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Abstract
Purpose - Increased trapped heat in the atmosphere leads to global warming and economic activity
is the primary culprit. This study proposes the nonlinear impact of economic activity on cooling
degree days to develop a climate Kuznets curve (CKC). Further, this study explores the moderating
role of higher education and renewable energy in diminishing the climate-altering effects of

economic activity.

Design/Method/Approach - For this, all the selected BRICS economies are range from 1992 to
2020. The CKC analysis is conducted using a distribution and outlier robust Panel Quantile ARDL

model.

Findings - Results confirmed a U-Shaped CKC, controlling for population density, renewable
energy, and tertiary education enrollment, and innovation. The moderating role of renewable

energy and education can be exploited to tackle the progressively expanding climate challenges.

Originality — This study is instrumental in developing the climate change based economic activity
Kuznets curve and assessing the potential of higher education and renewable energy policy

intervention.
Research Implications - This study highlighted the incorporation of climate change mitigating

curriculum in education so that the upcoming economic agents are well equipped to reduce global

warming which certainly needs to be addressed globally.

JEL Codes: Q2, Q3, H51

Key Words: economic growth; climate change; global warming; education; dynamic panel data
models
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1. Introduction

The economic performance of any country depends on its national income (Igbal et al., 2021).
Therefore, the desire of higher economic progress has brought the world to the brink of climate
change (Nasir et al., 2019). A higher level of economic growth represents more production leading
to environmenta; deterioration (Borojo et al. 2022) and, ultimately, climate change begins (Hassan
et al., 2021). In particular, developing countries seem more vulnerable to climate change (Mertz
et al., 2009). Brazil, Russia, India, China, and South Africa (BRICS countries) are growing fast
economically, resulting in rapid climate change (Nawaz ef al., 2021). Temperatures around the
world have risen by more than 1.6 degrees Fahrenheit since global warming began in 1906.!.
Moreover, worldwide increase in temperature is the result of manmade greenhouse gas emissions?
which leads to severe weather damage and will also increase and intensify (Hansen et al., 2000)
leading to gradual buildup of positive temperature deviations from 65°F. The term cooling degree
days (CDD) is coined to represent the degree of global warming spells the country is experiencing

within a year (Spinoni ef al., 2018).

This study has proposed the climate change and economic growth relationship and named it the
climate Kuznets curve (CKC), derived from the environmental Kuznets curve (EKC). EKC
describes a continuous increase in economic growth that first leads to environmental deterioration
increases and then decreases (Wang ef al., 2023). Sometimes it also depicts an inverse situation
forming a U-shaped relation, resulting from overutilization of resources (Karahasan and Pinar,
2022). The narrative behind this new model is that change in climate takes a higher toll on human
welfare compared to the depreciation of environmental quality. Though both are interrelated,
climate change affects human life multidimensionally (Hof, 2015; Tol, 2018). The ongoing loss of
biodiversity with a global temperature increase of just 1.5° Celsius above the pre-industrial norm

poses an irreversible threat to public health (Mckeever, 2021).

Using CDD as direct indicator of climate change in place of environmental quality as an

antecedent, this study names phenomenon from EKC to CKC. It is because global warming is the

1 https://www.nationalgeographic.com/environment/article/global-warming-effects
2 https://climate.nasa.gov/effects/
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outcome of deterioration in air quality®. Moreover, other forms of pollution occur due to expansion
in economic activities (Arshed ef al., 2021). It would be correct to say that economic activities are

reasonable for global warming.

Now the question is how this analysis can be beneficial for climatic sustainability. As the CKC is
a nonlinear phenomenon, it can be moderated towards sustainability growth (Haans et al., 2016).
In this situation, the role of education and renewable energy can be considered (Shobande and
Asongu, 2022; Usman et al., 2022). Raising awareness is a process that can be greatly aided by
education. A structural shift in the consumption pattern of society may result from the preference
of high-informed consumers for high-quality goods (Alamsyah and Othman, 2021). Education
develops human capital which contributes to knowledge synthesis towards the betterment of
people. Renewable power comes from resources that can be regenerated naturally. Its growing
economy is a symbol of cleaner air and water which helps mitigate weather extremes. Renewable
power comes from resources that can be regenerated naturally. Its growing economy is a symbol
of cleaner air and water which helps mitigate weather extremes (Sarkodie et al., 2020). Renewable

power comes from resources that can be regenerated naturally.

