the volatility of international trade
relationships and domestic production conditions.
The EU carbon price demonstrated significant
variation (€2 to €46 per ton), capturing the evolution
of EU climate policy stringency over the study
period.

Std. Dev. Minimum Maximum
579.63 580.00 2,400.00
13.44 2.00 46.00
0.05 0.50 0.70
31.16 3.00 95.00
0.03 0.70 0.80
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Carbon intensity showed a negatively skewed
distribution, indicating clustering toward higher
emission levels—a concerning pattern given CBAM's
focus on carbon-efficient production. Compliance
costs exhibited substantial variation across sectors,
with maximum values reaching $95 million annually
for energy-intensive industries.

6.2 Stationarity and Cointegration Analysis

Unit root tests confirmed the stationarity of all
variables at conventional significance levels,
validating the use of level-based regression analysis.

The DF-GLS test statistics for

Table 2: Regression Results for Export Volume Model

Variable Coefficient
Constant 520.74
CARBON_INTENSITY -185.42
EU_CARBON_PRICE 19.35
COMPLIANCE _COST 5.82

The model explains 95.6% of the variation in
Pakistan's EU-bound exports (R? = 0.956), indicating
a strong relationship between environmental
variables and trade performance. The negative

coefficient for carbon intensity (-185.42) confirms
that emission-heavy production processes reduce
export competitiveness under carbon-conscious
trade regimes. This finding aligns with theoretical
expectations and empirical evidence from other
developing economies (Zhu et al., 2024).

The positive coefficient for EU carbon price (19.35)
suggests a complex relationship where increasing
carbon costs in the EU market may create
competitive advantages for exporters who can
demonstrate carbon efficiency. This paradoxical
effect highlights the potential for environmental

TRADE_EXPORTS_EU (-2.315),
CARBON_INTENSITY (-2.330), and
EU_CARBON_PRICE (-3.369) all exceeded the 5%
critical values, rejecting the null hypothesis of unit
roots.

6.3 Regression Results: Export Volume
Determinants

The regression results for Model 1 provide strong
empirical support for Hypothesis HI, with all
CBAM:-related variables demonstrating statistical
significance at the 5% level or better (Table 2).

Std. Error t-statistic p-value
145.30 3.58 0.0018
81.56 227 0.0325
5.21 3.71 0.0013
2.11 2.75 0.0120

regulation to reshape comparative advantage in
international trade.

Perhaps most notably, the positive relationship
between compliance costs and export performance
(5.82) indicates that sectors investing in CBAM
compliance may maintain or even enhance market
access despite short-term cost increases. This finding
supports the Porter Hypothesis perspective that
environmental regulations can stimulate innovation
and efficiency improvements.

6.4 Export Structure Analysis

The results for Model 2 provide compelling evidence
for Hypothesis H3, demonstrating that carbon
variables significantly influence Pakistan's export
composition (Table 3).
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Table 3: Regression Results for Export Structure Model

Variable Coefficient
Constant 0.894
CARBON _INTENSITY 0.121
CARBON_EMISSIONS -0.001
COMPLIANCE_COST 0.0002

The exceptionally high R? value (0.981) indicates
that carbon-related variables explain most of the
variation in Pakistan's export structure. The negative
coefficients for both carbon intensity (-0.121) and
carbon emissions (-0.001) suggest that high-carbon
export profiles are becoming increasingly misaligned
with evolving market preferences and regulatory
requirements.

The positive coefficient for compliance costs in the
structure model (0.0002) reinforces the finding from
Model 1 that strategic compliance investments may
facilitate export diversification toward more
sustainable product categories. This structural
transformation represents a potential pathway for
maintaining competitiveness in the CBAM era.

6.5 Sectoral Vulnerability Assessment

Our sectorspecific analysis reveals significant
variation in CBAM exposure across Pakistan's major
export industries. Textiles and leather sectors emerge
as particularly vulnerable, with estimated compliance
costs representing 6-8% of export values. These
sectors face dual challenges: high energy intensity in
production processes and limited technological
capacity for rapid decarbonization.

In contrast, agricultural exports such as rice and
mangoes demonstrate lower immediate vulnerability
due to their relatively low carbon footprints.
However, indirect compliance costs related to supply
chain emissions and transportation may still affect
competitiveness. Surgical instruments occupy an
intermediate position, with moderate carbon

Std. Error t-statistic p-value
0.014 66.24 0.0000
0.039 -3.09 0.0050
0.000 -2.50 0.0204
0.0001 2.54 0.0189

intensity but high value-addition potential that could
absorb compliance costs.

