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Abstract: Sustainable development policies for achieving net-zero emissions require 17 

understanding the factors that influence carbon emissions. Capitalizing on the limitations of 18 

the existing literature, this study applies the Quantile-on-Quantile approach to investigate 19 

economic globalization’s impact on carbon emissions in Australia for 1970-2018. The results 20 

from the Quantile-on-Quantile revealed a positive feedback linkage between globalization and 21 

carbon emissions at all quantiles. The results further indicated that while there is a positive 22 

feedback linkage between economic growth and carbon emissions at most quantiles, a positive 23 

feedback interconnection exists between carbon emissions and coal consumption at all 24 

quantiles. As a robustness check, we employed the quantile regression test, and the results from 25 

quantile regression are consistent with the findings from the Quantile-on-Quantile approach. 26 

The consistency of the results suggests that these study findings are reliable and suitable for 27 

informing policies that seek to address carbon emissions in Australia. The policy implications 28 

for Australia are discussed. 29 
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1. Introduction 35 

The Paris Agreement on climate change and the sustainable development goal (SDG) 13 36 

prioritize countries to take urgent measures to combat climate change and its impact. Tackling 37 

climate change requires implementing strategies for mitigating carbon emissions, the chief 38 

greenhouse gas responsible for climate change. The Australian government remains committed 39 

to achieving the Paris Agreement on climate change and SDG 13. For instance, the Australian 40 

government has implemented carbon emissions reduction initiatives such as improving the 41 

efficiency of vehicles, developing strategies to enhance the utilization of solar power, 42 

developing a low emissions technology roadmap, phasing down hydrofluorocarbons, and 43 

national energy productivity plan1 to contribute to combating climate change. Despite 44 

implementing these innovative strategies, carbon emissions continue to soar in Australia due 45 

to robust economic growth and the consumption of fossil fuels. 46 

Undoubtedly, economic development in advanced economies improves living standards and 47 

comes with environmental costs (Acheampong, 2019; Khan et al., 2021a; Shahbaz, Shahzad, 48 

Ahmad, & Alam, 2016). Most developed economies recognize the dangers of economic growth 49 

and have implemented several environmentally sustainable strategies to mitigate the adverse 50 

effects of economic growth and development on the environment (Adebayo et al., 2021; Alola 51 

et al., 2019). Such interventions have achieved promising outcomes, but not at the pace of 52 

global environmental concerns. The twenty-first century has been dubbed the “jet age,” in 53 

which the whole world has been reduced to a tiny village due to technological advancements. 54 

The advantages of this transition from localized individualized states to an internationally 55 

integrated society are numerous (Sarkodie et al., 2020). Thus, integrating distant economies 56 

through capital flows, trade, foreign direct investment, and technological opportunities 57 

contributes significantly to economic growth and development (Shahbaz, Shahzad, Mahalik, 58 

& Hammoudeh, 2017). 59 

While economic globalization promotes economic development, it also impacts the 60 

environment (Hipolito Leal & Cardoso Marques, 2019; Rahman, 2020; Shahbaz, Shahzad, 61 

Mahalik, et al., 2017). Theoretically, the impact of globalization on CO2 emissions is priori 62 

uncertain. Thus, there is a conflicting theoretical debate on economic globalisation-CO2 63 

emissions relationships. For instance, the proponents of the pollution-haven hypothesis opine 64 

 
1 https://www.environment.gov.au/system/files/resources/f52d7587-8103-49a3-aeb6-
651885fa6095/files/summary-australias-2030-emissions-reduction-target.pdf 
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that developing countries have been the host of environmental polluting industries from the 65 

developed economies due to the stringent environmental regulatory policies in advanced 66 

economies. The strict environmental regulatory policies in the advanced economies impose a 67 

high cost on degrading environmental industries. To remain competitive, these environmental 68 

degrading industries relocate to developing countries with weak environmental regulatory 69 

policies (Wheeler, 2001). Contrarily, the proponents of the pollution-halo hypothesis argue that 70 

globalization reduces CO2 emissions as it ensures the transfer and spread of environmentally 71 

efficient technologies, knowledge, and standard environmental management practices in the 72 

host countries (Acheampong, Samuel Adams, & Boateng, 2019; Doytch & Uctum, 2016; Pao 73 

& Tsai, 2011). Similarly, Krugman, Obstfeld, and Melitz (2017) argue that globalization can 74 

retards CO2 emissions by stimulating countries to change their production and consumption 75 

mix as they become wealthier. With the conflicting theoretical debates, the empirical findings 76 

remain inconsistent and inconclusive. For instance, some of the studies have reported a positive 77 

effect of globalization on CO2 emissions (Abdouli, Kamoun, & Hamdi, 2018; Meng et al., 78 

2018; Shahbaz, Nasir, and Roubaud, 2018), while others have reported a negative effect of 79 

globalization on CO2 emissions (Liu, Hao, and Gao,2017; Lv & Xu, 2018; Shujah Ur et al., 80 

2019). The last group of empirical studies has also reported a neutral effect of globalization on 81 

CO2 emissions (Dogan & Turkekul, 2016; Haseeb, Xia, Danish, Baloch, & Abbas, 2018; Xu 82 

et al. 2018).  83 

While recent studies have attempted to probe the environmental impact of globalization on 84 

globalization on CO2 emissions, You and Lv (2018) argue that the environmental effect of 85 

globalization requires further scrutiny due to the limitations of the existing studies. For 86 

instance, prior empirical studies have either used trade openness or foreign direct investment 87 

as a proxy for economic globalization to examine their respective effect on CO2 emissions 88 

(Acheampong, 2018; Acheampong et al., 2019; Ning & Wang, 2018; Sarkodie & Strezov, 89 

2019; Shahbaz, Nasreen, Ahmed, & Hammoudeh, 2017). However, neither trade openness nor 90 

foreign direct investment is an adequate measure of economic globalization since they fail to 91 

capture other economic globalization dimensions such as the spread of technology, capital 92 

controls, and knowledge beyond borders (Lv & Xu, 2018). It is argued that overlooking these 93 

dimensions of economic globalization can seriously underestimate economic globalization’s 94 

effect on CO2 emissions (Lv & Xu, 2018; You & Lv, 2018).   95 

https://www.springernature.com/gp/open-research/policies/accepted-manuscript-terms
https://doi.org/10.1007/s11356-021-16368-y


4 
This is a post-peer-review, pre-copyedit version of an article published in Environmental Science and Pollution Research. 

This manuscript is subject to Springer Nature’s AM terms of use, but is not the Version of Record and does not reflect post-acceptance 
improvements, or any corrections. 