Other factors related to climate change are population density and technological innovations.
Population density is a measurement of population per unit of land area and is deeply connected
with ecosystems (Hanberry, 2022). An increased population or density would ultimately shorten
the dwelling spaces, buildings, and green-belt shrinks which can lead to environmental
deterioration (Gupta et al., 2022). On the contrary, technological innovations can improve
environmental quality (Jahanger ef al., 2022). Energy can be saved or its consumption lowered at
the residential and commercial sectors through the proliferation of technological advancement,

hence reducing its carbon impact. However, it may open the door to alternative forms of energy.

After unfolding the subject matter, the first objective is to empirically validate the CKC for BRICS
countries with technological innovations and population density as controlling variables.

Secondly, the education and renewable energy consumption are incorporated as climate improvers

3 EPA.gov - https://www.epa.gov/air-research/air-quality-and-climate-change-
research#:~:text=Changes%20in%20climate%20can%20result,0zone%20standards%20in%20the%20future.
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and moderators of CKC. Thirdly this study proposes suitable policies for climate sustainability
based on empirical findings. Using the economic activity intervention policy of education and
renewable energy, policymakers could help in promoting sustainable economic activities with

higher order awareness related to managing global issues.

After this section, this study is divided into four parts. The second section reviews the literature to
understand the work done and identify the literature gap. In the third section, there is a discussion
about the data and methodological techniques. The fourth section is a discussion of results. In the

final section, concluding remarks with policy implications are provided.

This study innovates the discussion in this domain in the following ways:

e The application of CKC in BRICS countries focuses on the outcome rather than the source

of climate change previously studied in EKC.

e Explores ways economic activity can become climate-friendly through the role of higher

education and technological innovation as moderators to the CKC curve.

e Use of the panel quantile autoregressive distributed lagged (ARDL) model which can
provide custom policy insights in terms of long-run/short-run effects, moderation size
effects of higher education and innovation, and distributional position effect of cooling

degree days in the country.
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2. Literature Review

The concept of CKC is derived from EKC. It describes the relationship between economic growth
and climate change which begins with the Kuznets curve relating economic growth and income
inequality (Todaro, 2015). Later EKC was related to economic growth and environmental quality.
However, previous studies like Grossman and Kruger (1991), Selden and Song (1994), and Stern
et al. (1996) have documented this occurrence with economic progress and carbon emissions.
Likewise, STIRPAT is another aspect of contextualizing the impact of economic activities on CO,

emissions (York et al., 2003).

Some studies have covered EKC through climate change in their analysis. Destek and Sarkodie
(2019) have confirmed an inverted U-shaped EKC using ecological footprints. Pincheira et al.
(2021) have used seven climate change-related indicators including carbon dioxide emissions,
biodiversity, ozone, fertilizers, fresh water, and land. According to their findings some indicators
validate EKC whereas some do not. Youssef e al. (2020) and Ansari (2022) investigated EKC
using ecological footprint and carbon emissions; the former study confirmed an inverted U-shaped
EKC while the latter study confirmed an inverted U-shaped EKC but only with the ecological
footprint. Dinga et al. (2022) have validated both inverted U-shaped and U-shaped EKCs using
ecological footprints and overshoots. Chaudhry et al. (2022) have tried comprehensively covering
climate change using carbon dioxide, nitrous oxide, methane emissions, deforestation, and
footprints, and confirmed an inverted U-shaped EKC. Studies like BaleZentis et al. (2019), Uche
etal. (2022), Simionescu et al. (2022), and Bao and Lu (2023) have used greenhouse gas emissions
to represent climate change and all have found inverted U-shaped EKCs. All of these studies,
summarized in Table 1, focused on the fact that managing the environment would abate climate
change but this study is assessing the direct link of economic anthropogenic activities to global

warming.

