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a b s t r a c t 

It is important to unearth the role of structural change factors for sustainable growth in developed

economies. Economic complexity, export product quality, and institutional indicators represent the overall

structural change and transformation in an economy. This paper probed the influence of export product

quality and economics of complexity on economic growth for 28 OECD (Organization for Economic Co- 

operation and Development) countries using the data from 1990 to 2019. In doing so, the study employs

three-panel data econometric models to investigate the role of economic complexity, export quality, and

institutional quality on economic development. The paper performs the empirical tests, including the

cross-sectional related dependency methods and cointegration techniques. As per the results emerging

from fully modified OL S (FMOL S) and dynamic OL S (DOL S) estimation, export quality and financial devel- 

opment positively and significantly strongly impact growth in the long run. The empirical conclusions re- 

port detailed discussion on sustainable growth and discuss novel implications concerning product quality

and institutional performance. The conclusions stress the practical implications for sustainable economic

growth of OECD economies.

© 2022 Elsevier B.V. All rights reserved.
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. Introduction

Over the last decade, there has been rising research in de- 

cribing and analyzing countries’ productive structures. New mea- 

ures of the economic complexity index have been developed to 

etermine the sophisticating nature of the procedure of produc- 

ion making and gains from trade. According to Hidalgo and Haus- 

ann (2009) , the economic complexity helps to analyze coun- 

ries’ productive capacities and the product quality of exports. 

ince they are more effective in estimating economic growth than 

raditional predictors, like GDP per capita, they are now widely 

sed ( Hausmann et al., 2014 ). Economic complexity occurs in a 
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ountry if it can produce diversified products and export prod- 

cts have a more complex production structure. More specifically, 

conomic complexity is the expanse of productive knowledge a 

ountry possesses that impacts economic performance. According 

o Lapatinas et al. (2019) , it has been observed empirically that 

ountries with higher complexity tend to gain additionally from 

rade and have a high degree of trade openness. Countries with ad- 

anced levels of economic-based complexity have higher economic 

apabilities since they utilize more intensive technology and high 

killed labor ( Hartmann et al., 2017 ). 

The existing literature has unquestionably established that the 

p-gradation of exports and export quality contributes to economic 

rowth ( Hausmann et al., 2007 ; Zhu and Li, 2017 ; Fatima et al.,

021 ). However, other studies (Saafi and Nouira, 2018; Chrid et al., 

020 ) argue that growing export complexity and only rise in ex- 

ort quality may turn out to be non-productive. Recent stud- 

es suggest that institutional quality and human capital may 
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e instrumental for sustainable economic growth ( Teixeira and 

ueirós, 2016 ; Zhu and Li, 2017 ). Therefore, exploring the explicit 

lements affecting the relations between export quality, complex- 

ty, and economic growth is crucial. Against this backdrop, the cur- 

ent paper explores whether product quality, economic complexity, 

enewable energy, and institutional quality induce the economic 

rowth of developed countries. The current study is novel in this 

erspective and it attempts to explore the heterogeneous impacts 

f export quality and governance indicators on economic growth. 

hereas, such indicators represent the overall structural change in 

he economy. 

According to Hausmann and Hidalgo (2011) , the developed 

conomies have the highest level of economic complexity, and this 

ould be a major determinant of economic growth. So, with higher 

apabilities and a complex production structure, the OECD coun- 

ries can have higher economic growth. The institutional quality 

democratic setup, political stability, bureaucratic quality, etc.) is 

 significant indicator of structural change that can affect techno- 

ogical innovation and productivity. Furthermore, it helps countries 

ritically tackle policies for sustainable development and efficient 

nergy use ( Dasgupta and De Cian, 2018 ). 

An increase in the economic complexity improves production 

apacity through innovation, knowledge accumulation, enhanc- 

ng capabilities, and trade diversification, all of which are per- 

inent for economic growth. The second school of thought ar- 

ues institutional quality moderates economic complexity, there- 

ore, the crucial determining factor of economic growth. According 

o North (1990) , institutions are “the rules of the game in a soci-

ty, or, more formally, the humanly devised constraints that shape 

uman interaction.” Worthy institutes find expression in property- 

elated rights security, bureaucratic actions, enforcing in contracts, 

nd motivation to invest in human capital formation for innovation 

nd enhancement of productive capacities. Such processes explain 

he differences in wealth accumulation across the different parts of 

he globe. 

