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The use of fossil fuels is essential for economic growth, but it also creates environmental hazards
that cause 5 million people to die every year. The use of renewable energy is limited because of
financial constraints, and there is a need to find ways to decouple fossil fuel consumption and
pollution. This study provides a way forward by introducing forest as a moderator. This study has
taken data from all countries of the world from 2011 to 2021 and estimated the impact of forests,
energy consumption, forest-energy moderator, population, and gross fixed capital formation on the
environment. Leveraging the Feasible Generalized Least Squares (FGLS) estimation technique to
address heterogeneity and outliers, the study reveals that while the effects of forests and energy
consumption align, population density and gross fixed capital formation exert disparate influences
on the environment in developing and developed nations. The incorporation of forests as a
moderator emerges as a consistently effective measure.
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INTRODUCTION

Man has made incredible advances in almost every aspect of
standard of living and social progress, but by doing so, some
conflicting consequences are on the road. Damage to the
environment is one of such dangerous consequences of human
advancement, and pollution is a primary determinant of
environmental damage. Pollution (that can be subdivided as air
pollution, water pollution, and soil pollution) is the existence of
contaminants that force the cycle of adverse impact. Pollution is
creating a real threat to the quality of life and is the main source of
global warming. It has changed the climate, and the agriculture
sector is directly under threat. The toxic ingredients in our
surroundings are mostly the results of our activities like
consumption of fossil fuels (oil, coal, and gas) and dumping of waste
into canals and rivers. The severe impact of pollution on humans,
plants, and animals has been vastly studied by different scholars
such as Brunette and Nemhauser (2019) emphasizing health
urgency to avoid the negative impact of pollution. Brunekreef and
Holgate (2002) found the direct impact of pollution ingredients on
air and child mortality. Yang et al. (2022) found that PM2.5 caused
2.89 million deaths in 2019. Cheryl (2022) reported that pollution
kills 9 million people every year. Environmental hazards pose a
significant threat to ecosystems worldwide. From deforestation to
pollution, these hazards disrupt the delicate balance of nature,
affecting biodiversity and ecosystem stability (Neelam et al,
2023).

Forests play a crucial role in mitigating greenhouse gas (GHG)
emissions and pollution. Bukata and Kyser (2007) found that forest
has causality with environments. At the same time, Gibbs et al.
(2007) found that deforestation is the main source of GHG emissions
in most tropical countries. Allen et al. (2010) stated that factors such
as drought, heat-induced tree mortality, and deforestation pose
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risks to forest ecosystems that may lead to the loss of sequestered
forest carbon and associated atmospheric feedback.

Hoover (2011) concluded that forests act as carbon sinks,
sequestering carbon and reducing atmospheric carbon dioxide
levels. Thambiran and Diab (2011) stressed that the forests are a
handy opportunity to purify air pollution and reduce GHG
emissions. Chen etal. (2016) noted that the consequences of forest
on GHG emissions depend on the type of forest, whereas Shah et
al. (2017) concluded that there is a need to understand and control
the spread of pollutants through forest resources.

Cheng et al. (2020) examined that the forests can cause non-point
source (NPS) pollution. Land use affects the spatiotemporal of
watershed NPS pollution. Sidabukke et al. (2022) highlighted the
impact of forest fire on the environment and concluded that it
cause pollution. Amirova et al. (2022) noted that forests absorb
greenhouse gases and can contribute to the reduction of GHG
emissions. Kumar et al. (2022) suggested that knowledge about
the impact of forests on GHG emissions is necessary for managing
suitable policies to reduce GHG emissions.

