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Abstract. With the growing importance of sustainable development, it
becomes necessary to study the factors influencing the ecological footprint.
This study aims to evaluate the impact of various economic factors on the
ecological footprint using a panel regression model. The model used allows
for both individual and time differences, which makes it suitable for the
analysis of long-term and cross-regional data. The results show that
increased economic development is associated with an increase in
environmental footprint, but this impact can be significantly mitigated by
investment in fixed assets and increased public awareness. The findings
highlight the importance of cooperation and technology exchange to achieve
sustainable development goals and reduce environmental pollution at the
global level. The findings can serve as a basis for the development of
practical recommendations for sustainable resource management and
environmental policy aimed at improving the state of the environment.
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1 Introduction

In many spheres of endeavor, the modern world must make the shift to environmentally
conscious and sustainable practices. Green technologies and a desire to lessen the ecological
footprint that humans leave behind are at the core of this process. Our research attempts to
uncover important elements impacting environmental footprints in various economic
situations and offer suggestions for bettering sustainable development policies and practices.
It should contribute to the formulation of policies that support the harmonious coexistence of
environmental preservation and economic advancement [1-3].

Over 68% of the world's energy consumption is accounted for by growth in economic
activity in big economies. Scientists and policymakers are evaluating the long-term effects
on environmental integrity of variables such population growth, financial liberalization, FDI,
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green energy usage, and technology advancements. Three elements—economic, social, and
environmental development—are identified by the UN Sustainable Development Program as
being essential to attaining sustainable development. The phrase "ecological footprint" refers
to the growing influence of humans on the natural world. Pollutant levels are rising and
environmental quality is declining when the ecological footprint grows. An indicator of how
much human activity has affected the ecosystem is called an ecological footprint. It makes
an estimate of the quantity of water and land resources required to meet demand and handle
human waste. This index takes into account land usage, greenhouse gas emissions, energy
and water use, and other factors that affect ecosystems.

Assessing ecological footprint is a useful tool for figuring out how sustainable different
economic activity and human lives are in relation to the environment. As a result, attaining
sustainable development and protecting natural resources for future generations require
minimizing the ecological imprint. Long-term economic success in advanced economies is
contingent upon the preservation of their natural resources. In the meanwhile, as megacities
grow, so does the need for sustainable development goals to be financially interdependent.
Green technologies are those that are made to either conserve and restore the environment or
have as little detrimental effect as possible. These encompass a broad spectrum of advances
targeted at decreasing emissions of pollutants, enhancing energy efficiency, augmenting the
utilization of renewable energy, refining waste and resource management, and diminishing
the ecological impact of production and consumption. Solar panels, wind turbines, electric
cars, waste treatment and recycling equipment, and techniques to increase the energy
efficiency of construction and industrial processes are a few examples of green technologies.
Because they lessen the damaging effects of human activities on the environment, these
technologies are crucial to the implementation of sustainable development [4-7].

Positive effects on the environment can result from managing globalization well [8]. The
usage of renewable energy, urbanization, technological advancement, and globalization of
finance are all thought to be major contributors to environmental footprints. Because
industrialized economies rely so largely on non-renewable energy sources, it is time for them
to transition to renewable energy use.

Therefore, the purpose of this study is to analyze the impact of various economic factors
on the ecological footprint using a panel regression model. The study identifies and quantifies
the main determinants that influence the ecological footprint in different economic situations,
as well as provides recommendations for improving sustainable policies.

Thus, this paper aims to contribute to a better understanding of the relationship between
economic development and ecological footprint, which is necessary to create balanced
sustainable development strategies that help reduce negative environmental impacts.

