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Rising CO, emissions remain a major global challenge, driven by industrialization, economic
Received: February 02, 2025 expansion, and fossil fuel dependency. Previous research has looked at the link between

economic growth and emissions, but more needs to be done to fully understand how
Accepted: March 06, 2025 socioeconomic factors, industrial activity, and the use of renewable energy all affect CO,
Published: March 15, 2025 levels. This study looks at global CO, emissions trends using a large dataset that includes data
from 195 countries from 1900 to 2023 and includes key indicators like GDP, population,
urbanization, energy use, and industrial activity. There were three main analyses: (1) a
scatter plot of GDP versus CO, emissions to look at economic drivers; (2) a time-series
analysis to look at historical trends in emissions; and (3) a correlation heatmap to look
at how socioeconomic factors and emissions are connected. Results indicate a strong
correlation between GDP and emissions, with variations influenced by renewable energy
usage and industrial efficiency. Historical analysis reveals that some nations have achieved
emission plateaus, suggesting the impact of policy interventions and sustainable energy
adoption. Additionally, correlation analysis shows limited direct impact from urbanization
and population growth, emphasizing the importance of clean energy policies and industrial
regulation. The dataset addressed ethical considerations by anonymizing country identities
in the dataset to protect privacy and prevent political bias. This research provides valuable
insights for policymakers, climate researchers, and economists, guiding evidence-based
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strategies for CO, emissions mitigation.

INTRODUCTION

Climate change remains one of the most pressing global
challenges, with carbon dioxide (CO,) emissions serving
as the primary driver of anthropogenic global warming;
Over the past century, industrialization, urbanization,
and economic expansion have contributed significantly
to rising CO, levels, with major economies such as China,
India, and the United States accounting for a substantial
portion of global emissions (Adebayo 74/, 2021; Adebayo
et al, 2021). While economic growth is essential for
national development, the long-standing debate revolves
around the trade-off between industrial productivity
and environmental sustainability. As nations strive to
achieve economic expansion, the increasing demand for
fossil fuel-based energy has intensified emissions and
exacerbated climate-related risks (Agbulut, 2022). Various
studies have extensively analyzed the relationship between
GDP and CO, emissions, attempting to identify key
socioeconomic and environmental factors that influence
emission trends. Some research suggests that developed
nations have begun to decouple economic growth from
emissions through renewable energy transitions and
policy interventions, while others argue that fossil fuel
dependency continues to dominate industrial economies,
resulting in sustained emission growth (Ahmed ez al,
2022; Alam & AlArjani, 2021). Because of these different
points of view, we need a thorough, data-driven study to
find out how global CO, trends are affected by economic
structures, industrial activity, and energy policies.

Despite extensive research on carbon emissions,
critical gaps remain in understanding the multifaceted
interactions between economic, technological, and

policy-driven factors that influence emission patterns.
Many studies focus on individual factors such as GDP
growth or industrial output without integrating a broader
set of socioeconomic and environmental indicators (Ali
et al., 2022; Al-Shetwi, 2022). Also, classic econometric
models tend to think that variables are related in a straight
line, but they don’t take into account the complicated,
nonlinear interactions that make up the dynamics of
modern CO, emissions (Altikat, 2021). It remains unclear
why some economies have successfully stabilized or
reduced emissions, while others continue to experience
rapid CO, growth despite environmental policies. Few
studies have looked at how using renewable energy, more
people living in cities, and more efficient factories can
help lower emissions, especially when looking at these
factors across the whole world. Furthermore, most
studies rely on historical trends, limiting the ability to
develop predictive, policy-driven insights for emissions
management (Faruque ez al., 2022; Giannelos ez al., 2024).
To close these gaps, we need a complete method that
looks at global CO, emission patterns by combining
techniques for analyzing historical data, showing trends,
and finding correlations. To bridge these gaps, this study
conducts a data-driven analysis of CO, emission trends,
integrating diverse socioeconomic and environmental
factors. Specifically, it seeks to:
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1. Examine the relationship between economic
activity (GDP) and CO, emissions, while considering
the moderating effects of renewable energy usage and
industrial activity.