There is a lot of literature about the consequences of energy
consumption on pollution. Lin and Sun (2010) noted that fossil
fuel consumption is a significant contributor in the emission of
greenhouse gas emissions. Carnevale et al. (2018) concluded that
the use of alternative means of energy resources has the potential
to solve pollution problems. Yan et al. (2019) concluded that the
use of energy in production is a primary cause of pollution. Jos et
al. (2019) suggested that the current energy policies and CO2
reduction strategies need to consider all greenhouse gas
emissions to avoid harmful impact. Golomb (2020) stressed that
energy consumption is vital for the economic growth of
developing countries.
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Shen et al. (2020) observed that the consumption of fossil energy
has a direct relation with pollution, and it causes the
contamination of sulfur dioxide, dust and smoke. Chandra and
Lvaldi (2021) focused on the causality among energy, economic
growth and the environment. Yilmaz and Sensoy, (2022) concluded
that the use of energy in the form of oil, coal, and gas is the primary
cause of GHG emissions and air pollution. The combustion of fossil
fuels releases pollutants into the air, causing air pollution.
Schernikau and Smith (2022) suggested that the usage of fossil
fuels for electricity production is a significant source of CO2
emissions. Zhang and Wang (2022) noted that the use of
distributed generators can be used as an effective method to
reduce dependency on emissions.
The population has a significant impact on GHG emissions. Mason
(2010) stated that higher population densities within countries
lead to lower levels of alternative and renewable energy, which
suggests that population density has a negative effect on
greenhouse gas emissions. Christopher and Kammen (2014)
stated that population has a positive relation with carbon
footprints until a density threshold is met; later on, it declines.
The effect of changing population on emissions relies on the
magnitude of the changes and the initial values, with population
changes having a greater effect on emissions than population
density (Albert et al,, 2014; Daegoon et al, 2016). David et al.
(2016) stated that population density affects greenhouse gas
emissions by indirectly reducing carbon emissions through
factors such as decreased housing size and the use of natural gas
heating in cities.
Haroldo et al. (2019) concluded that there is U U-shaped impact
on the population for residential emissions and a W-shape impact
on total, industrial, and transportation emissions. Pedro et al.
(2021) observed that the rising population in cities causes higher
energy consumption and pollution emissions. Shunfa et al. (2022)
found that the higher population means higher emissions.
Gross fixed capital formation (GFC) or investment can have a
positive or negative effect on GHG emissions. Carl-Johan et al.
(2018) examined that capital investment in the electricity and gas
sector has negative consequences on GHG emissions. Claudiu et al.
(2019) noted that developed countries invest in renewable
resources, whereas developing countries invest in productions
that cause emissions.
Kazen etal. (2021) examined the inverted U-shaped impact of GFC
on carbon emissions in G20 countries, whereas Hata et al. (2022)
disagreed and concluded that fixed capital formation, in terms of
machinery and infrastructure, always increases pollution. Xueying
et al. (2022) and Quanliang et al. (2023) concluded that the
management of fixed-capital formation is essential to avoid
pollution.
In this study, environmental hazards stand as the dependent
variable and are limited to greenhouse gas emissions, while
forests, population, capital formation, and energy consumption
serve as explanatory variables. This setup allows for a
comprehensive analysis of the factors influencing environmental
hazards. This study aims to analyze the effect of forest and energy
moderators on the mitigation of environmental hazards.
Research questions of this study include:
1. What s the effect of forests on greenhouse emissions?
2. What is the impact of energy consumption on the
climate?
3. Does the moderator of forest and energy mitigate
environmental problems?
4. Does an increase in population density increase
environmental degradation?
5. What s the effect of capital formation on the climate?
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This study covers the research gap in the dynamic behavior of
economic variables in the case of developed and developing
nations. This study assumed that the impact of explanatory
variables may be different for different types of countries. Most of
the researchers do not consider this difference.

There are a lot of studies about the relationship between fossil
fuels and environmental pollution, and most conclude that
consumption of fossil fuels should be reduced, but it is not feasible
for all countries because of financial constraints, so this study
attempted to find a way forward to incorporate energy and forest
moderator. Moderator of forest with energy consumption is a
unique feature of this study. Many developing countries cannot
afford to have renewable energy sources so the least cost
alternative of this is forestation.

Most of the studies took COzas a proxy for pollution, but that is a
limited view of environmental pollution as there are other gases
also that are dangerous for human health so this study has taken
Greenhouse gas emissions as a comprehensive proxy for
environmental pollution. The component of greenhouse gas is
given in Figure 1, and Figure 2 illustrates Greenhouse gas
emissions by economic sectors.

Global Greenhouse Gas Emissions by Gas
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Figure 1. Component of Greenhouse Gas.
Data Source: Environmental Protection Agency.
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Figure 2. Greenhouse gas emissions by economic sectors.
Data Source: Environmental Protection Agency.
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Data from all countries of the world are taken and then these
countries are divided into two groups: developed and developing
countries. The Human Development Index (HDI) is used as a
criterion for the classification. By considering the nature of the
data, the Feasible Generalized Least Square (FGLS) method is used
to assess the impact of explanatory variables.

METHODOLOGY

Data Framework

The data of all countries are taken for econometrics analysis and
then grouped into developing and developed nations on the basis
of HDI. Countries whose HDI is higher than 0.8 are placed in
developed countries, and others are placed in developing
countries (Shabeer, 2022). Model 1 represents developing
nations, whereas Model 2 represents developed nations. As this

Table 1. Description of variable.

study aims to find whether explanatory variables behave in a
similar way or differently in different types of countries, it
suggests a way to mitigate pollution that must be applicable in
developing as well as developed countries. Some countries do not
have sufficient data for the given variables, and such missing data
are excluded from econometric analysis. A list of countries is given
in Appendix A.

Data from 2011 to 2021 is taken from different sources and detail
is given in Table 1. This study is part of a comprehensive study of
social progress, and the social progress index is available only
from 2011. The current study has the following functional form.

GHGi: = [30 + BlFORit + BZECCit + B3MODit + B4POPit +
B5GFCi+ pt (1)
These variables briefly described in Table 1.

Variable name Symbols  Brief definition Source

Environment GHG Greenhouse Gas Emission Eurostat, EPA, our world in data
Forest FOR Forest area as a percentage of the total area WD], the World Bank (2023)
Energy Consumption ECC Energy consumption per capita Eurostat, our word in data
Energy*Forest MOD Greenhouse Gas Emission* Forests WDI, the World Bank (2023)
Population POP Population density: Population/Area WDI, the World Bank (2023)
Gross Fixed Capital GFC Total spending on non-current assets. Purchase of WDI, the World Bank (2023)

Formation business assets

It is a panel data study that can eliminate multicollinearity
(Shabeer etal,, 2021a). Beck (2001) highlights the impact of cross-
sections along time series, and it reduces biases (Arshed et al,,
2021). Feasible generalized least square (FGLS) estimation is used
to address cross-section heteroscedasticity (Abdulhafedh, 2017;
Shabeer et al., 2021b; Huang et al.,, 2023; Wang et al,, 2023).

