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Abstract: 
Australia has sustained a relatively high economic growth rate since the 1980s compared to other 

developed countries. Per capita CO2 emissions tend to be highest amongst OECD countries, 

creating new challenges to cut back emissions toward international standards. This study explores 

the dynamics of economic growth, CO2 emissions (including energy consumption), population 

growth and globalisation (an index of openness). Our contributions toward the literature in an 

Australian context are the following. First, we employ a newly developed cointegration test by 

Bayer-Hanck (2013) to establish the long-term dynamics between CO2 emissions and growth in 

the presence of population growth and trade openness. Second, we find economic growth is not 

emissions intensive, while energy consumption is emissions intensive. Third, in an environment 

of increasing population, Australia needs to be energy efficient at the household level, creating 

appropriate infrastructure for sustainable population growth. Finally, open trade environments 

have been conducive to combating emissions. Our findings advocate for continued investment in 

alternative energy sources, particularly renewables and green technologies, as well as the 

development of proper infrastructure to reduce per capita energy consumption. 
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Highlights:  

 Population plays a significant role in maintaining sustainable growth in Australia 

 Australia’s trade openness is conducive towards sustainable development  

 We find economic growth is not emissions intensive, while energy consumption is emissions 

intensive 

 Economic and non-economic factors are considered in explaining Environmental Kuznets 

Curve. 
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1. Introduction 

Australia is a small open economy with a population growth of 1.8% per annum. The growth is 

higher compared to other countries, including the U.S. (0.7%), New Zealand (0.8%), and China 

(0.5%).
1
 The country is rich in natural resources with a vast land area. An open immigration 

policy over a century and a liberalised economic and trade environment are major characteristics 

for a sustained level of growth. The advent of globalisation due to reduced trade barriers, smooth 

capital flows, technology dissemination, movement of labour, and efficient resource utilisation 

has benefited Australia for the last four decades. During this period, the Australian economy has 

been growing at an average rate of 3%. The service sector dominates with 65% of total GDP, 

along with the agriculture and mineral resource sectors.  

The Australian energy sector depends heavily on fossil fuels, a major source for power 

generation. Australia’s per capita greenhouse gas emissions are the highest amongst all OECD 

countries, which brings challenges from the international arena to curb emissions.
2
 Accordingly, 

the current government has been implementing various measures to achieve the 2020 emissions 

reduction target, which states that “to achieve unconditional 2020 target of 5% below 2000 

levels, Australia must reduce its emissions by 131 MtCO2-e in 2020” (Department of 

Environment). 
3
 

                                                 
1
 World Bank, 2013 

2
Report by the Deloitte Access Economics (2014). 

3
Department of Environment, Canberra. website: http://www.environment.gov.au/climate-change/emissions-

projections (accessed January 26, 2014) 

http://www.environment.gov.au/climate-change/emissions-projections
http://www.environment.gov.au/climate-change/emissions-projections
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In Australia, energy resources play a vital role in attaining a desired level of socio-

economic development. Energy and environmental policies have been an important part of 

discussion in formulating the national policy agenda. Figure 1 shows the disintegrated energy 

sources satisfying energy demand in Australia. In 2012, fossil fuels (includes coal, gas, 

petroleum and other liquids) provided for more than 93% of total energy consumption in the 

country. Australia is the fourth largest coal producer and the ninth largest coal consumer in the 

world. The heavy dependence on fossil fuels has ranked Australia as the sixteenth most pollution 

intensive county in the world (EIA, 2014). 

Insert fig 1 near here 

  

To achieve current emissions targets, Australia needs a revised outlook both in terms of 

changes in its energy mix, along in its demographic and trade platforms.  

The pace of Australian demographic change has been fast. In recent years, there has been 

growing public concern surrounding the effects of population growth on resource use. High 

levels of immigration and its effect on the environment have created the need for an 

‘ecologically sustainable population’. Liberalised trade policies since the 1980s have shifted the 

industrial structure from manufacturing towards the service and mining sectors. Changing trade 

environments may have influenced environmental policies.  

In the case of Australia, the literature on applied energy economics has been scarce until 

recently. Narayan and Smyth (2005) analyse the long-term dynamics between electricity, 

consumption and employment with some causal effects. Shahiduzzaman and Alam (2012) 

consider a production function approach with traditional inputs and energy explaining the energy 

consumption-growth nexus. Along with the long-term dynamics between energy consumption 

and growth, they establish strong causality from energy use to growth after some adjustment in 
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the quality of energy. Shahiduzzaman and Alam (2014) suggest inter-fuel substitution 

possibilities as a solution that achieves cleaner energy.  

Following Figure 2, we notice the time series plots of energy consumption, real GDP, 

population growth and globalisation index follow upward trends; the exception is per capita 

emissions, which has a downturn towards the end of our data series. This finding implies that 

emissions per capita have declined recently; however, the increase in population growth has 

nullified this effect, making Australia one of the largest polluters in the world. 

