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Abstract: One of the world community's current challenges is determining how
to achieve the SDGs goals on environmental quality before 2030. This study aims
to determine how the massive population and economic growth affect the
emission of carbon dioxide (CO2) gas in the six South American countries with
the largest population and use the Environmental Kuznets Curve (EKC)
hypothesis approach. The data used is panel data from 2011 to 2021 in six
countries based on the average population of the largest population over 11
years in South America. The results of the study explain that the total population
has a significant positive effect on CO2 emissions. In addition, trade openness
through imports has a significant positive effect and this study was unable to
validate the Environmental Kuznets Curve (EKC) hypothesis in six South
American countries from 2011 to 2021.
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Introduction

One of the challenges of the world community today is how to achieve
the SDGs goals before 2030 regarding the problem of worsening
environmental quality. Global warming and climate change are problems
faced by all people in the world today. One of the causes of rising global
temperatures is the emission of carbon dioxide (CO2) (Candra, 2018). The
next problem is when the population is already massive, causing each
country to continue to try to suppress the population so that it can be
absorbed in the labor market.

With the optimal absorption of labor, it is hoped that it can improve the
level of the domestic economy and that the welfare of the domestic
community can be achieved. However, not a few jobs created due to the
massive population can create problems in the quality of the surrounding
environment. Then population density, industrialization, activities, and
the expansion of economies of scale, have the potential and main
determinants in increasing CO2 emissions, especially in developing
countries (Aslam et al., 2021; Hang & Yuan-sheng, 2011).
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According to Mendonca et al. (2020) explained that in the 50 largest economies,
population growth was a contributing factor to the increase in carbon dioxide emissions
from 1995 to 2015. With the creation of jobs and economic activity caused by the massive
population, the externalities created from these economic activities could potentially
damage nature either directly or indirectly. Based on data taken from British Petroleum,
the emission level of carbon dioxide gas pollution on the South American continent tends
to increase and the growth of carbon dioxide gas pollution has increased each year amid
a decline in population growth from 2011 to 2021.
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Figure 1 Carbon dioxide (CO2) Emission Levels in 6 South American
Continental Countries 2011-2021 (m/t)
Source: British Petroleum, 2022

Based on Figure 1, it can be seen that the level of pollution of carbon dioxide gas emissions
with units of metric tons in six countries has an increasing trend from 2011 to 2021.
Meanwhile, if we look further, the growth of pollution levels in each of the six countries
tends to increase from 2011 to 2021. Sampling from the six countries is based on the
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average number of the largest populations over 11 years, from 2011 to 2021 on the South
American continent.

In addition, the population and community activities also influence the issue of increasing
carbon dioxide (CO2) emissions. This is then examined in the research of Wang and Li
(2021) and Xie et al. (2017) which states that humans are the main source of global
warming, urbanization, and transportation infrastructure have contributed to the
increase in CO2 emissions. Indirectly, the human population in a country has an important
role in dealing with emissions problems. Carbon emissions are increasingly becoming an
issue of global concern, not least for developing countries where population and
economic growth factors have an impact on carbon emissions (Yeh & Liao, 2017).

Known as a country with a large population, Brazil is a country with potential for economic
development. As a developing country, the total human population in Brazil and other
countries in South America has the largest human population in the world. Nevertheless,
the trend of population growth in the six countries with the largest average population
continues to decline until the end of 2021. The following is data on population growth in
six countries on the South American continent compiled from the World Bank.

Based on Figure 2, it is explained that although six countries have a massive total
population, the trend of population growth in six countries has decreased. The
phenomenon of the downward trend in population growth is inversely proportional to
the level of carbon dioxide gas emissions which is experiencing an increasing trend from
2011 to 2021. This is contrary to previous findings which stated that population growth is
the main contributor to carbon emissions in India and population growth is increasing.
unsustainability is a direct cause of environmental damage (Rehman & Rehman, 2022).
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Figure 2 Population Growth of 6 Countries in South America
in 2011-2021 (Percent)
Source: World Bank, 2022

The human population will be directly proportional to the individual needs of the
population and is closely related to energy consumption and carbon emissions in a
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country (Bu et al., 2022). With this high level of consumption, it has the potential for an
increase in environmental degradation. In their research, Shao et al. (2020) explained that
consumption-based emissions in Shanghai City have increased by 32.82% since 2007,
which is growing much faster than production-based carbon. This resulted in goods and
services in the country must be met to meet the needs through import activities. These
international trade activities through imports have a negative effect on CO2 emissions
(Salman et al., 2019).