Descriptive Statistics

Descriptive statistics indicates the nature of data at a glimpse.
Figures 3 (for developing countries) and 4 (for developed
countries) show the mean, standard deviation, minimum and
maximum values of each variable. It is also assumed that the data
is normally distributed as the number of observations is higher
than 30.

Summary Statistics (M1)
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Figure 3. Descriptive statistics of developing nations.

16

Summary Statistics (M2)
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Figure 4. Descriptive statistics of developed nations.

Matrix of Correlation

The relationship among explanatory variables is given in the
matrix of correlation charts. Figure 5 (for developing countries)
and Figure 6 (for developed countries) indicated the strength of
correlation among different variables. More bright colors
represent more correlation strengths between variables.

Correlation Matrix

Web plot of the Correlation Matrix
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c
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Figure 5. Matrix of correlation (developing countries).
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Correlation Matrix

Web plot of the Correlation Matrix
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Figure 6. Matrix of correlation (developed countries).

Estimation Technique and Results

The feasible Generalized least square (FGLS) technique is used to
incorporate the heteroscedasticity. FGLS hetero might be useful if
residuals have unequal values (the variance of the error term is
not constant).

According to Table 2, actual observations in Model 1 are 904,
whereas in Model 2, observations are 441. The FGLS results show
that forest is an effective way to curb environmental hazards by

Table 2. Feasible Generalized least square (FGLS) results.

reducing GHG emissions in developing and developed countries.
One percent increase in the forest area to total land area decreases
emissions by 0.778 percent in the case of developing countries and
2.38 percent in the case of developed countries. Developed
countries are more effective in curbing the downside of
deforestation, so forestation becomes more effective in reducing
emissions in such nations. Forestation reduces emissions because
forests mitigate pollution by reducing the concentration of
particulate matter (PM) in the atmosphere. Forests and green
spaces play an important role in reducing PM levels. Haoran et al.
(2022) stated that forests reduce the concentration of major air
pollutants such as PM2.5 and PM10. Forests can purify the
atmosphere by absorbing and trapping PM particles and reducing
their concentration in the air (Chang et al., 2022).

The results of this study are similar to the findings of Hoover
(2011), Artur et al. (2017), Labe et al. (2017), Shah et al. (2017),
Cheng et al. (2020), Sidabukke et al. (2022), and Kumar et al.
(2022). But against the findings of Gibbs et al. (2007), Allen et al.
(2010), and Amirova et al. (2022). Impacts depend upon existing
levels of forest area and forest management (Bukata and Kyser,
2007; Chen etal,, 2016).

Variables Model 1 (Developing Countries) Model 2 (Developed Countries)

GHG Coef. Std. Eror p-value Coef. Std. Eror p-value
FOR -0.778 0.2 0.000 -2.388 0.201 0.000
ECC 0.004 0.001 0.000 0.002 0.001 0.005
MOD -0.001 0.000 0.000 -0.004 0.001 0.043
pPOP 0.001 0.000 0.001 -0.005 0.002 0.068
GFC 0.133 0.045 0.003 -0.014 0.066 0.836
Constant 6.189 0.984 6.29 16.175 1.409 0.000

As expected, energy consumption per capita has a positive
significant impact on the environment. One percent increase in
energy consumption in the case of developing countries increases
greenhouse gas emissions by 0.004 percent, whereas in the case
of developed countries, such increase is 0.001 percent. The
developed nation has less direct impact because they have
sizeable renewable resources in the energy mix. The direct impact
of energy consumption is also validated by earlier studies such as
Mardiana (2015), Hashimoto (2019), Ossowska et al. (2020),
Flammini et al. (2022), Das and Sharma (2023) and Keerthana et
al. (2023).

The unique contribution of this study is to assess the moderator
impact of forests with energy consumption for mitigation of the
harmful impact of energy consumption on the environment. This
study confirms that the moderator has the ability to mitigate
environmental hazards. Developing countries that do not have
sufficient funds to avail renewable energy sources should use
forestation policies to mitigate environmental problems.
Forestation is also suggested by Thomas et al. (2014), Jianfeng
(2016), Labe etal. (2017), Artur etal. (2017), Haoran et al. (2022),
and Chang et al. (2022).

Population density has a significant harmful impact on the
environment in the case of developing countries where a one
percent increase in population causes a 0.001 percent rise in
greenhouse gas emissions, whereas in the case of developed
nations, the population has a significant negative impact and one
percent increase in population density causes GHG emission to fall
by 0.005 percent.

Harmful impact of population on on the environment include the
depletion of resources, deforestation (Shaw, 2022), pollution (Zhang
et al, 2022), and the degradation of natural habitats (Nguyen and
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Van, 2020). Dutta (2019) concluded that as the population grows,
there is an increasing demand for natural resources, leading to
their depletion and the destruction of forests. Industrial
advancements and pollution from human activities contribute to
air and water pollution. The quality of life for communities is
negatively affected by these environmental issues. Additionally,
population growth amplifies environmental pressures by adding
to total economic demand.