2. Analyze historical emissions trends across multiple
countries, identifying patterns, peaks, and potential
emission plateaus or reductions.
interdependencies

variables—population,

between
urbanization,

3. Investigate key
socioeconomic
policy measures, and energy consumption—through
correlation heatmaps, providing insights into emissions

drivers.

A core contribution of this research is its focus on large-
scale, multi-country data visualization, rather than relying
solely on traditional econometric modeling. The study
highlights the role of renewable energy policies and
industrial efficiency in shaping CO, emissions, providing
a comparative assessment of national strategies for
sustainable development. The findings will serve as a
valuable resource for policymakers, climate researchers,
and environmental economists, fostering data-driven
decision-making to reduce global CO, emissions.

Conceptual Framework

Figure 1: Factors Influencing CO, Emissions

Figure 1 presents the conceptual framework of this study,
illustrating the relationships between the independent
variables (socioeconomic and environmental factors),
mediating/moderating  vatiables  (tenewable energy
adoption, policy interventions, and industrial efficiency),
and the dependent variable (CO, emissions). This
framework shows the expected results and how economic
growth, industrial activity, and population changes affect
emissions. It also shows how sustainable policies and
energy transitions can lessen these effects. The study
aims to give a data-driven understanding of CO, emission
trends and the role of strategic interventions in achieving
long-term environmental goals by combining these
elements

The independent variables in this study encompass a
range of socioeconomic and environmental factors
that are key drivers of CO, emissions. These include
Gross Domestic Product (GDP), population growth,
urbanization, industrial activity, energy consumption,
and deforestation rates. GDP is a well-documented
driver of emissions, as economic expansion often
correlates with higher energy demand and industrial
output, leading to greater fossil fuel consumption.

Independent Mediating Dependent Expected
Variables Variables Variable Outcome
GDP  (Economic Renewable Energy * CO: Emissions + Higher GDP increases emissions, but
Growth) Usage (Total national 1.'enewable energy can mitigate its
. L. . . CO- output in lmpact. . . ..
Industrial Activity |::> - Industrial Efficiency & ‘:> metric tons per ‘::> + Greater industrial activity leads to
Energy Technology year) more emissions unless  energy
. ; . efficiency measures and cleaner
Consumption Carbon Tax & Policy .
) technologies are adopted.
Deforestation Interventions + High fossil fuel use raises emissions,
Rate Reforestation & Land but strong carbon pricing and policy
L Use Policies interventions reduce it.
Urbanization .
. +  Urbanization alone does not always
Population Sustal.nable Urban increase emissions, efficient
Growth Planning infrastructure and public transport can
Globalization & Technological . offset _COl £ 1‘0wTh. L
Advancements in + Larger populations increase energy
Trade Energy demand, but advanced energy solutions
can counteract rising emissions.
Green Technology + Higher deforestation leads to CO-2 rise,
Transfers & but reforestation initiatives reduce its
Agreements impact.
+ Trade policies promoting green

technology can help reduce emissions
globally.

Population growth and urbanization contribute to energy
demand through increased transportation, housing,
and commercial activities, while industrial activity and
energy consumption directly determine the volume of
CO, released into the atmosphere. Deforestation plays
a crucial role, as tree loss reduces the Earth’s capacity
to absorb atmospheric carbon, further exacerbating
emissions. These independent variables serve as the
foundation for analyzing global CO, emissions, allowing
the study to explore how economic and demographic
factors contribute to environmental degradation.

The relationship between independent variables and CO,
emissions is greatly affected by mediating and moderating
variables, such as the use of renewable energy, policy
changes, and the efficiency of industries. Countries
that actively implement renewable energy strategies can
mitigate emissions even with rising GDP, as seen in
nations that have successfully transitioned to clean energy
sources. Policy interventions such as carbon taxation,
emissions trading systems, and green infrastructure
investments can also moderate the impact of economic
sustainable

activity on emissions by incentivizing

practices. Similarly, industrial efficiency improvements—




Am. J. Environ. Clim. 4(1) 135-143, 2025

@ oalli

such as energy-efficient manufacturing, carbon capture
technologies, and sustainable urban planning—play a
crucial role in reducing CO, output per unit of economic
growth. Without these balancing factors, the direct link
between economic growth and emissions would not be
regulated as much, which would cause the environment
to get worse without any control.

