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Abstract

In this study, whether economic growth leads to environmental degradation in Australia is analyzed
since Australia has been growing consecutively for the last 28 years and is among the countries which
are heavily dependent on fossil fuels for energy demands such as oil and coal. In this study, we aim
to analyze the EKC hypothesis and the relationships between gross domestic product per capita (GDP
in constant 2010 USS$), carbon dioxide emissions (CO, in metric tons per capita), energy consumption
(ENE in kg of oil equivalent per capita) and square of GDP by the ARDL model (Autoregressive
Distributed Lag Model) and nonlinear ARDL model (NARDL) to investigate whether the increase in
economic growth leads to an increase in emissions. The relationships between economic growth and
emissions is important since most of the countries in the world aim for economic growth and certain
policy requirements should also be analyzed alongside this relationship to make economic growth and
emissions relationship compatible. The main results of this study show that no asymmetric and no
symmetric relationships are found between GDP and CO,. No causal relationship is found from GDP,
square of GDP and ENE to CO,. The EKC hypothesis is not confirmed for Australia. Australia should
continue its efforts for decreasing oil consumption, increasing renewable energy generation levels and
supporting current market mechanisms which move in favor of renewable energy generation over fossil
fuel consumption. Australia can continue its economic growth without concern that reducing CO,
emissions will negatively affect GDP.

Keywords: environmental Kuznets curve, ARDL model, Nonlinear ARDL model, Australia, Single-coun-

try studies
Introduction and ENE by the ARDL model and nonlinear ARDL
model. According to the EKC hypothesis, CO, levels
In this study, we aim to analyze the EKC hypothesis initially increase as the country’s GDP grows. After
and the relationships between CO2, GDP, square of GDP a certain level of GDP is achieved, CO, levels start to

decline. There is a scarcity for single country studies
in the literature of EKC for Australia. Additionally, the
study is important since Australia is heavily dependent
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on fossil fuels for energy demands and is among the
top 11 countries in the world for energy demands on
coal consumption. The investigation of the relationship
between economic growth and emissions carry
importance since climate change has been a hot topic
for the last decade and maintaining certain economic
growth while protecting the environment is particularly
important.

Many of the studies for the analysis of EKC in
Australia have used the ARDL model in the literature.
According to Shahbaz and Sinha [1], the majority
of studies apply the ARDL model in the general
literature of single country studies for EKC. Since
the ARDL model is the common methodology that
is used in the literature and allows comparison with
the other studies that have used the ARDL model as
well, the ARDL model is chosen to be applied in this
study. The spotted research gap of the literature is
that nonlinear relationships between economic growth
and emissions are not analyzed in detail and majority
of the studies in the EKC literature focused on
symmetric relationships between economic growth
and emissions. The aim of this study is to fill the gap
in the EKC literature by analyzing the asymmetric
relationships between economic growth and emissions.
Australia is also analyzed to fill the gap in the literature
since relationship between economic growth and
emissions is not analyzed in detail for Australia in the
literature.

The main aims of this study are to contribute
to the single country studies of EKC literature by
using the NARDL model, introduce possible policy
recommendations and introduce future research
direction for the scope of single country studies.

The following hypotheses are tested for the
relationships between CO,, GDP, square of GDP and
ENE.

H1: There is symmetric cointegration between CO,,
GDP, square of GDP and ENE in Australia.

H2: There is asymmetric cointegration between
CO,, GDP, square of GDP and ENE in Australia.

This section includes the literature review to
examine the current studies in the literature for the
EKC hypothesis. The following sections present
Material and Methods, Results and Discussion, and
Conclusions respectively. Material and Methods
section explains the methodologies used in this study.
Results and Discussion section discusses the results of
this study and significance of the results. Conclusions
section present the main results of the study with policy
suggestions and future research suggestions.

