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ABSTRACT

Purpose. The main objective of this study is to investigate the determinants of environmental degradation within the
broader framework of the environmental Kuznets Curve analysis. To better understand the economic impact on the
environment, the study focuses on the relationship between carbon emission and the variables income per capita,
trade openness, foreign direct investment, energy use and urbanization.

Methods. In the context of the dynamic carbon emission model a Generalized-Method-of-Moments (GMM) tech-
nique was used to analyse World Bank of 125 countries for the period 2000 to 2014. This era was chosen as the most
appropriate given the completeness of the dataset.

Findings. The findings indicate that economic growth and energy use are significant variables in explaining envi-
ronmental degradation, supporting previous research in to the particularly negative impact of energy use on the envi-
ronment. The research however, found that urbanisation had only marginal significance in explaining the impact on
the environment.

Originality. The findings contribute to existing research in the area of environmental degradation, providing insight
into the debate surrounding urbanisation and CO, emission which had previously received mixed results. The find-
ings take research forward through the examination of explanatory variables and their respective impact on CO;
emission in countries which have observed an increase in the number of urban dwellers.

Practical implications. Given the debate in academic and practitioner literature around climate change, pollution and
a general concern over a lack of collective action to address environmental concerns, the findings have practical impli-
cations for government institutions and businesses to better understand the economic impact on the environment.

Keywords: carbon emissions, GDP per capita, foreign direct investment, energy consumption, trade openness,
urbanisation, developing countries

1. INTRODUCTION

Global warming, the depletion of the ozone, climate
change, haze, water pollution, rising sea-level and the
continued erosion of coral reefs are just a few of the
environmental issues which have been present in media
headlines across the globe for the past 10 — 20 years. The
challenges and concerns surrounding the environment
have been widely debated at national and international
levels and has resulted in many nations, both individually
and collectively, taking a proactive stand against further
environmental decline, culminating in the signing of the
historic Paris agreement where 195 countries agreed to
intensify actions to ensure a sustainable low carbon fu-
ture by 2030 (UNFCCC, 2015). A report by Climate

Change Tracker highlighted that even if governments
managed to fulfill their Paris Agreement pledges, the
world is likely to increase in temperature by 3.0°C which
is twice the assigned 1.5°C limit agreed in Paris (Climate
Action Tracker, 2018). However, it would appear that
this rather gloomy prediction for the future is likely to be
further exacerbated given the fact that three years after
the Paris agreement, none of the major industrialized
countries are on track to fulfill their pledges (Climate
Action Tracker, 2018). As a response to the lack of pro-
gress towards the Paris agreement, a report by the United
Nation has emphasized the dire predicament facing na-
tions, stressing that global emissions have reached histo-
ric levels and nations are required to triple their efforts to
keep global warming below 2°C (UNEP, 2018).
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The urban population is projected to grow by 2030
where urban areas are estimated to house 60 per cent of
the global population with one in every three persons
living in cities with at least half a million inhabitants
(United Nations Department..., 2016). The high projec-
tion rate of urbanization is likely to impact the environ-
ment especially if cities are not planned and developed
adequately. According to a report by UNDESA (2014),
unplanned urban expansion can lead to rapid urban
sprawl, pollution and negative environmental impact.
The adverse impact of urbanization on the environment
is especially pronounced in developing countries and
compounding the impact on the environment given the
fact that urbanization is taking place mainly in develop-
ing countries (UNDESA, 2014). Evidence supporting
these concerns were highlighted in a report by
UN-HABITAT (2012) which underlined environmental
concerns in certain developing countries, including, exten-
sive pollution of the Nairobi River in Kenya; ground water
pollution, extensive air pollution and traffic congestion in
Lahore, Pakistan; poor air quality, depletion of ground
water tables and fast receding lakes in Bangalore, India;
severe attendant noise pollution and traffic congestion in
Beirut, Lebanon (UN-HABITAT, 2012), among others.

Given the acuteness of the environmental problem
facing nations, this study is keen to explore the antece-
dences of environmental degradation and propose effec-
tive measures to address what has essentially become a
crisis. This study will approach the environmental prob-
lem from an economic perspective using the tested envi-
ronmental Kuznets Curve (EKC) as a theoretical frame-
work. The hypothesis of EKC is that environmental deg-
radation will first increase with income, and later decline
as rising income passes beyond a tipping point (Agras &
Chapman, 1999). This conclusion is aligned to the con-
cerns raised with regards developing countries with
growing urban population. The developing countries are
likely to be high polluters as economic development
forces these countries to move to the stage of an indus-
trialised economy (Dinda, 2004). However as these coun-
tries progress, economic development changes their sta-
tus to developed nations, and in alignment with the Kuz-
nets theory, these countries would move to a clean ser-
vice economy with arguably a better or more positive
environmental impact (Dinda, 2004).