Insert fig 2 near here 

Emissions issue has been dealt within several Commonwealth, state and territory 

government departments, not much research has been found in determining major economic and 

non-economic causes of emissions. Particularly, population-environment debate has taken 

attention in public media in recent years. We posit here that integrating environment with 

demographic, economic and trade factors to create a long-term prospect for sustainable growth 

and carbon abatement policies. We develop a model for carbon emissions and relate it to 

economic, demographic and trade factors, covering the longest available data series over a period 

of four decades.  

Second, and more importantly, we use a newly developed cointegration test by Bayer and 

Hanck (hereafter B-H; 2013) to establish the long-run dynamics among variables. Third, causal 

relationships have been tested by applying the vector error correction model (VECM) using the 

Granger causality approach. The results conclude that economic growth is negatively linked with 

CO2 emissions and after a threshold level CO2 emissions decrease. Energy consumption exerts a 

positive effect on CO2 emissions; population growth is positively associated with CO2 emissions; 

and globalisation improves environmental quality by lowering CO2 emissions. The causality 
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analysis indicates that economic growth (Granger) causes CO2 emissions. Our findings support 

that Australia’s emissions reduction policies should be directed towards changing the energy mix 

with increasing use of renewables and other less carbon intensive sources, as well as improving 

energy efficiency in both households and businesses with a focus on less energy-intensive trade.  

The paper is structured as follows. Section 2 presents a brief review of the literature. Section 

3 describes model framework, data and estimation strategies. Section 4 analyses the empirical 

findings. The final section adds concluding remarks with policy implications for sustainable 

development. 

2. A brief literature review with a focus on emissions related studies 

 

In a seminal paper, Grossman and Krueger (1991) examine the environmental implications of the 

North America Free Trade Agreement (NAFTA). These researchers investigate the 

environmental Kuznets curve (EKC) hypothesis by employing economic growth and three 

measures of environmental pollutants. These researchers’ empirical exercise revealed the 

establishment of an inverted U-shaped relationship between economic growth and emissions. 

Stern (1993) uses a multivariate approach on US data to analyse the link between energy and 

economic growth and reports a positive association between energy consumption and economic 

growth. The overall conclusion of studies based on the EKC literature conclude that energy 

consumption is a key contributing factor in global emissions; however, this depends on the stage 

of development since increasing returns to abatement reduces costs for controlling emissions. 

Perman and Stern (2003) and Stern (2004) review the literature. In summary, researchers have 

either validated or contradicted the original EKC findings by Grossman and Krueger (1995, 

1996).  
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Recent studies have explored the relationship between growth and various environmental 

indicators for a single country or for a panel. Population growth causes an increase in energy 

consumption and greater atmospheric pollution. High population growth can be a double-edged 

sword for emissions purpose; unless there is significant improvement in technology, high 

population increases per capita emissions. Since the late 1990s, a number of researchers have 

considered demographic factors to explain emissions.  Dietz and Rosa (1997) consider the effects 

of population growth on air pollution using the STIRPAT framework.
4
 Their findings suggest 

that the elasticity of CO2 emissions with respect to population is close to unity. For California, 

Cramer (1998) and Cramer and Cheney (2000) establish a positive impact of population for only 

some sources of emissions. Hamilton and Turton (2002) conclude that per capita income and 

population are two major factors that serve to increase emissions, while a decrease in energy 

intensity reduces emissions for the OECD countries. Using panel data, Shi (2003) and Cole and 

Neumayer (2004) establish a positive effect of population on CO2 emissions. Martınez and 

Bengochea (2007) find different elasticity of population with emissions between old and new EU 

member countries.    

Galloway et al. (1994) forecasts that population growth will become a significant source 

of anthropogenic gases by 2020. Godewijk (2005) explores the relationship between global 

population growth and the environment. His findings suggest that Australia is vulnerable for 

environmental consequences due to population increase. Raupach et al. (2007) find population 

growth to be a positive contributor to Australia’s growth. Similar results are obtained by Lozano 

and Gutierrez (2008) who explored panel data on the relationship between population, growth, 

                                                 
4
 Stochastic impacts by regression on population, affluence and technology (STIRPAT). IPAT 

equation is a useful framework in assessing the effects of population, affluence and technology 

on environment (Ehrlich and Holdren, 1971).  
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emissions and energy consumption. Population growth has major environmental implications for 

Australian cities, as reported by McGuirk and Argent (2011). 

Openness and competition may increase environmental regulation standards in regard to 

investing in cleaner technology. Alternatively, trade may cause ‘carbon leakage’, shifting the 

production facility to another country and importing carbon intensive goods for consumption 

purposes. Copeland and Taylor (2004) provide an excellent review of the theory and empirical 

research on the environmental effects of economic growth and trade. Using panel data for 63 

developed and developing countries, Managi (2004) establishes trade as a source of emissions. 

Lee and Min (2014) examine globalisation effects on carbon emissions reductions by using panel 

data for 255 countries. Their results show that globalisation has a significant impact on reducing 

carbon emissions. Shahbaz et al. (2015) investigate the impact of globalisation on environment 

using Indian data. A negative effect is established between globalisation and the environment.  