STIRPAT provides the context for the selection of control variables. Literature is evident regarding
the impact of population density on climate through different dimensions. Alola et al. (2019) and
Quintana et al. (2021) have confirmed that urban population pressure is responsible for increasing
global warming. Tromboni et al. (2021) have confirmed that population density is responsible for

deteriorating water quality. Ahmed et al. (2022), Sahoo and Sethi (2022) and Gupta et al. (2022)
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have found it responsible for encouraging ecological footprints and PM, 5. Hanberry (2022) has
confirmed the positive relationship between temperature and population density. Different studies
have tested the role of technological innovations on climate. Sinha et al. (2020) have constructed
an index using climate indicators like carbon dioxide, methane, nitrous oxide, PM,s and
greenhouse gas and highlighted its importance in reducing these climate problems. Miskiewicz
(2021) pointed out its significance in reducing greenhouse gas (GHG) emissions. Kihombo et al.
(2021), Majeed et al. (2022), and Jahanger et al. (2022) have validated their role in decreasing the
ecological footprint. At the same time, Danish and Ulucak (2021), Chishti and Sinha (2022), and
Xie et al. (2022) have highlighted the importance in confronting climate change by mitigating
carbon emissions. Gupta et al. (2022) have found technological innovations in reducing the

ecological footprint and PM, s.

Education is a valuable device for awareness construction. As such, Hassan et al. (2019) and Bashir
et al. (2019) have emphasized its importance for climate change and Kalim et al. (2023) showed
that education shifts the EKC downward. Romero and Gramkow (2021) have claimed the climate
deteriorating aspect of education is through GHG emissions. Zhang et al. (2022) have argued that
education is deteriorating the climate and is responsible for more carbon emissions while Shobande
and Asongu (2022) have declared it crucial for environmental sustainability. Wang et al. (2022)
have highlighted that it is deteriorating climate through an ecological footprint increase. Generally,
renewable energy reveals favourable impacts on climate. Therefore, Sarkodie et al. (2020) have
indicated the role of renewable energy for climate change by reducing greenhouse gas emissions.
Sahoo and Sahoo (2020) and Salem et al. (2021) have incorporated renewable energy with their
different subtypes and concluded their climate-friendly and worsening aspects. At the same time,
Ahmed et al. (2021) have ratified its climate-worsening characteristics whereas Usman et al.
(2022) and Huang et al. (2022) have recommended its climate-friendly aspect through ecological
footprints. Lei ef al. (2022), Khezri et al. (2022), and Murshed et al. (2022) have pointed out that
their climate deteriorating aspect is by emitting carbon emissions. Recent studies by Kalim et al.,

2023 and Xing et al., 2023) highlighted that renewable energy shifts the EKC curve downward.

Table 1 — Review of Literature

INSERT HERE
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After reviewing the literature thoroughly, Table 1 is formed; this subject has been worked on in

great detail in the context of CO,, greenhouse gases, and ecological footprints. However, there is

oNOYTULT D WN =

still scope for further work something that this study tries to fulfill. These discussed studies have

10 measured the climate through commonly used instruments of environment or resource utilization.

14 This study fills the gap by introducing cooling-degree days as an instrument for climate change
and global warming. CKC, a variant of EKC, is being innovatively tested in the study. Further,
17 tertiary enrollment and the role of renewable energy is integrated to improve the climate outcomes
19 of economic activity. This study has proposed that these climate-improving factors moderate the

21 CKC towards climate sustainability to address the sustainable development goal of climate action.
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3. Data and Methodology

3.1 Variables and Sample

This study is based on secondary data from 1992 to 2020. All the variables are selected from World
Development Indicators (WDI) and cooling degree days are collected from the climate change
knowledge portal (CCKP). Moreover, all the indicators are in natural log form. Table 2 below
contains the name of the variable along with the symbol, definition, and source. Here the EG and
EG? represent the EKC hypothesis (Stern et al., 1996) while the other variables are based on
STIRPAT hypothesis (Arshed et al., 2021).

Table 2 — Description of the Variables
INSERT HERE

3.2 Theoretical Model

To comprehend the connection between proposed variables in CKC perception, studies such as
Youssef et al. (2020), Pincheira ef al. (2021), and Dinga et al. (2022) have validated an inverted
U-shaped EKC. Based on these findings, it is assumed that the CKC is an inverted U-shaped
phenomenon. Similarly, there are studies that have advocated the U-shaped effect of economic
activity on carbon emissions. Arshed ef al. (2021), Hassan et al. (2021) and Wang et al. (2021)
stated that when there is over utilization of resources it deteriorates the quality of ecosystem.
Another aspect of our model is attaining a downward shift of EKC. In this context education and
renewable energy consumption are involved as moderators. Their existence in the model will ease
exploring their role in reducing climate challenges. Additionally, the moderating effect will help

to analyze shifting.