The two channels of research in the extant seam of literature 

hus have diverse conclusions about economic growth determi- 

ants of economic growth. The literature has explored them as 

eparate strands of competing arguments on economic prosperity. 

his paper enhances the pre-existing layer of literature by joining 

he two channels of empirical exploration. The study hypothesizes: 

I. "Export quality, renewable energy, foreign direct investment, 

and economic complexity positively influence the economic 

growth of OECD countries." 

II. "Human capital, institutional quality acts as key factors of struc- 

tural change and impact economic growth".

This research furthers discussion to the growing body of re- 

earch by delving into the importance of economic complexity as 

 major driver of prosperity in an economy and sustainability. Fur- 

hermore, the study uncovers the role of institutions expressed 

hrough bureaucratic quality and democratic accountability as ad- 

itional drivers of economic growth. 

Given the rationale for the research, the study makes two key 

ontributions to academic scholarship. First, the research deter- 

ines the impacts of economic complexity and export quality on 

conomic progress through the lens of structural change. Second, 

he current research explores the heterogeneous impacts of insti- 

utional quality and human capital on economic growth to draw 

ome novel implications. To the best of the author’s knowledge, 

he current study uncovers novel conclusions regarding the struc- 

ural impacts of economic and governance variables on economic 

rowth. Such conclusions further allow us to draw some practi- 

al implications in line with the sustainable development goals 

SDG-8: decent work and economic growth). In doing so, this re- 

earch has used panel cointegrating methods to examine the long- 
41
erm association across the key variables of interest. According to 

siao (2007) , the application of panel estimation techniques has 

mproved over the cross-sectional and time series-based estima- 

ion methods. For robustness, we have employed the panel-based 

uantile regression estimation. Based on comprehensive empiri- 

al analysis and discussion, the study attempted to report some 

ovel implications concerning the economic progress and struc- 

ural change in developed countries. The practical suggestions 

ight be helpful for policymakers of a country to identify the es- 

ential prerequisites to enhance the growth and maintain sustain- 

bility in energy use. 

The rest of the paper is as follows: the subsequent section dis- 

usses the literature related to economic complexity, trade open- 

ess, energy, and institutional quality and its impact on growth. 

ection 3 explains the data and methods. Section 4 reports the 

mpirical analysis and results. Section 5 provides discussion and 

olicy suggestions, and Section 6 concludes the research. 

. Literature review

The recent decade has seen growing discussion in the exist- 

ng seam of literature on a country-level analysis of how eco- 

omic complexity enhances export competitiveness and economic 

rowth. Furthermore, the existing literature also explores how for- 

ign direct investment, human capital, and institutional quality 

oderate economic complexity and impact economic growth. Ac- 

ording to the study of Erkan and Yildirimci (2015) , economic com- 

lexity is utilized increasingly in the empirically-based literature to 

crutinize the nature of complexity and sophistication of produc- 

ion and its effects on international trade diversification. The stud- 

es by Hidalgo and Hausmann (2009) and Lapatinas et al. (2019) ar- 

ue that the economic complexity-based indicator impacts exports, 

nd countries having a higher economic complexity-based index 

enefit more from trade. 

Since the path-breaking studies of Hidalgo et al. (2007) and 

idalgo and Hausmann (2009) , an extensive body of literature has 

xamined the issues on the economic complexity across the globe 

 Mariani et al., 2015 and Gao and Zhou, 2018 ). These studies dis- 

uss how the network system of economic complexity impacts 

rowth and the future diversification process of the economy. 