3. Theoretical framework and data 

3.1. A model of CO2 emissions 

We propose a CO2 emissions function for Australia that includes economic, energy, openness, 

and demographic factors to trace an environmental pollution path. This is significant for 

Australia as pollution per capita continues to be higher than in other OECD countries. Australia’s 

emissions trajectory can be stated as: 

 

        (1) 

 

In equation (1),Ct  denotes CO2 emissions per capita, ECt represents total energy consumption 

intensity per capita, Yt  is real GDP per capita (captures the scale effect), Pt  measures population 
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growth (captures both scale and technology effects) and Gt is for the KOF index of globalisation 

(captures the trade-induced competition effect).
5
 We consider a log-linear version of (1) for 

empirical purposes:  

 

    (2) 

 

We have inserted the squared term of lnYt to examine whether the relationship between 

economic growth and CO2 emissions is inverted U-shaped or U-shaped. The existing literature 

has documented that economic growth is accompanied by CO2 emissions initially but after a 

threshold level of real GDP per capita, economic growth begins to reduce CO2 emissions in an 

economy. The non-linear relationship between globalisation and CO2 emissions is investigated 

and for this purpose, we included the squared term of lnGt in equation 2. The empirical equation 

is modelled as the following: 

 

                     (3) 

 

μt is the random variable or error term that is assumed to have a normal distribution with 

a zero mean and predictable variance. Following the literature, we posit β2 >0 if energy 

consumption is pollution intensive, otherwise β2 ˂0. We expect β3 >0, β4 ˂0 if EKC exists, 

otherwise β3 ˂0, β4 >0. We expect the impact of population growth on CO2 emissions can be 

positive and hence αP >0 (Dietz and Rosa, 1997; and Martínez and Bengochea, 2007) when 

                                                 
5
The KOF Index of Globalization includes three dimensions of globalisation, i.e., economic, social and political. 
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population has detrimental effects on pollution. The relationship between globalisation and CO2 

emissions is hypothesised as inverted U-shaped if β6 >0, β7 ˂0, following Yang and Yang (2010) 

and Shahbaz et al. (2013). 

3.2. Data 

This study covers annual time series data over the period 1970-2012, consisting of one 

endogenous variable (CO2 emissions) and four exogenous variables (energy consumption, 

economic growth, population growth and globalisation). The data on CO2 emissions are 

measured in metric tons per capita, real GDP per capita in constant US$, energy consumption as 

metric tons per capita, and population growth as annual population growth rate. These variables 

are taken from the World Development Indicators (CD-ROM, 2013), published by the World 

Bank. The globalisation index is the KOF Globalization Index, taken from Dreher (2006) for 

Australia. For empirical purposes, we use the quadratic match-sum method to convert annual 

data into quarterly series following Cheng et al. (2012). The quadratic match-sum method 

reduces the point-to-point variations in the data in handling the seasonality issues.  

3.3. Estimation Strategy 

We conduct all major tests in finding the long-term dynamics and causality amongst key 

variables in five major steps.  

3.3.1. Unit root tests 

The cointegration analysis in time series requires that all underlying time series must be 

stationary and free from unit root. For this purpose, we conduct the common tests for 

stationarity, i.e., Augmented Dicky-Fuller (ADF) (Dickey and Fuller, 1979, 1981) and Philip 

Perron (PP) (Phillips and Perron, 1988). The long- and short-term association of variables are 

analysed for the possible existence of EKC in the presence of demographic and trade factors.  
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3.3.2. Test for structural breaks 

The ADF and PP unit root tests have the ability to interpret the time series whether it is 

stationary or non-stationary; however, these tests are unable to identify the unknown structural 

breaks in the series. The literature reveals that such weakness may lead to ambiguous empirical 

conclusions (see Perron, 1989 and Stern and Enflo (2013)). We perform a test developed by 

Clemente-Montanes-Reyes (hereafter C-M-R, 1998), which identifies one and two unknown 

structural breaks in the series. This test has the ability to gather information about two unknown 

structural break points in the series through two models, i.e., an additive outliers (AO) model and 

an innovation outliers (IO) model. The AO model conveys a sudden change in the mean of a 

series, whereas the IO model indicates steady shifts in the mean of the series. The AO model is 

more suitable for variables with abrupt structural changes in comparison to steady shifts. We 

think this test is more appropriate compared to other tests, as our data cover a long period when 

most of the changes have taken place within the economy, as well as due to external shocks. 

3.3.3. Cointegration tests 

This study employs a robust cointegration technique, accommodating structural breaks into the 

series using the B-H test. Previously, most studies utilised a residual-based cointegration test by 

Engle and Granger (1987). One major drawback observed in using the Engle and Granger test is 

that the residual is repeated during all three steps of the procedure, which may lead to inaccurate 

results. In addition, long-term static regression may provide significant findings; however, these 

can be inaccurate as the cointegrating variables are not normally distributed in this case. An 

alternative test of cointegration, Philips and Hansen (1990), significantly eliminates the bias of 

estimators but does not include trend in the data. Inder (1993) critically examines the Philips and 

Hansen (1990) test and suggests a fully modified OLS (FMOLS) test for the long-term analysis. 
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Stock and Watson (1993) develop dynamic OLS, i.e., a leads and lags dynamics test to examine 

cointegration once all the series are cointegrated at I(1). 

