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The paper explores the relationship between economic openness, development and 
urbanisation in sustainable ecosystems. The investigation is based on the balanced 
panel data for QUAD countries from 1991 to 2019. By using PMG-ARDL, this paper 
follows affiliation amid sustainability and openness. The results reported indicate the 
existence of an encouraging association between sustainability and urbanisation both 
in the case of Australia and India. The ECT value for all the panels is negative and 
noteworthy, confirming the existence of short-term affiliation too. The granger 
causality analysis also reveals that in the case of the US and India, there existed bi-
directional causation amid sustainability and urbanisation. Knowing well that the 
countries are party to the “Kyoto Protocol and Paris agreement”, but there is still a 
necessity to preserve and promote the impetus concerning sustainability in arousing 
inclusive awareness concerning the realisation of sustainable ecosystems. More so, 
subsidising schemes and promoting awareness programmes are recommended, such as 
incentivising sustainable urban planning and green power purchase agreement and 
adoption of green bonds for energy infrastructure needs. 
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1. Introduction 

It is ubiquitous that an economy needs to be as resource-efficient and environmentally benign 
as possible for subsequent growth to be both rapid and sustainable. Although the researches 
concerning these issues have been progressively expanding in recent years, some other 
aspects are still untapped in these areas that have the potential for research. These untapped 
aspects provided us with some thoughtful research questions on the grounds of this study has 
been conducted with chosen variables in the QUAD context. “Quadrilateral Security 
Dialogue” popularly known as “QUAD”, the four-nation grouping of the US, India, 
Australia, and Japan, is emerging as conceivably the most prominent new entente & 
benefactor to the stability in “Indo-Pacific region” in the global world order (Mehra, 2020). 
QUAD has the potential to shape geopolitical scenarios of the world and its commitment to 
the global pillar of the sustainability framework continually challenges its affiliate to discover 
novel ways to conserve raw materials, minimise waste, recycle and reuse to reduce their 
environmental impact. 

In recent times, the world’s economies have been striving with the dual challenges of 
realising higher economic growth while ensuring the environmental sustainability of the 
planet for future generations (Adedoyin et al., 2020). The overarching concern of modern 
society is that with the ongoing conception of economic development, the forthcoming 
generations may be at the extreme of facing up to scarcity of natural resources (World 
Economic Forum, 2021). The comprehensiveness of the mitigating environmental strategy 
depends on various areas such as businesses, homes, industrial production, electricity 
generation and transport (Adedoyin et al., 2020); therefore, one solution for all approach is 
not sufficient and it becomes an obligation of all the stakeholders including government to 
keep the planet in a self-sustaining state by carrying out comprehensive environmental 
sustainability targets, without disrupting the course of development as a whole (Anbu, 2020). 

The pandemic of “SARS Cov-2” is another instance where anthropogenic forces have 
disrupted the equilibrium of ecology, society, and economics (Vitenu-Sackey & Barfi, 2021). 
In a world post-COVID 19 it is of the essence that all efforts are directed towards maintaining 
this equilibrium. With global value chains bringing a new paradigm in production and 
consumption, international trade has emerged as the drivers of the new world economic order 
(Pahl & Timmer, 2020). In all, it is expected to take into consideration the path to global 
sustainability with resolving the development–environment dilemma (Combes Motel et al., 
2014; Piddington, 1990; Staniškis, 2020). Similarly, the studies (Anser et al., 2020; Behera 
& Dash, 2017; Iheonu et al., 2021; Nketiah et al., 2020)have considered additional variables 
like urbanisation, foreign direct investment in order to remove the biases in the skewed 
development. Urbanisation has been viewed as a prerequisite for growth as it leads to an 
increase in the urban population & causes an upsurge in energy consumption which plays 
relevant and must role in the advancement of an economy. But with this, urbanisation leads 
the way to bring social, economic, and sustainability into increasingly challenged 
surroundings (Bai et al., 2012; Douglas, 2012; Macomber, 2013) as it has manifold 
implications for the environment and human health; especially energy based on fossil fuel 
degrades the environment, and negatively affects the human health. So, to avoid these negative 
ramifications of climate change, emissions need to be curbed, which indicates a necessity to end 
our reliance on fossil fuels and invest in alternate enegy sources that are clean, accessible, 



Royal, S., Kaushik, N., Chander, R., Chaudhary, N. (2023). A Nexus between Sustainability, Openness, 
Development, and Urbanization: Panel Data Evidence from QUAD Nations. 

180 

economical, sustainable, and relevant. The only choice seems to be non-conventional. Renewables 
offer a pathway out of import dependency and provide energy security for sustainable growth, 
employment opportunities, and a way out of a vicious cycle of poverty. Correspondingly, the 
International Renewable Energy Agency (IRENA) estimates that ninety per cent of the world’s 
electricity will come from renewable energy by 2050. In the prior studies, total energy systems 
(including conventional and non-conventional energy sources) have been included, but very few 
have attempted to analyse it from the renewable energy perspective. So, there is a need for stringent 
environmental policies which could shift consumption from conventional to non-
conventional energy sources and enlarge the scope for renewable energy markets as investors 
always look for an investible pipeline of green projects, which turns out to be supportive for 
accelerating growth of the non-conventional energy sources. Therefore it is important to 
revisit trade openness in consonance with the development with the purpose of understanding 
the sustainability of the ensuing outcomes. The study has preferred FDI flows over exports 
as it better explains the perspectives of both developed as well as emerging economies. Later 
the developed country perspective of FDI is to exploit the opportunities arising out of robust 
demand in emerging economies and the latter perspective, i.e. developing economies, is to 
seek investment for the import substitution, particularly in India.  