The EKC proposition of an inverted U-shape rela-
tion between economic growth and economic degrada-
tion is well-documented with studies introducing in-
fluencers such as trade openness, foreign direct invest-
ment and energy use into the model (Harbaugh, Levin-
son & Wilson, 2002; Aldy, 2005; Lacheheb, Rahim &
Sirag, 2015). The current study attempts to add value to
the existing literature by exploring the impact of urba-
nization on the environment. In order to determine
whether urbanization has an impact on environmental
degradation, a scatter plot test is employed to under-
stand whether a correlation exists between these two
variables. Figure 1 plots the relationship between ur-
banization and CO, emission for high income countries
for a duration of 50 years. There is an inverted
U-shaped relationship between urbanization and envi-
ronmental degradation for high income countries.
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Figure 1. Scatter plot on wurbanization and CO: emission
among high income countries, 1960 — 2014. Source:
United Nations, Department of Economic and So-
cial Affairs, Population Division (2014). World Ur-
banization Prospects: The 2014 Revision, CD-ROM
Edition; Carbon Dioxide Information Analysis Cen-
ter, Environmental Sciences Division, Oak Ridge
National Laboratory, Tennessee, United States

Figure 2 plots the relationship for low income coun-
tries. Interestingly, the scatter plot indicates that urbani-
zation does not impact CO, emission for low income
countries. This preliminary analysis eludes to a potential-
ly interesting relationship between developing countries,
urbanization and environmental degradation which will
be investigated later in this research.

15
| |
. . - . s "] - -
n -
10 A
® CO:2 emission
® Urban population
5 |
04 ° ° ° ° [ . ° ° ° ° °
1960 1980 2000 2020

Year

Figure 2. Scatter plot on urbanization and CO: emission
among low income countries, 1960 — 2014. Source:
United Nations, Department of Economic and So-
cial Affairs, Population Division (2014). World Ur-
banization Prospects: The 2014 Revision, CD-ROM
Edition; Carbon Dioxide Information Analysis Cen-
ter, Environmental Sciences Division, Oak Ridge
National Laboratory, Tennessee, United States

The aim of this study is to include urbanization in the
broader framework of the environmental Kuznets Curve
analysis to determine the significance and impact of this
variable on environmental degradation. The study plans
to employ a dynamic panel analysis which not only con-
solidates the existing literature, but takes research for-
ward through understanding firstly the role of urbaniza-
tion in the broader framework of environmental con-
cerns, and secondly proposing appropriate strategies to
arrest the further decline of the environment which
should prove useful to both academics and practitioners
across the globe.
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2. LITERATURE REVIEW

A number of academics (Balsalobre-Lorente,
Shahbaz, Roubaud, & Farhani, 2018; Dong, Sun, Jiang,
& Zeng, 2018; Dong, Sun, Li, & Liao, 2018; Dong et al.,
2018; Guan, Wei, Lu, Dai, & Su, 2018; Mansson, Kibria,
Shukur, & Sjolander, 2018; Zambrano-Monserrate, Sil-
va-Zambrano, Davalos-Penafiel, Zambrano-Monserrate,
& Ruano, 2018; Hussain, Grabara, Razimi, & Sharif,
2019) support the Environmental Kuznets’ Curve theory,
which states that as income increases in the initial stages
of economic growth, pollution also rises, but after a cer-
tain threshold income has been achieved, any further
increases in income would see a fall in carbon emissions.
In essence, there is an inverted U-shaped relationship
between pollution and per capita income. These acade-
mics were concentrating on economic growth, trade
openness, energy consumption, foreign direct investment
and the influence of urbanization on environmenttal
degradation specifically CO, emission. Moreover, previ-
ous researchers have employed various methodologies in
analyzing Environmental Kuznets’ Curve theory.
Saboori, Sulaiman, and Mohd (2012) utilised the Auto
Regressive Distributed Lag (ARDL) methodology and
found that the Environmental Kuznets Curve hypothesis
was applicable to the Malaysian setting. Similarly, Ti-
wari, Shahbaz, & Hye (2013), in their study on the role
of coal consumption in India using the ARDL methodol-
ogy, support the Environmental Kuznets’ Curve findings
of previous studies. Rasiah, Guptan, & Habibullah
(2018), applied the dynamic heterogeneous panel estima-
tion techniques of mean group (MG), Pooled MG (PMG)
and dynamic fixed effects to analyse a set of macro panel
data of the ASEAN-5 countries, to establish the possible
causal relations between carbon emissions and its ex-
planatory variables (energy use, trade openness, per capi-
ta income and financial development).

Economic growth has been identified as being a crucial
determinant of environmental degradation in many of the
nations across the globe. Real GDP per capita is the proxy
used to represent economic growth. A number of research-
ers’ studies revealed that there exists an inverse U-shaped
relationship between CO, emissions per capita and per
capita real GDP. These observations mean that there will
be an increase in carbon emission when there is a rise in
economic growth but it will eventually decrease after
reaching the critical point (Dogan & Aslan, 2017; Ozokcu
& Ozdemir, 2017; Shuai et al., 2017; Zhang & Zhang,
2018). Furthermore, the previous research has indicated
that the presence of the EKC hypothesis results in GDP
per capita having a positive impact on carbon emission
and GDP percapita square has a negative impact on carbon
emission (Dogan, Seker, & Bulbul, 2015; Ali, Abdullah, &
Azam, 2017; Hanif & Gago-de-Santos, 2017; Lu, 2017,
Naradda Gamage, Hewa Kuruppuge, & Haq, 2017,
Nasreen, Anwar, & Ozturk, 2017; Zoundi, 2017; Balaguer
& Cantavella, 2018; Bello, Solarin, & Yen, 2018; Dong,
Sun, Jiang, & Zeng, 2018; Dong, Sun, Li, & Liao, 2018;
Dong et al., 2018; Sarkodie & Strezov, 2018). Only lim-
ited research, predominantly the work of Ozturk & Al-
Mulali (2015) found that income had a negative impact on
the CO, emission and not supporting the Environmental
Kuznets’ Curve hypothesis.
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Trade openness is another important factor which in-
fluences CO, emission. Trade openness is measured by
taking the sum of exports and imports of goods and ser-
vices (constant 2005 US$) and dividing by GDP (con-
stant 2005 USS$). Trade openness is theoretically said to
benefit a country, as specialisation brings about an effi-
cient allocation of scarce resources. Hence, various re-
searchers choose this factor as an explanatory variable
when studying the impact on environmental degradation
(Ali, Abdullah, & Azam, 2017; Ali, Ashraf, Bashir, &
Cui, 2017; Alshehry & Belloumi, 2017; Dogan, Seker, &
Bulbul, 2017; Mrabet & Alsamara, 2017; Wolde-Rufael
& Idowu, 2017; Zaman & Moemen, 2017; Balaguer &
Cantavella, 2018; Balsalobre-Lorente, = Shahbaz,
Roubaud, & Farhani, 2018; Zhang & Zhang, 2018). All
of these researchers found trade openness to have a posi-
tive impact on CO, emission except for the recent work
of Zhang & Zhang (2018) who reported that the relation-
ship between the two variables was negative.