An alternative test is developed by Johansen and Juselius (1990) considering the 

maximum likelihood estimation. This single-equation cointegration technique provides a long-

term association between the variables by preceding the number of cointegrating variables. This 

empirical exercise becomes void if the any of the variables is integrated at the I(0) order or mixes 

during the vector auto-regression (VAR) process. The Johansen and Juselius (1990) maximum 

likelihood cointegration tests only long-term dynamics, but the short-term impact still needs to 

be tested. However, Pesaran et al. (2001) develop a bounds testing approach for cointegration 

with an autoregressive distribution lag (ARDL) function. This approach is applied if the series 

are integrated at the order of I(1) or I(0) or I(1)/I(0) by taking into account both endogeneity and 

exogeneity in the estimation. The distinct property of the ARDL bounds test approach is that it 

provides both long-term and short-term association between the variables. The only drawback of 

ARDL bounds test approach is that it provides reliable and convincing findings if the order of 

integration is I(1) or I(0) or I(1)/I(0) but is not applicable for the I(2) series. 

The above discussion concludes that alternative techniques of cointegration analysis 

possess different theoretical backgrounds and shortcomings. In this case, it is hard to adopt a 

particular empirical method that could render both significant and uniform results. This problem 

is resolved by a recently developed test of cointegration, i.e., the B-H test. This test combines the 

Engle-Granger (1987) residual based test, as well as the Johansen (1991) and Boswijik (1994) 

and Banerjee et al. (1998) approaches to cointegration. The test accommodates the limitations 

noted for the former tests and produces uniform and reliable findings. The B-H test uses the 
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Fisher (1932) formula to combine the statistical significance level. The p-values of a single 

cointegration test and expressions are given below: 

 

       (4) 

 

  (5) 

 

Here PEG,  PJOH , PBO and PBDM  are the p-values of Engle-Granger (EG), Johansen (JOH), 

Boswijk (BO), and Baneerjee-Doladoe-Mestre (BDM) cointegration tests, respectively. The 

existence of cointegration between the variables is decided on the basis of Fisher’s statistic. The 

hypothesis of no cointegration is rejected if the critical values generated by B-H are less than the 

calculated Fisher’s statistics. 

After analysing the long run association, we apply the Granger causality test to check the 

direction of causality. The application of VECM model is incorporated while the Granger 

causality test is applied to the model as follows: 

 

 (6) 
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where, the difference operator is  and ECMt-1  is the lagged error correction term, generated 

from the long-term association. The long-term causality is found by the significance of the 

coefficient of the lagged error correction term using t-test statistic. The direction of short-term 

causality is determined by the presence of a significant relationship in first differences of the 

variables. For this we use joint χ
2
  statistic for the first differenced lagged independent variables. 

For example, D12,i
≠
 0 , for all i -represents that economic growth Granger causes CO2 emissions 

and economic growth is Granger cause of CO2 emissions if D21,i
≠
 0 .  

3.3.4. The VECM Granger causality test 

The presence of cointegration rules out ‘spurious’ correlation between variables, but it does not 

establish causality. We employ the vector error correction model (VECM) developed by Engle 

and Granger (1987) for causality tests. This is helpful to formulate economic and environmental 

policies for sustainable development. 

3.3.5. Generalised forecast error variance decomposition (GVDC)  

The VECM analyses the long-term causality among the considered series; however, it does not 

provide any information on whether there is any innovation (or shock) into the system. 

Responses of these innovations on each variable beyond the sample period are captured 

following the GVDC technique. This analyses the persistence and strength of innovations (or 

shocks) from one variable to the others.  

4. Empirical findings 

Empirical findings from various steps discussed above are presented in this section. The 

cointegration analysis in time series requires that all underlying time series be stationary and free 

from unit root. For this purpose, we conduct the common tests for stationary, i.e., the ADF and 
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PP tests discussed earlier. Each test is applied for both intercept and trend in the series 

separately. The findings from the ADF and PP tests are reported in Table 1. All considered series 

i.e., CO2 per capita (ln Ct), real GDP per capita (ln Yt), energy consumption per capita (ln ECt), 

population growth (ln Pt) and globalisation index (ln Gt) are non-stationary at their levels; 

however, they are stationary at their first difference, i.e., I(1). 

Insert Table 1 near here  

 

The findings from the unit test with structural break are presented in Table 2.  Following the C-

M-R test, we find that the structural breaks are 1983Q2, 1997Q4, 1998Q4, 2001Q4 and 1994Q4 

in CO2 emissions, economic growth, energy consumption, population growth and globalisation, 

respectively. The floating of the Australian dollar in 1983, the Asian and Russian economic 

crises between 1997 and 1999, the global economic downturn in 2000, major changes in 

migration policies approximately 2000, and the introduction of an inflation-targeting regime in 

1992 are major policy changes in the Australian economy and are associated with different 

structural breaks found in our time series variables. All variables are stationary at their first 

difference, i.e., integrated at I(1). Therefore, in the next step, we conduct a cointegration 

analysis.  