The dependent variable in this study is CO, emissions,
which serve as the primary outcome of interest. The study
examines historical trends and cross-country comparisons
to determine how emissions have evolved over time and
which factors have played dominant roles in shaping
them. This study looks at CO, emissions in a variety of
economic settings to find patterns of economies with
high emissions, countries where emissions have reached
a plateau, and countries that have been able to lower
their emissions by implementing renewable energy and
changing policies. The findings aim to provide a data-
driven understanding of emissions behavior in different
regions, helping researchers and policymakers pinpoint
the key levers for effective emissions reduction strategies.
This study also shows that trends in emissions can change
over time. It stresses that economic growth does not
automatically mean higher emissions if it is accompanied
by sustainable policies and energy transitions.

The expected outcome of this study is to demonstrate
that CO, emissions can be significantly reduced through
strategic economic and energy policies, even in high-
growth economies. This study uses machine learning and
advanced data analysis to show that countries that put
a lot of money into renewable energy, decarbonization
efforts driven by policy, and measures to make industries
more efficient can successfully separate economic
growth from emissions. The results show that stopping
economic growth or population growth alone is not a
good way to cut down on emissions. Instead, the key to
long-term climate stability is a move toward clean energy,
industrial innovation, and government that cares about
the environment. This study adds to the larger academic
and policy discussion on how to deal with climate change.
It gives us useful information that can help the whole
world reach carbon neutrality while keeping the economy
strong.

MATERIALS AND METHODS

Program Development

This study applies a data-driven approach to analyze
global CO, emissions trends and their socioeconomic and
environmental drivers. The methodology includes data
selection, preprocessing, visualization, and correlation
analysis to extract meaningful insights.

Data Selection

The dataset used in this study was obtained from Kaggle.

It covers 195 countries (1900-2023) and contains 26

environmental, economic, and societal indicators relevant

to climate change. Key features used in the study include:
* CO, Emissions (Target Variable)

* GDP

* Renewable Energy Usage

* Population

* Industrial Activity

e Urbanization

* Deforestation Rate

* Methane Emissions

* Sea-Level Rise

* Temperature Anomalies
The dataset is particulatly suitable for trend analysis,
correlation studies, and policy assessment regarding CO,
emissions and sustainability efforts.

Data Preprocessing

* The dataset contained no missing values, eliminating
the need for imputation.

* No major outliers or inconsistencies were detected,
ensuring data integrity.

 All variables remained in their original numerical or
categorical forms, allowing for direct analysis.

Data Visualization & Correlation Analysis
To investigate CO, emissions drivers, the following
analyses were conducted:

Scatter Plot (GDP vs. CO, Emissions)

* Assesses the impact of economic growth on CO,
emissions.

e Data points are color-coded to indicate renewable
energy adoption.

Time-Series Analysis (CO, Emissions from 1900-2023)

e Examines historical emission trends and
industrialization impacts.
* Identifies periods of rapid growth, plateaus, and

policy-driven declines.

Correlation Heatmap (Socioeconomic & Environmental
Factors)

* Measures the interdependencies between CO,
emissions, population, industrial activity, urbanization,
and energy policies.

* Highlights the strength of relationships among key
variables.

Interpretation & Policy Implications
The evaluation of results focused on:

*/Trends: Understanding long-term increases in CO,
emissions across different economies.

* Correlations: Identifying weak or strong relationships
between emissions and key factors.

* Policy Implications: Assessing the role of renewable
energy adoption, industrial activity, and GDP in emission
levels.