All this necessitates the researchers to find the intertwined statistical relationship of 
urbanisation, openness and sustainability to further magnify sustainability orientations. 
Therefore, the present study endeavours to examine the association amid four multifaceted 
dimensions named development, openness, urbanisation, and sustainability by utilising the 
“PMG-ARDL model” for the QUAD countries over the period of 1991 to 2019 to investigate 
the said phenomenon with a view to achieve these study objectives: Firstly to analyse the 
influence of Trade Openness, GDP growth and urbanisation on the environmental 
sustainability in QUAD countries and secondly to put in perspective the underlying causal 
relationship between the Openness, GDP, Urbanization, and sustainability in QUAD 
countries for progressive policy reforms and sustainable development.  

It is worth noting that a few studies have investigated the linkage of these variables altogether 
in the context of the QUAD countries and the QUAD countries have achieved development 
milestones over time. A study of this kind is expected to help guide the policy disposition of 
the nation-states striving for development in a net zero era. The paper has been organised 
into the following sections: The details of the literature review have been elucidated in section 
2. The econometric methodology has been highlighted in section 3. The study's empirical 
findings are discussed in section 4. Further, section 5 brings the study to a close by providing 
the concluding remarks in a most comprehensive way. 

 

2. Literature Review 

In this section, an attempt has been made to précis all the previous studies associated with 
the subject matter. Table I reviews all the related studies. The literature has been scrutinised 
on the basis of a time period, sample, the methodology adopted for the study, and the findings. 
Further, the study tries to institute the trends among different variables based on the preceding 
literature. 
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 Table 1 summarises the findings of the preceding literature. 

Table 1. Reported summary of the literature analysed 
Authors Time 

period 
Tools and Technique Findings 

Yang et 
al.,(2021) 

1990-2017 Panel co-integration, 
pair-wise non-causality 
test, and FMOLS. 
 

This study investigates the impact of globalisation, 
financial development, and energy utilisation on 
environmental sustainability in the GCC countries, where 
results define bidirectional causality between 
Urbanization & GDP growth. 

Murshed et 
al., (2021) 

1972-2015 ARDL approach. The study indicates that attracting the FDIs, having the 
potential of making use of knowledge spillover effects to 
facilitate the country's renewable power generation, helps 
in achieving the goals of security of energy and 
environmental sustainability. 

Han et al., 
(2021) 

1990-2018 Quantile Regression  The government needs to increase the share of renewable 
energy in the industrial production and export sector, 
which could have a good impact on country trade, and 
further account for a friendly environment along with 
sustainable performance. 

Baloch et al., 
(2021) 

1990-2017 PMG-ARDL  The paper investigated and revalidated the relevance of 
the EKC hypothesis for OECD countries in the context of 
development, globalisation, and energy innovation. 
Globalisation has a prolonged relationship with energy 
innovation which further reduces GHG emissions. 

Gyamfi et al., 
(2021) 

2000-2018 PMG-ARDL, OLS, 
DOLS and FMOLS 

The study reported a pivotal role of bio-energy 
consumption in creating a green and sustainable 
environment, thus signifying the relevance of renewable 
energy sources in environmental well-being. 

Adewale 
Alola et al., 
(2021) 

2000-2016 ARDL estimate The paper reasserts the relationship between sustainability 
Goal 7(Access to green energy) & Goal 12 and economic 
growth. The investigation exhibits a long-term 
equilibrium betwixt economic expansion, renewable 
accessibility, and innovation capacity leading to better 
development indices. 

Adebayo et 
al., (2021) 

1965-2019 ARDL, FMOLS and 
DOLS 

This study found uni-directional causality running from 
urbanisation to economic growth and a significant 
association between economic growth and trade openness. 

Zhang et al., 
(2021) 

1990-2017 AMG estimator, Panel 
bootstrap Granger 
causality 

This study contributes to the existing literature by 
suggesting policy implications for a sustainable 
environment explaining that an increase in the share of 
urban investment is highly momentous for environmental 
sustainability. 

Arif et al., 
(2020) 

1980-2018 ARDL approach. 1.  In the long run, financial development and trade have 
major effects on economic growth in selected sample 
economies. 

2. ‘Complementarity hypothesis’ is also supported 
regarding the above variables. 

Le & Bao, 
(2020) 

1990-2014 Westerlund co-
integration test and 
AMG estimator 

This study investigates the role of non-renewable and 
renewable energy consumption in sustainable 
development in 16 Latin America and Caribbean 
Emerging Markets and Developing Economies. The study 
concludes that economic growth is influenced positively 
and considerably by renewable energy consumption and 
trade openness. 
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Authors Time 
period 

Tools and Technique Findings 

Sheikh et al., 
(2020) 

1995-2018 ARDL approach of co-
integration 

This study is an attempt to empirically examine the 
implications of trade openness on sustainable 
development in India since the liberalisation policy in 
1991. These findings back up environmentalists and social 
critics who claim that advanced economic activity and 
trade openness is linked to increased welfare expenses in 
India. 