For the research studies in the literature that examine
the relationships between CO,, ENE and GDP for
Australia as a single country study, Marques et al. [2]
verified the EKC hypothesis for Australia for the period
between 1965 and 2016 and found causality from GDP
to CO,. Leal et al. [3] found bi-directional causality
between CO, and GDP in the long run for Australia for
the period between 1965 and 2015. Shahbaz et al. [4]

did not verify the EKC hypothesis for Australia for the
period between 1970 and 2012 and found causality from
ENE to CO, for Australia in the short run. Salahuddin
and Khan [5] found no cointegration between GPD, CO,
and ENE for Australia for the period between 1965 and
2007 and found bi-directional causality between ENE
and GDP, and no causality between CO, and GDP.

Marques et al., Leal et al. and Shahbaz et al. used
the ARDL model, and Salahuddin and Khan used the
Johansen cointegration model.

For the most up-to-date research studies for the
NARDL model, Phiri [6] investigated relationships
between economic growth, environmental degradation
and business cycles in Eswatini for the period 1970
and 2014 by the NARDL model and found no EKC for
Eswatini.

Boufateh [7] investigated relationships between
real GDP, oil prices (CP) and emissions for the period
between 1976 and 2013 for China and USA and found
no EKC for China and USA.

Rahman and Ahmad [8] confirmed an asymmetric
relationship between emissions and gross capital
formation and EKC for Pakistan for the period between
1980 and 2016. Furthermore, Rahman and Ahmad
found that coal consumption (CNS) and oil consumption
(OCN) affected emissions significantly.

Iorember et al. [9] confirmed that renewable energy
consumption (RW), trade openness (TT) and GDP had
asymmetric effects on emissions for Nigeria and South
Africa for the period between 1990 and 2014.

Munir and Ameer [10] confirmed that foreign
direct investment (F), GDP and industrialization
had asymmetric effects on emissions in Pakistan for
the period between 1975 and 2016. Ahmad et al. [11]
confirmed an asymmetric long-run relationship between
emissions and remittances for China for the period
between 1980 and 2014.

Burakov and Bass [12] examined the relationship
between emissions, corruption and income inequality
for Russia for the period between 1996 and 2018 and
confirmed that corruption led to increased emissions.
Asymmetric cointegration between the variables are
confirmed. Income inequality had an insignificant effect
on emissions.

Rahman et al. [13] tested the pollution haven
hypothesis for Pakistan for the period between 1975 and
2016 and confirmed a symmetric relationship between F
inflow and emissions. Rahman et al. confirmed the EKC
hypothesis and pollution haven hypothesis for Pakistan.

AhAtil et al. [14] investigated the impact of GDP,
ENE, financial development (FND) and globalization
(GB) on emissions for China for the period between
1970 and 2015 and confirmed that ENE had an
asymmetric effect on emissions in the short run,
and GDP, FND and GB had an asymmetric effect on
emissions in the long run.

Haug and Ucal [15] investigated the effects of F and
TT on emissions for the period between 1970 and 2014.
Haug and Ucal also investigated the effects of F, TT,



Environmental Kuznets Curve (EKC)...

2247

FND and urbanization on CO, intensity and confirmed
EKC for emissions and CO, intensity. Additionally,
asymmetric cointegration between F, TT and emissions
was confirmed. Haug and Ucal found that CO, intensity
was positively affected by FND and urbanization but
not by TT and F.

Toumi and Toumi [16] examined the asymmetric
relationships between RW, emissions and economic
growth in Saudi Arabia for the period between 1990
and 2014 and confirmed asymmetric cointegration
between emissions and RW, GDP and emissions, and
RW and GDP. Asymmetric causality from negative
and positive components of emissions to GDP were
found in the long run, and joint asymmetric causality
from negative and positive components from RW and
emissions to GDP were found in the long run. Toumi
and Toumi found asymmetric causality from positive
and negative components of emissions to RW.

Karasoy [17] found that non-RW, RW and TT had
asymmetric effects on emissions in the long run, and
RW had an asymmetric effect on emissions in the short
run. Karasoy did not confirm EKC for Turkey.

Cosmas et al. [18] investigated the relationships
between emissions, ENE, FND, GDP, population, CP
and TT and confirmed an N-shaped relationship between
emissions and GDP. Asymmetric and symmetric
relationships between ENE, GDP, manufacturing and
emissions were found. Cosmas et al. found a negative
relationship between emissions and ENE.