In addition, according to research conducted by Zhang and Zhang (2018), it explains that
domestic trade activities in developing countries such as China have a negative impact on
the level of carbon dioxide (CO2) emissions. However, there are concrete steps to
overcome emissions caused by import activities. Hu et al. (2020) explained that by
diversifying imported products and consuming renewable energy. And the research was
conducted in 35 developed countries and 93 developing countries. Then, based on the
data in Figure 3, it is explained that the trend of imports of goods and services in six
countries tends to fluctuate from 2011 to the end of 2021. The following is import data
that we collect from the World Bank in 2011-2021.
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Figure 3 Value of Imports of Goods and Services from 6 Countries
in South America in 2011-2021 (USD)
Source: World Bank, 2022

Then we try to describe this phenomenon using the Environmental Kuznets Curve (EKC)
hypothesis. The Environmental Kuznets Curve (EKC) hypothesis states that economic
growth will be continuously higher, but at a point, the policies implemented are more
concerned with aspects of environmental conservation, as evidenced by the turning point
or turning point that will be achieved when a country is in a state of crisis. a certain level
of economic growth (Todaro & Smith, 2006). The following is a hypothetical curve of the
Environmental Kuznets Curve (EKC).
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Figure 4 Environmental Kuznets Curve (EKC)

According to Nikensari et al. (2019), the EKC curve hypothesis explains how economic
growth can lead to an increase in environmental degradation. This is because countries,
especially developing countries, focus on increasing production and domestic economic
activities without paying attention to environmental aspects, whether in the form of
water, air, or land. Although the EKC approach is often used to describe economic activity
with environmental quality, the EKC hypothesis modeling is not statistically strong enough
(Stern, 2018).

Economic activity (proxied by GDP), population, and renewable energy generation have a
positive impact and become a solution to reduce CO2 emissions in developed countries
(Mendonga et al., 2020). Meanwhile, the EKC approach cannot be answered in developing
countries instead the EKC approach takes the form of a bell (Al-Mulali et al., 2015; Sasana
& Aminata, 2019). From the explanation, it is clear that there are still gaps in previous
research regarding the use of the EKC hypothesis. Therefore, research on the relationship
between economics and environmental quality can still be done. In addition, research
using EKC modeling is still rarely carried out on the South American continent. .

Research Method

This study uses secondary data with quantitative and descriptive approaches sourced
from the World Bank and British Petroleum. The data used is panel data from 2011 to
2021 in six countries based on the average of the largest population over six years in South
America. The six countries are Brazil, Colombia, Argentina, Peru, Chile, and Ecuador. This
study uses two types of variables, namely the dependent variable and the independent
variable. This study uses carbon dioxide (CO2) emissions as the dependent variable and
demographics as a proxy for the total population, total GDP per capita, GDP per capita
squared, and the value of imports of goods and services as independent variables.

This study uses multiple linear regression analysis with the help of software as a data
processing tool. Economically, the socio-economic relationship that is proxied from the
total population, total GDP per capita, GDP per capita squared, and the value of imports
of goods and services on carbon dioxide (CO2) emissions in six countries on the South
American continent in 2011-2021 can be analyzed using the equation the following:
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CO2it = B0 + B1TP1it + B2PDB2it + B3PDB23it + BAIMPORA4it + eit

Information:
CO2 = Carbon Dioxide Emissions (m/t)
Pop = Population
GDP = Gross Domestic Product Per Capita (USD)
GDP? = Gross Domestic Product Per Capita squared (USD)
Import = Value of Imported Goods and Services (USD)
E = Standard error

