Journal of Economic Policies and Reseatch [E—

Journal of The Department of Economics, University of Kurdistan, Sanandaj, Iran
Journal Homepage: www.jepr.uok.ac.ir
wliusySolSuils Online ISSN: 2821-174X

University of Kurdistan

Volume 5, Issue 3, Autumn 2026, Page: 31-62 DOI: 10.22034/jepr.2025.144229.1296

Research Article

The Role of Digital Transformation in Mitigating
Carbon Dioxide Emissions: Empirical Evidence
from Upper-Middle-Income Countries™

Parviz Vafadar““®, Mahmood Mahmoodzadeh? ), Salleh Ghavidel***

1. Ph.D. Student in Iranian Economics, Department of Economics, Faculty of Economics and Accounting, Firuzkuh
Branch, Islamic Azad University, Firuzkuh, Iran.
2. Associate Professor, Department of Economics, Faculty of Economics and Accounting, Firuzkuh Branch, Islamic Azad

University, Firuzkuh, Iran.

Received 15 August 2025  Revise 01 October 2025  Accepted 04 October 2025  Publish 23 September 2026

Abstract

This study examines the impact of information and communication technology (ICT) on carbon dioxide
emissions in upper-middle-income countries over the period 1995-2022. To measure ICT development, a
composite index was constructed using Principal Component Analysis (PCA) to reduce multicollinearity
among technological variables and obtain more stable and accurate estimates. The model was estimated
using the Generalized Method of Moments (GMM). The results indicate that ICT development and
renewable energy consumption have negative and statistically significant effects on carbon emissions,
whereas income growth and industrial development significantly contribute to higher emissions. In
addition, exports of high-technology goods have a reducing effect on carbon emissions, although this effect
is statistically insignificant. The validity of the instruments employed in the model was also confirmed
using the Sargan test. Upper-middle-income countries were selected because of their transitional
development characteristics, as these countries simultaneously possess relatively advanced technological
infrastructure and experience rapid industrial growth. The findings indicate that ICT development and the
expansion of clean energy can serve as effective strategies for reducing environmental pollution and
supporting sustainable development pathways in these countries.
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Introduction

In recent decades, digitalization has emerged as one of the most important drivers of global
transformation, affecting various dimensions of the economy and society. Information and
communication technology (ICT) lies at the center of this transformation and has facilitated the
creation of new platforms for information exchange, the optimization of production and service
processes, and the reduction of resource waste. Despite these achievements, the rapid expansion of
digital infrastructure, data centers, and telecommunications networks has been accompanied by a
substantial increase in energy consumption, placing considerable pressure on the environment,
particularly through increased carbon dioxide emissions.

As aresult of these contrasting effects, digital transformation has a dual nature. On the one hand,
it can help reduce pollution by improving energy efficiency, reducing reliance on physical resources,
and promoting the optimal use of modern technologies. On the other hand, growing energy demand,
increasing volumes of electronic waste, and the need to extract minerals for the production of digital
hardware create new environmental challenges.

The significance of this duality becomes even more apparent in upper-middle-income countries,
which simultaneously possess relatively advanced technological infrastructure and are rapidly
progressing toward industrialization. The present study is designed to analyze the role of digital
transformation in carbon dioxide emissions in these countries. For this purpose, a composite ICT
index based on Principal Component Analysis (PCA), along with long-term panel data covering the
period 1995-2022, is employed, and the Generalized Method of Moments (GMM) is applied. The
main research questions focus on the nature of the relationship between digitalization and carbon
dioxide emissions, the role of technological and industrial infrastructure, and policy solutions for
sustainable digital development.

Methodology

This study examines the effect of information and communication technology (ICT) on carbon
dioxide emissions in upper-middle-income countries while also analyzing the role of key economic
and energy-related factors. Annual panel data are employed, with countries selected based on the
World Bank classification and the availability of complete data to ensure the reliability of the
analysis.

To capture both short- and long-term effects and address potential endogeneity and heterogeneity
in the data, the Generalized Method of Moments (GMM) approach is employed. The model is
specified as follows:

LCOy ) = B1LCOy i ¢—1y + V1ICT ey + V2 INDU 1y + Y3REGT (i) + Va MEX(; 1) 1)
+]/5 LINCO(II) + I’J‘i + /1t + git

Where, LCO,;;y denotes CO2 emissions in country (i) at time (t), with LCO,; 1y as the lagged
value capturing dynamic effects. ICT; . is the ICT development index, INDU; ., the industrial
sector value added, REGT ;. the share of renewable energy, MEX; . y exports of medium- and high-
technology goods, and LINCO; . y GDP. y; and 4, represent country- and time-specific fixed effects,

and ¢;; is the error term. Coefficients B: and vi:...ys indicate the magnitude and direction of each
variable’s impact on CO: emissions.

Results and Discussion

The results obtained from the model estimation provide important evidence regarding the factors
influencing carbon dioxide emissions in upper-middle-income countries. First, the negative and
statistically significant coefficient of squared GDP indicates the existence of a nonlinear, inverted
U-shaped relationship between economic growth and pollutant emissions. This finding supports the
Environmental Kuznets Curve (EKC) hypothesis, according to which rising income increases
emissions during the early stages of development, whereas after income exceeds a certain turning
point, pollutant emissions begin to decline.
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At the same time, the results reveal that GDP in its linear form continues to have a positive and
statistically significant effect on emissions, indicating the persistent dependence of economic growth
on fossil energy and carbon-intensive activities.

The control variables also exhibit different effects. Fossil energy consumption and the expansion
of industrial activities significantly increase emissions, which is consistent with existing evidence
from emerging economies. In contrast, renewable energy consumption has a negative and
statistically significant coefficient, indicating that substituting renewable energy sources for
conventional energy can play an effective role in reducing carbon emission intensity.

In addition, exports of high-technology goods have a negative but statistically insignificant
coefficient, indicating their limited impact in the short term while highlighting their substantial
potential for long-term effects through the development of green innovations.

One of the key findings is the negative and statistically significant effect of information and
communication technology. This finding indicates that ICT development can alleviate
environmental pressure by improving energy efficiency, optimizing production processes, and
reducing resource waste. This result is consistent with the theoretical perspective of the
Environmental Kuznets Curve and suggests that, at higher income levels, modern technologies can
play a strategic role in reducing pollutant emissions.

Conclusion

The findings of this study indicate that reducing carbon dioxide emissions in upper-middle-
income countries requires a combination of ICT development and an increased share of renewable
energy. By improving energy efficiency and optimizing production processes, these factors exert a
mitigating effect on carbon emissions. In contrast, industrial and economic growth continue to exert
environmental pressure, while reliance on fossil fuels remains persistent. High-technology exports
have a limited effect in the short term but possess considerable long-term potential. The findings
emphasize the importance of coordinated policies in the areas of technology, clean energy, and smart
industrial growth management to facilitate sustainable development and reduce carbon emissions.
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1. Scree Test
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