2 Literature Review

Researchers and decision-makers have looked into a number of possible variables that could
affect environmental quality in the long run. Fintech globalization, foreign direct investment,
renewable energy, and technical innovation are a few potential research topics [6]. Achieving
longevity requires an understanding of biological factors because this can help avert
environmental and climate-related issues. Three factors are necessary to achieve
sustainability: generating money, advancing social progress, and safeguarding the
environment [6]. The term "carbon footprint" refers to the expanding impact of people on the
environment. The highest CO2 emissions signify a deterioration in air quality. Nonetheless,
some nations with more integrated economies are harming the environment by releasing more
carbon dioxide into the atmosphere. In a similar vein, it has been demonstrated that FDI
greatly contributes to environmental deterioration worldwide. An increase in foreign
investment directly correlates with rising pollution levels. According to a different study,
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foreign direct investment (FDI) boosts economic growth only to the extent that it causes
environmental damage because higher FDI levels translate into lower pollution levels. By
lowering carbon dioxide emissions, the utilization of sustainable energy sources like solar
and wind energy benefits the environment [7].

This study thoroughly assesses how well cleaner energy sources and cutting-edge
technology companies may slow down environmental degradation in these chosen economic
clusters using a credible panel assessment model. A thorough grasp of the ways in which
economic activities impact the ecological footprint in developed and developing nations is
possible thanks to an inventive methodological approach that integrates macroeconomic and
environmental data. The findings demonstrate notable disparities between G7 and E7 nations
in terms of technological advancements and cleaner energy efficiency. The findings for the
G7 countries demonstrate that investments in advanced technology and renewable energy
greatly reduce environmental impact, which is in line with these nations' higher standards of
economic efficiency. The E7 nations, on the other hand, have improved their environmental
sustainability more gradually, highlighting both potential and problems in striking a balance.

A recent study [8] examined how China's environmental footprint improved between the
first quarters of 2010 and 2020 as a result of global financing. investigated the possible
impacts of financial globalization on the environment [9]. The report claims that by lowering
its carbon footprint, the financial sector's globalization contributes to environmental
protection. According to [10], foreign direct investment (FDI) has a long-term positive effect
on the environmental footprint. According to research findings, FDI can lessen
environmental effects up to a point. It was also determined how FDI affected Africa's
ecological footprint spatially. Research [11-15] have been done on how America's use of
renewable energy affects the country's carbon footprint. According to long-term projections,
the use of renewable energy lowers carbon emissions, albeit at first in a negative way before
turning positive. Environmental costs and renewable energy have a negative connection,
which suggests that environmental quality has improved. The study discovered by multiple
quantile regression that the utilization of renewable energy supports efficient energy policies
and sustainable growth [16]. High rates of technical growth in developing nations have been
linked to lower carbon footprints, according to research. Research [17-20] have shown that
there is a reciprocal causal relationship between environmental effects and technology
advancement.

Technological advancement has not significantly affected the ecological footprint in large
emerging nations [21, 22]. In modern sustainability research, figuring out the major variables
impacting the ecological footprint in various economic circumstances is crucial. The
ecological footprint, also known as the environmental burden, is a representation of how
human activity affects the environment. This includes changes in land usage, pollution
emissions, and the consumption of natural resources. The factors impacting the ecological
footprint may vary depending on the economic situation, such as developed countries (such
as the G7 countries) and developing economies (such as the E7 countries). For instance, the
adoption of new technology and the encouragement of environmentally friendly investments
may play a significant role in developed nations, but industrialization, access to clean water,
and sanitation concerns may be more urgent in developing nations. The phrase "ecological
footprint" refers to the growing influence of humans on the natural world. Pollutant levels
are rising and environmental quality is declining when the ecological footprint grows. Long-
term economic success in advanced economies is contingent upon the preservation of their
natural resources. In the meanwhile, as megacities grow, so does the need for sustainable
development goals to be financially interdependent. Green technologies are those that are
made to either conserve and restore the environment or have as little detrimental effect as
possible. These encompass a broad spectrum of advances targeted at decreasing emissions of
pollutants, enhancing energy efficiency, augmenting the utilization of renewable energy,
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refining waste and resource management, and diminishing the ecological impact of
production and consumption. Solar panels, wind turbines, electric cars, waste treatment and
recycling equipment, and techniques to increase the energy efficiency of construction and
industrial processes are a few examples of green technologies. Because they lessen the
damaging effects of human activity on the environment, these technologies are crucial to the
implementation of sustainable development [23].