The Version of Record is available online at: https://doi.org/10.1007/s11356-021-16368-y 

Also, the prior empirical studies on the relationship between globalization and CO2 emissions 96 

are restricted to the traditional parametric econometric approaches (Shariff et al. 2020; Shahbaz 97 

et al. 2020; Adebayo and Kirikkaleli et al. 2021; Rjoub et al. 2021; Kihombo et al. 2021). 98 

However, parametric estimators are not robust to outliers and sometimes fail to account for 99 

slope heterogeneity (Dzator & Acheampong, 2020). Therefore, understating the effect of 100 

economic globalization on CO2 emissions requires an advanced novel econometric approach 101 

robust to outliers and could account for slope heterogeneity. However, using a non-parametric 102 

econometric estimator such as the Quantile-on-Quantile (QQ) approach to examine the impact 103 

of economic globalization on CO2 emissions remains rare in the literature. Therefore, this study 104 

seeks to fill these knowledge gaps by applying the QQ approach to investigate economic 105 

globalization’s effect on CO2 emissions in Australia for 1970-2018 while controlling economic 106 

growth and coal consumption.  107 

Investigating the impact of globalization on CO2 emissions in Australia while controlling for 108 

economic growth, coal consumption is crucial since Australia is a prosperous nation with 109 

natural resources with an enormous territory area. For a century, open immigration policies are 110 

critical for sustainable growth and a liberalized economic and trade environment. Australia has 111 

gained in the last four decades due to the emergence of globalization due to reducing trade 112 

barriers, smooth flows of capital, technological diffusion, labor mobility, and better use of 113 

resources. This research focuses on Australia, which has unique features which make the nation 114 

particularly fascinating to study. Australia is ranked 15th position globally in terms of 115 

greenhouse gas (GHGs) pollution. Besides, Australia is the second biggest coal exporter and 116 

the world’s leading liquefied natural gas exporter (LNG) (CarbonBrief, 2021). Despite the 117 

increased use of gas and renewables, mainly rooftop solar, the electricity system heavily 118 

depends on coal. It is also highly susceptible, including excessive temperatures, droughts, 119 

bushfires, and agriculture damage, to the effects of climate change. Australia is off-track to 120 

reducing emissions by 26-28% by 2030 compared to the 2005 pace. Also, Australia rendered 121 

its climate commitment to the Paris climate talks in August 2015 (CarbonBrief, 2021). By 122 

2030, Australia pledged to reduce emissions by 26-28% relative to the 2005 level. Also, 123 

Australian energy consumption increased by 0.6% between 2018 and 2019 to achieve 6,196 124 

petajoules. Fossil fuels (oil, gas, and coal) contributed to 94% of the primary energy mix in 125 

Australia between 2018 and 2019, with oil (39%), coal (29%), natural gas (26%), and 126 

renewable energy (6%). Furthermore, Figures 1 and 2 present the Total energy supply (TES) 127 

by source and Low-carbon electricity generation in Australia from 1990 to 2019. 128 
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Finally, Australia is firmly integrated with the rest of the world and pursuing some trade 129 

agreements, including the Comprehensive and Progressive Agreement for Trans-Pacific, Peru-130 

Australia Free Trade Agreement, the Indonesia-Australia Comprehensive Economic 131 

Partnership, and Hong Kong-Australia Free Trade Agreement. When these trade agreements 132 

are finalized, they will cover 88% of Australia’s trade (Department of Foreign Affairs and 133 

Trade, 2019). For these reasons, focusing on Australia will contribute significantly to the 134 

literature and further inform policies for achieving the net-zero by 2050 in Australia.  135 

 136 
Figure 1: Total energy supply (TES) by source, Australia 1990-2019 (Ktoe) 137 

 138 

 139 
Figure 2: Low-carbon electricity generation by source, Australia 1990-2019 (GWh) 140 
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This study contributes to the literature in the following ways: To the authors’ knowledge, this 141 

is the first empirical study to employ Sim and Zhou’s (2015) QQ technique to examine the 142 

impact of economic globalization on CO2 emissions in Australia. Bekun et al. (2021) and Sharif 143 

et al. (2020) argue that econometric approaches are crucial in achieving unbiased research 144 

outcomes and recommend using effective advanced novel econometric methods. The QQ 145 

method is advantageous because it can combine the concepts of quantile regressions (QR) and 146 

non-parametric estimation analysis distinguishes it. The QQ approach is robust to outliers and 147 

could account for slope heterogeneity. Secondly, we used the non-parametric causality-in-148 

quantiles test to capture causality between CO2 emissions and the regressors (globalization, 149 

economic growth, and coal consumption). Since causation in the conditional mean may not 150 

exist during some periods, but higher-order interdependencies may be substantial, such an 151 

assessment is critical. The mean and variance causality link between CO2 emissions and the 152 

regressors (globalization, economic growth, and coal consumption) can be tested using this 153 

technique. Third, the literature review suggests that most empirical studies are based on panel 154 

data modeling techniques. Although estimates from panel data techniques are efficient, their 155 

conclusions and policy implications may not apply to individual countries due to their 156 

heterogeneities (Acheampong 2018; Coggin 2019). With this argument, this study further adds 157 

to the body of knowledge by utilizing a time-series approach to analyze the effect of 158 

globalization on CO2emissions to provide policy guidelines to Australia. Finally, this study 159 

relies on the KOF economic globalization index to provide a broader perspective than the 160 

existing studies that either uses trade openness or foreign direct as a proxy for globalization. 161 

The KOF economic globalization index is multidimensional, capturing trade in goods and 162 

services, trade partner diversity, foreign direct investment, portfolio investment, international 163 

debt, international reserves, and international income payments (Gygli et al., 2019). Finally, 164 

this study is relevant for policy since the outcome will contribute to Australia’s formulation 165 

and implementation of future climate change policies. 166 

The remaining section of this paper is outlined as follows: Literature review is presented in 167 

Section 2. Section 3 presents methodology and data, while Section 4 presents empirical 168 

findings and discussions. Conclusion and policy implications are presented in section 5. 169 

2. Review of related literature 170 

The pollution-haven and pollution-halo hypotheses are the main theoretical framework for studying 171 

the relationship between globalization and CO2 emissions. The proponents of the pollution-haven 172 
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hypothesis opine that developing countries have been the host of environmental polluting industries 173 

from the developed economies due to the stringent environmental regulatory policies in advanced 174 

economies. The strict environmental regulatory policies in the advanced economies impose a high 175 

cost on degrading environmental industries. To remain competitive, these environmental degrading 176 

industries relocate to developing countries with weak environmental regulatory policies (Wheeler, 177 