Khan et al. [19] investigated the relationships
between environmental regulation (ERG), FND, urban
population growth, ENE, research and development
and emissions and found no asymmetric cointegration
between the variables. Khan et al. confirmed negative
and significant linear relationships between ERG and
emissions.

Lugman et al. [20] investigated the relationships
between RW, economic growth, nuclear energy
consumption, emissions, OCN and CP for Pakistan
for the period between 1990 and 2016 and found that
RW had a positive impact on GDP, that there was
asymmetric cointegration between RW and GDP, that
CP had an insignificant impact on RW, that there was
asymmetric cointegration between emissions and RW
and that there was asymmetric cointegration between
GDP and nuclear energy.

Constantinos et al. [21] investigated the relationship
between crude oil prices (CT) and emissions for
the period between 1987 and 2015 and confirmed
asymmetric cointegration between CT and emissions
and bi-directional causality between CT and emissions.

Chen et al. [22] used the logarithmic mean Divisia
index (LMDI) decomposition approach and the Tapio
decoupling approach to examine the decoupling
relationship between emissions and human development
index in Southwest China, Chongqing, Sichuan,
Guizhou and Yunnan, for the period 2000 and 2015.
Chen et al. confirmed the EKC hypothesis only for
Yunnan and the decoupling relationship between

emissions and human development index for Southwest
China.

Ma et al. [23] analyzed carbon emissions from
residential buildings for China for the period 2000 and
2015 by projecting further emissions through 2050 for
China’s 2030 emission peak goal. Ma et al. found that
carbon emissions from residential buildings will peak at
2037 and provided policy suggestions to meet China’s
2030 emission peaks goals.

Literature review shows that the relationship
between economic growth and emissions are analyzed
with additional variables for asymmetric and symmetric
relationships. Though asymmetric relationships are
analyzed in the literature, further studies are required
since most of the studies in the literature are for
symmetric relationships between economic growth
and emissions. Certain country of studies is also not
analyzed in detail such as Australia. Asymmetric
relationships between economic growth and emissions
should be analyzed for the countries which are not
studied in detail in the literature.

Current specific knowledge gap in the literature
is that asymmetric relationships are not analyzed in
detail. Also, current internal financial regulations
of the countries can affect the way these countries
finance their emissions for certain sectors such as
construction and real estate. Asymmetric relationships
between economic growth and emissions are considered
alongside energy consumption in this study, and other
variables may be considered in the future studies to
further analyze the relationships between economic
growth and emissions by also considering financing
of certain sectors’ emissions according to the country
of studies’ internal financial regulations. Emissions
from residential buildings also carry importance to be
examined for developing countries.

The analysis of the relationship between emissions
and economic growth is important since most of the
countries in the world give priority to the increase of
economic growth, and the global warming also is one of
the current top issues in the world. Analysis of certain
policy requirements to maintain economic growth by
lowering emissions and using natural resources more
efficiently also carry importance.

Material and Methods

Unit root levels of variables are investigated with
the unit root test (RT test) of Zivot and Andrews (H
Test) [24]. Perron [25] stated that traditional RT tests
may create biased results since traditional RT tests do
not use structural breaks such as the Ng and Perron
[26] RT test (P Test). Perron [25] stated that RT tests
that do not use structural breaks may show unit
root for a variable that does not exist in the presence
of structural breaks. The P test is also used to
show traditional RT test results for the variables.
The H test model, which use the structural breaks
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in intercept and trend, and intercept, is used in this
study as suggested by Sen [27].

Narayan’s [28] critical bound values are used to
compare with bounds test results since the sample size
is small.

Akaike Information Criteria (AIC) is chosen to
determine the lag length.

The Cusum (Stability Test A) and Cusum squares
(Stability Test B) tests are used to determine the
stability of the ARDL model results.

The Bayer and Hanck [29] combined cointegration
tests (BH Tests) are applied first since the BH tests do
not use the structural breaks in the data. The BH tests
calculate Fisher-type statistics and test them against
5% critical values. The null hypothesis of the BH tests
is that there is no cointegration between the tested
variables.