The negative impact of population on the environment is found by
Albert et al. (2014) and Daegoon et al. (2016). David et al. (2016)
stated that population density affects greenhouse gas emissions
by indirectly reducing carbon emissions through factors such as
decreased housing size and the prevalence of natural gas heating
in urban areas.

Gross fixed capital formation has a significant positive impact on
the environment in the case of developing countries, where a one
percent increase in capital formation causes a 0.133 percent rise
in greenhouse gas emissions, whereas in the case of developed
nations, capital formation has a significant negative impact and
one percent increase in capital formation causes greenhouse gas
emission to fall by 0.014 percent.

The harmful impact of capital formation on the environment
occurred because of more investment and rapid economic
activities that cause pollution. Such results have been validated by
Carl-Johan et al. (2018), Gul et al. (2022) and Shiddiq and Wau
(2022). Arise in capital formation in the case of developed nations
may not have a harmful impact on the environment because of
more investment in renewable energy resources that reduce
pollution. Such a conclusion has been made by Qaiser et al. (2020)
and Hata et al. (2022). Claudiu et al. (2019) noted that in
developing countries, capital formation causes pollution, whereas
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in developed countries, it causes mitigation as such countries
invest more in renewable resources. Yan et al. (2015) concluded
that capital formation has U shape relationship with population.

CONSULTATIONS AND POLICY IMPLICATIONS

This study concluded that forests have a significant negative
impact on greenhouse gas emissions (GHG) and, hence mitigate
pollution in case of developing and developed economies. Forests
act as crucial carbon sinks and influence NPS pollution. These
findings highlight the need for policies that prioritize forestation
as a means to mitigate pollution. Policies should focus on
preserving acid-sensitive forest soils, reducing nitrogen
emissions, minimizing heavy metal emissions, and promoting
sustainable forestry practices. Understanding these impacts is
essential for developing effective strategies to mitigate GHG
emissions and pollution. The impact of energy consumption on
greenhouse gas emission (GHG) is positive, and higher energy
consumption causes higher pollution. A phaseout of fossil fuel use
is necessary to avoid millions of premature deaths from pollution.
Moderator of forests with energy consumption mitigates the
environmental hazards and countries that face the hurdle of
financial constraints can use forestation to reduce GHG emissions.
Results show that gross fixed capital formation has a direct impact
on GHG emissions in the case of developing nations, but it reduces
pollution in the case of developed countries, highlighting that
developed countries are making more investments in renewable
resources. Developing countries need to make more investments
in alternative sources of energy. An increase in population density
increases pollution in the case of developing countries and
decreases pollution in the case of developed countries so each set
of countries can make policy accordingly. It is crucial to limit
population growth and use resources efficiently for sustainable
development. To mitigate the harmful impacts of population on
the environment, it is necessary to change the way we think and
develop strategies that balance current needs with the ability to
meet the needs of future generations.

Declarations

Conflict of interest: The authors declare that they have no known
competing financial/personal interests that could have appeared
to influence the work reported in this paper.

Ethics approval: This article does not contain any study that harms
animals.

REFERENCES

Abdulhafedh, A, 2017. How to detect and remove temporal
autocorrelation in vehicular crash data. J. Transp. Technol.
7,133-147. https://doi.org/10.4236/jtts.2017.72010.

Albert, B.H., Thess, M., Kleinschmit, B., Creutzig, F., 2014. Urban
climate change mitigation in Europe: looking at and beyond
the role of population density. J. Urban Plan. Dev. 140,
4013003.
https://doi:10.1061/(ASCE)UP.1943-5444.0000165.

Allen, C.D., Macalady, A.K., Chenchouni, H., Bachelet, D., McDowell,
N, Vennetier, M,, Kitzberger, T., Rigling, A., Breshears, D.D.,
Hogg, E.H.T., 2010. A global overview of drought and heat-
induced tree mortality reveals emerging climate change
risks for forests. For. Ecol. Manage. 259, 660-684.
https://doi.org/10.1016/j.foreco.2009.09.001.

Amirova, E.F, Kirillova, 0. V, Sadreeva, A.F., Nugumanova, L.F.,
Mukhametshina, F.A., 2022. Mechanisms for leveling the
carbon footprint in the production of grain products, in: IOP
Conference Series: Earth and Environmental Science. IOP
Publishing, p. 12072.

18

https://doi.org/10.1088/1755-1315/1010/1/012072.

Arshed, N., Awan, M.Z., Mirza, A., Riaz, F., Shabeer, M.G., 2021.
China Pakistan economic corridor (CPEC), its role in
Pakistan economy and its social and environmental status. J.
Appl. Res. Multidiscip. Stud. 2, 1-15.
https://doi.org/10.32350/jarms/2021/0102/1938.

Artur, S., Pinho, P., Munzi, S., Botelho, M.]., Palma-Oliveira, ].M.,
Branquinho, C., 2017. The role of forest in mitigating the
impact of atmospheric dust pollution in a mixed landscape.
Environ. Sci. Pollut. Res. 24, 12038-12048.