Other than trade openness, Foreign Direct Investment
(FDI) has played an important role in the economic
growth of developing nations and as a consequence,
arguably influences environmental pollution (Bakhsh,
Rose, Ali, Ahmad, & Shahbaz, 2017; He & Yao, 2017;
Zaman & Moemen, 2017; Dong et al., 2018; Zhang &
Zhang, 2018). FDI is measured by the inward FDI as a
percentage of GDP and can have two possible impacts on
the environment, it can either worsen the environment by
increasing CO, emissions or improve the environment by
reducing CO, emissions. From a review of the literature
it would appear the former argument carries more weight
with many of the previous studies revealing a significant-
ly positive relationship between FDI and CO, emission.
However, some of the earlier studies found that an in-
crease in FDI causes a decrease in CO, emission. (Pao,
Yu, & Yang, 2011; Atici, 2012; Kivyiro & Arminen,
2014). Since there is a degree of ambiguity surrounding
its impact, it is important to include FDI as an explanato-
ry variable in our study to further understand its role in
environmental degradation.

Energy consumption is an inevitable consequence of
a country’s economic development (Hussain, Salem,
Rashid, & Kamarudin, 2019) and business growth and
has been argued to lead to greater CO, emission, howev-
er similarly to the antecedent trade openness, there is a
degree of debate surrounding the inevitability of in-
creased energy consumption and greater CO, emissions
particularly in light of the increased use of renewable
energy. The variable energy consumption is measured by
the kg of oil equivalent per capita. The majority of the
literature has indicated that an increase in energy demand
will increase CO, emission (Ali, Abdullah, & Azam,
2017; Alshehry & Belloumi, 2017; He, Xu, Shen, Long,
& Chen, 2017; Moutinho, Varum, & Madaleno, 2017,
Nasreen, Anwar, & Ozturk, 2017; Ozokcu & Ozdemir,
2017; Wang et al., 2017; Wolde-Rufael & Idowu, 2017;
Zaman & Moemen, 2017; Dong, Sun, Jiang, & Zeng,
2018; Mansson, Kibria, Shukur, & Sjélander, 2018). The
research of Zambrano-Monserrate, Silva-Zambrano,
Davalos-Penafiel, Zambrano-Monserrate, & Ruano
(2018) and Sarkodie & Strezov (2018) also revealed that
an increase in non-renewable energy increases CO, emis-
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sion however the research also indicated that an increase
in renewable energy decreases CO, emission. The issue
of energy consumption and its role in increasing CO,
emissions is further compounded by energy imports
which are perhaps unsurprisingly argued to worsen CO>
emissions while energy exports improve environmental
quality since major polluting energy sources are exported
to other countries (Sarkodie & Strezov, 2018).

A further antecedent and explanatory variable argued
to influence economic degradation and which is the
theme underpinning this research is urbanization. A
UNDESA (2014) report on World Urbanisation Prospect
highlighted that continuing urbanisation and overall
growth of the world’s population is projected to add
2.5 billion people to the urban population by 2050.
Urbanisation is a process in which a significant portion
of the population shift into cities, motivated by the pro-
spect of improved lifestyle, employment prospects and
access to amenities which cannot be found in the rural
areas. Previous research has used various proxies for
urbanization; urbanization growth rate (Azam & Khan,
2016) and level of urbanization (Abdallh & Abugamos,
2017; He, Xu, Shen, Long, & Chen, 2017) and revealed a
correlation with CO, emissions in developing nations.
Wang, Zhang, Kubota, Zhu, & Lu, 2015 highlighted that
the carbon emissions tend to increase during the early
stages of urbanization; there then comes a point when
carbon emissions begin to decrease as urbanization in-
creases. However, there is a degree of debate surround-
ing the impact urbanization on environmental degrada-
tion. Similarly to previously discussed antecedents the
current research is divided with a number of studies re-
vealing that urbanization has a significantly negative
effect on environment degradation (Azam & Khan, 2016;
Charfeddine & Mrabet, 2017; Bello, Solarin & Yen,
2018). While other research revealed that urbanization
has a positive impact on CO;, emission (Kang, Zhao, &
Yang, 2016; Abdallh & Abugamos, 2017; He, Xu, Shen,
Long, & Chen, 2017; Wang et al., 2017; Dai, Liu, & Wu,
2018; Dong et al., 2018).