Olorogun et 
al., (2020) 

1970-2018 ARDL, Toda-
Yamamoto Granger 
Causality Test 

The current study focuses on the FDI-led economic 
growth hypothesis if it holds or not and concludes that 
FDI impacts Economic Growth. Foreign investment and 
Financial development are good predictors for sustainable 
economic growth. 

Tecel et al., 
(2020) 

1995-2016 PMG-ARDL This study has tried to explore the impact of FDI on 
economic growth as a control variable and it concluded 
that there is a uni-directional causality between foreign 
investment and economic growth. 

Udi et al., 
(2020) 

1970-2018 ARDL, Bayer-Hanck 
Co-integration 
approach 

There is a one-way causal link running from FDI to 
industrialisation. Also, industrialisation validates a 
significant impact on economic growth both in the short 
and long run. 

Belloumi & 
Alshehry, 
2020) 

1971-2016 ARDL co-integration 
approach 

This study examines the impact trade openness has on 
sustainable development in Saudi Arabia and the key 
findings are. 
1. Financial development-favourable impact on 
environmental sustainability 
2. Foreign direct investment (FDI) is a good driver of 
economic growth. 

Manta et al., 
(2020) 

2000–
2017 

FMOLS, VECM, and 
Pair-wise Granger 
causality test 
 

The aim and novelty of this study consist of estimating the 
nexus between energy and economic growth and the 
major findings are- 
1. Betwixt economic growth proxied as GDP and financial 
development variables, there is bidirectional causality. 
2. In the short term, increased economic growth and 
energy consumption encourage a rise in financial 
development. 

Basu et al., 
(2020) 

1990–
2015 

VECM, FMOLS, 
DOLS, and Granger 
causality 

In this study, a causal relationship among economic 
growth, urbanisation, energy consumption, renewable 
energy share, trade openness and carbon emissions in the 
context of a large developing economy of India has been 
and the outcome establishes Bidirectional causality 
1. Betwixt trade openness & economic growth, 
2. Betwixt urbanisation & economic growth 
3. Betwixt trade & renewable energy 
4. There is a one-way connection from growth to 
renewable energy, 

Ali et al., 
(2020) 

1971-2014 FMOLS, DOLS, CCR 
Estimation 

 This paper revealed the existence of a Uni-directional 
relationship from Urbanization to Electricity Consumption 
leading to Economic Growth, but in the long term, 
urbanisation impedes growth. 

Nathaniel & 
Bekun, (2020) 

1971-2015 VECM, Pesaran’s 
autoregressiv 
distributive lag 
cointegration  

This study tries to model urbanisation, trade flow and 
energy consumption with regard to the environment and it 
was concluded that Economic Growth, Energy 
consumption and urbanisation has a negative impact on 
environmental quality. 
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Authors Time 
period 

Tools and Technique Findings 

Gyamfi et al., 
(2020) 

1980-2018 PMG-ARDL The study reported a uni-directional casual association 
betwixt trade and CO2 emissions. The study further 
established the significance of emission reduction targets 
and the adoption of greener technology for a better 
tomorrow.  

Intisar et al., 
(2020) 

1985-2017 Panel co-integration 
tests, FMOLS and 
DOLS. 

This study was aimed at analysing the impact of trade 
openness on economic growth and the bidirectional 
causality between Trade openness and Economic growth 
was reported in it. 

Fan et al., 
(2018) 

1992-2012 SEM This study investigates whether large cities are in sync 
with the region in terms of population dynamics, 
urbanisation, and sustainability and it was found that 
economic development has a stronger impact on 
urbanisation as per the selected sample. 
 

Faisal et al., 
(2018) 

1965-2013 ARDL, VECM, and 
Granger causality 

The outcome reveals that economic growth, urbanisation, 
and trade have a positive and significant long-term and 
short-term impact on electricity consumption for the 
selected sample. 

Haseeb et al., 
(2018) 

1995-2014 Dumitrescu-Hurlin 
Granger causality test 
and FMOLS. 

This study established the relationship between energy 
consumption, financial development, globalisation, 
economic growth, and urbanisation and the findings 
suggest that there is a two-way causality betwixt growth, 
GDP, and financial development. 

Rafiq et al., 
(2016) 

1980-2010 
2001-2010 

Panel Unit root, panel 
regression, co-
integration test, 
FMOLS, and DOLS. 

This paper analyses the impact of urbanisation and trade 
openness on emissions and energy intensity in twenty-two 
increasingly urbanised emerging economies. The findings 
show that openness reduces both emissions and energy 
intensity; urbanisation, on the other hand, greatly 
increases energy intensity.  

Asumadu-
Sarkodie & 
Owusu, 
(2016) 

1971-2012 ARDL 
regression,Granger 
causality test 

The study examines the causal relationship between 
energy use, carbon dioxide emissions, GDP, 
industrialisation, financial development and establishes a 
long-run equilibrium causality amongst GDP, population, 
financial development, and energy use. 

Asif et al., 
(2015) 

1980-2011 Panel Unit root and co-
integration tests, Panel 
causality tests, FMOLS 
and DOLS,  

This study addresses the problem of environmental 
degradation due to the faster-growing energy consumption 
and urbanisation for supporting economic growth and the 
research unfolds that urbanisation has a favourable impact 
on economic growth and that urban planning contributes 
to long-term sustainability for specified countries. 