Beck, N., 2001. Time-series-cross-section data. Stat. Neerl. 55,
111-133. https://doi.org/10.1111/1467-9574.00161.
Brunekreef, B., Holgate, S.T., 2002. Air pollution and health. Lancet

360, 1233-1242.

Brunette, G.W., Nemhauser, ].B., 2019. Environmental Hazards
&amp; Other Noninfectious Health Risks. CDC Yellow Book
2020, 125-168.
https://doi.org/10.1093/med/9780190928933.003.0003.

Bukata, A.R., Kyser, T.K, 2007. Carbon and nitrogen isotope
variations in tree-rings as records of perturbations in
regional carbon and nitrogen cycles. Environ. Sci. Technol.
41,1331-1338. https://doi.org/10.1021/es061414g.

Carl-Johan, S.,, Wood, R., Hertwich, E.G.,, 2018. Environmental
impacts of capital formation. J. Ind. Ecol. 22, 55-67.

Carnevale, C., Ferrari, F., Guariso, G., Maffeis, G., Turrini, E., Volta,
M. 2018. Assessing the economic and environmental
sustainability of a regional air quality plan. Sustainability 10,
3568. https://doi.org/10.3390/su10103568.

Chandra, D.R, Ivaldi, E., 2021. Is pollution a cost to health?
theoretical and empirical inquiry for the world’s leading
polluting economies. Int. J. Environ. Res. Public Health 18, 1-
17. https://doi.org/10.3390/ijerph18126624.

Chang, Z., Bao, G., Zhang, D., Sha, Y., 2022. Urban Forest Locations
and Patch Characteristics Regulate PM2. 5 Mitigation
Capacity. Forests 13, 1408.
https://doi:10.3390/f13091408.

Chen, Z,, Setdl4, H., Geng, S., Han, S.,, Wang, S., Dai, G., Zhang, J., 2016.
Nitrogen addition impacts on the emissions of greenhouse
gases depending on the forest type: a case study in Changbai
Mountain, Northeast China. J. Soils Sediments 17, 23-34.
https://doi.org/10.1007/s11368-016-1481-7.

Cheng, H,, Lin, C, Wang, L., Xiong, J., Peng, L., Zhu, C,, 2020. The
influence of different forest characteristics on non-point
source pollution: A case study at Chaohu Basin, China. Int. ].
Environ. Res. Public Health 17, 1790.
https://doi.org/10.3390/ijerph17051790.

Cheryl, H., 2022. Pollution kills 9 million people a year, report says.
Chemical &amp; Engineering News, 17-17.
https://doi.org/10.47287 /cen-10018-polcon1.

Christopher, ], Kammen, D.M., 2014. Spatial distribution of US
household carbon footprints reveals suburbanization
undermines greenhouse gas benefits of urban population
density. Environ. Sci. Technol. 48, 895-902.
https://doi:10.1021/ES4034364.

Claudiu, A.T., Boatca-Barabas, M.-E., Miclea, S., 2019. Greenhouse
gas emissions, investment and prices in the EU electricity
and gas industry, in: 2019 International Conference on
Energy and Environment (CIEM). IEEE, pp. 187-190.
https://doi:10.1109/CIEM46456.2019.8937566.

Daegoon, L., D., Cho, S.-H., Roberts, RK, Lambert, D.M,, 2016.
Effects of population redistribution on greenhouse gas
emissions: a case study of South Korea. Int. Reg. Sci. Rev. 39,
177-202. https://d0i:10.1177/0160017615571585.

Das, AK, Sharma, A., 2023. Climate change and the energy sector.
In Advancement in Oxygenated Fuels for Sustainable


https://www.scienceimpactpub.com/journals/index.php/jei
https://doi.org/10.4236/jtts.2017.72010
https://doi:10.1061/(ASCE)UP.1943-5444.0000165
https://doi.org/10.1016/j.foreco.2009.09.001
https://doi.org/10.1088/1755-1315/1010/1/012072
https://doi.org/10.32350/jarms/2021/0102/1938
https://doi.org/10.1111/1467-9574.00161
https://doi.org/10.1093/med/9780190928933.003.0003
https://doi.org/10.1021/es061414g
https://doi.org/10.3390/su10103568
https://doi.org/10.3390/ijerph18126624
https://doi:10.3390/f13091408
https://doi.org/10.1007/s11368-016-1481-7
https://doi.org/10.3390/ijerph17051790
https://doi.org/10.47287/cen-10018-polcon1
https://doi:10.1021/ES4034364
https://doi:10.1109/CIEM46456.2019.8937566
https://doi:10.1177/0160017615571585

Journal of Economic Impact 6 (1) 2024. 14-20

Development (pp. 1-6). Elsevier.
https://doi.org/10.1016/B978-0-323-90875-7.00006-X.

David, T. Zirogiannis, N. Lutz, M., 2016. Location matters:
Population density and carbon emissions from residential
building energy use in the United States. Energy Res. Soc. Sci.
22,137-146. https://doi:10.1016/].ERSS.2016.08.011.