This debate surrounding the macroeconomic determi-
nants of environmental degradation underline the need
for further research in this area. As the literature related
to urbanization and its impact on CO, emission has re-
vealed mixed results and the tendency for the population
particularly in developing countries to move to cities is
predicted to increase this research consolidates existing
research but also takes research forward by examining
those explanatory variables and their respective impact
on CO, emission in countries which has observed an
increase in the number of urban dwellers. The research
will use the EKC hypothesis to better understand the rela-
tionship between specified macroeconomic indicators and
environmental degradation.

3. METHODS

Within the context of environmental degradation, the
study will explore the relationship between carbon emis-
sion and macroeconomic variables, specifically income
per capita, trade openness, foreign direct investment,
energy use and urbanisation, in 125 countries over the
period 2000 to 2014 (micro panel data). The data was
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obtained from the World Development Indicator of
World Bank. The summary details of all variables in-
volved in this study are shown in Table 1.

Table 1. Summary details of variables

Variable Descriptor Data Expected
source sign
Carbon COz emissions WDI,
L (metric tons World N/A
emissions .
per capita) Bank
GDP per GDP per capita \\;;/(])211(’1 .
capita (constant 2010 US$) Bank
Sum of exports and
1mpor.ts of goods and WD
Trade services (constant World n
openness 2010 US$)/GDP at
. Bank
market prices
(constant 2010 US$
Foreign Foreign direct WDI,
direct in- investment, net World +
vestment inflows (% of GDP) Bank
Energy use (kg of WDI,
E:Ifsrfl};l tion oil equivalent World +
P per capita) Bank
WDI,
Urbanisation Urban population World +
Bank

The underlying framework of the model specifica-
tion is based on the studies of Lean & Smyth (2019),
Sebri & Ben-Salha (2014), Farhani et al. (2014), and
Rasiah, Guptan, & Habibullah (2018). The generalized-
method-of-moments (GMM) technique (Holtz-Eakin,
Newey, & Rosen 1988; Arellano & Bond, 1991; Arel-
lano & Bover, 1995; Blundell & Bond, 1998) was uti-
lized to analyse the dynamic carbon emission model by
using annual data of 125 countries for the 2000 to
2014 period, as this was the only time period where
there was complete data for the dependent and inde-
pendent variables across all 125 countries.

The GMM estimation technique is a dynamic data-
generating process that enables us to investigate how the
current dependent variables are influenced by previous
ones (Roodman, 2006). The GMM estimation technique
is appropriate for this study as it supports micro panel
data, and is helpful in cases where the regressors are not
strictly exogenous. Aside from that, the GMM estimator
provides a solution to the problem of heteroscedasticity
and autocorrelation within cross-sections. The data-
generating process of the GMM estimators assumes that
the instruments available are based on the lags of the
instrumented variables, which are considered “internal”
instruments. The GMM estimator is beneficial as it ex-
ploits these easily available “internal” instruments that
exist within the dataset.

All economic data used in this study were sourced
from the World Development Indicators published by the
World Bank. The model used in this study was based on
Lean & Smyth (2010), Sebri & Ben-Salha (2014), Farhani,
Chaibi, & Rault, 2014), and Rasiah, Guptan, & Habibullah
(2018), the empirical long-run relation between carbon
emissions, real GDPC, energy use, TO, and FD is written
in the following form: and with the GMM procedure, it is
estimated the following carbon emissions model equation:
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LCOy;; = fyi + BiiLCOyj— + B;LGDPC;; —
—f5;LGDPC2 + 8, LTO;, + 3,;LFDI,, +
+ﬂ3iLEUit + ﬂ4iLURBANit + git ,

2

where:

CO, —the dependent variable representing carbon
emissions;

Poi — the country-specific intercept, GDPC is the GDP
per capita;

TO — trade openness;

FDI — the foreign direct investment;

EU refers to energy consumption;

URBAN refers to the degree of urbanization which is
proxied by urban population;

& —the standard error term. The subscripts indicate
country (i) and time (¢). All variables have undergone
logarithmic transformation to linearise the exponential
trend of the data used.

4. RESULTS AND DISCUSSION

The following analysis and discussion focuses on the
long-run relationship between carbon emissions and its
determinants, namely GDP per capita, trade openness,
foreign direct investment, energy use, and urbanisation.
The study used a set of micro panel data of 125 countries

for the period 2000 to 2014 (15 years), where the number
of cross-section (V) is relatively larger than the time
series data (7). The Generalised Methods of Moment
(GMM) estimation technique was utilized to analyse the
panel data available.

It is worth noting the properties or characteristics of
the data used in this empirical analysis, prior to embar-
king on the estimation of the determinants of carbon
emissions. The descriptive or summary statistics of all
variables used in this study are shown in Table 2. The
between variance component is found to explain the
higher portion of variability in the data. As seen in the
case of CO, emissions, the within variance component
only explains 2.72% (0.165%>=0.0272) of the overall
variability in the data. For GDP per capita, the overall
variance is 1.470% (= 2.1609), of which the within vari-
ance is 0.150? (= 0.0225), which indicates that only
2.25% of the overall variability in the data occurs within-
country. Similarly, for trade openness (TO) the within
variance is 0.159% (= 0.025281), for foreign direct in-
vestment (FDI) the within variance is 0.828 (= 0.686),
for energy wuse (EU) the within variance is
0.171%2 (= 0.0292), and for urbanization (URBAN) the
within variance is 0.1222 (= 0.0149), suggesting that the
between variance component dominates in explaining the
variability of the data.

Table 2. Descriptive statistics for key variables of the carbon emission model

Variable Mean Std. Dev. Minimum Maximum Obs.