Were, (2015) 1991-2015 Panel Regression 
analysis 

This study has focused on the relationship between trade 
openness and economic growth, and it was found after 
analysis that economic growth is influenced positively and 
significantly by trade. 

Note: “OLS= Ordinary least square, FMOLS= Fully modified ordinary least square, ARDL= Autoregressive 
distributive lag, ECM=Error correction model, DOLS= Dynamic ordinary least square, AMG=Augmented mean 

group, PMG= pooled mean group.” 
Source: Author Compilation. 

 

Capitalising on the academic context, an empirical feature of previous writings intended to 
appraise the association amid economic progress and environmental milieu, neither of the 
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studies has taken all the variables together which have been considered in our study, nor does 
any study cover the time frame as we have taken from 1991 to 2019. Therefore, this paper is 
an improvement over the previous inquiries and a justified effort to look into it the 
interrelationship between GDP, Openness, Urbanisation, and Sustainability in the case of the 
QUAD region. 

Previous studies have reported that trade openness has a noteworthy relationship with GDP 
(Belloumi & Alshehry, 2020b; Chang et al., 2009; Dollar & Kraay, 2004; Frankel & Romer, 
1999; Freund & Bolaky, 2008; Were, 2015b) and the same has been reported by the Keho 
(Keho, 2017) in a study by using the “ARDL” and “Toda & Yamamoto Granger causality” 
tests. Moreover, the study done by (Ali et al., 2020; Asif et al., 2015; Baloch et al., 2021; 
Basu et al., 2020; Faisal et al., 2018; Gyamfi et al., 2020; Nathaniel & Bekun, 2020; Rafiq et 
al., 2016) has reported a positive and considerable influence of FDI (openness), and 
urbanisation on sustainability.  

The uniqueness of this study is reflected in its approach to examine the above-reported notion 
amongst QUAD countries by using moderately advanced & robust econometric approaches 
for empirical analysis where the exploration comprises the data suitability and availability of 
the reported examined variables since liberalisation policy 1991. To the best of our 
knowledge, there is no such collaboration which quantifies the effect of Urbanization, 
Openness, GDP and Sustainability in the context of QUAD countries. The aforementioned 
conflicting results reported in the literature review can be attributed to the varying 
econometric methodology adopted, sample size taken, and the variables considered as a 
proxy for openness, development, and sustainability. 

 

1. Data and Model Estimation 

The balanced panel for QUAD countries (the strategic group including four nations, i.e., US, 
Japan, Australia and India) from 1991 to 2019 has been utilised for this study. Four variables, 
viz. GDP, Openness (which is proxied by FDI influx), Sustainability (proxied by total 
renewable energy generation per year), and Urbanization (indicated by the size of the 
population living in urban areas). The World Bank (2019) Development Indicator(Banco 
Mundial, 2019) and Our World in Data(Ritchie et al., 2021) is the primary source of data for 
the reported study. Further, the data has been described in table 2 presented below. 

Table 2. Variables 
Variable Narrative Representation Dimension Data-Source 
Gross Domestic Product GDP Million US$ WDI 
Openness OPEN Million US$ WDI 
Sustainability REN GWH (Gigawatt hour) Ourworldindata.org 
Urbanisation URB Million persons Ourworldindata.org 

Note: WDI= world development indicator retrieved from World Bank repository + 
Source: Author compilation 
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3.1. Model Estimation 

Though there were multiple studies that have jointly perceived the interconnection of 
Conventional and non-conventional sources of energy with carbon-di-oxide 
emanations(Inglesi-Lotz & Dogan, 2018; Nguyen & Kakinaka, 2019; Shakouri & 
Khoshnevis Yazdi, 2017), the reported study have practically implemented the notion 
concisely for the QUAD-countries. Moreover, our investigation distinctively integrated 
sustainability to replace resource-rent in the study conducted by Festus Victor Bekun (Bekun 
et al., 2019) such that: 𝐑𝐄𝐍(𝐱) = f୶(OPEN, GDP, URB) 

 
(1) 𝐥𝐧𝐑𝐄𝐍(𝐱)𝐢,𝐭 = α୶ଵ + β୶,ଵଵlnOPEN୶,୧,୲ + β୶,ଵଶlnGDP୶,୧,୲ + β୶ଵଷlnURB୶,୧,୲ + εଵ୶,୧,୲ (2) 

The current time-series utilises a logarithmic transformation to have a constant variance. In 
the estimated equation, Sustainability (REN) is the output variable. Here, x represents the 
country (x= USA, Australia, Japan, India). Also, lnRENx,i,t against lnOPENx,i,t, lnGDPx,i,t, and 
lnURBx,i,t  signify the logarithmically modified dependent variable vs the independent one, 
αx1denotes the intercept value, βx,1i(i= 1,2,3) is the slope measurement, and ε1x,i, t  is the white-
noise error term.  

Because of the prejudices generated by the association amid the mean-differenced self-
explaining variables and the white-noise term, the typical “ARDL model” is unqualified for 
adjusting biases specifically in panel-data studies with singular repercussions. Therefore, a 
blend of PMG-estimator advanced by Hashem Pesaran and others (Pesaran et al., 1999)and 
ARDL-approach deliver a correcting brace to the challenges divergent to the inapt “dynamic-
panel generalised method of moments” estimators (Sarkodie & Strezov, 2019). Also, to avoid 
the problem of endogeneity and homogeneity, this approach is very much relevant, because 
simple ARDL is inefficient to do so. 