Insert Table 2 near here  

Table 3 presents the findings from the B-H test, a combined cointegration test with the EG-JOH, 

and EG-JOH-BO-BDM.
6
 We find that Fisher’s statistics for both the EG-JOH and EG-JOH-BO-

BDM tests eclipse the critical values at the 1% significance level using CO2 per capita emissions, 

energy consumption per capita, and the globalisation index as dependent variables for respective 

models. We infer that CO2 emissions, energy consumption and the globalisation index are 

                                                 
6
Details of the EG-JOH and EG-JOH-BO-BDM tests are in the note for Table 3. 
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cointegrated in the long term. However, when economic growth and population growth are 

considered dependent variables, the cointegration test is not consistently able to reject the null 

hypothesis of no cointegration. In summary, we find a long-term relationship amongst variables 

when CO2 emissions, energy consumption, and the globalisation index are used as dependent 

variables. The findings from cointegration are consistent with other studies from Australia such 

as Fatai et al. (2004) and Shahiduzzaman and Alam (2012), although they have different sets of 

models.  

Insert Table 3 near here  

 

In the next step, we test the long- and short-term impact of economic growth, energy 

consumption, population growth and globalisation on CO2 emissions. The findings for the long-

term estimates are reported in the upper segment of Table 4 and show that there is a negative 

relationship between economic growth and CO2 emissions. A 1% increase in real GDP reduces 

CO2 emissions by 1.13%. The nonlinear term of real GDP changes sign, confirming the EKC 

hypothesis for Australia. This has significant policy relevance. As a developed country, Australia 

has passed the threshold level of real GDP per capita (25,115 AUS$ in the third quarter of 1993) 

where technological progress in abatement exceeds the diminishing returns from growth. In other 

words, we find the Australian growth process is less carbon intensive, which is predominantly 

due to the country’s reliance on the agriculture, natural resource and service sectors. This finding 

is consistent with the findings from studies of developed countries.
7
 

Rising energy consumption consistently and positively affects CO2 emissions. A nearly 

0.15% increase in CO2 emissions is associated with a 1% rise in energy consumption. Australia’s 

energy mix is predominantly led by coal and used for electricity generation. In a policy context, 

                                                 
7
See Grossman and Krueger (1995), Stern (2004) and Dinda (2004) and the references therein.  
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our finding suggests that reducing energy use will curb CO2 emissions. Improving energy 

efficiency, particularly in coal (and power generation) and increasing use of shale gas and 

renewables, will help meet carbon reduction. In this respect, using subsidies for other energy 

sectors along with coal may help inter-fuel substitution in the future. 

We find that population growth has a positive and significant effect on CO2 emissions. 

An increase in population growth by 1% causes a 0.17% increase in CO2 emissions. Australian 

population growth is CO2 intensive and elasticity is less than unity. To maintain a sustainable 

population, Australia needs to improve energy efficiency in building infrastructure and at the per 

capita consumption level. 

Globalisation exerts a significant negative effect on CO2 emissions. The sign changes 

once the squared term of globalisation is inserted into the model. It finds a positive (negative) 

relationship between globalisation (squared of globalisation) and CO2 emissions. The latter 

results indicate that a 1% increase in globalisation raises CO2 emissions by 0.83% while the 

negative sign of the squared term suggests linking reduced CO2 emissions and globalisation at 

higher levels of globalisation. This finding implies that once globalisation crosses the threshold 

level, a 1% increase in globalisation results in reduced emissions of carbon dioxide by almost 

1.09%. This reveals that initially globalisation raises CO2 emissions but after a threshold level of 

globalisation, CO2 emissions start to decline. Overall, we find that globalisation improves 

environmental quality by lowering CO2 emissions. This empirical evidence is consistent with 

Shahbaz et al. (2013) and others establishing globalisation having a negative effect on CO2 

emissions via income, scale and technology effects. 

Insert Table 4 near here  
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The findings for short-term are reported in the lower segment of Table 4 show that 

economic growth is negatively but insignificantly linked with CO2 emissions. The nonlinear 

relationship between economic growth and CO2 emissions is inverted U-shaped but it is 

statistically insignificant. Both energy consumption and population growth are established as 

having positive and significant effects on CO2 emissions. Globalisation reduces CO2 emissions 

significantly but non-linear linkage between globalisation and CO2 emissions is U-shaped and 

statistically insignificant. The lagged terms of ECM have relevant and correct signs. The short-

term deviations from the long-term equilibrium are corrected by 10.31% each year. The 

diagnostic tests show that the error terms of short-term models are normally distributed and free 

from serial correlation, heteroskedasticity, and ARCH problems in all four models. The Ramsey 

reset test also shows that the functional forms are correctly specified. 

In summary, our findings reflect that both economic growth and openness have negative 

effects on carbon emissions. On the contrary, energy consumption and population growth cause 

an increase in carbon emissions.  

Table 5 reports the findings on the direction of long-term and short-term causality. In the 

short term, the unidirectional causality runs from globalisation to CO2 emissions and CO2 

emissions Granger cause economic growth. The feedback effect exists between energy 

consumption and CO2 emissions. Globalisation Granger causes population growth. Energy 

consumption causes economic growth and economic growth causes energy consumption in 

Granger sense.  