The ARDL model with the unrestricted intercept
and no trend of Pesaran et al. [30] is used in this study.
The ARDL bounds test for cointegration is applied to
examine the symmetric relationships between variables.
The ARDL model is the common methodology that
is used in the literature of EKC studies and is used in
this study to compare the results with other studies in
Australia. Breusch-Pagan-Godfrey Heteroskedasticity
Test (BP Test), Breusch-Godfrey Serial Correlation LM
Test (B test) and normality test (N Test).

Table 1. P Test.

The nonlinear ARDL model by Shin et al. [31]
with unrestricted intercept and no trend is applied
to examine the asymmetric relationship between CO,,
GDP, square of GDP and ENE since the ARDL model
analyzes the symmetric relationship between variables
and no symmetric relationship between variables is
found. The stability of the nonlinear ARDL model is
examined by the Stability Test A, Stability Test B, B
Test, N test, BP Test and RESEt test (R Test).

The ARDL and NARDL models are applied
including the structural break. Structural breaks are
also included in further analysis with the ARDL and
NARDL models. The EViews program is used for all
calculations in this study.

The Gregory and Hansen [32, 33] tests (GH Test)
are used in this study. The GH tests have three models
to investigate the cointegration between the variables
which are regime shift, level shift with trend and
level shift models. All these three models are used in
this study to investigate the relationships between the
variables. The test results of each model are checked
with the values given by Gregory and Hansen [33].

The EKC relationship between CO, and GDP are
examined by ENE, CO,, GDP and square of GDP nexus.
The model that is applied in this study is as below. The
estimated parameters in the model are hO, hl, h2 and
h3. Time index is t and error term is ¢ in both models.

LNCO2 MZa MZt MSB MPT
Test statistics 0.14897 0.17913 1.20249 80.6862
D(LNCO2)
Test statistics ‘ -26.2758* ‘ -3.54897* ‘ 0.13507* ‘ 1.17771%
LNGDP
Test statistics | 1.36841 | 1.46892 | 1.07345 | 85.0097
D(LNGDP)
Test statistics | -24.2412* | -3.48137* | 0.14361% | 1.01099*
LNGDP2
Test statistics | 1.41383 | 1.52403 | 1.07794 | 86.3901
D(LNGDP2)
Test statistics | -24.2029* | -3.47870* | 0.14373* | 1.01231%
LNENE
Test statistics | 0.46073 | 0.61042 | 1.32490 | 104.002
D(LNENE)
Test statistics -26.3732* -3.56088* 0.13502* 1.15728%
1% -13.8000 -2.58000 0.17400 1.78000
ACV 5% -8.10000 -1.98000 0.23300 3.17000
10% -5.70000 -1.62000 0.27500 4.45000

Notes: * denotes the statistical significance for 1% levels. ACV denotes asymptotic critical values.

Source: Authors’ Calculations.
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Table 2. H Test.

Intercept Lag Break Result Trend + Intercept Lag Break Result
LNCO2 -1.767175 0 1977 -2.146336 0 1978
DLNCO2 -8.398569* 0 1993 I(1) -8.769331%* 0 2005 I(1)
LNGDP -2.113969 0 1978 -3.119936 0 1973
DLNGDP -6.912995%* 0 1993 I(1) -7.183015%* 0 1971 I(1)
LNGDP2 -2.294873 0 1997 -3.052157 0 1973
DLNGDP2 | -6.903919* 0 1993 I(1) -7.097735%* 0 1971 I(1)
LNEN -2.446864 9 2005 -3.300569 9 2007
DLNEN -5.821035%* 5 1993 I(1) -5.589163* 5 1993 I(1)

Notes: * denotes the statistical significance for 1% levels.
Source: Authors’ Calculations.

In(€C02), = hy + hy In(GDP), + h, In(GDP),” +
hs In(ENE), + e, (1)

The ARDL model is specified as below for the
emissions, growth and energy consumption nexus.

ALnCO2, = ]y + J, LnCO2,_,+], LnGDP,_; +
J3LnGDP?,_; + J,InENE,_; + ¥ ,Js; LnCO2,_; +
YioJei LnGDP,_; + ¥l J;; LnGDP?,_; +
YiloJsi INENE,_; + . 2

u, is for white noise residuals. J,, J,, J, and J, are
long run coefficients. J; J,, J, and J, are short run
coefficients.