LCO2 overall 1.000932 1.147 —4.058 4.206 1866
between 1.445 -3.561 3.936
within 0.165 0.266 2.047

LGDPC overall 8.771 1.470 5.547 11.626 1872
between 1.470 5.762 11.535
within 0.150 7.950 9.271

LTO overall -0.269 0.532 —1.860 1.469 1813
between 0.504 -1.616 1.304
within 0.159 —1.484 0.328

LFDI overall 1.061 1.240 -6.523 6.113 1784
between 0.946 -1.801 3.795
within 0.828 -5.082 3.813

LEU overall 7.499 1.546 3.161 10911 1872
between 1.547 3.488 10.551
within 0.171 6.385 8.557

LURBAN overall 15.752 1.453 12.376 19.853 1872
between 1.454 12.526 19.677
within 0.122 15.053 16.468

Aside from describing the basic properties of the da-
ta, a graphical representation of the impact of each ex-
planatory variable on carbon emissions is shown in Fig-
ure 3. It can be seen that positive relationships exist be-
tween carbon emissions and GDP per capita, and carbon
emissions and energy use, as shown by the positive slope
of the scatter diagrams for the LGDPC - LCO, and
LEU — LCO,. Countries with higher levels of GDP per
capita and energy use do tend to face higher levels of
carbon emissions. However, trade openness, FDI and
urbanization do not seem to share a relationship with
CO,, as seen in their respective scatter diagrams.

To further confirm the results depicted in Figure 3, the
research provides a more meaningful and critical analysis
by estimating the relevant GMM estimators in Equation 1.
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As the objective of this study is to investigate the de-
terminants of carbon emissions using a set of panel data,
this study employed the GMM dynamic panel approach
developed by Arellano and Bover (1995) and Blundell &
Bond (1998) through the xtabond2 user written command
(Roodman, 2006) to estimate the carbon emissions model
for the 125 countries used in this study.

The results of the one-step and two-step difference
GMM and that of the System GMM estimators are re-
ported in Table 3.

The Hansen J-statistic for over-identification and the
Difference-Hansen test for erogeneity of instrument
subsets are reported. The Arellano-Bond test for zero
autocorrelation in first differenced errors is also reported.
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Table 3. Dynamic panel estimation results of the CO: model
using the difference GMM and system GMM estima-
tion methods

Variables OMM 1= GMM2- GMM I-  GMM 2-
DIF DIF SYS SYS
LCOx- 1) 0.645™*  0.603™  0.909"*  0.911"™
(6.04) (536)  (26.18)  (24.49)
LGDPC 1072 1213™" 0248  0.246™
(2.31) (2.76) (2.75) (2.48)
chﬁ];r};C T 0.0681" —0.0724™" —0.0133"" —0.0131""
(-2.65)  (-3.04) (-2.85)  (2.57)
LTO 0.0126  0.0180  0.0227  0.0194
(0.17) (0.29) (0.83) (0.70)
LFDI 0.0192*  0.0144 —0.000202 0.0000663
(2.10) (1.61)  (-0.04)  (0.01)
LEU 0379 0.393™  0.0500  0.0479
(2.28) (2.51) (1.89) (1.79)
LURBAN —0.176  —0.252""  0.00718  0.00763
(-141)  (-225)  (L.13) (1.19)
EL‘LHSE?;“ 125 125 125 125
ON&Trbvfﬁ((’Ls 1452 1452 1622 1622
E‘S‘ﬁl’g@g{s 92 92 109 109
mi-test 0.000 0.000 0.000 0.000
mo-test 0.420 0.446 0.454 0.455
Hansen test 0.418 0.418 0.108 0.108
E;fri‘; 0.757 0.757 0915 0915
Notes:
1. t-statistics are shown in parentheses. *, ™, ™ denote sig-

nificance at 10%, 5% and 1% respectively.

2. The values reported for m; and mz are the p-values for
first and second order auto-correlated disturbances.

3. The values reported for Hansen and the Difference-
Hansen tests are the p-values.

Table 3 displays empirical evidence to confirm the
validity of the instruments employed as the results sup-
port the null hypothesis of the over-identifying re-
strictions being valid. The results also reveal the absence
of higher order autocorrelation in the residuals, which
complies with the requirements of the GMM theory,
allowing the presence of first order serial correlation as
shown by the significant p-value for the m;-test, while
the results of the ms-test reveal the absence of second
order autocorrelation. The existence of strictly exogenous
instruments is shown by the p-value in the Difference-in-
Hansen test, which supports the null hypothesis of eroge-
neity of the instrument subsets. We can therefore comfort-
ably indicate that all expected diagnostics have been met.

This study employed four different GMM techniques
as shown in columns 1 to 4 of Table 3, with the purpose
of testing the robustness of the carbon emissions model.
The overall empirical results demonstrate robustness, as
similar results are generated in terms of the magnitude
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and direction of the coefficients of the explanatory varia-
bles using the difference and system GMM estimators.

The results from the GMM estimators reported in Ta-
ble 3 are based on natural logarithm values of the panel
time-series data, the long run coefficient estimates of
lagged dependent CO?, GDPC GDPC?, TO, FDI, EU and
URBAN are econometrically equal to the elasticities of
CO, with respect to real income per capita, the square of
real income per capita, trade openness, foreign direct
investment, energy use and urbanisation respectively.
The results in Table 3 reveal that the reported coefficient
estimates are statistically significant for lagged-CO, real
income per capita and real income per capita square for
all four GMM estimators, indicating the robustness of the
results. Energy use is only found to be statistically signifi-
cant coefficients when estimated using the one-step and
two-step difference GMM, while the coefficients of for-
eign direct investment and urbanization are only found to
be statistically significant when employing one-step dif-
ference GMM and two-step difference GMM respectively.