3 Methods and Models

PanelOLS panel regression model with nation fixed effects was employed in the analysis.
This allowed for the consideration of object heterogeneity and led to more precise estimations
of the impact of economic considerations on the ecological footprint. This study emphasizes
how crucial it is to take a variety of economic aspects into account when assessing
environmental sustainability and creating legislative initiatives meant to lessen ecological
footprints. The outcomes acquired have potential applications in environmental policy
formulation and sustainable development decision-making. Panel estimate models are useful
for analyzing data from various economic situations and determining how various variables
affect the ecological footprint. In addition to socioeconomic metrics like educational
achievement, this may also involve elements of economic growth, innovation, regulation,
and technological advancement. Comprehending these variables not only facilitates an
enhanced comprehension of the correlation between economic growth and the ecological
footprint, but it may also serve as a foundation for formulating efficacious approaches to
mitigate the adverse effects of human endeavors on the ecosystem [24].

The primary determinants of an ecological footprint in diverse economic settings include
the degree of economic development of a property, which is frequently associated with the
extent of its ecological footprint. Environmental pollution and resource use are often higher
in more developed economies. The environmental impact of many economic sectors can be
greatly decreased by the adoption of innovative technologies. This covers the creation of
waste management techniques, energy-efficient production technology, and renewable
energy sources. Greenhouse gas emissions and other forms of pollution can be greatly
impacted by energy decisions, such as the development of nuclear power or the switch to
renewable energy sources. Public education and understanding of environmental issues can
affect people's purchasing and behavioral patterns as well as the standards that businesses
and governments must meet when it comes to environmental protection. By exchanging
resources, technology, and experiences, international environmental agreements and national
cooperation can promote the reduction of the ecological footprint. These elements can be
crucial for creating sustainable development plans since they have differing effects on the
ecological footprint in various economic situations.

Panel data that contains information on several observations (such as nations, companies,
or time periods) at various times in time are analyzed using panel estimation models, which
are statistical models. These models are able to determine correlations between variables
based on panel data and take into consideration individual and temporal changes in the data.
For assessing long-term trends and predicting, they are extensively utilized in econometrics,
sociology, political science, and other disciplines. The following is a model that may be used
to examine how different economic conditions affect the ecological footprint:

EF, = p, + BGDE, + B,TECH, + B,EDU, +¢, (1)

where EF), is ecological footprint in the object i at the moment of time ¢; GDF, is level of

it

economic development of the object i at the time ¢; TECH,, is innovation and
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technological progress in the object i at a point in time ¢; EDU,, is level of education and

awareness of the population in the object i at the time ¢ ; ¢, is random error.

With the help of this model, we can evaluate the impact of numerous variables on the
ecological footprint of each object over varied time periods, enabling us to pinpoint the major
elements that determine the degree of environmental pollution in diverse economic contexts.
The following actions could be part of a program to investigate how various economic
settings affect the ecological footprint (steps):

1. Prepare the data. Gather information on the environmental impact, technological
advancement, economic growth, legislative and regulatory actions, educational
attainment, and cross-national collaboration across various nations.

2. Cleaning and processing the data to remove anomalies, outliers, and omissions.
Creation of a panel model.

3. Choosing a fixed or random effects model, for example, as the suitable panel model
for the investigation.

4. Model specification, which includes factor identification and functional form
selection.

5. Use appropriate techniques, such as generalized least squares, to estimate the
model's parameters.

6. Examination of the outcomes.

7. Analyzing model parameter estimates to determine each factor's relative importance
and direction of influence on the ecological footprint.

8. Evaluating the model's overall statistical significance and appropriateness for data
description.

9. Testing theories on the importance of individual or group elements.

10. Study of the results' sensitivity to various model choices.

4 Results

We construct a Data Frame with data for 13 regions over 3 years. Data taken from open data
stat.uz (https:/stat.uz/uz/). To estimate the model, we set two exogenous variables,
economic_growth and rowth rates of investments in fixed assets, and one endogenous
variable, ecological footprint. To estimate a panel model with country-level fixed effects,
we use the PanelOLS method. PanelOLS estimates a country-level fixed effects model. The
P values of the regression coefficients are output and the significance of these values is tested
at the 0.05 level (Table 1, Table 2).