2001). The pollution-haven hypothesis implies that globalization reduces environmental pollution, 178 

such as mitigating CO2 emissions in developed economies while it increases CO2 emissions in 179 

developing countries. Some existing empirical results have collaborated with the pollution-haven 180 

hypothesis using either a time series or panel data approach. For instance, Akadiri, Lasisi, Uzuner, 181 

and Akadiri (2019) revealed that globalization worsens CO2 emissions.  Shahbaz, Shahzad, and 182 

Mahalik (2017) also found that globalization induces higher CO2 emissions in Japan. 183 

For BRICTS countries, Abdouli et al. (2018) found that globalization proxied by FDI increases 184 

CO2 emissions. Further, in Pakistan, Khan and Ullah (2019) found that economic, political, and 185 

social globalization contributes to higher CO2 emissions. For the case of 25 developed 186 

countries, Shahbaz, Shahzad, Mahalik, et al. (2017) indicated that globalization contributes to 187 

CO2 emissions. For 83 countries, You and Lv (2018) showed that economic globalization 188 

contributes to CO2 emissions. Using panel data for 101 countries, Meng et al. (2018) also 189 

revealed that globalization measured by trade openness worsens CO2 emissions. Seyi Saint 190 

Akadiri, Alkawfi, Uğural, and Akadiri (2019) also showed that globalization worsens CO2 191 

emissions in Italy. For South Africa, Kohler (2013) also found that trade openness worsens 192 

CO2 emissions. Further, the study of Acheampong, S. Adams, and E. Boateng (2019) found 193 

that while FDI reduces CO2 emissions, trade openness increases CO2 emissions in 46 sub-194 

Saharan African countries. Also, Shahbaz et al. (2018) found that FDI contributes to CO2 195 

emissions in France. Shahbaz et al. (2015) further observed that globalization increases CO2 196 

emissions in India. 197 

Contrarily, the proponents of the pollution-halo hypothesis argue that globalization reduces CO2 198 

emissions as it ensures the transfer and spread of environmentally efficient technologies, 199 

knowledge, and standard environmental management practices in the host countries (Acheampong 200 

et al., 2019; Doytch & Uctum, 2016; Pao & Tsai, 2011). Similarly, Krugman et al. (2017) argue 201 

that globalization can retards CO2 emissions as it could stimulate countries to change the mix of 202 

their production and consumption as they become wealthier. Some of the existing empirical 203 

findings have confirmed the pollution-halo hypothesis using time series or panel data 204 

approaches. For instance, Lee and Min (2014) found that globalization curbs CO2 emissions in 205 
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a panel of 225 countries. For 112 Chinese cities, Liu et al. (2017) found that globalization 206 

measured by FDI reduces CO2 emissions. Also, for 15 emerging economies Lv and Xu (2018) 207 

found that globalization measured by FDI mitigates CO2 emissions. Rahman (2020) also 208 

observed that globalization reduces CO2 emissions. Also, Shahbaz, Solarin, and Ozturk (2016) 209 

indicated that globalization improves CO2 emissions in a panel of 19 Africa countries.  210 

Similarly, Shujah Ur et al. (2019) revealed that globalization reduces carbon emissions in 16 211 

Central and Eastern Africa countries. Focusing on the Asia Pacific Economic Cooperation 212 

countries, Zaidi, Zafar, Shahbaz, and Hou (2019) indicated that globalization reduces carbon 213 

emissions. For the case of 5 South-East Asian countries, Zhu et al. (2016) suggested that FDI 214 

lowers carbon emissions. Similarly, Acheampong (2018), using the system GMM-PVAR 215 

approach, found that trade openness reduces carbon emissions in Asia-Pacific, MENA, sub-216 

Saharan Africa, and globally. In another study, Shahbaz et al. (2013) found that globalization 217 

measured by trade openness improves CO2 emissions in South Africa. Similarly, Zhang and 218 

Zhou (2016) found that FDI lowers carbon emissions from western, eastern, and central regions 219 

in China.  220 

Inconsistent with both the pollution-haven and pollution-halo hypothesis, another empirical 221 

study revealed that globalization has a neutral effect on CO2 emissions. For instance, Haseeb 222 

et al. (2018) utilized the dynamic seemingly unrelated regression and Dumitrescu-Hurlin 223 

Causality approach and found that globalization does not affect carbon emissions in BRICS 224 

countries. Also, Boutabba (2014) revealed that trade openness exerts no effect on carbon 225 

emissions in India. Dogan and Turkekul (2016), using ARDL, also found that trade has no 226 

significant relationship with carbon emissions in the USA. Xu et al. (2018) found that 227 

globalization has an insignificant effect on carbon emissions in Saudi Arabia. Le and Ozturk’s 228 

(2020) study on the globalization-emissions association unveils that globalization impacts 229 

emissions positively.  230 

Also, several studies have explored other determinants of environmental degradation. For 231 

instance, Khan et al. (2021) assessed the CO2-GDP interrelationship in the top ten 232 

manufacturing countries and found a positive linkage between GDP and CO2. Likewise, Khan 233 

& Hou (2021) Thirty IEA Countries found support for the positive GDP-CO2 interrelationship. 234 

The positive connection between GDP and emissions is also validated by the studies of 235 

Yupigng et al. (2021) for Argentina, Shan et al.(2021) for decentralized economies, Khan et al. 236 

(2021c),  Ahmed et al. (2021) for G7 economies, Khan et al. (2021d), Lawal et al. (2020), and 237 
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Murshed & Dao (2020) for South Asia countries. Furthermore, using South Asian economies 238 

as a case study, the study of Usman et al. (2021) disclosed that an increase in economic growth 239 

contributes to environmental degradation. The study of Gyamfi et al. (2021) using E-7 240 

economies unveiled that energy consumption and economic growth contribute to 241 

environmental degradation. Moreover, Qin et al.’s (2020) research on the influence of financial 242 

inclusion on environmental degradation reveals that financial development and economic 243 

growth contribute to the degradation of th environment. Using South Asia economies as a case 244 

study and recent econometric approaches, Murshed (2021) study revealed that an upsurge in 245 

economic growth and LPG consumption triggers environmental degradation. In their analysis, 246 

Khan et al. (2021b) report that an increase in natural resources, economic growth, and 247 

population enhance environmental degradation in the United States. Similarly, the study of 248 

Murshed (2020) unveiled that trade openness and ICT increase environmental degradation. 249 