In the long term, we find that economic growth Granger causes CO2 emissions, validating 

the presence of the environmental Kuznets curve. Economic growth Granger causes energy 

consumption. The feedback effect exists between energy consumption and CO2 emissions. 
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Unidirectional causality is noted running from population growth and globalisation to CO2 

emissions. Population growth Granger causes energy consumption. The bidirectional causality is 

also found between globalisation and energy consumption.  

Insert Table 5 near here  

We present the findings using the generalised forecast error variance decomposition to 

forecast over a fifteen year period in Table 6. We find that innovative shock stemming from 

energy consumption; economic growth, population growth, and globalisation explain variation in 

CO2 emissions by 17.33%, 9.49%, 12.08% and 33.43%, respectively. A 27.65% variation is 

contributed by own innovative shock of CO2 emissions.   

Insert Table 6 near here  

 

Also, 43.45% of energy consumption is explained by its own innovative shocks. CO2 

emissions and economic growth contribute to energy consumption by 20.26% and 15%. 

Variations of 7.08% and 14.19% can be explained by population growth and globalisation, 

respectively. The contribution of CO2 emissions and energy consumption to economic growth is 

16.77% and 5.96%. Innovative shock stemming from population growth and globalisation 

explains economic growth minimally. CO2 emissions, energy consumption and economic growth 

contribute to population growth by 18.99%, 15.14% and 42.21%, respectively. Innovative shock 

stemming from globalisation contributes to population growth by 15.24%. The contribution of 

CO2 emissions, energy consumption, economic growth and population growth is 10%, 26.42%, 

26.71% and 11.83%, respectively. 

 

5. Conclusions and policy implications for sustainable development 
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This paper investigates the dynamics between economic growth and CO2 emissions. With energy 

consumption, we include population growth and globalisation as key determinants of CO2 

emissions.  

The findings confirm the presence of long-term dynamics among energy, demographic 

and trade variables with carbon abatement. Furthermore, economic growth is inversely linked 

with CO2 emissions. Energy consumption and population are found to be carbon intensive. 

Globalisation lowers CO2 emissions. An inverted U-shaped relationship is found between 

economic growth and CO2 emissions, confirming the presence of the EKC in Australia. An 

inverted U-shaped linkage exists between globalisation and CO2 emissions. We emphasise, this 

single-country based study with both economic and non-economic factors explaining EKC is an 

addition to the literature compared to the other studies based on panel data from developed and 

developing countries. 

A causality analysis reports the unidirectional causality running from economic growth to 

CO2 emissions. Population growth Granger causes energy consumption, economic growth and 

hence CO2 emissions. Bidirectional causality runs from energy consumption and globalisation to 

CO2 emissions.  

Our empirical findings have significant policy implications and add useful guides along 

these lines. We outline these findings here: 

o Australian economic growth is not emissions intensive. Long-term elasticity of 

emissions with GDP is greater than one with a negative sign. CO2 emissions are 

predominantly from fuel combustion for power generation purposes. Reducing 

CO2 emissions will not affect economic growth as Australia relies more on the 

service sector. 
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o To reduce CO2 emissions from energy use, Australia needs to use more and more 

integrated renewable sources instead of fossil fuels. In addition, significant 

investment in implementing green technologies and energy efficiency at the 

sectoral level is needed. Major policies have been implemented at the various 

government levels towards this direction. 

o Population growth exerts positive pressure on CO2 emissions. High population 

growth and open migration policy can be detrimental in reducing CO2 emissions. 

The significance of incorporating environmental considerations needs to be 

considered in future population policies. Policies aiming to speed up stability in 

population growth will help in sustainable development.  

o As a small open economy, we find that globalisation exerts a negative pressure on 

CO2 emissions in Australia. Deindustrialisation in manufacturing and some 

services in recent years shifted many industries’ production facilities to South 

Asia and China. We believe this has a dampening effect on CO2 emissions. 

Australia being a net importer in trade, our finding suggests that sources of CO2 

emissions are predominantly based on consumption (in power generation), rather 

than economic sources for production purposes. Building investments on non- 

energy intensive industries should be prioritised in future government policies.  
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Figure 1: Australia’s primary energy consumption, 2012 
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Figure 2.Trends of the Variables 
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Table 1: Unit Root Analysis 

Variables  

ADF unit root test P-P unit root test 

T-statistic Prob. Value T-statistic Prob. Value 

tYln  -2.31 (1) 0.417 -2.34 (3) 0.401 

tYln  -5.75 (2)* 0.0001 -5.72 (3)* 0.0001 

tCln  -0.60 (1) 0.973 -0.20 (3) 0.990 

tCln  -7.27 (2)* 0.000 -7.60 (3)* 0.000 

tECln  -2.80 (1) 0.203 -2.75 (3) 0.222 

tECln  -7.38 (2)* 0.000 -7.46 (3)* 0.000 

tPln  -2.18 (1) 0.484 -4.71 (3)* 0.002 

tPln  -3.96 (2)** 0.018 …. ….. 

tGln  -2.44 (2) 0.351 -4.16 (3)* 0.010 

tGln  -4.55 (1)* 0.004 …. ….. 

Note: *and ** show the significance at 1% and 5% level respectively. 