Dutta, M., 2019. Environmental impact of overpopulation in India.
Clarion-International Multidiscip. J. 8, 49-51.

Flammini, A., Pan, X., Tubiello, F.N., Qiu, S.Y., Rocha Souza, L.,
Quadrellj, R., Bracco, S., Benoit, P, Sims, R., 2021. Emissions
of greenhouse gases from energy use in agriculture, forestry
and fisheries: 1970-2019. Earth Syst. Sci. Data Discuss.
2021, 1-26. https://doi.org/10.5194 /essd-14-811-2022.

Gibbs, H.K,, Brown, S,, Niles, ].0., Foley, ].A., 2007. Monitoring and
estimating tropical forest carbon stocks: making REDD a
reality. Environ. Res. Lett. 2, 45023.
https://doi.org/10.1088/1748-9326/2/4/045023.

Golomb, D., 2020. Fossil fuel combustion: air pollution and global
warming, in: Managing Air Quality and Energy Systems. CRC
Press, pp. 177-190. https://d0i:10.1201/9781003043461-
14.

Gul, A., Shabeer, M.G., Abbasi, R.A., Khan, AW, 2022. Africa’s
poverty and famines: developmental projects of China on
Africa. Perenn. . Hist. 3, 165-194.
https://doi.org/10.52700/pjh.v3i1.109.

Haoran Z, Yao, ], Wang, G., Tang, X.,, 2022. Study of the effect of
vegetation on reducing atmospheric pollution particles.
Remote Sens. 14, 1255. https://d0i:10.3390/rs14051255.

Haroldo, R.V, Rybski, D., Kropp, J.P., 2019. Effects of changing
population or density on urban carbon dioxide emissions.
Nat. Commun. 10, 3204. https://doi:10.1038/S41467-019-
11184-Y.

Hashimoto, K., 2019. Current situation of energy consumption and
carbon dioxide emissions of our world. Glob. Carbon Dioxide
Recycl. Glob. Sustain. Dev. by Renew. Energy 25-31.
https://doi.org/10.1007/978-981-13-8584-1_5.

Hata, S., Nansai, K., Nakajima, K., 2022. Fixed-capital formation for
services in Japan incurs substantial carbon-intensive
material consumption. Resour. Conserv. Recycl. 182,
106334. https://doi: 10.1016/j.resconrec.2022.106334.

Hoover, C.M., 2011. Assessing seven decades of carbon
accumulation in two US northern hardwood forests. Forests
2,730-740. https://doi.org/10.3390/f2030730.

Huang, X., Khan, Y.A,, Arshed, N., Salem, S., Shabeer, M.G., Hanif, U,,
2023. Increasing social resilience against climate change
risks: a case of extreme climate affected countries. Int. ].
Clim. Chang. Strateg. Manag. 15, 412-431.
https://doi.org/10.1108/1JCCSM-04-2022-0051.

Jianfeng, Z., 2016. Roles of forests in ecological control of NPS
pollution. For. Meas. Ecol. Control. Non-point Source Pollut.
Taihu Lake Watershed, China 55-72.
https://doi:10.1007/978-981-10-1850-3_5.

Jos, L. Klingmiiller, K, Pozzer, A., Burnett, R.T., Haines, A,
Ramanathan, V., 2019. Effects of fossil fuel and total
anthropogenic emission removal on public health and
climate. Proc. Natl. Acad. Sci. 116, 7192-7197.
https://doi:10.1073 /PNAS.1819989116.

Keerthana, K.B., Wu, S.-W., Wu, M.-E., Kokulnathan, T., 2023. The
United States energy consumption and carbon dioxide
emissions: a comprehensive forecast using a regression
model. Sustainability 15, 7932.
https://doi.org/10.3390/su15107932.

Kumar, R., Kumar, A., Saikia, P., 2022. Deforestation and forests
degradation impacts on the environment. In Environmental
Degradation: Challenges and Strategies for Mitigation (pp.
19-46). Cham: Springer International Publishing.

19

Labe, T.E., Agera, S.I.N., 2017. Role of forestry in mitigating global
soil pollution from toxic heavy metals-a review. . Res. For.
Wildl. Environ. 9, 92-101.

Lin, B, Sun, C, 2010. Evaluating carbon dioxide emissions in
international trade of China. Energy Policy 38, 613-621.
https://doi.org/10.1016/j.enpol.2009.10.014.

Mardiana, A., 2015. Building energy consumption and carbon
dioxide emissions: threat to climate change. ]J. Earth Sci.
Clim. Change 1. https://doi.org/10.4172/2157-7617.S3-
001.

Mason, J., 2010. The environmental consequences of demographic
change.  University = of Lund. Master thesis.
https://lup.lub.lu.se/luur/download?func=downloadFile&r
ecord0Id=1979995&file01d=1979996

Neelam, G., Rani, S., Asgari Lajayer, B., Senapathi, V., Astatkie, T.,
2023. A review of the effects of environmental hazards on
humans, their remediation for sustainable development,
and risk assessment. Environ. Monit. Assess. 195, 795.
https://doi:10.1007/s10661-023-11353-z.

Nguyen V.D.N., Van, V.H, 2020. Population growth on the
environment: A short review. PalArch’s ]. Archaeol.
Egypt/Egyptology 17, 8348-8363.