Recently, the study of Rehman et al. (2021) in China on the asymmetric linkage between CO2  250 

emissions and urbanization and energy utilization increase (decrease) in GDP and urbanization 251 

increase (decrease) CO2 emissions. 252 

Given these conflicting theoretical and empirical findings, further studies are needed to 253 

reconcile the inconsistency in the literature. Existing studies have employed different 254 

econometric approaches and different globalization measures to examine the effect of 255 

globalization on CO2 emissions. The empirical literature survey reveals that the existing 256 

studies’ results are conflicting and still inconclusive as some studies report either globalization 257 

increase, reduce or have a negligible effect on CO2 emissions. Also, the empirical studies on 258 

the relationship between globalization and CO2 emissions are restricted to the traditional 259 

parametric econometric approaches (Shariff et al. 2020; Shahbaz et al. 2020; Adebayo and 260 

Kirikkaleli et al. 2021; Rjoub et al. 2021; Kihombo et al. 2021). However, parametric 261 

estimators are not robust to outliers and sometimes fail to account for slope heterogeneity 262 

(Dzator & Acheampong, 2020). Therefore, understating the effect of economic globalization 263 

on CO2 emissions requires an advanced novel econometric approach robust to outliers and 264 

could account for slope heterogeneity. In addition, Australia is highly integrated with the rest 265 

of the world and plays a significant role in global carbon emissions. However, there is limited 266 

literature on the relationship between globalization and CO2 emissions in Australia.  Therefore, 267 

this study contributes to the literature by applying the QQ approach to investigate economic 268 

globalization’s impact on CO2 emissions in Australia for 1970-2018 while controlling 269 

economic growth and coal consumption. 270 
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3. Methodology and Data  271 

3.1. Quantile-on-quantile regression approach 272 

This study utilized the Sim and Zhou (2015) QQ regression to examines the linkage between 273 

CO2 emissions and coal consumption, economic growth, and globalization are briefly described 274 

in this section. The QQ approach is an improvement of the traditional quantile regression (QR) 275 

model that allows researchers to investigate how an indicator’s (variable) quantiles influence 276 

the quantiles of another indicator. The QQ method employs a hybrid of non-parametric 277 

estimation and QR. The influence of independent variables on the different quantiles of the 278 

dependent variable is first estimated using conventional QR. The QR, which Koenker and 279 

Bassett (1978) developed, is an improvement of the traditional linear regression (LR) model. 280 

In contrast to the OLS estimator, the QR assesses the influence of the independent variable at 281 

both tail and center of the dependent variable’s distribution, enabling a more thorough 282 

examination of the relationship between variables. Secondly, the spatial influence of a single 283 

quantile of the independent indicator on the dependent indicator is estimated using local linear 284 

regression (LR). The “curse of dimensionality” issue linked with strictly non-parametric 285 

models is avoided with the local LR proposed by Cleveland (1979) and Stone (1977). The 286 

underlying principle behind this reduction dimension strategy is to construct an LR locally 287 

around each point of the dataset, offering closer neighbors more weight. As a result of 288 

integrating these two methods, it is feasible to model the association between quantiles of 289 

dependent and independent variables, yielding more detail than other measurement approaches, 290 

including QR and OLS. For instance, the QQ approach is suggested to assess the influence of 291 

the quantiles of X on Y quantiles of a nation. This method has its preliminary point in the QR 292 

model below: 293 

𝑌𝑌𝑡𝑡 =  𝛽𝛽𝜗𝜗(𝑋𝑋𝑡𝑡) + 𝜇𝜇𝑡𝑡𝜃𝜃                                                                                                (1) 294 

where 𝑌𝑌𝑡𝑡 and 𝑋𝑋𝑡𝑡 portray the dependent variable in period t and the independent parameter in 295 

period t. 𝜃𝜃 stands for 𝜃𝜃𝜃𝜃ℎ quantile of Y conditional distribution and is an error term of the 296 

quantile whose θth conditional quantile is 0. The unknown function is illustrated by 𝛽𝛽𝜗𝜗(. ) 297 

because previous information connection X and Y is unknown. The effect of X on the 298 

distribution of Y is measured using this QR model, which permits the influence of X to vary 299 

across various Y quantiles. Since there is no established hypothesis about the functional form 300 

of the linkage between X and Y, the primary benefit of this specification is its stability. One 301 
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limitation of the QR method is its inability to capture complete dependency. In this respect, the 302 

QR model ignores the probability that the existence of X shocks influences the association 303 

between Y and X. The results of big positive X shocks, for instance, can vary from those of 304 

small positive X shocks. Furthermore, negative and positive X shocks will cause Y to respond 305 

asymmetrically. 306 

Thus, to investigate the linkage between 𝜃𝜃𝜃𝜃ℎ quantile of Y and 𝜏𝜏𝜃𝜃ℎ of X, represented by 𝑋𝑋𝜏𝜏, is 307 

investigated in 𝑋𝑋𝜏𝜏 neighborhood utilizing local linear regression.  The unknown function which 308 

is depicted by 𝛽𝛽𝜗𝜗(. ) can be estimated as a first-order Taylor expansion centered on 𝑋𝑋𝜏𝜏 quantile 309 

as follows; 310 

𝛽𝛽𝜃𝜃(𝑋𝑋𝑡𝑡) ≈ 𝛽𝛽𝜃𝜃(𝑋𝑋𝑡𝑡) + 𝛽𝛽𝜃𝜃𝜃𝜃(𝑋𝑋𝑡𝑡)(𝑋𝑋𝑡𝑡 − 𝑋𝑋𝑡𝑡)                                                       (2) 311 

Where 𝛽𝛽𝜃𝜃(𝑋𝑋𝑡𝑡) partial derivative with regard to X is illustrated by 𝛽𝛽𝜃𝜃𝜃𝜃 which is also recognized 312 

as response and is comparable to the coefficient slope in an LR framework in terms of meaning. 313 

The notable feature of Equation 2 is that 𝛽𝛽𝜃𝜃(𝑋𝑋𝜏𝜏)and𝛽𝛽𝜃𝜃𝜃𝜃(𝑋𝑋𝜏𝜏) parameters are twice indexed in 314 

𝜏𝜏and𝜃𝜃. Given that 𝛽𝛽𝜃𝜃(𝑋𝑋𝜏𝜏) and 𝛽𝛽𝜃𝜃𝜃𝜃(𝑋𝑋𝜏𝜏) are functions of 𝜃𝜃 and 𝑋𝑋𝑡𝑡 and 𝑋𝑋𝑡𝑡 is a function of 𝜏𝜏. It 315 

is glaring that 𝛽𝛽𝜃𝜃𝜃𝜃(𝑋𝑋𝜏𝜏) 𝑎𝑎𝑎𝑎𝑎𝑎 𝛽𝛽𝜃𝜃(𝑋𝑋𝜏𝜏) are both function of 𝜏𝜏and𝜃𝜃 respectively. Besides, 316 