Result and Discussion

The descriptive statistics in Table 1 are used to see several indicators that are predicted
to have an impact and contribution to environmental degradation. Environmental
degradation is proxied by CO2 emissions, economic activity is proxied by Gross Domestic
Product (GDP). Environmental degradation has an average value of 3,47 with a variability
of 4,07. CO2 emissions can reach a maximum value of 12,73 with a minimum value of
0,59. Then when viewed from the economic activity which is proxied by the GDP value, it
has an average value of 8919,98 with a variability value of 3330,39. GDP reached 14322,29
for the maximum point and 5315,52 for the minimum point. In addition, other variables
such as population have an average value of 60.638.443 and a variability value of
66.620.921. The maximum value for the population variable is 214.000.000 with a
minimum value of 15.243.885. Meanwhile, the import variable has an average value of
97.800.000.000 with a variability value of 88.700.000.000.

Table 1 Summary Statistic Descriptive

CO2 Metric Tonnes 66 3.47 4.07 0.59 12.73
(M/t)
Pop Number of 66 60638443 66620921 15243885 2.14E+08
Population

GDP Constant 2015 (US 66 8919.98 3330.39 5315.52 14322.29
Dollars)

GDP2 Constant 2015 (US 66 90489602 65200205 28254716 2.05E+08
Dollars)

Import Value of Imported 66 9.78E+10 8.87E+10 1.90E+10 3.47E+11
Goods and Services
(US Dollars)

The Chow test is a test method aimed at determining the right model between the
Common Effect Model (CEM) and the Fixed Effect Model (FEM). The null hypothesis states
that the Common Effect Model (CEM) is the best. The common Effect Model (CEM)
becomes the best model when the probability value is more than 5%. Meanwhile, H1
states that the best model is FEM if the probability value is less than 5%.
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Table 2 Best Model Selection Estimation Results

Effects Test Statistic Prob.
Cross-section F 100,917769 0,000
Cross-section Chi-square 152,039979 0,000
Hausman Test
Test Summary Chi-Sq. Statistic Prob.
Cross-section random 5,993215 0,1997
LM Test
Cross-section Breusch-Pagan 220,7785 0,000

The results of the Chow test in Table 2 show that the probability is 0,0000, so H1 is
accepted, and HO is rejected. This is because the probability has a value of less than 0,05
or a critical value, so the Fixed Effect Model (FEM) is the right model to use. Hausman test
is a test carried out to determine the right model between the Fixed Effect Model (FEM)
and the Random Effect Model (REM). The Hausman test has the condition that HO the
REM model is the best model by looking at the probability of more than 5%. Meanwhile,
H1 states that the best model is the FEM model with a probability value of less than 0,05
or 5%. The Hausman test results in Table 2 show that the probability value is more than
0,05, which means HO is accepted and H1 is rejected.

The Lagrange Multiplier (LM) test is a test carried out to determine the right model
between the Common Effect Model (CEM) and Random Effect Model (REM). In the LM
test, Table 2 shows that the probability value is less than 0,05. So that the right model is
used for panel data estimation by using the Random Effect Model (REM) model. Based on
the results of the Chow Test, Hausman Test, and Lagrange Multiplier (LM) Test, it can be
concluded that the appropriate model used for panel data estimation is the Random
Effect Model (REM).

According to Melati & Suryowati (2018), the application of the Random Effect Model
(REM) does not require a classical assumption test. This is because the Generalized Least
Square (GLS) model can overcome the problems of autocorrelation and
heteroscedasticity. To avoid other classical assumption problems, the GLS Random Effect
Model (REM) model needs to be tested, including the normality test and multicollinearity
test. Jarque-Bera Test and Partial Correlation Test are some of the classical assumption
tests used in the GLS model.

Table 3 Classic Assumption Test Results

Indicator 0,137898 0,981516
Threshold >alpha 0,5 <0,8
Results Free from normality’s problem Having multicolinearity’s problem

The results of the normality test that has been carried out, show that the Jarque-Bera
probability has a value of 0,137898 and is more than the critical value of 5%. These results
indicate that H1 is rejected and HO is accepted so it can be said that the residuals are
normally distributed. Then a multicollinearity test was carried out to see whether there
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was a linear relationship between the independent variables. Based on the results of the
multicollinearity test, it shows that the partial correlation value is more than 0,8. This
number means that the model is affected by the multicollinearity problem. This is due to
the use of GDP and GDP squared variables in proving the Environmental Kuznets Curve
(EKC) hypothesis. The following is the estimation result of the Random Effect Model
(REM). The estimation results in Table 3 show that the total population has a significant
positive effect on CO2 emissions, this can be seen with a probability value that is less than
the critical value of 0,05, which is 0,0000.