 

 

 

Table 2: Clemente-Montanes-Reyes (1998) Detrended Structural Break Unit Root Test 

Model: Trend Break Model 

 Level data First difference data 

Series  TB1 TB2 Test statistics K TB1 TB2 Test statistics K 

tCln  1983Q2 --- -2.229 6 1999Q2 ---- -4.630* 4 

1979Q4 1991Q2 -2.071 3 1983Q2 1999Q2 -5.590** 4 

tYln  1997Q4 --- -2.478 6 1983Q2 ---- -5.663* 3 

1987Q4 2001Q2 -3.250 3 1983Q2 1991Q2 -5.550** 6 

tECln  1998Q4 --- -2.437 2 1983Q4 ---- -3.611** 5 

1990Q2 1997Q4 -2.587 5 2002Q4 2007Q2 -6.224* 3 

tPln  2001Q4 ---- -2.232 3 2009Q2 ---- -3.978** 4 

1988Q3 2002Q2 -2.895 4 1982Q2 2007Q2 -5.588** 5 

tGln  1994Q4 ---- -2.342 2 1975Q2 ---- -4.531* 5 

1988Q4 1994Q4 -4.860 5 1975Q2 2008Q2 -6.103*  

Note: TB1 and TB2 are the dates of the structural breaks; k is the optimal lag length; * and ** show 

significant at 1% and 5% levels respectively. 

 

  



27 

 

 

 

Table 3: The Results of Bayer and Hanck (2013) Cointegration Analysis 

Estimated Models  EG-JOH EG-JOH-BO-BDM Lag Order Break Year Conclusion 

),,,( ttttt GPECYfC   55.368* 110.667* 4 1983Q3 Cointegrated 

),,,( ttttt GPECCfY   5.358 5.308 4 1997Q4 No cointegration 

),,,( ttttt GPYCfEC   55.858* 58.735* 4 1998Q4 Cointegrated 

),,,( ttttt GECYCfP   5.298 5.419 4 2001Q4 No cointegration 

),,,( ttttt PECYCfG   56.103 75.225* 4 1994Q4 Cointegrated 

Note: * represents significant at 1 per cent level. Lag length is based on minimum value of AIC: 

Akaike information criterion, see Akaike (1973). EG–JOH is the combination of two 

cointegration tests while EG–JOH–BO–BDM is the combination of four cointegration tests. The 

critical values at 1 per cent level are 15.845 for the EG-JOH test and 30.774 for the EG–JOH–

BO–BDM test. 
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Table 4: Long and Short Run Estimates 

Dependent variable = tCln  

Long Run Analysis 

Variables  Coefficient T-statistics Coefficient T-statistics 

Constant  2.49 1.08 -1.38* -6.27 

tYln  -1.13* -4.84 22.99* 6.48 
2ln tY
 … … -1.13* -6.77 

tECln  0.15* 5.47 0.09* 4.91 

tPln  0.17* 4.31 0.08* 3.14 

tGln  -0.57*** -1.69 0.83*** 1.97 
2ln tG  … … -1.09** -2.13 

2R
 

0.934  0.970  

Short Run Analysis 

Variables  Coefficient T-statistic Coefficient T-statistic 

Constant  -0.01 -0.995 0.006 0.28 

tYln  -0.34 -1.148 0.43 1.17 

tECln  1.11* 5.614 0.72* 3.73 

tPln  1.99*** 1.811 -0.14 -0.09 

tGln  -0.57** -2.155 -0.31 -0.69 

1tECM
 -0.31** -2.391 -0.10* -4.19 

2R  0.523  0.601  

F-statistic 7.685**  5.860*  

D. W 1.838  1.779  

Short Run Diagnostic Tests 

Test  F-statistic Prob. value F-statistic Prob. Value 

NORM2  3.224 0.199 0.375 0.828 

SERIAL2  0.106 0.899 1.182 0.320 

ARCH2  0.090 0.764 0.166 0.704 

WHITE2  1.149 0.353 1.784 0.123 

REMSAY2  0.681 0.414 0.370 0.713 

Note: *, ** and *** show significant at 1%, 5% and 10% level of significance respectively. 
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Table 5: The VECM Granger Causality Analysis 

Dependent  

Variable 

Direction of Causality 

Short Run Long Run 

1ln  tC  2

11 ln,ln   tt YY  1ln  tEC  1ln  tP  2

11 ln,ln   tt GG  1tECT  

tCln  
…. 

0.35 

[0.705] 

10.15* 

[0.000] 

0.07 

[0.929] 

4.54** 

[0.019] 

-0.65* 

[-3.062] 
2ln,ln tt YY   3.91** 

[0.031] …. 

8.88* 

[0.000] 

1.95 

[0.159] 

0.36 

[0.700] 
….

 

tECln  8.52* 

[0.051] 

3.62** 

[0.039] …. 

0.19 

[0.826] 

0.52 

[0.595] 

-0.52* 

[-3.272]
 

tPln  1.08 

[0.350] 

0.07 

[0.930] 

0.08 

[0.923] …. 

5.13** 

[0.012] 
…. 

2ln,ln tt GG   0.97 

[0.388] 

0.77 

[0.469] 

0.31 

[0.728] 

1.82 

[0.179] …. 