𝛽𝛽𝜃𝜃(𝑋𝑋𝜏𝜏) and 𝛽𝛽𝜃𝜃𝜃𝜃(𝑋𝑋𝜏𝜏) can also be represented as 𝛽𝛽0(𝜃𝜃, 𝜏𝜏) and 𝛽𝛽1(𝜃𝜃, 𝜏𝜏). Therefore, Equation 2 317 

can be transformed as follows: 318 

𝛽𝛽𝜃𝜃(𝑋𝑋𝑡𝑡) ≈ 𝛽𝛽0(𝜃𝜃, 𝜏𝜏) + 𝛽𝛽1(𝜃𝜃, 𝜏𝜏)(𝑋𝑋𝑡𝑡 − 𝑋𝑋𝜏𝜏)                                                         (3) 319 

When equation 3 is substituted into Equation 1 to obtained Equation 4 as follows: 320 

𝑌𝑌𝑡𝑡 = 𝛽𝛽0(𝜃𝜃, 𝜏𝜏) + 𝛽𝛽1(𝜃𝜃, 𝜏𝜏)(𝑋𝑋𝑡𝑡 − 𝑋𝑋𝜏𝜏)�������������������
(∗)

+ 𝜇𝜇𝑡𝑡𝜃𝜃                                                           (4) 321 

In Equation 4, 𝜃𝜃𝜃𝜃ℎ conditional quantile Y is depicted by (*).  Nevertheless, contrary to standard 322 

conditional quantile function, this illustration discloses the interconnection between 𝜃𝜃𝜃𝜃ℎ of Y 323 

and 𝜏𝜏𝜃𝜃ℎ quantile of X because 𝛽𝛽0𝑎𝑎𝑎𝑎𝑎𝑎𝛽𝛽1parameters twice index in 𝜃𝜃𝑎𝑎𝑎𝑎𝑎𝑎𝜏𝜏. These parameters 324 

may differ throughout various distinct θth quantiles of Y and τth quantiles of X. Furthermore, 325 

no linear association between the variables quantiles under analysis is presumed at any point. 326 

As a result, Equation 4 calculates the overall dependency structure between Y and X based on 327 

the correlation between their separate distributions. 328 
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Also, 𝑋𝑋𝑡𝑡𝑎𝑎𝑎𝑎𝑎𝑎𝑋𝑋𝜏𝜏 is replaced by 𝑋𝑋𝑡𝑡�𝑎𝑎𝑎𝑎𝑎𝑎𝑋𝑋𝜏𝜏�when estimating Equation 4. The parameters𝑏𝑏0𝑎𝑎𝑎𝑎𝑎𝑎𝑏𝑏1, 329 

which are 𝛽𝛽0𝑎𝑎𝑎𝑎𝑎𝑎𝛽𝛽1 estimates are gathered by fixing the following issue of minimization: 330 

min
𝑏𝑏0,𝑏𝑏1

�𝜌𝜌𝜃𝜃
𝑛𝑛

𝑖𝑖=1

�𝑌𝑌𝑡𝑡 − 𝑏𝑏0 − 𝑏𝑏1�𝑋𝑋𝑡𝑡� − 𝑋𝑋𝜏𝜏���𝐾𝐾 �
𝐹𝐹𝑛𝑛�𝑋𝑋𝑡𝑡�� ⊓ −𝜏𝜏

ℎ
�                               (5) 331 

Where quantile loss function is illustrated by 𝜌𝜌𝜃𝜃(𝑢𝑢), and 𝜌𝜌𝜃𝜃(𝑢𝑢) = 𝑢𝑢�𝜃𝜃 − 𝐼𝐼(𝑢𝑢 < 0)�, 𝐼𝐼which is 332 

the usual function of the indicator. The function of kernel and h, which is the parameter kernel 333 

bandwidth, is depicted by 𝐾𝐾(. ). The Gaussian kernel is utilized in this analysis to weigh the 334 

observations in the 𝑋𝑋𝜏𝜏 neighborhood is one of the most common functions of the application 335 

kernel in finance and economics due to its simplicity, computation, and reliability. 336 

Around Zero, the kernel of Gaussian is symmetric, and it gives lower observations of weights 337 

that are further out. These weights are inversely proportional to the distance between the 338 

analytical distribution function of 𝑋𝑋𝑡𝑡�, indicated by 𝐹𝐹𝑛𝑛�𝑋𝑋𝑡𝑡�� = 1
𝑛𝑛
∑ 𝐼𝐼𝑛𝑛
𝑘𝑘=1 �𝑋𝑋�𝑘𝑘 > 𝑋𝑋�𝑡𝑡�, and function 339 

of distribution value that aligns with the 𝑋𝑋𝜏𝜏illustrated by 𝜏𝜏. When utilizing a non-parametric 340 

approach, bandwidth selection is crucial. The bandwidth governs the smoothness of the 341 

corresponding approximation since it specifies the scale of the neighborhood surrounding the 342 

target point. A wider bandwidth suggests a higher risk of estimation distortion, while a smaller 343 

bandwidth illustrates a higher risk of prediction uncertainty. As a result, a bandwidth must be 344 

chosen that provides equilibrium between variances. A bandwidth h=0.05 parameter was used 345 

in this analysis, as recommended by Sim and Zhou (2015). 346 

3.2. Data 347 

This study examines the interconnection between CO2 and globalization, GDP, and coal 348 

consumption. The dataset for this empirical analysis covers between 1970 and 2018 (49 349 

observations). The description, source, and measurement of the dataset are depicted in Table 350 