Conflicting to prevailing techniques presented(Destek & Sarkodie, 2019; Sarkodie, 2018; 
Sarkodie & Strezov, 2019), the investigation utilises “PMG-ARDL6” conduit exploited in an 
investigation conducted by Sarkodie and Strezov(Sarkodie & Strezov, 2018), expressed as: 

∆lny୶,୧,୲ = ∅୶,୧ECT୶,୧,୲ + ∆୯ିଵ
୨ୀ lnZ୶,୧,୲ି୨ + φ୧,୨.∆୮ିଵ

୨ୀଵ lny୶,୧,୲ି୨ + ε୶,୧,୲ 
 

(3) 

ECT୶,୧,୲ = y୶,୧,୲ିଵ − Z୶,୧୲θ (4) 

Where, x represents the country (x= USA, Australia, Japan, India) and y represent the 
dependent variable (REN), Zdenotes the regressors (GDP, OPEN, URB) with equivalent lags 
across specific cross-sectional units i in time t, Δ indicates the difference operator, ϕ denotes 
the correction quantity, θ signifies the associated long-run coefficient that generates two 
estimates i.e.β and φ after realising the convergence, and ε signifies the associated error 
quantum. 

                                                            
6 Pooled Mean Group Autoregressive Distributed Lag 
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The present investigationembodies a three-phase approach for its empirical investigation. 
Starting with testing the stationarity of the distinct time-series, for robustness, two tests were 
utilised, i.e., “augmented Dickey-Fuller” and “Phillips-Perron” test. (ii) The Co-integration 
amid the reported variables is investigated to ascertain the prolonged association, popularised 
by Hashem Pesaran (Pesaran et al., 1999). (iii) Finally, causativeness among the variable has 
been analysed using pair-wise Granger-causality testing. 

 

4. Results and Discussion 

The maiden investigation of data has been done by utilising the descriptive statistics 
technique, the fallouts have been presented in Table 2. 

The preliminary investigation validated that the average GDP value for the USA is the 
highest; also, the USA bears the highest deviation value in terms of GDP; for openness, the 
average value for the USA is the highest, and also, the same bears the maximum deviation 
from the mean. Similarly, in the case of sustainability, which is represented by renewable 
potential again, the US stood tall both in terms of mean value and deviation from the mean. 
But the story is altogether different for urbanisation, where India exceeds all both in terms of 
mean and deviation. All the series are positively skewed except for the urbanisation in the 
case of Japan. The empirical investigation is performed on a panel of 464 observations. 

Table 3. Descriptive Statistics 
  Mean Maximum Minimum St. Dev Skewness Kurtosis JB 

Variable: GDP 
USA 12939023 21433226 6158129 4525445 0.18404 -1.07073 3.135933 
Japan 4795388 6203213 3584420 594878.2 0.529353 0.805085 1.595327 
Australia 816101.1 1576184 311549.3 464609.1 0.362352 1.482275 3.417993 
India 1150803 2868929 270105.3 846114.1 0.677728 -0.92438 1.486067 

Variable: Openness 
USA 224839.1 511434 30310 129541 0.264398 2.346654 0.85367 
Japan 10168.16 40954.18 2396.91 11218.77 1.201554 3.755322 7.6674 
Australia 47366.68 651526.7 -25093.1 118378.9 4.805115 25.10692 70.1293 
India 18660.47 50610.65 73.53764 17708.61 0.392038 1.518105 3.39637 

Variable: Renewable Energy 
USA 443.812 760.9588 284.4502 131.395 1.181069 3.315838 6.862673 
Japan 115.2779 195.0887 77.96449 26.89069 1.517807 4.695101 14.60672 
Australia 24.72605 55.34499 16.37845 10.87116 1.393209 3.899023 10.35827 
India 131.824 296.7803 70.26861 64.92055 0.914111 2.848789 4.066359 

Variable: Urbanisation 
USA 234.7923 270.663 191.5091 24.00761 24.00761 1.867846 1.73918 
Australia 17.68268 21.84476 14.76106 2.196339 0.414229 1.890219 2.317532 
Japan 107.7524 116.4162 96.00532 8.178042 -0.21817 1.305682 3.698835 
India 339.8807 471.0315 228.9228 74.2184 0.18165 1.80077 1.89725 
Note: Time-Period For The Study Is From 1991 To 2019. “St. Dev = Standard Deviation”; “J.B= Jarque-Bera 

Test” 
Source: Author Compilation. 
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Supplementary, we utilise a correlation investigation to inspect the affiliation amid the 
variables that are to be appraised. The results are presented in table 4. 

Table 4. Analysing the association between variables 
    “lnGDP” “lnOPEN” “lnREN” “lnURB” 
USA 

     
 

lnGDP 1 
   

lnOPEN 0.8433 1 
  

lnREN 0.7644 0.5627 1 
 

lnURB 0.9979 0.8457 0.7656 1 
Australia 

     
 

lnGDP 1 
   

 
lnOPEN 0.8597 1 

  

lnREN 0.8559 0.757 1 
 

 
lnURB 0.9518 0.8476 0.9392 1 

Japan 
     

 
lnGDP 1 

   

lnOPEN -0.0668 1 
  

lnREN 0.1698 0.5222 1 
 

lnURB 0.5713 0.5903 0.6622 1 
India 

     
 

lnGDP 1 
   

lnOPEN 0.9209 1 
  

lnREN 0.9671 0.838 1 
 

lnURB 0.9905 0.9338 0.9476 1 

Source: Authors Compilation 

 

It is quite evident from the aforementioned table 4 that there exists a significant positive 
correlation among variables in most of the cases. But a few variables also show an inverse 
correlation, as presented by openness and GDP in the case of Japan. It is worth mentioning 
that the correlation estimates are not alone adequate to validate any ramifications. So, the 
econometric analysis has been employed, as the econometric techniques are more consistent 
in authenticating or contradicting the objects of the investigation. 