Hypothesis of no cointegration is J,, J,, J, and J, are
all equal each other and zero.

Hypothesis of cointegration is J,, J,, J, and J, are not
all equal each other and zero.

The NARDL model is specified as below for the
emissions, growth and energy consumption nexus.

ALnCO2, = Zy + Z,LnCO2,_; + Z, LnGDP™,_; +
73 LnGDP*,_, + Z,LnGDP?,_, + Z5LnENE,_, +
Yic1Zei LnCO2,_; +2}i1=0 Z7; LnGDPJ't_i-‘rZ?:O Zgi L(nGDP™(_;+
Z;AV:OZ% LnGDPZt_i + ZYV:O ZlOi LTlENEt_i + We

©)

u, is for white noise residuals. Z,, Z,, Z,, Z,, and
Z, are long-run coefficients. Z, Z, Z,, Z,, and Z, are

TY test is applied for CO,, GDP, square of GDP and
ENE.

The data is obtained from the official web site World
Bank. The time period analyzed is between 1960 and
2014.

Results and Discussion

The BH tests are applied first. According to the
Fisher-type statistics for the Engle-Granger, Johansen,
Banerjee and Boswijk tests, no cointegration is found
between the variables (see Table 9).

Symmetric and asymmetric relationships between
CO,, GDP, square of GDP and ENE are found by the
ARDL and NARDL models by including the structural
break. The GH test is also applied for the relationship
between CO,, GDP, square of GDP and ENE.
Maximum lag lengths are chosen (see Table 3). The
ARDL and NARDL models determine the optimum lag
lengths (see Fig. 1 and 4). Variables are at I(1) levels
(see Table 1 and Table 2). The ARDL and the NARDL
models are stable according to the stability test results
(see Table 5 and 6, Fig. 2, 3, 5 and 6). 1993 is used as
a break date in the ARDL and NARDL models since
1993 is the only break date that satisfies the stability

Table 3. Lag Length Results.

short-run coefficients.

Hypothesis of no cointegration is Z, Z,, Z,, Z,, and
Z, are zero and all equal each other.

Hypothesis of cointegration is Z, Z,, Z,, Z,, and
Z, are not zero and not all equal each other.

The Toda-Yamamoto [34] Granger non-causality test
(TY test) is applied. First the VAR model is established,
and then the stability tests are applied. After the VAR
model that satisfies the stability tests is established, the

Lag AIC SC
0 -11.72969 -11.42666
1 -21.97072* -21.06163*
2 -21.68691 -20.17175
3 -21.41718 -19.29596
4 -21.31601 -18.58873

Note: SC resembles Schwarz Information Criteria.
Source: Authors’ Calculations.
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Table 4. Bounds Test Results.
5%
Break F-Statistics 10 Bound 11 Bound Model Durbm.Watson
Statistics
1993 3.097638 3.23 435 ARDL 2.232868
1993 2.199841 2.86 4.01 NARDL 2.143093

Source: Authors’ Calculations.

tests. In the NARDL model, GDP is decomposed into
positive and negative components while square of GDP
and energy consumption are used as control variables.
According to the F-statistics values of the ARDL
and NARDL bounds tests, no cointegration exists
(see Table 4).

The GH cointegration test is applied after the ARDL
and NARDL models, which uses one structural break
in the model. The GH models include 1978 as the
structural breaks in the model (see Table 7). T statistics,
Za statistics and Zt statistics for three models of the GH
test are not significant at 1% and 5% critical values (see
Table 7 and Table 8).

Since no cointegration is found, the TY test is
applied. The VAR model is established and it satisfies
the stability test results (see Table 11, 12 and 13).

Akaike Information Criteria
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Fig. 1. ARDL Model Graph.

Table 5. ARDL Model Stability Test.

According to the TY test results, no causality exists
from GDP, square of GDP and ENE to CO?2 in the short
run (see Table 10).

Environmental Kuznets Curve for Australia is not
confirmed by the BH tests, ARDL and NARDL bounds
tests and the GH tests.