The lagged dependent variable (past year carbon
emissions (CO;)) has a positive and significant coeffi-
cient across all four estimators, indicating the strong
influence that past year carbon emissions has on the
current carbon emissions. Similar results were also found
in several other studies (Kais & Sami, 2016; Omri, Ngu-
yen, & Rault, 2014). With magnitudes of 0.645, 0.603,
0.909 and 0.911 respectively, past year’s carbon emis-
sions displays a high degree of consistent impact. Of the
coefficients for the explanatory variables comprising of
GDP per capita, GDP per capita-square, energy use, trade
openness, foreign direct investment and urbanization,
GDP per capita, GDP per capita-Square and energy use
were significant. Trade openness does not significantly
explain carbon emissions across all 4 estimators, whereas
foreign direct investment which, is only marginally sig-
nificant, as shown by the results of the one-step differ-
ence-GMM estimator in column 1 of Table 2, but insig-
nificant for others. Urbanisation is only marginally sig-
nificant in explaining carbon emissions using the two-
step difference GMM estimator, but not significant when
the other estimators are employed.

The harmful environmental impact of real income per
capita is noted in Table 3, as the findings reveal that real
per capita GDP or income per capita has a positive rela-
tionship with CO», and these findings are supported with
the findings of previous research (Rasiah, Baharom, Ow,
& Habibullah, 2015; Abdallh & Abugamos, 2017; Hanif
& Gago-de-Santos, 2017; He & Yao, 2017; He, Xu, Shen,
Long, & Chen, 2017; Li & Su, 2017; Lu et al., 2017,
Mrabet & Alsamara, 2017; Balsalobre-Lorente, Shahbaz,
Roubaud, & Farhani, 2018; Dong et al., 2018; Guan, Wei,
Lu, Dai, & Su, 2018; Mansson, Kibria, Shukur, &
Sjolander, 2018; Zambrano-Monserrate, Silva-Zambrano,
Davalos-Penafiel, Zambrano-Monserrate, & Ruano, 2018).
GDP per capita-Square in contrast, reveals a negative
sign which is arguably expected and in line with the
Environmental Kuznet Curve theory (EKC) and support-
ed by the findings of previous research (Dogan, Seker, &
Bulbul, 2017; Lu, 2017; Nasreen, Anwar, & Ozturk,
2017; Zoundi, 2017; Balaguer & Cantavella, 2018; Bello,
Solarin, & Yen, 2018; Sarkodie & Strezov, 2018).
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Figure 3. The determinants of carbon emissions — a graphical representation

Energy use is also revealed to cause harmful effects
on the environment as it has a positively significant rela-
tionship with carbon emissions across all four estimators,
which aligns with previous research (Alshehry & Bel-
loumi, 2017; Ali, Abdullah, & Azam, 2017; He, Xu,
Shen, Long, & Chen, 2017; Moutinho, Varum, & Mada-
leno, 2017; Nasreen, Anwar, & Ozturk, 2017; Ozokcu &
Ozdemir, 2017; Wang et al., 2017; Wolde-Rufael &
Idowu, 2017; Zaman & Moemen, 2017; Dong, Sun, Jiang,
& Zeng, 2018; Mansson, Kibria, Shukur, & Sjdlander,
2018; Zambrano-Monserrate, Silva-Zambrano, Davalos-
Penafiel, Zambrano-Monserrate, & Ruano, 2018; Sar-
kodie & Strezov, 2018). These results confirm and con-
solidate existing research, identifying the significance of
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GDP per capita and energy use as explanatory variables
for environmental degradation but that urbanization was
only marginally significant in its impact on the environ-
ment. The results confirm the argument that an increase in
energy demand will increase CO2 emission, in the context
of renewable energy still being in its relative early stages
of use (Alshehry & Belloumi, 2017; Ali, Abdullah, &
Azam, 2017; He, Xu, Shen, Long, & Chen, 2017,
Moutinho, Varum, & Madaleno, 2017; Nasreen, Anwar,
& Ozturk, 2017; Ozokcu & Ozdemir, 2017; Wang et al.,
2017; Wolde-Rufael & Idowu, 2017; Zaman & Moemen,
2017; Dong, Sun, Jiang, & Zeng, 2018; Méansson, Kibria,
Shukur, & Sjolander, 2018).
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5. CONCLUSIONS

The main objective of this study was to investigate the
determinants of environmental degradation with a focus on
urbanisation within the broader framework of the environ-
mental Kuznets Curve analysis. The findings indicate that
economic growth, especially different stages of growth
significantly impacts environmental degradation. Similarly,
energy use is also found to be significant in explaining
environmental degradation. The double-edged sword of
energy use and economic growth is a well-documented
debate with successive governments across the globe seek-
ing a balance between growth and protecting the environ-
ment. The findings of the present study support previous
research in to the harmful impact of energy use on the
environment but did not find urbanization having a signifi-
cant impact which is perhaps surprising. Urbanisation was
measured by urban population with the assumption that a
higher concentration of people within a given radius would
result in increased congestion and traffic leading to higher
CO; emission. Yet, the findings indicate that urbanisation
is only marginally significant in explaining the impact on
the environment. Future studies should consider other
measures to represent urbanization and possibly consider
examining data for major cities instead of countries. Such
an approach might provide further insight into the impact
of urbanization and the possible variation between cities
and regions. Another area for further research is to incor-
porate a qualitative and quantitative dimension to investi-
gate the perspectives of business leaders and consumers to
examine underlying attitudinal issues with regards macro-
economic levers and economic degradation.