According to the studies by Rodrik (2005) and Klinger and Le- 

erman (2006) , economic complexity plays a crucial role in help- 

ng countries to attain economic development. Further, the study 

y Agosin (2009) argued that trade diversification also impacts 

conomic diversification and enables countries to grow. Economic 

omplexity as a structural change indicator is conducive for eco- 

omic growth, combating economic challenges, and adapting to 

echnological change. Through economic complexity, technological 

hange occurs, which nurtures innovation and competitiveness and 

elps economies modernize production processes, which further- 

ore impacts trade openness and economic growth. 

The study by Erkan and Kaya (2015) discussed that economic 

omplexity creates global competitiveness, positively impacting in- 

ernational trade. The study by Canh and Thanh (2020) , through 

anel estimation methods across 70 economies from 1996 to 2014, 

iscussed the interplay of export diversifying, economic-based 

omplexity, and growth of the economy. The study obtained a bi- 

irectional Granger causality between economic complexity and 

xport-related expansion. Furthermore, the study obtained a neg- 

tive relation of complexity upon growth. Other studies ( Can and 

ozgar, 2017 ; Hartmann et al., 2017 ; Dogan and Saboori, 2019 ) ex- 

ensively discussed how economic complexity impacts human cap- 

tal formation, and impacts environmental sustainability. The stud- 

es by Kim et al. (2016) , and Carrasco and Garcia (2020) discussed 

he importance of the external sector and export diversification in 

mpacting economic growth. According to the Global Competitive- 
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ess Index, the more complicated goals in the 2030 Agenda are 

DG12 (Responsible Production and Consumption), SDG13 (Climate 

ction), and SDG17 (Sustainable Development) (Peace, Governance 

 Partnerships). Whereas, SDG9 (Industry, Innovation, and Infras- 

ructure), SDG3 (Health and Wellbeing), SDG7 (cleaner and afford- 

ble energy), and SDG-8 (decent work and economic growth) are 

he most critical goals. 

In this perspective, an appropriate strategy for governments 

ight be to follow the sustainable complexity route to fully re- 

lize the 2030 Agenda, progressing from less complicated to more 

omplex targets. Finally, future research should be focused on ana- 

yzing and identifying how the achievement of one SDG can lead to 

he achievement (or not) of another SDG using network theory and 

roduct-space theory for improving the environmental quality. This 

redicament could be a side effect of the so-called "Dutch Disease" 

n economics, which could have an impact on the SDGs’ achieve- 

ent.” According to the aforementioned literature, there are sev- 

ral channels whereby export quality and economic complexity af- 

ect economic growth, for example, through expanding capital ac- 

umulation: spillover effects and skilled labor development, and 

pecialization ( Paramati et al., 2022 ; Shahzad et al., 2022 ). 

The study by Alvarez et al. (2017) discussed the importance 

f economic-based complexity at the backdrop of energy use and 

rowth. The study explored how government policies promote 

nergy regulation and the adoption of complex energy systems 

ith multifaceted social and environmental impacts. The paper 

y Dogan et al. (2020c) investigated the interconnections between 

conomic growth, renewable energy usage, non-renewable-based 

nergy consumption patterns, and economic expansion. Further- 

ore, the study examined the moderating impact of trade open- 

ess, complexity, direct foreign investment, and institutional qual- 

ty upon economic growth. The study covered 32 European coun- 

ries from 1995 to 2014, concluding that consuming renewably 

ourced energy has important implications for economic growth. 

Likewise, the research of Dogan et al. (2020c) using novel es- 

imation techniques explored how the quality of exports impacts 

nergy intake and carbon dioxide release controlling growth, ur- 

anization, and trade-openness for 63 developed and developing 

ountries. The study suggests important policies which would en- 

ance the direction on achieving the Sustainability Goals of clean 

nergy. The empirical outcomes revealed that climate welfare aug- 

ents the impact of export quality against climate welfare, reduc- 

ng economic growth and urbanization. The paper concludes that 

olicymakers should focus on incentivizing export quality to in- 

rease the consumption of renewable source-based energy. Such 

olicy strategies would enable the countries to reduce the emis- 

ion levels. More recently, Shahzad et al. (2020) employed annual 

ata from 1971 to 2014 and examined the impacts of export diver- 

ification on carbon dioxide emissions for developing and devel- 

ped countries. The empirical outcomes based on GMM methods 

uggest that export diversification has an emission-reducing effect 

cross 63 developing and developed economies. 