The importance of the results is that Australia can
continue further for economic development without
concern that increasing and maintaining economic
growth that would cause emissions. Economic growth
can go along with emission reduction targets in the
case of Australia. Different econometric techniques
are applied in this study to examine the relationships
between energy consumption, emissions and economic
growth. The symmetric relationships are analyzed with
the BH tests, ARDL bounds tests and the GH tests. The
asymmetric relationships are analyzed with NARDL
bounds tests. Structural breaks are also considered.
By using different techniques in the case of Australia,

949 a6 @ o 02 04 ul:} 08 10 12 14

[— cusum -—-- 5% significance |

Fig. 2. Stability Test A for ARDL Model.

Stability Test F-Statistics Probability Jarque-Bera Statistics
R Test 0.849487 0.3616 -
Heteroskedasticity Test 1.326894 0.2595 -
Correlation Test 1.553104 0.2191 -
Normality Test - 0.139067 3.945601
Source: Authors’ Calculations.
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Fig. 3. Stability Test B for ARDL Model.
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Fig. 4. NARDL Model Graph.

this study tests the EKC hypothesis for Australia and
compares the results with the other studies in the
literature. The EKC hypothesis has advantages and
shortcomings. Overall, the EKC hypothesis has been
beneficial in the literature to study the relationships
between different indicators of environmental
degradation and economic growth. For shortcomings of
the EKC hypothesis, different econometric techniques
can provide different results. In the case of Australia,
this study contributes to the literature by including

Table 6. NARDL Model Stability Test.

94 96 98 i) 02 04 06 08 10 12 14

Fig. 5. Stability Test A for NARDL Model.
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Fig. 6. Stability Test B for NARDL Model.

structural breaks and analyzing the asymmetric
relationship between emissions and economic growth.
The ARDL model only examines the symmetric
relationships between the variables and in that case
there might be a hidden relationship between the
variables that may not be found with the ARDL model,
so the asymmetric cointegration models are used such
as the NARDL model.

Another shortcoming of the EKC hypothesis is that
it only considers one turning point. In this study the
EKC hypothesis is not found but as in the case of the
EKC hypothesis is found, there might occur N-shaped
curve where multiple turning points may happen after

Stability Test F-Statistics Probability Jarque-Bera Statistics
R Test 0.039382 0.8436 -
Heteroskedasticity Test 1.230878 0.3057 -
Correlation Test 0.524775 0.4726 -
Normality Test - 0.265448 2.652674

Source: Authors’ Calculations.
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Table 7. GH Test.

Model Level Shift Regime Shift Level Shift with Trend
ADF Procedure
T statistics -4.214769 -5.222430 -5.373122
Break 1978 1978 1978
Philips Procedure
Za Statistics -28.63301 -40.09428 -39.43582
Break 1978 1978 1978
Zt Statistics -4.230459 -5.271468 -5.423575
Break 1978 1978 1978

Source: Authors’ Calculations.

one turning point. For example, efficiency in resource
usage may not go along with the same level alongside
economic growth, so emissions may again start to
increase again in the future levels of economic growth.
Different policy recommendations should also be given
for a case like N-shaped curve relationship between
emissions and economic growth.

The relationship between emissions and growth may
become complex depending on the country of study’s
size, industry structure, level of technology and demand

for environmental quality.

Table 10. TY Test.

Using . different . variables alongs1.de. energy Excluded Chi-sq af Prob.
consumption, economic growth and emissions may
affect the real outcome of the relationships between the GDP 3.865488 3 0.2764
Variables. AISO, eCOnOmiC gI‘OWth and emiSSiOIlS can be GDP2 3.917530 3 0.2705
analyzed by not considering energy consumption. Using
different models may bring different results for the ENE 2.725968 3 0.4358
same country of study. Analyzing a country with single All 9.302788 9 0.4098
country models and panel country models also may S - Authors’ Caloulati
bring different results for the same country of study. ource: Authors Lalcuiations.
Table 8. Critical Values for GH Test. Table 11. N Test.
ADF, Zt 01 05 Component | Jarque-Bera Df Prob.
C 577 528 1 1.795771 2 0.4074
C/T 6.05 557 2 1.865356 2 0.3935
C/S 651 -6.00 3 2.501137 2 0.2863
7 4 1.978563 2 0.3718
o
C -63.64 53.58 Joint 8.140827 8 0.4198
C/T 27027 5976 Source: Authors’ Calculations.
C/S -80.15 -68.94
Table 9. BH Test.
Null Hypothesis: No Cointegration Fisher Type Test Statistics 5% Critical Value Result
EG-J 9.1425774 10.637 No Cointegration
EG-J-Ba-Bo 15.112779 20.486 No Cointegration