Ethical Implications
This study adheres to ethical research standards by
ensuring data privacy and neutrality in emissions analysis.
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The dataset used in this study does not disclose country
names, ensuring anonymity and preventing potential
bias in policy interpretations. By hiding the names of
the countries involved, this study avoids political issues
that might affect the assessments of emissions. This
supports an unbiased, data-driven approach to figuring

out CO, trends. Additionally, the dataset does not include
any personally identifiable information (PII), ensuring
compliance with ethical data usage practices in climate
research.

RESULTS AND DISCUSSION

1ea GDP vs CO:z Emissions (Size: Renewable Energy Usage)
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Figure 2: Relationship Between GDP and CO, Emissions

The scatter plot (Figure 2) confirms the well-documented
positive correlation between economic growth and CO,
emissions, a trend supported by multiple studies. As
GDP increases, industrial activity, energy consumption,
and emissions tend to rise, particularly in economies that
rely heavily on fossil fuel-based energy sources. Previous
research has shown that economic growth is a major cause
of CO, emissions, especially in developing countries
that are rapidly becoming industrialized and need more
energy as their infrastructure and manufacturing grow
(Adebayo & Akinsola, 2021; Adebayo e# al., 2021). The
results emphasize that while economic growth brings
prosperity, it also amplifies environmental challenges
unless mitigated by effective policies and technological
advancements. However, the impact of renewable
energy usage in moderating emissions is a crucial insight.
Countries that use a lot of renewable energy sources
tend to have lower CO, emissions when their GDP
stays the same. This supports the idea that clean energy
transitions are crucial for separating economic growth
from environmental damage (Agbulut, 2022; Ahmed
et al., 2022). Studies have demonstrated that OECD
countries with higher investments in renewables, such as
wind and solar energy, have managed to stabilize or even
reduce emissions despite continued economic expansion
(Alam & AlArjani, 2021). This suggests that GDP growth
alone does not inherently lead to higher emissions—the
energy mix and industrial strategies of a nation determine
the extent of environmental impact.A dense cluster of
low-GDP, low-emission countries reflects the reality
that many developing nations have smaller industrial
bases, leading to relatively low emissions. This fits with
studies that look at the carbon footprints of emerging
economies, where industrialization is still limited and

10

0.8 !
lel3

energy use is mostly for localized activities that use less
carbon (Ali et al., 2022). On the other hand, some high-
GDP nations exhibit disproportionately high or low
emissions, which can be attributed to variations in policy
frameworks, industrial efficiency, and energy mix choices.
For instance, Germany, despite its strong economic
standing, has successfully kept its emissions relatively low
due to robust renewable energy policies and stringent
environmental regulations. Conversely, the United States
continues to exhibit higher emissions due to a prolonged
dependence on fossil fuels and a slower transition to clean
energy alternatives (Al-Shetwi, 2022; Altikat, 2021). This
stark contrast highlights how government policies and
technological investments significantly shape a country’s
emission trajectory.

Policy Implications

The scatter plot underscores the necessity of sustainable
growth strategies, ensuring that economic expansion does
not come at the cost of environmental degradation. Using
clean energy, making factories more efficient, and putting
in place policy incentives like carbon taxes, emissions
trading systems, and subsidies for renewable energy
technologies can help countries keep their economies
growing while also cutting CO, emissions (Faruque e#
al., 2022). Furthermore, nations that priotitize energy-
efficient technologies and sectoral
efforts sustainability while
remaining competitive in the global economy. These
insights reinforce the argument that GDP growth alone
does not dictate emission levels—rather, technological

decarbonization
can achieve long-term

advancements, energy policies, and industrial innovation
are the critical determinants of a countrys carbon
footprint (Giannelos ef al., 2024).

https:
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Figure 3: Historical Trends in CO, Emissions (1900-2023)

The time-series plot (Figure 3) shows a clear upward
trajectory in CO, emissions, particularly after the 1950s,
when global industrialization and fossil fuel dependence
intensified. This matches with historical records that
show CO, emissions rose very quickly during the Second
Industrial Revolution and the economic booms that
followed. This was because factories and factories used
more fossil fuels to make more things and make electricity
(Guo et al, 2021). The steep rise in emissions during
this period highlights the direct link between industrial
expansion and environmental impact, a trend that has
continued in many economies worldwide.