1. Furthermore, a summary of the variables utilized in this empirical analysis is presented in 351 

Table 2. The outcomes from Table 2 disclosed that economic growth scores better on average 352 

due to its higher mean. The standard deviation is a gauge of the amount of variation or 353 

dispersion of a set of values. Thus, the standard deviation is utilized to check the variable which 354 

had more consistent scores. CO2 has the lowest standard deviation, which indicates that the 355 

scores are less spread out from the mean. Thus, CO2 has a more consistent score. Skewness 356 

results reveal that CO2 emissions and GDP are positively skewed while coal use and 357 
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globalization are negatively skewed. The value of the Kurtosis disclosed that all the variables 358 

are platykurtic. The Jaque-Bera statistics unveil that the series are normally distributed. The 359 

correlation between the indicators is depicted in Figure 3 (correlation box), which ranges from 360 

blue (positive correlation) to red (negative correlation). The outcomes of the correlation box 361 

disclosed that GDP, globalization, and coal consumption positively correlates with CO2 362 

emissions, which infers that an increase in coal consumption, globalization, and GDP is 363 

associated with an increase in CO2 emissions. 364 

Table 1: Variable Measurements and Source 

Symbol Variables Unit Source 

CO2 Environmental 

degradation 

Metric Tonnes Per Capita BP 

GDP Economic Growth GDP per capita  WDI 

COAL Coal Consumption Exajoule BP 

GLO Globalization Index based on FDI, trade, and 

portfolio investment 

Gygli et al. (2019): revised KOF 

globalization index 

 365 
 366 
 367 
 368 
 369 
 370 
 371 
 372 
 373 
 374 

Table 2: Descriptive Statistics 

 CO2 COAL GDP GLO 

 Mean 7.871503 459.7481 39791.02 70.95093 

 Median 7.687916 468.2643 37133.04 72.21075 

 Maximum 9.594431 677.2213 56832.05 81.64704 

 Minimum 6.736522 231.6946 26120.62 56.84417 

 Std. Dev. 0.745371 135.3737 10208.50 8.387600 
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 Skewness 0.564470 -0.158214 0.259098 -0.112517 

 Kurtosis 2.649423 1.752200 1.595745 1.428413 

 Jarque-Bera 2.853049 3.383311 4.574272 5.146074 

 Probability 0.240142 0.184214 0.101557 0.076303 

 Observations 49 49 49 49 

 375 

Figure 3: Correlation Box 376 

 377 

 378 

 379 
4. Empirical results 380 

4.1. Pre-estimation tests 381 

It is essential to conduct a linearity test to ascertain the variables’ linearity feature. Centered on 382 

this, this study utilized the BDS test to examine the nonlinearity of the variables. The outcomes 383 

of the BDS test are illustrated in Table 3. Centered on these outcomes, utilizing the normal 384 

linear techniques will produce disingenuous outcomes. Thus, we employed a non-linear 385 

method to assess the influence of GDP, GLO, and COAL on CO2 emissions in Australia. 386 

Moreover, we verify the stationarity characteristics of the variables by employing the 387 
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traditional ADF and PP unit root tests. The outcomes of the ADF ad PP unit root tests are 388 

presented in Table 4, and the results disclosed that all the series are non-stationary at level. 389 

Nevertheless, all the variables are found to be stationary at first difference. 390 

Table 3: BDS Test 

 M=2 M=3 M=4 M=5 M=6 

CO2 13.063* 13.751* 13.807* 13.519* 13.349* 

GDP 30.367* 31.335* 33.245* 36.306* 40.634* 

COAL 32.413* 34.234* 36.255* 39.208* 43.220* 

GLO 31.148* 32.649* 34.768* 38.262* 42.963* 

Note: * signifies P<0.01 

 391 

 392 

4.2. QQ approach results 393 

This part of the research reveals the main empirical outcomes of the QQ analysis of the impact 394 

of trade openness, GDP, and renewable energy consumption on CO2 emissions in Australia. 395 

Figure 3(a–f) reveals the slope coefficient estimates, 𝛽𝛽1(𝜃𝜃, 𝜏𝜏), which catches the influence of 396 

the τth quantile of X on the θth quantile of Y, at various values of θ and τ for Australia. The 397 

QQ outcomes are illustrated in Figure 3(a-f). Figure 3a discloses the effect of GDP on CO2 398 

emissions in Australia. The slope coefficient ranges from -1.5 to 0.5. The impact of GDP on 399 

CO2 is negative at lower quantiles of GDP (0.1-0.3) and higher quantiles of CO2 emissions 400 

(0.7-0.95). Furthermore, the value of the slope coefficient is positive and weak in middle and 401 

Table 4: Unit Root Tests 

 ADF PP 

Variables At Level First Difference At Level First 
Difference 

CO2 -2.1891 -8.2146* -2.1384 -8.3632* 

GDP -2.1840 -5.5587* -2.1840 -5.5170* 

COAL -0.1498 -4.2946* 0.2973 -4.2679* 

GLO -0.3155 -5.4783* -0.6732 -5.4837* 

Note: * signifies P<0.01correspondingly. 
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higher (0.35-0.95) quantiles of GDP and lower and middle (0.1-0.75) quantiles of CO2 402 

emissions. These outcomes indicate that both negative and positive effects exist between CO2 403 

emissions and GDP in Australia; nevertheless, there is evidence of weak effects. The influence 404 

of CO2 on GDP in Australia is depicted in Figure 3b. The scale of the slope coefficient ranges 405 

from 0 to 10. The impact of CO2 on GDP is positive at most combinations of quantiles of GDP 406 

and CO2 emissions; however, the effect of CO2 on GDP is positive and strong in the higher 407 

quantiles (0.80-0.95) quantiles of CO2 and lower quantiles of GDP (0.1-0.35) as revealed by 408 

the scale of the slope coefficient. This demonstrates that an upsurge in GDP is attributed to an 409 

increase in CO2 in Australia. This outcome complies with the study of Awosusi et al. (2020) 410 

for Brazil, Bekun et al. (2021) for Indonesia, Udemba et al. (2021) for India, and Adebayo et 411 

al. (2021) for South Korea, who established a positive linkage between CO2 emissions and 412 

GDP. 413 

Figure 3c reveals the influence of COAL on CO2 in Australia. The coefficient of the slope 414 

ranges from -0.2 to 1.4. The impact of COAL on CO2 is positive and weak at most of the 415 

combination of quantiles of COAL and quantiles of CO2 emissions; however, there is evidence 416 

of a strong positive effect of COAL on CO2 in the high quantiles (0.8-0.95) of COAL and low 417 

quantiles (0.1-0.3) of CO2 emissions. On the other hand, Figure 3d presents the influence of 418 

CO2 on COAL. In all quantiles of CO2 and COAL (0.1-0.95), the effect of CO2 on COAL is 419 

positive; nevertheless, the effect of CO2 o COAL is positive and stronger in the middle 420 

quantiles of both CO2 and COAL. In summary, there is a positive feedback effect between CO2 421 

and COAL in Australia. These outcomes are not surprising since coal consumption (29.1%) 422 

constitutes a big chunk of Australia’s energy mix. This outcome is consistent with the findings 423 

of Oluwajana et al. (2021) for South Africa, Pata (2018) for Turkey, and Lin et al. (2018) for 424 

China. 425 

Figure 3e shows the effect of globalization on CO2 in Australia. The coefficient of the slope 426 

ranges from 0.2 to 0.7. In all quantiles (0.1-0.95) of GLO and CO2, the influence of GLO on 427 