Note: EG-J resembles Engle and Granger, and Johansen. Ba-Bo resembles Banerjee and Boswijk.

Source: Authors’ Calculations.




Environmental Kuznets Curve (EKC)...

2253

Table 12. Test for Serial Correlation.

Lags LM-Stat Prob
1 13.32751 0.6487
2 13.01692 0.6715
3 13.76903 0.6159

Source: Authors’ Calculations.

Table 13. Heteroskedasticity Test.

Chi-sq df Prob.

195.5481 220 0.8810

Source: Authors’ Calculations.

Conclusions

Main findings of this study are as below.

1. Symmetric relationships between ENE, CO,, GDP
and square of GDP are not confirmed in this study.

2. Asymmetric relationships between ENE, CO,, GDP
and square of GDP are not confirmed in this study.

Since cointegration between ENE, CO,, GDP and
square of GDP is also not confirmed by the GH tests
and BH tests, the EKC hypothesis is not confirmed
for Australia. No causality from GDP, square of GDP
and ENE to CO, is found in this study. Hypothesis 1
and hypothesis 2 are not confirmed in this study. The
previous studies in the literature for Australia did not
include a structural break and did not test the EKC
hypothesis by asymmetric cointegration. Our results for
the EKC hypothesis are in line with Shahbaz et al. and
Salahuddin and Khan, both of which did not confirm the
EKC hypothesis for Australia. Our results are different
from the results of Marques et al. and Leal et al. which
confirmed the EKC hypothesis for Australia.

Australia should continue is efforts for decreasing
oil consumption, increasing renewable energy
generation levels and supporting current market
mechanisms which moves in favor of renewable energy
generation over fossil fuel consumption. Australia can
continue its economic growth without concern that
reducing CO, emissions will negatively affect GDP.

For further policy recommendations, Australia
should increase its investment on public transportation
since public transportation is not at adequate level
for Australian cities. Increase in usage of public
transportation may decrease passenger vehicle usage
which is beneficial for emission reduction. Funding
for climate change adaptation should be maintained
for long term. Australia is still dependent on coal for
energy demand. Taxation on coal consumption should
be increased to increase the closure of coal plants
for energy production and support renewable energy
production. Emissions from transport sector has the
second highest amount of emissions after energy sector.

Australian car fleet is inefficient for fuel consumption.
Australia should provide incentives to replace its
inefficient car fleet with fuel efficient cars. Taxes for
fuel consumption in transport sector is low compared
to international prices. Australia should increase
taxation on fuel consumption to increase the fuel
efficiency in transport sector. Taxation for fuel usage
for energy production should also be increased. There
are thousands of abandoned mines around Australia.
Abandoned mines should be monitored regularly and
necessary actions should be taken. Efforts and funding
should be increased to protect biodiversity. Monitoring
for protecting biodiversity should be improved. Efforts
for recycling materials should be increased. Waste
management should be improved to protect environment
and gain economic benefits from recycling material
industry. Monitoring for the impact of agriculture on
environment is not sufficient in Australia. Monitoring
for the impact of agriculture on environment should be
improved especially for water quality and soil erosion.

The time period analyzed, which is from 1960 and
2014, and the country of the study which is Australia
are the limits of this study.

For  future research  directions, nonlinear
cointegration models may be used for further studies
in Australia since the majority of studies have used
symmetric cointegration models. The EKC relationship
may be analyzed only between CO, and GDP by taking
ENE out of the equation for Australia as EKC has been
analyzed by Jaforullah and King [35] for Denmark,
Iceland, Canada, Finland, Norway, USA and Sweden.
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