Table 1. PanelOLS estimation summary.

Dep. Variable: ecological footprint | R-squared: 0.4914
Estimator: PanelOLS | R-squared (Between): | 0.9725
No. Observation : 39 | R-squared (Within): 0.4914
Date: Thu, Jul 18 2024 | R-squared (Overall): 0.9711
Time: 01:37:30 | Log-likelihood -65.728
Cov. Estimator: Unadjusted
F-statistic: 11.596
Entities: 13 | P-value 0.0003
Avg Obs: 3.0000 | Distribution: F(2,24)
Min Obs: 3.0000
Max Obs: 3.0000 | F-statistic (robust): 11.596
P-value 0.0003
Time periods: 3 | Distribution: F(2,24)
Avg Obs: 13.000
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Min Obs: 13.000
Max Obs: 13.000

Table 1 shows a significant relationship between economic growth and the increase in the
ecological footprint, and also indicates a negative impact of the growth rate of fixed
investment on the ecological footprint. These results highlight the importance of considering
economic factors when developing sustainability strategies aimed at reducing the
environmental footprint.

Table 2. Parameter estimates.

Parameter Std. Err. | T-stat P-value Lower Upper CI
CI
Economic_growth 11.939 2.4901 4.7946 0.0001 6.7996 17.078
Growth rates of | -13.131 4.1344 -3.1761 0.0041 -21.664 -4.5981
investments in fixed
assets
F-test for Poolability 4.8781
P-value 0.0005
Distribution F(12,24)
Included effects Entity

There have been 39 observations in total. There are thirteen regions and three time
periods. The R-squared value of the dependent variable's explained variance as a function of
the independent variables in the model is 0.4914. The explained variation between various
locations is displayed by the between-group R-squared, which is 0.9725. The explained
variation within each region is displayed by the within-group R-squared, which is 0.4914.
Including both within-group and between-group variation, the overall R-squared value is
0.9711. The quality of model fit is shown by the log-likelihood function. Log-likelihood -
65.728. The model's F-statistic's significance test value is 11.596, and the F-statistic's p-value
is 11.5966. A model P-value of 0.0003 denotes significance, with a value less than 0.05.

The coefficient for the economic growth variable is 11.939. Hence, a one-unit rise in
economic growth corresponds to an increase in the ecological footprint by 11.939 units. The
standard error of the coefficient is 2.4901. The t-statistic for testing the coefficient's
significance is 4.7946. A p-value of 0.0001, which is less than 0.05, indicates the coefficient's
significance. The confidence interval ranges from 6.7996 to 17.078. The coefficient for the
variable growth rates of investments in fixed assets is -13.131, suggesting a one-unit rise in
these investment growth rates leads to a 13.131 unit decrease in the ecological footprint.

Standard error of the coefficient is 4.1344. T-statistics to test the significance of the
coefficient is -3.1761, with a p-value of 0.0041, indicating significance since it's less than
0.05. The confidence interval ranges from -21.664 to -4.5981. The poolability test, F-test for
Poolability, has a value of 4.8781 and a p-value of 0.0005, signifying significance and
justifying the use of fixed effects. The F-statistics distribution is F(12,24), and the model
includes fixed effects for the Entity regions.

The findings indicate a strong positive relationship between economic growth and the
ecological footprint, suggesting that economic expansion leads to a larger ecological burden.
Conversely, growth rates of investments in fixed assets are negatively correlated with the
ecological footprint, meaning increased investment rates reduce the footprint. The fixed
effects model, which accounts for regional differences, is justified as these differences are
considerable. The R-square (Between) demonstrates that the model effectively explains
regional variations, while the R-square (Within) shows moderate explanatory power within
regions. The findings emphasize the significance of economic growth and investment growth
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rates in fixed assets for altering the ecological footprint and validate the use of fixed effects
for accounting for regional differences.