The coefficient of the total population is 5,1 which means that if the population increases
by 1 population, then CO2 emissions increase by 5,1 metric tons. These results are in line
with and support previous research by Dong et al. (2018) which states that population
size has a positive and significant effect. In addition, the population has the potential and
influence other surrounding regions and countries so that it will increase the barriers to
reducing carbon emissions (Bu et al., 2022; Gao et al., 2021).

Table 4 Random Effect Model (REM) Estimation Results

C -1,930169 -3.151553 0,0025
Population 5,15E-08 16.97615 0,0000
GDP 0,00028 2.606796 0,0115
GDPA2 -6,24E-09 -1.331498 0,1880
Import 3,59E-12 4.940832 0,0000
R-squared 0,847462 F-statistic 84,725
Adjusted 0,837459 Prob 0,0000
R-squared (F-statistic)

In addition, the estimation results in Table 3 show that CO2 emissions are positively and
significantly influenced by GDP per capita. This can be seen through the probability value
of GDP, which is 0.0115 (less than the critical value of 5% or 0,05). The coefficient value
of GDP is 0,000280, meaning that if GDP per capita increases by 1 USD, it will affect and
increase CO2 emissions by 0,000280 metric tons. On the other variable, GDP per capita
squared (GDP2) has a coefficient of -6,24. This value indicates that GDP per capita squared
has a negative relationship with CO2 emissions.

This inconsistent result is similar to the EKC hypothesis which explains that CO2 emissions
will increase in line with an increase in GDP per capita until it reaches a turning point, and
then CO2 emissions will decrease with increasing GDP per capita. However, when viewed
from the level of significance, the estimation results cannot explain the Environmental
Kuznets Curve (EKC) hypothesis, so the EKC hypothesis is invalid in the six South American
countries with the largest population levels. This is in accordance with previous findings
in developing countries such as Malaysia which found that the EKC hypothesis could not
describe the existing phenomenon (Begum et al., 2015).

The import variable in the estimation results means that the imported variable has a

positive and significant effect. This can be seen from the probability value of the imported
variable which is less than the critical value of 5%. So, it can be said that if imports increase
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by 1 USD, it will affect and increase CO2 emissions by 3,59 metric tons. These results are
in line with previous findings by Mahmood et al. (2020) and Salman et al. (2019) which
confirmed that countries with trade openness and import influence have negative effects
on neighboring countries in North African states and seven ASEAN countries. Based on
the results of the F test, the probability value is 0,0000 which means that all the
independent variables in the model have a significant impact on the CO2 emission variable
together. Then the estimation results also show that the R-squared value is 0.847462
which means that the use of the independent variable in the model can explain the
dependent variable, namely CO2 emissions of 84,7%.

Conclusion

The results of the study found that the total population in the six countries of the South
American continent with the largest population had a significant positive effect on CO2
emissions. This finding strengthens the previous research conducted by Dong et al. (2018)
that population size has a positive and significant effect. Then in this study, it was not
possible to validate the Environmental Kuznets Curve (EKC) hypothesis in the six countries
that have the largest population on the South American continent. This study is also in
line with previous research conducted by Begum et al. (2015) which could not explain the
Environmental Kuznets Curve (EKC) hypothesis in developing countries such as Malaysia.

Furthermore, the import of goods and services shows a positive and significant effect. This
finding further strengthens previous findings which explain that trade openness, namely
imports, has a negative effect on countries, especially spillovers to neighboring countries
(Mahmood et al., 2020). After knowing the results of these findings, the suggestions that
can be given include: First, to reduce the level of CO2 emissions, it is necessary to reduce
the use of non-renewable energy and the conversion of the use of renewable energy
needs to be carried out. Second, there is a need to diversify imports of environmentally
friendly goods and services (Hu et al., 2020). Third, need for government intervention in
each country in reducing the conversion of rainforest land and implementing a green
economy.
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