e The United States, China, and India have huge
industrial economies that have grown quickly. These
countries are also responsible for the biggest chunks of
global emissions because their economies are based on
manufacturing, they need a lot of energy, and they are
forced to use fossil fuels (Guo e7 al., 2022; Hoang e/ al.,
2021). As these countries prioritized economic expansion,
emissions surged, driven by extensive coal usage, rapid
urbanization, and increased industrial output. China, for
instance, has become the world’s largest emitter due to
its reliance on coal-fired power plants and manufacturing
exports. The United States and India also exhibit similar
patterns, with emissions largely driven by their respective
industrial sectors and energy consumption policies.

e Conversely, countries with minimal growth in
emissions are typically low-income nations with limited
industrialization. This fits with earlier research that found
low-GDP countries contribute a lot less to global CO,
levels because their economies still depend on low-energy
activities, and each person uses a lot less energy (James &
Menvzies, 2022). These nations, often in Africa and parts
of Southeast Asia, still rely on subsistence economies,

small-scale agriculture, and low-emission industries,
making them minor contributors to global emissions.
However, as their economies develop, there is potential
for rising emissions unless proactive sustainability
measures are implemented.

One of the most critical insights from the time-series
analysis is the plateau or decline in emissions observed
in certain developed countries in recent decades,
particularly in Europe and parts of North America. Some
policies that have been put in place to reduce carbon
emissions are carbon taxes, emissions trading schemes,
more investment in renewable energy, and measures to
make businesses more efficient (Khan & Hou, 2021;
Kumari & Singh, 2023). These policies strongly link to
this downward trend. Nations such as Germany and
Sweden, for instance, have successfully curbed emissions
growth through strong government intervention, green
technology investments, and aggressive climate policies.
Research shows that carbon-neutral policies implemented
in Scandinavian countries and parts of the EU have been
highly effective in reducing emissions, reinforcing the idea
that policy interventions and technological advancements
are key to emission reduction (Li ef a/., 2021).

Policy Implications

The observed trends emphasize the necessity for
aggressive decarbonization policies, especially in high-
emission economies. According to the data, economic
growth has historically caused emissions. However, the
recent drop in emissions in some areas shows that this
trend can be turned around with good sustainability
policies (Li ezal., 2022). Governments must prioritize clean
energy transitions, industrial efficiency improvements,
and stringent environmental regulations to sustain this

https:
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momentum. Additionally, nations with rising emissions
can learn from the policy successes of Europe and
North America, where measures such as carbon pricing,
renewable energy subsidies, and strict industrial emission
controls have led to meaningful reductions.

Furthermore, the study highlights the critical role
of renewable energy adoption and carbon capture

technologies in future global emission reduction efforts.
Countries must accelerate their shift toward low-carbon
energy systems, investing in solar, wind, and hydropower to
replace fossil fuel reliance (Lin & Wang, 2021; Murshed e#
al., 2021). Carbon capture and storage (CCS) technologies
should also be explored and integrated into high-emission
industries to mitigate the long-term environmental impact.
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Figure 4: Correlation Between Socioeconomic Factors and CO, Emissions

The correlation heatmap (Figure 4) presents surptising
insights, particularly the weak correlation between population
size and CO, emissions (0.01). People often think that bigger
populations automatically mean more pollution. This shows
that energy efficiency, industrial activity, and policy measures
have a bigger impact on pollution output (Murshed &
Ahmed, 2021; Yin ez al., 2021).

1. Urbanization’s near-zero correlation (0.00) with CO,
emissions is also unexpected. In the past, urbanization
has been linked to higher energy needs and transportation
emissions. However, this finding suggests that modern
urban planning, the use of renewable energy, and
improvements in the efficiency of urban infrastructure
may lessen the direct effects on emissions (Qader ef al.,
2021; Wang e al., 2022).

2. Sectoral differences in industrial efficiency could
explain the lack of correlation (0.00) between industrial
activity and COE emissions. For instance, high-tech
and produce  significantly
less emissions per unit of GDP compared to heavy
manufacturing economies (Wen ez a/., 2023). This suggests
that emission levels depend not just on the scale of
industrial activity but also on the nature of the industries
involved (Wu et al., 2021).