To avoid the spurious regression trap, it is obligatory to perform a stationarity analysis. The 
unit-root statistics have been conveyed in Table 5; we noticed that all of the required variables 
are first-difference stationery barring urbanisation in the case of Japan. Thus, the broad 
conclusion can be devised that all the series are of mixed-order integration barring 
urbanisation in Japan, as reported in table 4. 

So, as the “rule of thumb” says, either we should drop the country or the variable from the 
subsequent analysis to get relevant regression results. There we should drop Japan from the 
co-integration analysis. The subsequent step after testing the “stationarity” is to proceed with 
investigating the magnitude of co-integration, as stated in Table 6, through the “PMG-
ARDL” model. The model is applied separately for each of the sample country panels.  
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Table 5. Unit-root statistics for data stationarity 

  “ADF statistics” “PP statistics” 
    L0 D1 L0 D1 
USA      
GDP t-value -1.424 -2.933* -2.381 -2.995** 
OPEN t-value -2.207 -5.4635*** -2.5063 -5.461*** 
REN t- value 0.342 -5.647*** 0.4815 -5.647*** 
URB t- value -2.696* -1.322 13.550*** -1.322 
Australia      
GDP t-value -0.558 -3.866*** -0.606 -3.870*** 
OPEN t-value -0.972 -6.589*** -2.451 -29.463*** 
REN t- value 1.512 -5.465*** 3.568 -5.460*** 
URB t- value -1.536 -4.401*** -1.536 -4.376*** 
Japan      
GDP t-value -2.863* -3.954*** -2.840* 0.007*** 
OPEN t-value -2.226 -6.939*** -2.149 -6.933*** 
REN t- value -0.0734 -8.339*** 0.724 -8.211*** 
URB t- value -1.918 -1.11 -1.145 -1.302 
India      
GDP t-value -0.041 -4.725*** -0.0452 -0.0452*** 
OPEN t-value -3.888*** -4.6296*** -3.888*** -4.666*** 
REN t- value 0.724 -5.261*** 1.639 -5.275*** 
URB t- value 0.213 -1.652* 26.514 -1.652* 

Note: “*= significant at 10%, **= significant at 5%, ***= significant at 1%" 

L0 andD1 represent the statistics at the level and first difference, respectively 

Table 6. PMG- ARDL estimates 
Model: lnREN= F(OPEN, GDP, URB)  

Variable Coefficient Std. Error t- Statistics Probability 
USA: Model PMG-ARDL(2, 1, 0, 1) 
“Long-run” 
lnOPEN -1.44127 1.164 -1.237 0.231 
lnGDP -3.37386 5.9823 -0.563 0.5793 
lnURB 32.903 30.43108 1.08125 0.2931 
“Short-run” 
ECT -0.1316*** 0.02765 -4.7613 0 
lnOPEN -0.1126* 0.0574 -1.9622 0.0645 
lnGDP -0.4442 0.67 -0.662 0.5157 
lnURB 37.577* 18.53 2.027 0.056 
Constant 13.673*** 4.435 -3.082 0.006 
AUSTRALIA: Model PMG-ARDL(3,4,2,2) 
“Long-run” 
lnOPEN -0.81402*** 0.2183 -3.72887 0.003 
lnGDP 0.87321 0.30806 2.83445 0.017 
lnURB 7.43143*** 1.1128 6.6776 0 
“Short-run” 
ECT -0.2419*** 0.0985 -7.53274 0 
lnOPEN -0.0856*** 0.02721 -3.14738 0.01 
lnGDP 0.6323*** 0.19448 3.2517 0.008 
lnURB -18.3644*** 5.17114 -3.551 0.005 
Constant -15.8863*** 2.70483 -5.87331 0 
INDIA: Model PMG-ARDL(3, 4, 0, 3) 
“Long-run” 
lnOPEN -0.071*** 0.0168 -4.2288 0.001 
lnGDP 0.093 0.061 1.531 0.1539 
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lnURB 1.8314*** 0.224 8.1522 0 
“Short-run” 
ECT2 -0.2019*** 0.365 -8.755 0 
lnOPEN 0 0.0525 -0.004 0.996 
lnGDP 0.299 0.2 1.495 0.162 
lnURB -135.296*** 41.261 -3.2789 0.007 
Constant -14.365*** 2.309 -6.22 0 

Note: Number of Observation= 348. Information Criteria- “Akaike Information Criterion (AIC)” 

“*** denotes the 1% significance level, 
** denotes the 5% significance level, 
* denotes the 10% significance level” 

 