6.6 Temporal Dynamics and Granger Causality
The Granger causality tests reveal important dynamic
relationships between CBAM variables and trade
outcomes. Significant bidirectional causality between
EU carbon prices and Pakistan's exports (F = 10.39,
p = 0.0041) suggests a complex feedback loop where
trade performance influences subsequent policy
adjustments.

The causality results generally support Hypothesis
H2, indicating that CBAM variables and export
performance exhibit interdependent temporal
relationships. These findings highlight the
evolutionary nature of climate-trade interactions and
the importance of dynamic adaptation strategies.

7. Conclusion and Policy Implications

7.1 Theoretical and Empirical Contributions

This study makes several important contributions to
the literature on climate-trade interactions. First, it
provides robust empirical evidence from a
developing economy perspective, addressing a
significant gap in the CBAM literature that has
predominantly focused on major emerging
economies. Second, the research demonstrates that
environmental variables have become significant
determinants of trade performance in the CBAM
era, necessitating theoretical models that integrate
cartbon efficiency with traditional comparative
advantage.
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The positive relationship between compliance costs
and export performance represents a particularly
important finding, suggesting that the Porter
Hypothesis may extend to international trade
contexts. This challenges conventional wisdom that
environmental regulations necessarily reduce
competitiveness and highlights the potential for
strategic adaptation to create new sources of
competitive advantage.

7.2 Policy Recommendations

Based on our findings, we propose a multi-level
policy framework for navigating the CBAM
transition:

National Level Interventions:

. Establish a national carbon accounting
system aligned with EU MRV requirements
. Implement targeted support programs for

high-exposure sectors, focusing on energy efficiency
and technology upgrading

o Develop a phased carbon pricing
mechanism to demonstrate climate commitment and
potentially secure equivalence recognition

Sectoral Strategies:

o Create  sectorspecific ~ decarbonization
roadmaps with clear timelines and investment
priorities

. Promote green certification and labeling

initiatives to differentiate Pakistani products in EU
markets

. Facilitate technology transfer and knowledge
sharing through industry-academia partnerships

International Engagement:

. Negotiate transition arrangements and
capacity-building support through bilateral EU
partnerships

. Strengthen regional cooperation within
SAARC to develop common approaches to CBAM
challenges

o Engage actively in WTO discussions on
climate-trade governance to ensure developing
country perspectives are represented

Financial Innovation:

. Develop green financing instruments
specifically tailored for export-oriented SMEs

. Establish a carbon transition fund to
support vulnerable sectors and workers

. Promote foreign investment in low-carbon
export industries through targeted incentives

7.3 Limitations and Future Research

This study has several limitations that suggest
promising directions for future research. The
reliance on aggregate national data limits granular
analysis of firm-level adaptation strategies. Future
research should incorporate firm-level surveys and
case studies to examine micro-level responses to
CBAM pressures.

The analysis focuses primarily on direct CBAM
impacts, while indirect effects through global value
chains and changing consumer preferences warrant
further investigation. Additionally, the distributional
consequences of CBAM  within Pakistan—
particularly impacts on employment, regional
development, and income inequality—represent
important topics for future study.

Longitudinal research tracking the evolution of
Pakistan's export structure under actual CBAM
implementation will provide valuable insights into
the effectiveness of different adaptation strategies
and policy interventions.

CONCLUSION

The European Union's Carbon Border Adjustment
Mechanism represents a significant turning point in
the relationship between climate policy and
international trade. For developing economies like
Pakistan, CBAM poses substantial challenges to
existing export models while creating opportunities
for structural transformation toward more
sustainable and resilient trade relationships.

Our analysis demonstrates that carbon efficiency is
becoming an increasingly important determinant of
export competitiveness in EU markets. The
significant negative relationship between carbon
intensity and export performance underscores the
urgency of industrial decarbonization, while the
positive association between compliance investments
and market access suggests potential pathways for
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maintaining competitiveness through strategic
adaptation.

The successful navigation of the CBAM transition
requires coordinated action across multiple policy
domains and stakeholder groups. By embracing this
challenge as an opportunity for structural
modernization, Pakistan can not only safeguard
existing trade relationships but also position itself as
a competitive player in the emerging low-carbon
global economy.

The findings of this study contribute to a more
nuanced understanding of climate-trade interactions
and provide a evidence-based foundation for policy
development in Pakistan and other developing
economies facing similar challenges in the CBAM
era.
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