3. Renewable energy usage’s lack of correlation with

service-based economies

CO, emissions indicates that many countries may not

yet have adopted renewables at a scale sufficient to
significantly impact total national emissions. However,
in countries where renewable energy comprises a larger
share of the energy mix, research confirms a significant
drop in emissions (Yin e al., 2021).

Insights

This analysis highlights the multifactorial nature of CO,
emissions. Contrary to common assumptions, population
size, urbanization, and industrial activity do not always
directly translate to higher emissions; rather, it is the
energy mix, policy decisions, and technological efficiency
that determine actual emission levels. To better predict
emission trends in the future, researchers should look into
multivariate models that take into account how policies
affect industries, how they are structured, and how efforts
are being made to make the energy transition.

Policy Recommendations

Governments should focus on targeted policies that
enhance renewable energy adoption, increase industrial
energy efficiency, and promote sustainable urban
planning, The findings show that limiting urbanization
or lowering population growth alone won’t be enough to
lower emissions. A real effect requires a change in the

production of energy and the efficiency of industries.
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Final  Analysis:
Recommendations

The findings from this study strongly confirm that CO,
emissions are intricately linked to a country’s economic

Insights,  Evaluation, and

growth, industrial activity, and energy policies. The
scatter plot (Figure 1) demonstrated a positive correlation
between GDP and emissions, validating previous studies
that emphasize economic expansion as a primary driver
of CO, emissions, particularly in high-growth economies
(Adebayo et al., 2021a; Adebayo e/ al., 2021b). However,
this study also highlights the role of renewable energy
that
suggests nations with stronger clean energy policies tend

in mitigating emissions, reinforcing research
to maintain lower emissions despite high GDP levels
(Agbulut, 2022; Ahmed et al., 2022). The historical trend
analysis (Figure 2) supports the notion that emissions
have drastically risen since the industrial era, aligning
with reports on global fossil fuel dependency (Alam &
AlArjani, 2021; Ali e al., 2022). Yet, the plateau or decline
observed in certain regions reflects the success of policy
interventions, industrial efficiency improvements, and
technological advancements in decarbonization (Al-
Shetwi, 2022). Finally, the correlation heatmap (Figure 3)
revealed surprising results, particularly the lack of strong
correlation between population size and emissions,
that population
growth alone is a major emissions driver (Altikat, 2021).

countering traditional assumptions

These insights align with research showing that urbanization,
industrial structure, and energy efficiency are more critical
determinants of emission patterns than population size
alone (Faruque ¢ al., 2022; Giannelos ¢f al., 2024).

One key reason for these observed trends is the role
of energy policies, economic structures, and industrial
activity in shaping emission patterns. While GDP is
commonly associated with higher CO, emissions, this
study reinforces that emissions are not an inevitable
outcome of economic growth but rather a reflection of
a country’s energy mix and industrial efficiency (Guo et
al., 2021a; Guo et al., 2022). Countries with high GDP
but lower emissions often invest heavily in renewables,
carbon taxation, and energy efficiency regulations, as
seen in several OECD nations where emissions have
been decoupled from GDP growth (Hoang ez al., 2021;
James & Menzies, 2022). Conversely, the persistence of
high emissions in industrialized nations like China and
India can be attributed to their continued reliance on
coal and fossil fuels for economic development (Khan &
Hou, 2021). The unexpectedly low correlation between
industrial activity and emissions observed in this study
can be explained by variations in industry types—high-
tech and service-based economies contribute significantly
less CO, per unit GDP compared to heavy manufacturing
economies (Kumari & Singh, 2023; Li e al, 2021).
Similarly, the weak relationship between population and
emissions supports the argument that urban density alone
does not dictate CO, levels; instead, energy efficiency,
transportation policies, and urban design play a significant
role (Li et al., 2022a; Lin & Wang, 2021).