3.3 Models to be Estimated

Equations 1 and 2 in Table 3 show the long- and short-run coefficients respectively. Many studies,
including Sadeqi et al. (2022), Kashki et al. (2022) and Abebea and Assefa (2022), have
incorporated CDD as an instrument of climate change. Here, B; and 3, are the coefficients of
economic growth and its square to test the CKC. The square term is incorporated for the
nonlinearity following Chiang and Wainwright (2005) and Igbal et al. (2019). This relationship
could be inverted U-shaped in view of the findings of Chaudhry et al. (2022), Simionescu et al.

8
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(2022), and Bao and Lu (2023). However, studies also exist related to U-shaped relationships for
example Dogan and Inglesi-Lotz (2020), Arshed et al. (2021) and Karahasan and Pinar (2022).

Further, B3, B4, Bs and B¢ are the coefficients of technological innovations, population density,
education, and renewable energy consumption correspondingly. Aligned with Kihombo et al.
(2021), Majeed et al. (2022) and Xie et al. (2022), this study has assumed that technological
innovations have the potential to mitigate climate challenges. Studies like Quintana et al. (2021),
Sahoo and Sethi (2022), and Gupta et al. (2022) have discussed the deteriorating climate aspect of
population density. This study has considered education as an awareness-creation tool which can
protect the climate as discussed by Hassan et al. (2019), Bashir et al. (2019), and Shobande and
Asongu (2022). Studies like Sarkodie et al. (2020), Usman et al. (2022), and Huang et al. (2022)
have successfully highlighted the implication of renewable energy for climate betterment. Hence,

this research has assumed that renewable energy consumption can diminish the climate challenges.

The methodology of Arshed ef al. (2021, 2022) combines the role of economic progress with
education and the renewable energy is tested for climate change. The coefficient of interaction
terms of economic growth with education and renewable energy is represented by 7 and fg
respectively. These interaction terms would provide ease in interpreting the change in climate
change during a joint increase in growth, education, and renewable energy consumption. Further,
Equation 2 consists of short-run coefficients including the speed of convergence. It is formulated
using the following specification presented in Equation 2 where the coefficient shown by w is the
error correction term. The coefficient of error correction term must be negative and statistically

significant to confirms the cointegration in the model.

Table 3 — Estimation Equations

INSERT HERE

3.4 Estimation Technique
Since the data is around 20 years per cross-sectio, it may show non-stationary behavior at the
current level (Arshed et al., 2018). Hence, this study has used panel unit root tests like Levin ef al.

(2002) (LLC) and Pesaran (2007)’s cross-sectional augmented in pesaran shin (CIPS) and panel
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cointegration tests like Pedroni (2004) and Westerlund (2005). Presence of cointeration is

compulsory if any variable is found to be non stationary.

The short-run and long-run regression coefficients are estimated using the panel quantile auto-
regressive model (QARDL) approach, based on panel quantile regression (PQR) proposed by Cho
et al. (2015). In the existence of cointegration, this technique helps analyze the regression
coefficients at different distribution positions. Moreover, Mohammed et al. (2022) and Arshed et
al. (2022) have discussed that this technique provides consistent coefficients in skewed and non-
normal data. This panel QARDL model has used the specification of dynamic fixed effect model
(DFE). This study used the error correction model method to estimate the short-run coefficients

(Enders, 2012).

10
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4. Results and Discussions

The descriptive aspect of the study is presented in Table 4. Here, the mean is greater than its
standard deviation except for innovations. As a result, every variable is over-dispersed and
innovations are under-dispersed. Negative skewness coefficients imply that variables are
negatively skewed which is logical for the case of these specific countries. Coefficients of kurtosis
nearing 3 reflect no outliers (while < 3 and > 3 mean too few and too many outliers). Moreover,
the significant value (prob. < 0.05) of the Jarque-Bera (JB) test implies that variables are not
normally distributed. Since the sample size is above 30 observations the central limit theorem led

the authors to assume the data to be asymptotically normal (Lind ef al., 2021).

Table 4 — Results and Discussions

INSERT HERE

Figure 1 is the nonlinear association between economic growth and global warming through a
scatter plot. In comparison, Figure 2 (heat plot) is for association among all the variables. Since

all correlations are below 0.94 there is no multicollinearity among variables (Gujarati, 2022).