The research however is not without its limitations
with the data for this study drawn from the period
2000 — 2014. We do not consider this a major limitation,
as this period represents a complete data set, representa-
tive of 125 countries. That said, in future studies it is
perhaps useful to conduct a comparative study of coun-
tries in specific regions and, as we will observe in the
further recommendations section, a study in cities to gain
further insight into the environmental impact of macroe-
conomic indicators. A further limitation of the study
involves the use of panel data which although providing
a comprehensive evaluation and comparison of multiple
countries was incomplete from 2015 and therefore it is
proposed to conduct regional studies using a mixture of
quantitative and qualitative research.
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GAKTOPH, IO BUKIIMKAIOTD JET'PAJAIIIO HABKOJIMIIIHBOI'O CEPEJIOBUIIIA:
BIIVIMB JESAKNX EKOHOMIYHHUX ITOKA3HUKIB HA EKOJIOTTIO

M. Pamas, P. Pacis, C. Comacynapam, [Ix.Ix. Tepuep

MeTta. BuzHaueHHs (akTopiB, SIKi BUKJIMKAIOTh €KOJIOTIYHY Jerpajiamilo JOBKULIS B IIUPOKOMY KOHTEKCTI €KOJIOTi-
yHOi KpuBoi Ky3Hels, Ha OCHOBI BUBUSHHS B3a€MO3B’ 3Ky MIX BYIVICLIEBUMH BHKHAAMH 1 TAKUMH 3MIHHUMH SK JIOXif
Ha Jylly HaceJeHHs, BIAKPUTICTb TOPTiBIIi, NpsAMi iHO3EMHI iHBECTHIII{, BAKOPUCTAHHS €Heprii Ta ypOaHizais.

Metoauka. /{ns noOy0BU AMHAMIYHOT MOZEINI BYTJIeLeBoi eMicii Oynu BUKOpHCTaHi naHi BeecBiTHROro OaHKy 10
125 kpainam y mrepiox 3 2000 o 2014 poku, mpoaHati30BaHi 3a TOMOMOTOI0 y3araJbHEHOTO METOy MOMEHTIB. [laHuit
MIPOMIXKOK 4acy OyB 0OpaHHU SIK TOH, 110 HAHOUIBII MTOBHO MpeACTaBIIsie 0a3y JaHUX.

Pe3yabTaTu. BcTaHOBIEHO, 10 €KOHOMIYHE 3POCTaHHS 1 BUKOPHCTAaHHS €HEpril € HalCyTTeBIMIMMH (aKTopamy,
SIKI BU3HAYAIOTh €KOJIOTIUHY Jerpajaiito, o MiATBePIKY€EThCS OUIbLI PAaHHIMH JOCIIHKEHHSIMH HETAaTUBHOTO BILIUBY
BHUKOPHMCTaHHSI €Heprii Ha HaBKOJMIIHE cepelloBUINE. BusBieHo, mo ypOaHizalis BIUIMBa€ HA CTaH HABKOJHIIHHOTO



M. Ramayah, R. Rasiah, S. Somasundram, J.J. Turner. (2019). Mining of Mineral Deposits, 13(4), 42-52

cepelloBUINA TUIBKK MOOIYHO. PeKOMEHIOBaHO B HACTYMHHUX JIOCITI/DKEHHSAX PO3IIISIHYTH 1HIII 3aXOXW JUISl ySIBICHHS
ypOani3amii, a caMe MOKJIMBICTh BUBYECHHS JAHHX [0 BEIMKUX MicCTaX, a He 1Mo KpaiHaM. Taxwif miaxix MoXke naTtu J10-
JIaTKOBE YSIBJICHHs PO BIUIMB ypOaHi3allii Ta MOXKIMBHX BiJMIHHOCTEH MiX MiCTaMH i perioHamH.

HaykoBa HoBu3Ha. OTprMaHO HOBi 3HAaHHS IOJO0 OLIHKM BIUIMBY ypOaHi3amii Ta BYIJICIIEBHX BHUKHIIB Ha HAaBKO-
JIMIIHE TIPUPOIHE CEPEelOBHIIE, sIKi paHillle Malu HEOJAHO3HAa4HI pe3yiprartd. [Iporpec y BHBYEHHI JaHUX MpodieM
OyJIO JOCSTHYTO 32 paxyHOK aHaji3y K/II0YOBHX 3MIHHHUX 1 iX BBy Ha emicito CO; B KpaiHax, Je CIIOCTEpIraeThbes
3pOCTaHHS MICHKOT'O HACEJICHHS.

IMpakTHyHa 3HAYMMIiCTB. Pe3ynbTaTi TOCHIIPKEHHSI MalOTh ICTOTHE MPAKTUYHE 3HAYCHHS [UIsl JIeP’KaBHUX YCTAHOB
Ta OI3HECOBHX CTPYKTYP, OCKUIBKH JIOTIOMAraloTh Kpamie 3pO3yMiTH CyTHICTh €KOHOMIYHOI'O BIUIMBY Ha HABKOJIUIIHE
CepeIOBHILIE 1 BHOCSTH BKJIAJ] Y BUPILICHHS IPOOJIEMH €KOJIOTIHHOT Aerpaartii.