Ossowska, L. Janiszewska, D. Bartkowiak-Bakun, N.,
Kwiatkowski, G., 2020. Energy consumption versus
greenhouse gas emissions in EU. Eur. Res. Stud. J. 13, 185-
198. https://doi.org/10.35808/ersj/1632.

Pedro, ]., Zarco-Perinan, P.]., Zarco-Soto, [.M., Zarco-Soto, F.J., 2021.
Influence of population density on CO2 emissions
eliminating the influence of climate. Atmosphere (Basel). 12,
1193. https://d0i:10.3390/ATM0S12091193.

Qaiser, A., Nurunnabi, M., Alfakhri, Y., Khan, W., Hussain, A., Igbal,
W., 2020. The role of fixed capital formation, renewable and
non-renewable energy in economic growth and carbon
emission: a case study of Belt and Road Initiative project.
Environ. Sci. Pollut. Res. 27, 45476-45486.
https://doi:10.1007/S11356-020-10413-Y.

Quanliang, Y., Krol, M.S,, Shan, Y., Schyns, ].F., Berger, M., Hubacek,
K., 2023. Allocating capital-associated CO2 emissions along
the full lifespan of capital investments helps diffuse
emission responsibility. Nat. Commun. 14, 2727.
https://doi:10.1038/s41467-023-38358-z.

Schernikau, L., Smith, W.H., 2022. Climate impacts of fossil fuels in
todays electricity systems. . South. African Inst. Min. Metall.
122,133-145.

Shabeer, M.G., 2022. Financial integration, knowledge sharing and
economic growth: Does the experience of developing
countries differ from developed countries? J. Contemp.
Issues Bus. Gov. 28, 768-783.
https://doi.org/10.47750/cibg.2022.28.04.056.

Shabeer, M.G., Riaz, S., Riaz, F., 2021a. Critical factors of patient
satisfaction in private healthcare sector of Lahore. ]. Econ. 2,
1-14. https://doi.org/10.52587//jems020101.

Shabeer, M.G., Riaz, S., Riaz, F.,, 2021b. Energy consumption and
economic growth nexus: a comparative analysis of us, China
and Japan. J. Econ. 2, 58-74.
https://doi.org/10.52587 /jems020205.

Shah, N.H,, Satia, M.H,, Yeolekar, B.M., 2017. Optimum control for
spread of pollutants through forest resources. Appl. Math. 8,
607-620. https://doi.org/10.4236/am.2017.85047.

Shaw, R.P, 1992. The impact of population growth on
environment: The debate heats up. Environ. Impact Assess.
Rev.12,11-36.
https://doi.org/10.1016/0195-9255(92)90003-g.

Shen, N., Wang, Y., Peng, H., Hou, Z., 2020. Renewable energy green
innovation, fossil energy consumption, and air pollution—
spatial empirical analysis based on China. Sustainability 12,
6397. https://doi.org/10.20944 /preprints202007.0167.v1.


https://www.scienceimpactpub.com/journals/index.php/jei
https://doi.org/10.1016/B978-0-323-90875-7.00006-X
https://doi:10.1016/J.ERSS.2016.08.011
https://doi.org/10.5194/essd-14-811-2022
https://doi.org/10.1088/1748-9326/2/4/045023
https://doi:10.1201/9781003043461-14
https://doi:10.1201/9781003043461-14
https://doi.org/10.52700/pjh.v3i1.109
https://doi:10.3390/rs14051255
https://doi:10.1038/S41467-019-11184-Y
https://doi:10.1038/S41467-019-11184-Y
https://doi.org/10.1007/978-981-13-8584-1_5
https://doi.org/10.3390/f2030730
https://doi.org/10.1108/IJCCSM-04-2022-0051
https://doi:10.1007/978-981-10-1850-3_5
https://doi:10.1073/PNAS.1819989116
https://doi.org/10.3390/su15107932
https://doi.org/10.1016/j.enpol.2009.10.014
https://doi.org/10.4172/2157-7617.S3-001
https://doi.org/10.4172/2157-7617.S3-001
https://lup.lub.lu.se/luur/download?func=downloadFile&recordOId=1979995&fileOId=1979996
https://lup.lub.lu.se/luur/download?func=downloadFile&recordOId=1979995&fileOId=1979996
https://doi:10.1007/s10661-023-11353-z
https://doi.org/10.35808/ersj/1632
https://doi:10.3390/ATMOS12091193
https://doi:10.1007/S11356-020-10413-Y
https://doi:10.1038/s41467-023-38358-z
https://doi.org/10.47750/cibg.2022.28.04.056
https://doi.org/10.52587/jems020205
https://doi.org/10.4236/am.2017.85047
https://doi.org/10.1016/0195-9255(92)90003-g
https://doi.org/10.20944/preprints202007.0167.v1

Journal of Economic Impact 6 (1) 2024. 14-20

Shiddiq, M.F., Wau, T., 2022. The impact of FDI and economic
growth on environmental damage in member countries of
the organization of Islamic cooperation. ]J. Ekon. Pembang.
20, 135-144. https://d0i:10.29259 /jep.v20i2.18807.