Figure 1 — Climate and Economic Growth Scatter Plot

INSERT HERE

Figure 2 — Coefficient of Association Matrix
INSERT HERE

Table 5 — Panel Unit Root Tests
INSERT HERE

Table 5 provides the panel unit root test results using the LLC (first generation) and CIPS (second
generation) tests. These tests confirm that all variables other than GW and RE are I(1). Further,
Table 6 uses Pedroni (first generation) and Westerlund (second generation) panel cointegration

tests to confirm conintegration in selected variables in the long run.

11
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Table 6 contains long-run and short-run estimated coefficients using panel quantile ARDL. Pseudo
R squared shows that these selected variables explain 82% of variations in global warming. In the
long run the coefficients of economic growth are negative and its squared coefficient is positive;
this shows the existence of U-shaped CKC. Similar outcomes using CO, are shown by Dogan and
Inglesi-Lotz (2020), Arshed et al. (2021), and Karahasan and Pinar (2022). At the start, BRICS
countries concentrated on ecologically friendly and innovative production techniques which led to
diminishing the climate challenges. However, a massive expansion in output and overutilizing

resources responsible for climate deterioration.

Population density has positively affected global warming in the long run. Literature has shown
its role in deteriorating the ecosystem through deforestation, overcrowding, facilities, and natural
resource depletion. These results are consistent with Hanberry (2022), Sahoo and Sethi (2022),
and Gupta et al. (2022). Similarly, technological innovations have negatively affected global
warming in the long run. Technology can help find environment-friendly resources and methods
to reduce emissions and carbon footprints. This is consistent with Kihombo et al. (2021), Majeed

et al. (2022), and Jahanger ef al. (2022).

Lastly, renewable energy and education are independently responsible for climate deterioration.
However, their negative interaction terms reflect their contribution to reducing the GDP effect on
climate change. The findings of this research are consistent with Lei et al. (2022), Khezri et al.
(2022), and Murshed et al. (2022). This shows that the installation of renewable energy has taken
its toll on the climate but, once installed, it reduces the emissions in the energy production needed
for economic activity (Sarkodie et al., 2020; Zahid et al., 2021). Similarly, education increase
tends to quicken economic activity making them better climate change mitigating agents (Romero

and Gramkow, 2021; Zhang et al., 2022).

The long run coefficients are validated from the convergence coefficient in short run presented in
Table 6. Kao Augmented Dickey Fuller (ADF) test values from the residuals of long run and
negative error correction model (ECM) are statistically significant thus indicating the presence of
a long-run relationship complementing the cointegration test results. The positive constant term

highlights that all excluded variables jointly lead to global warming. This indicates the importance

12
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of selected variables as possible climate change mitigating strategies. Granger causality tests

confirmed that EG, IN, PD, and RE cause global warming in the form of cooling degree days.

Table 6 — Long Run, Short Run and Cointegration Test
INSERT HERE

Percentile-wise visualization of the education and renewable energy moderating effect is presented
in Figures 9 and 10. These graphs are made by using five moderator observations at different
distribution positions to generate the estimated dependent variable against changes in the GDP.
Here, the shifting of CKC for education and renewable energy as moderators are visualized for
their different quantile values. This outcome links with the study's objectives where CKC is
depicting the U-shaped pattern and the moderators are reducing the global warming effect of GDP.
In Figure 3 the role of education is shifting the CKC downward. This shows the ease of adaptability
of the higher educated society towards climate change mitigating practices such that it reduces the
global warming effect for each unit of GDP increase. In fFgure 4, renewable energy has shown the
dampening effect on global warming produced at each unit of GDP. Comparatively, education is

more potent in reducing the global warming generated by economic activity.

Figure 3 — Education as Moderator
INSERT HERE

Figure 4 — Renewable Energy as Moderator

INSERT HERE

Figure 5 provides the effects of long-run variables at different quantiles of global warming
(dependent variable). This helps in assessing whether there is a change in marginal effects for
higher and low global warming countries or times. Here the negative effect of EG (GDP) reduces
and the positive effect also reduces the increase in global warming, showing that the marginal
effect of economic activity reduces at high levels of global warming. Further, with the increase in
global warming, the positive effect of population density, renewable energy, and education reduces

while the negative effect increases. Lastly, Figure 6 shows that at a median level of global warming

13
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the convergence coefficient is most effective, showing the fastest rate of absorbing independent

variables' effect on dependent variable.