CO2 is positive. Nonetheless, in the middle and higher quantiles (0.4-0.95) of GLO and CO2, 428 

the positive effect of GLO on CO2 is more pronounced. Also, the impact of CO2 on GLO is 429 

depicted in Figure 3f. The coefficient of the slope ranges from 0 to 2.5. The effect of CO2 on 430 

GLO is positive at all quantiles of CO2 and GLO; however, in the higher quantiles (0.75-0.95) 431 

of CO2 and lower quantiles (0.1-0.3), the positive effect of CO2 on GLO is stronger. The 432 

possible explanation for globalization’s positive impact on CO2 is that it increased trade 433 

increases overall factor productivity due to globalization. Foreign direct investment (FDI) and 434 
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the transition of advanced technologies between industrialized and developing economies fuel 435 

economic growth. Furthermore, the globalization trend creates investment prospects via FDI 436 

and strengthens capital markets via financial liberalization. Undoubtedly, this mechanism 437 

boosts capital markets, commerce, and economic development, resulting in increased energy 438 

demand and, as a result, environmental deterioration. According to Kirikkaleli et al. (2020), 439 

globalization triggers a gradual increase in CO2 due to the intensive use of resources to 440 

manufacture and use goods and services in industrialized and developing economies. This 441 

outcome complies with the findings of Kirikkaleli et al. (2020) for Turkey, Saint Akadiri et al. 442 

(2019) for South Africa, Adebayo & Kirikkaleli (2021) for Japan, and Le &Ozturk (2020) for 443 

seven (7) emerging nations who established a positive connection between globalization and 444 

CO2 emissions. 445 

 446 

 447 

 448 

 449 

 450 

3a. Effect of GDP on CO2 3b. Effect of CO2 on GDP 
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3c. Effect of Coal on CO2

 

3d. Effect of CO2 on Coal 

 
3e. Effect of GLO on CO2 3f. Effect of CO2 on GLO 
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Figure 3: Quantile-on-Quantile (QQ) estimates of the slope coefficient451 

4.3. Robustness check for QQ approach 452 

The QQ methodology can be conceived as a decomposition procedure for the traditional QR 453 

model’s estimates, allowing for precise estimates for various quantiles of the dependent 454 

variable. The QR model used in this analysis is focused on regressing the θth quantile of Y on 455 

X, so the quantile regression parameters are only indexed by θ. That being said, since the QQ 456 

analysis regresses the θth quantile of Y on the quantile of X, the variables will be defined by 457 

both θ and τ, as previously mentioned. As a result, the QQ method provides more disaggregated 458 

details about the X–Y connection than the quantile regression model since the QQ method 459 

considers this relationship to be inherently heterogeneous through X quantiles. Given the QQ 460 

approach’s inherent decomposition property, the QQ estimates can be used to retrieve the 461 

traditional quantile regression estimates.  The QQ parameters around τ can produce the QR 462 

parameters that are only indexed by θ. For instance, the coefficient of the QR model slope, 463 

which is denoted by 𝛾𝛾1(𝜃𝜃), is utilized to calculate the influence of X on Y, as follows: 464 

𝛾𝛾1 ≡ 𝛽𝛽1�(𝜃𝜃)������� =  
1
𝑆𝑆
� 𝛽𝛽1�

𝜏𝜏
(𝜃𝜃, 𝜏𝜏)                                                                         (6) 465 

Where S = 19 is the quantiles number and 𝜏𝜏 = [0.05, 0.10, … . ,0.95] is considered. 466 
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The graphs in Figure 4(a–f) show that irrespective of the quantile chosen, the averaged QQ 467 

estimates of the slope coefficient are comparable to the QR estimates for Australia. This 468 

graphical proof revealed that the main characteristics of the QR model could be retrieved by 469 

illustrating the more extensive details found in the QQ estimates, including a clear justification 470 

of the QQ approach. Thus, Figure 4a affirms the outcomes of the QQ analysis reported above. 471 

The outcomes of the QR disclosed that at all quantiles, the impact of GDP on CO2 pollution is 472 

positive, which is consistent with the QQ regression outcome. On the flip side, Figure 4b 473 

illustrates that the QR results are consistent with the QQ results, demonstrating that CO2 474 

emissions positively influence economic growth. Furthermore, in Figure 4c, the outcomes of 475 

the QR disclosed that COAL influences CO2 positively at all quantiles, which are consistent 476 

with the findings of the QQ. On the other side, in figure 4d, the influence of CO2 on COAL is 477 

positive at all quantiles, as revealed by both QR and QQ outcomes. This result illustrates that 478 

the QR and QQ outcomes validate each other. Also, in figure 4e, the influence of globalization 479 

on CO2 emissions is positive at all quantiles, as revealed by the results from QR and QQ 480 

estimators. In figure 4f, the effect of CO2 emissions on globalization is positive at all quantiles, 481 

as shown by QR. This outcome complies with QQ outcomes reported earlier. In summary, the 482 

outcomes of the QR validate the results of QQ as indicated in Figure 4(a-f). 483 

 484 

Figure 4a: Effect of GDP on CO2 

 

Figure 4b: Effect of CO2 on GDP 
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Figure 4c: Effect of Coal on CO2 

 

Figure 4d: Effect of Coal on CO2 

 

Figure 4e: Effect of GLO on CO2 

 

Figure 4f: Effect of CO2 on GLO 
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impact of Coal on CO2. The causal effect of Coal on CO2 is strong in the lower and middle 490 

quantiles (0.25-0.65) of the provisional distribution of the emissions. The effect becomes 491 

stronger and more significant in the middle quantiles, as shown by a t-statistic value of 492 

approximately 2.56. Furthermore,  the volatility of Coal can also be observed in Figure 5a. In 493 

addition, the causal influence on volatility is asymmetric since it is significant for the lower, 494 

middle, and upper quantiles of the conditional distribution, respectively. Figure 5b presents the 495 

causal effect of economic growth (GDP) on CO2. The causal effect of GDP on CO2 is strong 496 

in the middle quantile (0.45-0.70) of the emissions’ provisional distribution, as shown by a t-497 

statistic value of approximately 2.25. Furthermore,  the volatility of GDP can also be observed 498 

in Figure 5b. In addition, the causal influence on volatility is asymmetric since it is significant 499 

for the lower, middle, and upper quantiles of the conditional distribution, respectively. Figure 500 

5b presents the causal effect of globalization (GLO) on CO2. The causal effect of GLO on CO2 501 

is strong in the middle quantile (0.45-0.70) of the provisional distribution of the emissions, as 502 

shown by a t-statistic value of approximately 1.94. Furthermore,  the volatility of GLO can also 503 

be observed in Figure 5b. In addition, the causal influence on volatility is asymmetric since it 504 

is significant for the lower, middle, and upper quantiles of the conditional distribution, 505 

respectively. 506 

 507 

Figure 5a: Figure 4: Causality -in-mean and variance from Coal to CO2 508 
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 510 