The overall findings are consistent with prior research,
reinforcing the importance of renewable energy adoption,
decarbonization policies, and industrial efficiency
improvements in reducing emissions. Several studies
confirm that transitioning from fossil fuels to renewable
energy significantly decreases emissions while maintaining
economic growth (Murshed ez a/., 2021; Murshed, 2021).
The observed plateau and decline in emissions for certain
countries align with findings that nations implementing
carbon pricing and emissions trading systems have
successfully controlled their CO, output (Qader e 4,
2021; Wang e/ al., 2022). The weak correlation between
urbanization and emissions is particularly noteworthy, as
it suggests that highly urbanized areas can still achieve
lower emissions if sustainable infrastructure, energy-
efficient buildings, and clean public transportation are
prioritized (Wen e al., 2023; Wu et al., 2021). However,
the lack of strong correlations in the heatmap analysis
also indicates that emissions are influenced by multiple
interacting variables rather than single factors, reinforcing
the need for more advanced, multivariate models to

predict CO, emissions more accurately (Yin e 4/, 2021).

Limitations and Recommendations for Future Research
This study was limited by data constraints and regional
generalizations, as the dataset covers multiple countries
over a broad timeline, making it challenging to account
for country-specific policies, economic shocks, or
technological advancements that may have influenced
emissions (Yin e/ al, 2021). Additionally, the dataset
does not include sector-specific emission data, meaning
that differences between industrial, transportation, and
residential emissions could not be fully analyzed. Prior
research has emphasized that emissions vary significantly
across sectors, with transportation and heavy industries
often contributing disproportionately to CO, levels, while
service-based economies generate comparatively lower
emissions per unit of GDP (Wen ez al., 2023; Wu e/ al.,
2021). Future studies should integrate machine learning
models capable of handling non-linear relationships,
policy interactions, and sectoral variations to improve
predictive accuracy (Qader ez al., 2021; Wang et al., 2022).
Additionally, case studies of successful low-carbon
economies could provide valuable insights into the
most effective policy interventions and energy strategies
(Murshed et al., 2021). Previous studies have shown that
certain nations have effectively decoupled economic
growth from emissions by investing in renewables,
enforcing carbon pricing mechanisms, and adopting
stringent emissions regulations (Murshed, 2021; Li ¢ al,
2022a). Examining these policies in greater depth through
case studies could offer practical recommendations for
developing nations still reliant on fossil fuels.

Finally, expanding deep learning-based models like LSTMs
for CO, emissions forecasting could further enhance
prediction accuracy and support data-driven policy
decisions (Kumari & Singh, 2023). Research indicates that
advanced Al-driven models, including hybrid approaches
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integrating deep learning and econometric forecasting,
have demonstrated significant improvements in emissions
trend prediction and policy impact assessment (Lin &
Wang, 2021; Li ef al., 2021). Future studies should leverage
these innovations to enhance long-term climate planning,

offering policymakers more precise and actionable
strategies for emissions reduction.

CONCLUSION
This study provides a data-driven analysis of the
relationship between economic growth, industrial activity,
energy policies, and CO, emissions. The findings confirm
a strong correlation between GDP and emissions,
particularly in industrialized nations reliant on fossil fuels.
However, this study highlights the mitigating role of
renewable energy and industrial efficiency, showing that
countries with strong clean energy policies can maintain
economic growth while reducing emissions.
The historical trend analysis reveals that while emissions
have increased due to industrialization, some regions
have achieved plateaus through decarbonization
policies. This suggests that economic development and
emissions reduction are not mutually exclusive when
nations implement clean energy transitions, regulatory
enforcement, and industrial efficiency measures.
From a policy perspective, these findings emphasize the
need for:

* Expanding renewable energy investments.

* Implementing carbon taxation and emissions trading
systems.

* Enhancing industrial energy efficiency.

* Promoting sustainable urbanization.
Additionally, this study underscores the value of data-
driven climate policymaking. Future research should
explore sector-specific emissions trends and deep
learning-based forecasting, Ultimately, economic growth
and sustainability can coexist if nations adopt proactive
energy transitions and policy measures to ensure a low-
carbon future.
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