4.1. Managerial Insights and Practical Implications

Population density creates global warming. Thus, policymakers should ease population pressure
and implement control measures. Policymakers should invest in education and upgrade the higher
education curriculum to generate awareness among people for sustainable production and
consumption processes. Technological innovations can help in reducing global warming. Business
leaders should prioritize resources and policymakers must provide securities and financial benefits

to motivate businesses to become innovative.

This study suggests that BRICS countries must increase reliance on renewable energy
consumption. The government must promote the purchase of renewable energy production
equipment at household and firm levels to increase the transition from fossil energy to sustainable

energy.

Figure 5 — Quantile Process Estimates

INSERT HERE

Figure 6 — Quantile Process Estimates for Convergence Coefficient (95% CI)

INSERT HERE

5. Conclusion and Policy Implications

This analyzed the impact of economic activities on the climate of BRICS countries. The U-shaped
existence of CKC has been confirmed by the significant coefficients of EG and EG? showing
overutilization of resources is causing climate change. The role of education and renewable energy
is incorporated as moderators of CKC. Estimated results have provided suitable policies to
overcome climate challenges for BRICS countries. First, there is a need to control the population
pressure. Similarly, technological innovations are advantageous for climate sustainability.

Estimated results validate that these countries are giving valuable attention to it. However, a

14

http://mc.manuscriptcentral.com/ijoem

Page 14 of 32



Page 15 of 32

oNOYTULT D WN =

International Journal of Emerging Markets

significant amount should also be allocated to the budget. Further, administrative authorities

should provide those institutions with various securities and financial benefits.

Education and renewable energy as independent determinants of climate quality have been found
responsible for deterioration. However, a simultaneous increase in education and renewable energy
with economic growth has reduced the climate warming. These countries should spend more on
education as a tool for awareness generation among the people. Moreover, the moderating effect
of education has also highlighted the significance of education for climate sustainability. In
production, these countries should spend enormously on renewable energy. Per estimated results,
climate deterioration due to renewable energy implies that BRICS countries are not significantly
depending upon it. However, significant investment in this sector by the government and the
private sector is required for climate sustainability. The government should accommodate

professional individuals importing this technology by providing suitable subsidies.

The limitation of the study is that cooling degree days only indicate the energy households require
for cooling. It may not encompass other aspects of climate change like precipitation and extreme
weather events. Further, it does not account for how much cost a certain economy will bear to cool
each increased degree of cooling degree days. Further studies should also account for the spatial

effects of global warming in their analysis.

15
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Table 1 — Review of Literature

Literature Review

Environment/Climate Indicator(s)

Relationship

Todaro (2015)

Economic growth, income inequality

Summarized Kuznets curve

Grossman and Kruger
(1991), Selden and Song
(1994). Stern et al.
(1996), York et al. (2003)

Economic growth, environmental

quality

Inverted U-shaped EKC

Destek and Sarkodie
(2019), Youssef et al.

Ecological footprint, carbon

Inverted U-shaped

(2020), Ansari (2022) emissions, and economic activity footprint EKC
Carbon dioxide emissions, nitrous

Pincheira et al. (2021), oxide, methane emissions,

Dinga et al. (2022), deforestation, biodiversity, ozone, Mixed findings

Chaudhry et al. (2022)

fertilizers, fresh water, and land

footprints.

BaleZentis et al. (2019),
Uche et al. (2022),
Simionescu et al. (2022),
Bao and Lu (2023)

Greenhouse gas emissions

Inverted U-shaped EKC

Alola et al. (2019),
Quintana et al. (2021),
Tromboni et al. (2021),
Sahoo and Sethi (2022),
Gupta et al. (2022),
Ahmed et al. (2022)
Hanberry (2022)

Urban population and population

density pressure

Responsible for global
warming, climate change,
deteriorating water quality,
ecological footprint, PM, 5
emissions, and temperature

Miskiewicz (2021),
Kihombo et al. (2021),
Majeed et al. (2022),
Jahanger et al. (2022),
Danish and Ulucak
(2021), Chishti and Sinha
(2022)

Environment and technological

innovations

Reducing greenhouse gas
emissions, ecological
footprint, and carbon
emissions

Table 2 - Description of the Variables

Source: Authors’ own work

Variables (Symbol) Definition Source

. Annual number of degrees the temperature was
Cooling Degree Days (GW) higher than the refereice temperaull)re of 18.3°C CCKP
Economic Growth (EG) Per capita GDP in constant US$ (2015) WDI
Economic Growth Sq. (EG?) Square of per Capita GDP in constant US$ (2015) WDI
Technological Innovations Total of resident and nonresident patent