The outcomes demonstrate a vigorous appraisal with a convergence speed of 13%, 24%, and 
20% for the USA, Australia, and India with the assistance of additional regressors toward 
their stability path, respectively. In the case of the USA, there is no long-term association 
amid sustainability and other variables. But in the case of both Australia and India, the study 
perceives a destructive affiliation amid sustainability and openness. As a 1% proliferation in 
investment gives birth to a matching0.81% decrease in sustainability in Australia and 0.07% 
in India, which means that in the prolonged period, openness will deteriorate the environment 
quality, as companies will utilise the conventional sources of energy, which are cheap, rather 
than the greener one which is expensive, thus negatively impacting the sustainability. Also, 
the study witnesses a constructive association between sustainability and urbanisation both 
in the case of Australia and India. As a 1% increase in urbanisation corresponds to a 7.4 % 
and 1.83% increase in sustainability for Australia and India, respectively. The reason being 
the sustainability is imperative to healthy living in order to make cities better for living; the 
urban areas will promote sustainable sources of energy, which in turn leads to sustainability. 
In the immediate run, openness has an adverse effect in all three sample countries, though it 
is statistically insignificant for India. There is a positive relationship between GDP and 
sustainability in the case of Australia which means the country supports sustainable 
development even in the short run. Nonetheless, in the case of the USA, the relationship is 
inverse, though it is statistically insignificant. Both India and Australia show a negative 
relationship between urbanisation and sustainability, which means that the rapid urbanisation 
in the immediate run could lead to adverse environmental conditions, as we saw in the case 
of Delhi and Gurugram(Liang & Yang, 2019).7 

In order to examine the robustness of the given model, we conducted a “CUSUM and 
CUSUMQ test”, the assessment is centred on the “cumulative sum of recursive residuals” 
and “cumulative sum of squares of recursive residuals”. Rendering to the below-mentioned 
figure, there are not any kind of instability issues in the case of the USA, Australia, and India.  

                                                            
7 “Error Correction Term” 
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Figure 1. Plots of CUSUM and CUSUMQ tests for the USA, Australia, and India. 

Source: Author Compilation 
 

Table 7 represents the pair-wise granger-causality examination. The panel-causality 
investigation allows for the examination of the causality direction amid variables in a 
heterogeneous panel. It is to be noted that in all three countries, there is no Granger causality 
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between openness and sustainability. Further, in the case of the US and India, both present a 
bidirectional causality between sustainability and urbanisation. Similarly, in the case of 
Australia, there is bidirectional causality between GDP (i.e. development and openness) and 
in the case of India, this relation is bidirectional.  

Table 7. Pair-wise Granger Causality Analysis 
HO F-Statistic Prob. Causality 
USA    
lnOPEN doesn’t cause lnREN 0.00 0.98 OPEN≠REN 
lnREN doesn’t cause lnOPEN 2.23 0.14  
lnGDP doesn’t cause lnREN 2.59 0.12  
lnREN doesn’t cause lnGDP 4.15** 0.05 REN→GDP 
lnURB doesn’t cause lnREN 2.76* 0.10 REN↔URB 
lnREN doesn’t cause lnURB 8.81* 0.07  
lnGDP doesn’t cause lnOPEN 3.48* 0.10 GDP→OPEN 
lnOPEN doesn’t cause lnGDP 0.81 0.37  
lnURB doesn’t cause lnOPEN 3.00* 0.09 URB→OPEN 
lnOPENdoesn’t cause lnURB 0.81 0.37  
lnURB doesn’t cause lnGDP 1.87 0.18 URB≠GDP 
lnGDPdoesn’t cause lnURB 0.13 0.71  
AUSTRALIA    
lnOPEN doesn’t cause lnREN 0.41 0.6658 OPEN≠REN 
lnREN doesn’t cause lnOPEN 1.64 0.2151  
lnGDP doesn’t cause lnREN 1.26 0.3021 GDP≠REN 
lnREN doesn’t cause lnGDP 0.49 0.6174  
lnURB doesn’t cause lnREN 2.22 0.1316  
lnREN doesn’t cause lnURB 3.35** 0.0533 REN→URB 
lnGDP doesn’t cause lnOPEN 4.26** 0.0272 GDP↔OPEN 
lnOPEN doesn’t cause lnGDP 2.97* 0.0720  
lnURB doesn’t cause lnOPEN 4.04** 0.0320 URB→OPEN 
lnOPEN doesn’t cause lnURB 2.32 0.1214  
lnURB doesn’t cause lnGDP 0.71 0.5006  
lnGDP doesn’t cause lnURB 2.64* 0.0937 GDP→URB 
INDIA    
lnOPEN doesn’t cause lnREN 1.39 0.2677 OPEN≠REN 
lnREN doesn’t cause lnOPEN 1.86 0.1792  
lnGDP doesn’t cause lnREN 3.05* 0.0673 GDP→REN 
lnREN doesn’t cause lnGDP 1.04 0.3678  
lnURB doesn’t cause lnREN 2.79* 0.0827 URB↔REN 
lnREN doesn’t cause lnURB 3.19* 0.0606  
lnGDP doesn’t cause lnOPEN 6.66*** 0.0055 GDP→OPEN 
lnOPEN doesn’t cause lnGDP 1.56 0.2324  
lnURB doesn’t cause lnOPEN 2.14 0.1413 URB≠OPEN 
lnOPEN doesn’t cause lnURB 0.20 0.8194  
lnURB doesn’t cause lnGDP 6.24*** 0.0071 URB↔GDP 
lnGDP doesn’t cause lnURB 6.12*** 0.0077  

Note: “The direction of the arrows represents the trend of the causativeness.”≠ represents no relationship, “***, 
**, * denotes the statistical significance at the 1%, 5% and 10% level.” 