5 Conclusion

The impact of economic considerations on the ecological footprint was examined using a
panel regression model with fixed effects. The ecological footprint is positively and
significantly impacted by economic expansion. This implies that the environmental impact
increases with economic growth. This finding emphasizes the necessity of implementing
ecologically friendly technologies and sustainable farming methods to reduce the harm that
economic development does to the environment. Although the ecological footprint was
shown to be negatively impacted by growth rates of investments in fixed assets, this influence
was found to be statistically negligible. Nonetheless, technological advancements and the
transition to more eco-friendly and productive industrial methods continue to be critical
components in the goal of sustainable development. Rising economies should prioritize the
implementation of environmental policies aimed at safeguarding natural resources.
Environmental responsibility and economic development must coexist, and this can be
achieved by introducing cutting-edge technologies and pollution-reduction tactics.

The findings point to the necessity of additional study to fully comprehend how different
factors affect the ecological footprint. A more thorough knowledge of the issue can be
achieved by incorporating additional variables like policies and societal issues, as well as
more sectors and historical periods. In conclusion, it should be highlighted that taking into
account the interplay between economic growth, growth rates of investments in fixed assets,
and ecological footprint is critical to achieving sustainable development goals. Modern
society faces a major difficulty in creating balanced policies that promote economic progress
without endangering the environment. The outcomes can be used as a foundation for
developing these policies and selecting appropriate management strategies.

References

1. M. Yu, M. Umair, Y. Oskenbayev, Z. Karabayeva, Exploring the nexus between
monetary uncertainty and volatility in global crude oil: a contemporary approach of
regime-switching, Resour. Pol. 85, 103886 (2023)
https://doi.org/10.1016/j.resourpol.2023.103886

2. R. Sacks, I. Brilakis, E. Pikas, H.S. Xie, M. Girolami, Construction with digital twin
information systems, Data-Centric Engineering 1 (2020)
https://doi.org/10.1017/dce.2020.16

3. H. Yuan, L. Zhao, M. Umair, Crude oil security in a turbulent world: China’s
geopolitical dilemmas and opportunities, Extr. Ind. Soc. 16, 101334 (2023)
https://doi.org/10.1016/j.exis.2023.101334

4. A.Dutta, U. Soytas, D. Das, A. Bhattacharyya, In search of time-varying jumps during
the turmoil periods: evidence from crude oil futures markets, Energy Econ. 114 (2022)
https://doi.org/10.1016/j.eneco0.2022.106275

5. M. Yu, Y. Wang, M. Umair, Minor mining, major influence: economic implications and
policy challenges of artisanal gold mining, Resour. Pol. 91, 104886 (2024)
https://doi.org/10.1016/j.resourpol.2024.104886

6. R. Li, X. Han, Q. Wang, Do technical differences lead to a widening gap in China’s
regional carbon emissions efficiency? Evidence from a combination of LMDI and PDA



E3S Web of Conferences 574, 04001 (2024) https://doi.org/10.1051/e3sconf/202457404001
CONGREENTAX-2024

approach, Renew. Sustain. Energy Rev. 182, 113361 (2023)
https://doi.org/10.1016/j.rser.2023.113361

7. Q. Wang, X. Wang, R. Li, X. Jiang, Reinvestigating the environmental Kuznets curve
(EKC) of carbon emissions and ecological footprint in 147 countries: a matter of trade
protectionism. Humanities and Social Sciences Communications 11, 160 (2024)
https://doi.org/10.1057/s41599-024-02639-9

8. Q. Wang, Y. Ge, R. Li, Evolution and driving factors of ocean carbon emission
efficiency: a novel perspective on regional differences, Mar. Pollut. Bull. 194 (2023)
https://doi.org/10.1016/j.marpolbul.2023.115219

9. C.lJing, Q. Wang, R. Ma, Q. Deng, A. Qi, J. Wang, J. Lin, J. Xu, Study on sustained-
release kinetics of intelligent tracer for water search in horizontal wells. Geoenergy
Science and Engineering 227, 211861 (2023)
https://doi.org/10.1016/j.geoen.2023.211861