Shunfa, H., Hui, E.C.M,, Lin, Y., 2022. Relationships between carbon
emissions and urban population size and density, based on
geo-urban scaling analysis: A multi-carbon source empirical
study. Urban Clim. 46, 101337.
https://doi:10.1016/j.uclim.2022.101337.

Sidabukke, S.H., Rasyid, F., Sianipar, M., Panjaitan, R.H.M., Aulin,
F.R, 2022. Forest fire analysis in Habinsaran Sector PT Toba
Pulp Lestari industrial forest plantation area 2014 to 2021,
in: IOP Conference Series: Earth and Environmental Science.
IOP Publishing, p. 12025. https://doi.org/10.1088/1755-
1315/1115/1/012025.

Thambiran, T., Diab, R.D., 2011. Air quality and climate change co-
benefits for the industrial sector in Durban, South Africa.
Energy Policy 39, 6658-6666.
https://doi.org/10.1016/j.enpol.2011.08.027.

Thomas, S., Deckmyn, G., Neirynck, ]., Staelens, J., Adriaenssens, S.,
Dewulf, ]J., Muys, B., Verheyen, K, 2014. Multilayered
modeling of particulate matter removal by a growing forest
over time, from plant surface deposition to washoff via
rainfall. Environ. Sci. Technol. 48, 10785-10794.
https://doi:10.1021/ES5019724.

Wang, Y., Arshed, N., Ghulam Shabeer, M., Munir, M., Rehman, H.
ur, Khan, Y.A, 2023. Does globalization and ecological
footprint in OECD lead to national happiness. PLoS One 18,
€0288630.
https://doi.org/10.1371 /journal.pone.0288630.

World Bank, 2023. World Development Indicators. Forest area as
a percentage of the total area [Data file].

Xueying, M. Li, T., Ahmad, M. Qiao, G. Bai, Y, 2022. Capital
formation, green innovation, renewable energy consumption

Appendix A. Classification of Countries.

Bl Developing €
B Developed Co

and environmental quality: Do environmental regulations
matter? Int. ]. Environ. Res. Public Health 19, 13562.
https://d0i:10.3390/ijerph192013562.

Yan, L., Guan, Z,, Yang, X., 2015. relationship between fixed-asset
investment and environmental quality based on EKC. In LISS
2013: Proceedings of 3rd International Conference on
Logistics, Informatics and Service Science (pp. 445-450).
Springer Berlin Heidelberg.https://doi: 10.1007/978-3-
642-40660-7_65

Yan, Y., Zhang, H., Meng, |, Long, Y., Zhou, X,, Li, Z, Wang, Y., Liang,
Y., 2019. Carbon footprint in building distributed energy
system: An optimization-based feasibility analysis for
potential emission reduction. ]. Clean. Prod. 239, 117990.
https://doi.org/10.1016/j.jclepro.2019.117990.

Yang, A, Tan, Q. Rajapakshe, C.,, Chin, M., Yu, H., 2022. Global
premature mortality by dust and pollution PM2. 5 estimated
from aerosol reanalysis of the modern-era retrospective
analysis for research and applications, version 2. Front.
Environ. Sci. 10,975755.
https://doi.org/10.3389/fenvs.2022.975755.

Yilmaz, E., Sensoy, F., 2022. Effects of fossil fuel usage in electricity
production on CO2 emissions: a STIRPAT model application
on 20 selected countries. Int. J. Energy Econ. Policy 12, 224-
229. https://doi:10.32479 /ijeep.13707.

Zhang, M., Du, H., Zhou, G., Mao, F., Li, X,, Zhou, L., Zhy, D., Xu, Y.,
Huang, Z., 2022. Spatiotemporal patterns and driving force
of urbanization and its impact on urban ecology. Remote
Sens. 14, 1160.

Zhang, W., Wang, S., 2022. Optimal placement and sizing of
distributed generators based on equilibrium optimizer.
Front. Energy Res. 10, 936566.
https://doi.org/10.3389 /fenrg.2022.936566.

Source: The World Bank.

Publisher’s note: Science Impact Publishers remain neutral with regard to jurisdictional claims in published maps and institutional

affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original
author(s) and the source, provide a link to the Creative Commons license and indicate if changes were made. The images or
other third-party material in this article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the

material. If material is not included in the article’s Creative Commons license and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this license, visit

https://creativecommons.org/licenses/by/4.0/ .

20


https://www.scienceimpactpub.com/journals/index.php/jei
https://doi:10.29259/jep.v20i2.18807
https://doi:10.1016/j.uclim.2022.101337
https://doi.org/10.1088/1755-1315/1115/1/012025
https://doi.org/10.1088/1755-1315/1115/1/012025
https://doi.org/10.1016/j.enpol.2011.08.027
https://doi:10.1021/ES5019724
https://doi.org/10.1371/journal.pone.0288630
https://doi:10.3390/ijerph192013562
https://doi.org/10.1016/j.jclepro.2019.117990
https://doi.org/10.3389/fenvs.2022.975755
https://doi:10.32479/ijeep.13707
https://doi.org/10.3389/fenrg.2022.936566
https://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