Knrouosi cnoea: syeneyesi suxuou, BBII na oywy nacenenns, npsami iHO3eMHI iHeecmuyii, CNOJMCUBAHHS eHepeli,
8i0OKpumicmes mopeiéni, ypoauizayis, Kpainu, wo po3eusaromscs

®AKTOPBI, BbI3bIBAIOIIUE JIETPAJIAIIAIO OKPYKAIOIIEN CPE/IBI:
BJIMSHUE HEKOTOPBIX SKOHOMMYECKHX IMOKA3ATEJIEH HA DKOJIOTUIO

M. Pamas, P. Pacus, C. Comacynapam, J[x.Jx. Tepaep

Hean. Onpenencare (HaKTOPOB, BBI3BIBAIONIUX IKOJIOTUICCKYIO ACTPATAUI0 OKPYKAIOIIEH Cpe/Ibl B IIMPOKOM KOH-
TEKCTEe DKOJIOTHuecKoil kpuBoi Ky3Hela, Ha OCHOBE M3y4YEHUs B3aMOCBSI3U MEXK/Ty YIJIEPOJAHBIMH BHIOPOCAMH M TaKH-
MH TIEPEMEHHBIMH KaK JOXOJ Ha JyIIy HACEeJCHUsS, OTKPBITOCTh TOPTOBIH, MPSAMbIC WHOCTPAHHBIC HHBECTHUIIHU,
HCIIOJIb30BAHUE DHEPIHU M ypOAHHU3AIHSL.

Metoauka. [l MOCTPOCHHUS TUHAMUYIECKON MOJICITU YTIICPOIHOM 3MUCCHH OBLIM MCITONB30BAHEI JaHHBIC Beemup-
Horo Oanka 1o 125 ctpanam B iepuoa ¢ 2000 o 2014 rompl, mpoaHATU3UPOBAHHBIE TTPH MIOMOIIX 0000IIIEHHOTO METO-
Jla MOMEHTOB. J[aHHBII MPOMEKYTOK BPeMEHH OBbLI BRIOPAH KaK HauOoJIee IMOJTHO MPEICTABISIONININ 0a3y TaHHBIX.

Pe3yabTaThl. YCTaHOBIEHO, YTO SKOHOMUYECKHUH POCT U MCIOJIb30BAHUE HEPTUU SIBILSIFOTCS CAMBIMU CYILECTBEH-
HBIMA (haKTOPAMU, ONPEACISIONIMMEI SKOJIOTUICCKYIO JIETPalalliio, YTO MOATBEPKAACTCS OOoIee paHHIMHU HCCIIeI0oBa-
HUSIMUA HETaTUBHOTO BIIMSIHUS MCIIOJIb30BAHUS SHEPTUU HA OKPYKAIOLIYIO cpely. BoisiBieHo, uTo ypOaHu3amus Bo3aeii-
CTBYET Ha COCTOSIHAE OKPYIKAroIIeH Cpeabl TONBKO KOCBEHHO. PEKOMEHIOBAHO B CIICAYIOIIMX HCCICOBAHUSIX pac-
CMOTpETh APYrue Mephl AJsl MPEACTABICHHs ypOaHH3alUK, a UMEHHO BO3MOXKHOCTh MU3YYEHUs! JIAHHBIX 10 KPYITHBIM
ropojiaM, a He o cTpaHaM. Takoil MOJX0J] MOXKET JaTh JIOMOJHUTEIBHOE MPEICTABICHUE O BIUSHUU YpOAHU3AINH U
BO3MOXKHBIX Pa3IMYHi MEXKIY TOPOIaMHU U PETHOHAMH.

Hayunasi HoBu3HA. [loydeHBl HOBBIC 3HAHUS KAcaTEBHO OIICHKH BIMSHUS YpOaHW3aIMXA U YTICPOIHBIX BBIOPO-
COB Ha OKPY’KAIOIIYIO MMPUPOIHYIO CPely, KOTOpbIE paHee MMeNId HEeOJAHO3HaUYHbIe pe3yNbTaThl. [Iporpecc B 3yueHUn
JAHHBIX TPO0JIeM OBLT TOCTUTHYT 3a CYET aHAJTN3a KIFOUEBBIX TIEPEMEHHBIX M UX BIUsSHUS Ha amuccuio CO, B cTpaHax,
rJie HaOJIIIAeTCsl POCT TOPOJICKOTr0 HACEIICHHSL.

IpakTHyeckasi 3HAYUMOCTD. Pe3yIbTaThl UCCICIOBAHNS UMCIOT CYIICCTBEHHOE MPAKTHYECKOE 3HAUYCHUE IS TO-
CYZapPCTBEHHBIX YUPESKACHUNH U OU3HEC CTPYKTYp, MOCKOJIbKY IMOMOTAIOT JIYYINE MOHSATh CYIIHOCTh SKOHOMHYECKOTO
BO3JICUCTBUS HA OKPYIKAIOIIYIO CPEy U BHOCST BKJIAJ B PELICHUE MPOOJIEMBbI IKOJOTHUSCKON AeTpaIalliu.

Knrouesvie cnosa: yenepoonvie 6vi6pocwi, BBII na Oyuly naceienus, npsimvle UHOCIMPAHHbLE UHBECIUYUL, NOMPeD-
JleHue dHepeUuU, OMKpPbIMOCMb MOP20GIU, YPOAHU3AYUS, PA36UBAIOWUECS CIIPAHDbL
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