-0.47** 

[-2.544] 

Note: * and ** show significance at 1 and 5 per cent levels respectively. [] refers to the t-

statistics. 
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Table 6: Generalized Forecast Error Variance Decomposition  

 Variance Decomposition of tCln  

 Period tCln  tECln  tYln  tPln  tGln  

 1  100.00  0.00  0.00  0.00  0.00 

 2  86.97  10.09  2.11  0.79  0.02 

 3  53.37  27.02  4.30  6.39  8.89 

 4  36.88  30.22  9.72  5.91  17.25 

 5  30.68  26.36  12.09  7.94  22.89 

 6  28.16  22.68  13.87  10.09  25.17 

 7  28.31  20.12  13.57  11.20  26.78 

 8  28.83  18.66  12.81  11.44  28.23 

 9  29.04  17.72  11.98  11.70  29.54 

 10  28.84  17.20  11.33  11.89  30.71 

 11  28.59  16.94  10.80  11.97  31.68 

 12  28.36  16.83  10.38  12.03  32.37 

 13  28.14  16.88  10.04  12.07  32.84 

 14  27.90  17.07  9.74  12.08  33.17 

 15  27.65  17.33  9.49  12.08  33.43 

 Variance Decomposition of tECln  

 Period tCln  tECln  tYln  tPln  tGln  

 1  24.54  75.45  0.00  0.00  0.00 

 2  30.64  65.42  0.14  1.54  2.23 

 3  30.06  53.65  1.64  5.09  9.53 

 4  27.73  54.63  1.72  4.87  11.03 

 5  26.32  55.07  2.89  4.61  11.09 

 6  25.54  55.50  3.46  4.66  10.82 

 7  24.56  53.74  4.99  5.35  11.34 

 8  23.85  50.39  5.99  6.66  13.08 

 9  23.60  48.15  6.08  7.41  14.74 

 10  23.43  47.21  5.85  7.75  15.74 

 11  22.95  47.02  6.25  7.71  16.04 

 12  22.18  46.88  7.67  7.45  15.78 

 13  21.32  46.32  9.97  7.20  15.17 

 14  20.64  45.12  12.60  7.06  14.56 

 15  20.26  43.45  15.00  7.08  14.19 

 Variance Decomposition of tYln  

 Period tCln  tECln  tYln  tPln  tGln  

 1  12.15  12.75  75.09  0.00  0.00 

 2  18.28  5.28  71.27  4.70  0.44 

 3  17.74  3.68  71.61  6.20  0.74 

 4  18.39  3.71  70.94  5.79  1.14 

 5  18.64  4.03  70.02  5.63  1.66 

 6  18.61  4.28  69.53  5.56  2.00 
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 7  18.78  4.41  69.23  5.44  2.11 

 8  18.90  4.58  69.18  5.27  2.05 

 9  18.93  4.58  69.30  5.15  2.02 

 10  18.80  4.48  69.63  5.05  2.02 

 11  18.52  4.48  70.02  4.93  2.02 

 12  18.12  4.66  70.43  4.77  1.99 

 13  17.64  5.03  70.81  4.58  1.91 

 14  17.16  5.50  71.09  4.40  1.82 

 15  16.77  5.96  71.19  4.27  1.79 

 Variance Decomposition of tPln  

 Period tCln  tECln  tYln  tPln  tGln  

 1  0.13  1.12  0.09  98.65  0.00 

 2  3.07  14.34  14.59  66.34  1.63 

 3  2.62  30.17  40.90  23.69  2.59 

 4  3.45  39.40  45.77  9.99  1.36 

 5  3.92  40.93  48.79  5.57  0.76 

 6  5.02  39.19  51.03  3.93  0.81 

 7  6.545  35.30  52.34  3.90  1.90 

 8  8.44  30.90  52.57  4.43  3.65 

 9  10.46  26.85  51.85  5.19  5.62 

 10  12.43  23.41  50.41  6.06  7.66 

 11  14.23  20.67  48.67  6.79  9.62 

 12  15.79  18.58  46.86  7.36  11.39 

 13  17.09  17.02  45.14  7.81  12.91 

 14  18.15  15.90  43.57  8.15  14.20 

 15  18.99  15.14  42.21  8.38  15.24 

 Variance Decomposition of tGln  

 Period tCln  tECln  tYln  tPln  tGln  

 1  3.06  1.24  1.66  35.13  58.89 

 2  2.91  8.34  1.11  22.74  64.88 

 3  5.71  17.96  4.64  16.72  54.95 

 4  6.14  21.73  6.42  15.34  50.34 

 5  6.11  20.71  11.12  14.92  47.11 

 6  5.98  18.33  15.50  16.69  43.48 

 7  6.60  18.47  16.34  16.91  41.66 

 8  6.99  22.81  14.94  16.03  39.20 

 9  6.64  27.77  14.73  14.76  36.08 

 10  6.03  31.49  16.19  13.42  32.84 

 11  5.69  33.44  19.09  12.33  29.42 

 12  6.03  33.22  22.37  11.65  26.71 

 13  7.05  31.41  24.86  11.44  25.22 

 14  8.48  28.91  26.27  11.57  24.73 

 15  10.06  26.42  26.71  11.83  24.95 

 