 

5. Conclusion and Policy Recommendations 

The sustainability literature has well-documented the relationship between capital flows, 
urbanisation and sustained development in previous researches. With increasing global 
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warming-induced environmental concerns, energy consumption patterns is receving wider 
global attention both in the developed and the large-sized emerging economies, more so 
carbon emission and renewable energy consumption. But no such investigation has focused 
particularly on sustainability which is proxied in our result through renewable energy 
production output. The study lengthens the literature via incorporating the urbanisation 
represented by the total urban population for the selected QUAD countries (USA, Japan, 
Australia, and India) over the period 1991–2019, which is also unique as, to my knowledge, 
no such study has been conducted on QUAD countries; also the previous studies were 
restricted to the time period of only up to 2014.  

In the long run, the findings are pretty much curious. For the USA, there is no long-term 
association amid sustainability and other variables (Basu et al., 2020; Faisal et al., 2018; Le 
& Bao, 2020). But in the case of both Australia and India, the study presented a destructive 
association amid sustainability and openness, which are in line with the findings of Rafiq, 
Baloch & Bekun; Gyanfi (Baloch et al., 2021; Gyamfi et al., 2020; Rafiq et al., 2016) Also, 
there is a presence of a positive association between sustainability and urbanisation, which 
has also been seen true in the previous studies (Ali et al., 2020; Asif et al., 2015) both in the 
case of Australia and India. 

The causativeness between the reported variables has been verified by utilising the pair-wise 
granger causality test. It is to be eminent that in the USA, Australia and India, there is no 
Granger causality between openness and sustainability. Further, in the case of the US and 
India, there is a presence of bi-directional causality between sustainability and urbanisation. 
Similarly, in the case of Australia, there is bidirectional causality between GDP and openness 
which is in line with Belloumi & Alshehry, Gries, Manta and Were(Belloumi & Alshehry, 
2020; Gries et al., 2012; Manta et al., 2020; Were, 2015), implying that the higher growth 
rates lead to more open and free trade regimes and in the case of India, this relation is uni-
directional (Belloumi & Alshehry, 2020; Were, 2015). In the short run, results are pretty 
mixed. The acceptable elucidation to this is attributed, that there may be other factors working 
and the heterogeneity between the sample countries. 

For an economy in order to be resource-efficient and environmentally benign, economic 
growth should be both rapid and sustainable, so it is the responsibility of policymakers to 
take appropriate steps to cope with the problems related to environmental sustainability as 
the environment and trade policy in the economies are intertwined in a similar way. 

The nations should come up with a policy prioritising both foreign direct investment as well 
as environmental sustainability. The policy should be formed in such a way that it encourages 
foreign investment in green innovations.  

India and Australia should learn from Japan as well as other developed economies where FDI 
are bringing in technologies which are less deteriorating and more energy efficient. For this, 
there needs to be a presence of stricter environmental protocols along with eased investment 
avenues. Thus the FDI should be promoted without compromising the environmental 
protection needs, which leads to sustainable development in the long run. Further, the techno 
policy innovative imports to reduce environmental degradation should also be promoted and 
MNCs should be encouraged to set up interpersonal green energy grids, so that it may benefit 
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both the host as well as home countries and act as an instrument of development at both 
regional as well as global level.  

As in India and US, there is a presence of bi-directional causality between sustainability and 
urbanisation; here, the government should give priority to urban planning as it increases the 
livability of the cities and keep the avenues open for novel ideas and technologies. There is 
a need to put in place an urban development policy that will accommodate the rate of 
urbanisation and an energy policy that will ensure the sustainability of energy consumption 
in the long run. The initiatives like Power purchase agreement and the adoption of green 
bonds for energy infrastructure such as transport network, waste management system and 
water supply needs to be taken on a priority basis at a local level, which further reduces 
energy-related imports and transforms the economy into a green economy, which is the best 
way to combat the environmental challenges emanating from economic growth. 

Also, with increasing energy demand in urban areas, it becomes a necessity rather than a 
compulsion to provide affordable energy sources. In order to do so, people are shifting 
towards personal rooftop power grids based on solar energy. The efforts at a popular level in 
the form of subsidisation schemes should be promoted to provide affordable renewable 
energy.  

Awareness also plays an important part in non-conventional energy choices, so the 
government should come up with a sustainable development-centric awareness programme 
with due consideration to the environment and encourages the adoptability of greener as well 
as efficient energy choices. 

Consequently, all the QUAD member states included in the investigation are party to the 
“Kyoto Protocol and Paris agreement”. Even so, there subsists a necessity to preserve the 
impetus concerning sustainability in the grace of arousing inclusive awareness concerning 
the realisation of a sustainable setting. In light of this, an auxiliary investigation of the scope 
of the present study should embrace additional republics to capture a better contextual 
outlook of the topic. Moreover, further researches may also take into consideration other 
drivers of sustainable development such as human development, technological attunement 
and advancement, domestic savings and investments, as well as the contract enforcement 
efficiency of legal systems, which are not examined in this research in addition to the 
extended time horizon of the study to capture the better outlook of the aforementioned idea 
of sustainable ecosystems. 
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