. WDI

(IN) applications
Population Density (PD) Population per unit of total land area WDI
Education (ED) Tertiary school enrollment % of total. WDI
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Renewable Energy (RE) Renewable energy consumption % of total WDI

Source: Authors’ own work

Table 3 — Estimation Equations

Formula Ind
GW Long
= B1EGy + B2 EG + B3INy + BaPDy + BsEDiy+ BoREy+ B7 (EGy * REy | Run
) + Bg (EGit * EDyy) + & Equa
AGW ;;
n n n
=ay + Z ,801jAGWt_i + Z YZjAEGit—i + Z 63jAEGi2t—i +
. i=1 . i=0 . i=0 . o
2 04jAINit—l' + Z ijAPDit—i +Z T6jAEDl' t—i+2 K7j ort
i=0 i=0 i=0 i=0 run
n n Equat
ARE; ¢ _;+ Z 0778j (A4EG; ¢~ * ARE; ;) + Z 0779;' (4EG; ¢ —;
i= i=
*AED; ¢_;) + B1EGy + B2 EG + B3INy + B4PDy + BsEDy+ BeRE
it+ B7 (EGi* REy) + Bg (EGie x EDy) + WECi + it
Source: Authors’ own work
Table 4 — Results and Discussions
. . Variables
Statistic GW EG IN PD ED RE
Mean 7.085 8.321 -2.284 3.979 3.183 2.785
Median 7.209 8.636 -1.997 3.707 3.135 2.858
Maximum 8.531 9.225 0.101 6.130 4.458 3.997
Minimum 4.467 6.427 -5.371 2.165 1.031 1.156
Std. Dev. 1.307 0.810 1.148 1.344 0.797 0.956
Skewness -0.607 -0.933 -0.579 0.151 -0.397 -0.488
Kurtosis 2.155 2.526 3.007 1.743 2.744 1.895
JB Test 11.861 20.098 7.277 9.057 3.777 11.776
Prob. 0.002%** 0.000** 0.026%* 0.010%* 0.151 0.002%*
Obs. 130 130 130 130 130 130

* significant at 5%, ** significant at 1%

Source: Authors’ own work

Table 5 — Panel Unit Root Tests

Test Specification Variables
Statistic P GW EG IN PD ED RE
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Lovel 490  -1.73  -126  -184 377  -1.63
LLC ' (0.00)** (0.04)*  (0.10)  (0.03)* (0.00)** (0.05)*
First 1077 -142 506 -148  -3.04  -2.03

Difference  (0.00)**  (0.08)* (0.00)** (0.06)* (0.00)** (0.02)*

Lovel 336 371 -170 373 -1.76  -3.96

s ' (0.00)** (0.00)** (0.10)  (0.20)  (0.10)  (0.00)**
First 512 294 433 265 338  -426

Difference  (0.00)** (0.00)** (0.00)** (0.00)** (0.04)* (0.00)**

* significant at 5%, ** significant at 1%

Source: Authors’ own work

Table 6 — Long Run, Short Run and Cointegration Test

Long Run Coefficients

Short Run Coefficients

Variables Coef. (Prob.) Variables Coef. (Prob.)
EG -4.284 (0.000)** AEG 7.463 (0.196)
EG? 0.549 (0.000)** AEG? -0.474 (0.185)
IN -0.436 (0.000)** AIN -0.019 (0.717)
PD 0.285 (0.000)** APD -5.567 (0.192)
ED 7.126 (0.000)** AED -0.428 (0.022)*
RE 3.583 (0.000)** ARE 1.389 (0.528)
EG*RE -0.300 (0.001)** A(EG*RE) -0.177 (0.509)
EG*ED -0.874 (0.000** A(EG*ED) 0.000 (0.339)
ECT, -0.158 (0.000)**
Const. (Fixed Effect) 0.069 (0.492)
Pseudo R squared 0.820 Pseudo R squared 0.090
Kao ADF on LR -4.906 (0.000)** sample 130
residuals
Test Statistic Statistic value Probability
Pedroni Test
Modified Phillips Perron t 0.19 0.42
Phillips Perron t -7.12 0.00%**
Augmented Dickey-Fuller t -6.82 0.00%**
Westerlund Test
Variance Ratio -1.99 0.02*

* significant at 5%, ** significant at 1%

Source: Authors’ own work
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