Figure 5b: Causality -in-mean and variance from GDP to CO2 511 

 512 

 513 

Figure 5c: Causality -in-mean and variance from GLO to CO2 514 
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Table 5: Causality -in-mean and variance Outcomes    
Causality-in-mean Causality-in-variance 

Quantile CV 10% CV 5% COAL GDP GLO COAL GDP GLO 
0.10 1.65 1.96 1.216825 1.085569 1.249242 2.25725* 2.074165* 2.177385* 
0.15 1.65 1.96 1.412037 1.272683 1.249994 2.917317* 3.08356* 3.177385* 
0.20 1.65 1.96 1.584188 1.166008 1.211345 3.227323* 3.818266* 3.872504* 
0.25 1.65 1.96 1.843952 1.234729 1.188625 3.297976* 3.928139* 4.444326* 
0.30 1.65 1.96 2.191418* 1.349411 1.135195 3.344503* 4.361905* 5.232075* 
0.35 1.65 1.96 2.358689* 1.658782 1.590861 3.489613* 4.524159* 5.110284* 
0.40 1.65 1.96 2.497991* 1.570695 1.306535 3.110498* 4.470187* 4.566119* 
0.45 1.65 1.96 2.360223* 1.889187** 1.580928 3.247172* 4.470187* 4.292948* 
0.50 1.65 1.96 2.382638* 1.771254** 1.775175** 3.431843* 4.358041* 4.283997* 
0.55 1.65 1.96 2.569998* 2.121154* 1.890435** 3.656444* 4.043686* 3.85058* 
0.60 1.65 1.96 2.019717* 2.262976* 1.931093** 3.347722* 3.664194* 3.537476* 
0.65 1.65 1.96 1.755833** 2.068979* 1.684177** 3.032545* 3.418229* 3.121885* 
0.70 1.65 1.96 1.704974** 2.147139* 1.684177** 2.425948* 3.047445* 2.927722* 
0.75 1.65 1.96 1.463309 1.612311 1.372282 2.351122 3.060016* 2.660677* 
0.80 1.65 1.96 1.348506 1.754061** 1.324005 1.940545* 2.401755* 2.38154* 
0.85 1.65 1.96 0.993479 1.087355 1.14467 1.679438* 2.252414* 2.12482* 
0.90 1.65 1.96 0.785030 0.783252 1.063528 1.456124 1.803238* 1.621688 

Note: * and ** represents P<0.05 and P<10%, respectively. The null hypothesis for the quantile causality test statistic is environmental variable 
(globalization, economic growth, and coal consumption) does not Granger CO2 emissions. 
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5. Conclusion and policy implications 517 

The current paper applied newly developed econometrics techniques to explore the 518 

interconnection between CO2 emissions, coal consumption, globalization, and GDP in 519 

Australia using data spanning 1970 and 2018. Utilizing the novel QQ method, the current paper 520 

contributes to the ongoing literature and policy discussions on the relationships between carbon 521 

emissions, globalization, coal consumption, and economic growth. Unlike conventional 522 

techniques, including OLS or quantile regression, the QQ approach helps one approximate how 523 

the quantiles of independent variables impact the quantiles of the dependent variable, thereby 524 

offering a more detailed explanation of the overall dependency structure between CO2 emission 525 

and the regressors. To the authors’ understanding, no prior study has examined these 526 

associations utilizing the novel QQ method. As an initial test, the study examines the linearity 527 

of the variables under investigation by employing the BDS test. The results from the BDS 528 

suggested that using the linear techniques will yield a misleading result, making the application 529 

of non-linear or non-parametric techniques such as the QQ approach crucial for this study. 530 

Furthermore, the outcomes of the QQ regression illustrated: (i) a positive feedback linkage 531 

between GDP and CO2 emissions at most of the quantiles; (ii) a positive feedback linkage 532 

between globalization and CO2 emissions at all quantiles; and(ii) a positive feedback 533 

interconnection between CO2 pollution and coal consumption at all quantiles. As a robustness 534 

check, we employed the quantile regression (QR) test, and the results from QR are consistent 535 

with the findings from QQ. 536 

The findings suggest that policymakers need to consider economic globalization in designing 537 

and implementing climate change policies for achieving the net-zero emissions target. Thus, 538 

given that economic globalization worsens carbon emissions at all quantiles, policymakers in 539 

Australia should not underestimate economic globalization on climate change and should be 540 

incorporated in designing and implementing an environmental sustainability policy framework. 541 

Failure to integrate economic globalization in carbon emissions forecasting models and 542 

environmental policies could impede Australia’s efforts for achieving the net-zero emissions 543 

target. The study also suggests that coal consumption has been driving Australia’s carbon 544 

emissions. Australia uses coal to drive its economic growth but comes at the expense of 545 

deteriorating environmental quality. Australia’s total energy mix has been dominated by fossil 546 

energy; therefore, mitigating the negative environmental effect of coal consumption requires 547 

policymakers to fast-track Australia’s transition towards renewable energy use. In doing so, it 548 
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is recommended that the Australian government should subsidize and increase its budget 549 

allocation for financing renewable energy technologies. Finally, the study revealed that there 550 

is a positive feedback relationship between economic growth and carbon emissions. Thus, 551 

increasing economic growth induces higher economic growth while mitigating carbon 552 

emissions can cause a decline in the country’s economic growth. Therefore, it is recommended 553 

that policymakers in Australia be cautious in designing and implementing its climate change 554 

policies without causing closed-form relationships that can cause a decline in the country’s 555 

economic growth. 556 

Future research is needed because of the following limitations. First, this study examines the 557 

effect of economic globalization on carbon emissions without considering other the political 558 

and social aspects of globalization; however, a recent study has documented that economic, 559 

political, and social globalization have a disparate effect on economic growth and energy 560 

consumption (Acheampong et al., 2021). Because of this, future studies can extend this study 561 

by comparing the impact of economic, political, and social globalization on the environment. 562 

Second, given that this study focused on carbon emissions, future studies can also extend this 563 

study by exploring the economic, political, and social globalization on ecological footprint, a 564 

compressive measure of environmental degradation. Lastly, given that Australia has a robust 565 

and well-established financial system, future studies can adapt our methodology to explore the 566 

environmental cost of Australia’s financial development. 567 

 568 

 569 

 570 

 571 

 572 

 573 

 574 
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