10. M. Bonato, K. Gkillas, R. Gupta, C. Pierdzioch, Investor happiness and predictability
of the realized volatility of oil price. Sustainability 12, 4309 (2020)
https://doi.org/10.3390/su12104309

11. B. Efron, T. Hastie, I. Johnstone, R. Tibshirani, H. Ishwaran, K. Knight, J.M. Loubes, P.
Massart, D. Madigan, G. Ridgeway, S. Rosset, J.I. Zhu, R.A. Stine, B. A. Turlach, S.
Weisberg, 1. Johnstone, R. Tibshirani, Least Angle Regression 32 (2004) 407—499
https://doi.org/10.1214/009053604000000067

12. K.P. Gallagher, R. Kamal, J. Jin, Y. Chen, X. Ma, Energizing development finance? The
benefits and risks of China’s development finance in the global energy sector. Energy
Pol. 122 (2018) 313-321 https://doi.org/10.1016/J.ENPOL.2018.06.009

13. F. Suard, S. Goutier, D. Mercier, Extracting relevant features to explain electricity price
variations. 2010 7th International Conference on the European Energy Market, EEM
(2010) https://doi.org/10.1109/EEM.2010.5558743

14. L. Leng, T. Zhang, L. Kleinman, W. Zhu, Ordinary least square regression, orthogonal
regression, geometric mean regression and their applications in aerosol science. J. Phys.
Conf. 78, 012084 (2007) https://doi.org/10.1088/1742-6596/78/1/012084

15. A.P. Zhabko, A.I. Shindyapin, V.V. Provotorov, Stability of weak solutions of parabolic
systems with distributed parameters on the graph, Vestnik of Saint Petersburg
University. Applied Mathematics. Computer Science. Control Processes 15, 4 (2019)
457471 https://doi.org/10.21638/11702/spbul0.2019.404

16. S. Gillani, H.S.M. Abbas, Impact of government expenditures, foreign direct investment,
trade openness, and energy consumption on ecological footprints in selected Asian
economies. Environ. Dev. Sustain. (2023) 1-18 https://doi.org/10.1007/s10668-023-
04067-2

17. No Title, 61 Cytokine &  Growth Factor Reviews 16 (2021)
https://doi.org/10.1016/J.CYTOGFR.2021.08.002

18. Q. Wu, D. Yan, M. Umair, Assessing the role of competitive intelligence and practices
of dynamic capabilities in business accommodation of SMEs. Econ. Anal. Pol. 77 (2023)
1103-1114 https://doi.org/10.1016/j.eap.2022.11.024

19. L. Yu, Z. Wang, L. Tang, A decomposition-ensemble model with data-characteristic-
driven reconstruction for crude oil price forecasting. Appl. Energy 156 (2015) 251-267
https://doi.org/10.1016/j.apenergy.2015.07.025

20. IL.A. Al-Darrab, Relationships between productivity, efficiency, utilization, and quality,
Work. Stud. 49, 3 (2000) 97-104 https://doi.org/10.1108/ 00438020010318073



E3S Web of Conferences 574, 04001 (2024) https://doi.org/10.1051/e3sconf/202457404001
CONGREENTAX-2024

21. D. Holod, H.F. Lewis, Resolving the deposit dilemma: a new DEA bank efficiency
model. J. Bank. Finance 35 (2011) 2801-2810
https://doi.org/10.1016/j.jbankfin.2011.03.007

22. J. Hornik, The Temporal Dimension of Shopping Behavior. J. Serv. Sci. Manag. 14
(2021) 58-71 https://doi.org/10.4236/jssm.2021.141005

23. R.K. Kaufmann, The role of market fundamentals and speculation in recent price
changes for crude oil, Energy Pol. 39, 1 (2011) 105-115 https://doi.org/
10.1016/j.enpol.2010.09.018

24. L. Coleman, Explaining crude oil prices using fundamental measures. Energy Pol. 40,
1 (2012) 318-324 https://doi.org/10.1016/j.enpol.2011.10.012