In the same line, Wang et al. (2021) explored the interdepen- 

ence between carbon-based emissions, growth, use of renew- 

ble forms of energy and non-renewable forms of energy, ur- 

anization, export diversification, and economic complexity for 

conomies within the top ten as per the economic complexity in- 

ex. The period of analysis was 1980–2014. Based on FMOLS, DOLS, 

nd Granger-based causality methods, the empirical results sug- 

ested that export diversification and export quality reduce car- 

on emissions; furthermore, the use of renewably sourced en- 

rgy mitigates the emission of carbon. Likewise, the study by 

hahzad et al. (2021a) explored the role of export diversification 

or energy demand in ten newly industrializing nations. The em- 

irical results based on FMOLS and DOLS methods suggest that 

xport diversifying techniques significantly lower energy demand. 
42
owever, economic growth, natural resources, and urbanization 

aise energy demand. The paper concludes that export diversifica- 

ion unambiguously reduces energy demand which has a climate 

elfare-enhancing impact. Such empirical outcomes are important 

or policy prescriptions for sustainable energy demand in the con- 

ext of the newly industrializing countries. 

More recently, Dogan et al. (2021) discussed how structural 

ransformation towards a more sophisticated knowledge-based 

conomy and economic complexity could drive growth in the 

conomy and a cleaner environment. Using panel estimation tech- 

iques for 28 countries (OECD) and covering the years 1990 to 

014, the study concluded that complexity and use of renewably 

ourced energy helped reduce emissions and environmental degra- 

ation. Likewise, the study by Bashir et al. (2020) using alternative 

ndicators of export diversification examined its impact on the in- 

ensity of carbon dioxide emissions and intensity of energy deple- 

ion for 29 OECD countries from 1990 to 2015. Using robust econo- 

etric techniques like sequential estimation, panel-quantile regres- 

ions, and generalized method of moments (GMM), the paper ob- 

ained that the indicators of export diversification have a reducing 

mpact on carbon intensity. The paper further concludes that such 

mpirical outcomes enable policy analysts to envisage strategies on 

reen growth for sustainable development and clean energy use for 

he OECD economies. 

On the same lines, Shahzad et al. (2021 b) probed the impacts of 

xport diversification on renewable energy consumption for the G7 

nd E7 nations covering the data from 1990 to 2017. The empirical 

utcomes from the study depict a nonlinear association between 

xport diversification and consuming renewable-based energy for 

he concerned nations. However, the threshold levels of turning 

oints are diverse across the G7 and E7 nations, respectively. Based 

n newly industrializing countries, Can et al. (2021) reported a bi- 

irection in causality across the energy use and economic com- 

lexity. Such findings have noteworthy policy implications in pur- 

uing the Sustainable Development Goals related to climate wel- 

are and emission reductions. Using a cross-sectional autoregres- 

ive distributed lag model, the study obtained that institutional 

uality improved environment sustainability through the moder- 

ting role of economic complexity ( Ben Jebli et al., 2020 ). Fur- 

hermore, the study obtained that renewable energy reduced the 

cological footprint. The paper concluded that accelerating com- 

lexity (economic) and improving institutional quality will re- 

uce the ecological footprint and expand sustainable economic 

rowth. 

Recently, a study by Rafique et al. (2021) researched the im- 

acts of economic complexity on renewable energy consumption. 

he study covered panel data of G7 and E7 nations respectively. 

he empirical results depicted a significant and positively based 

mpact of complexity on renewable source-based energy consump- 

ion patterns. The paper explains that economic complexity is cru- 

ial for renewable energy generation. The policy thrust of these 

ountries should be towards improving the complexity (economic) 

evels in these nations. Such strategies will enable us to move to- 

ards green growth and clean energy promotion, as argued by the 

uthors. 

There is a comparable growing literature that argues that the 

uality consciousness of institutions is a major determining factor 

f economic growth along with interlinkages with economic com- 

lexity, human capital formation, foreign direct investment, and 

rade diversification ( Dias and Tebaldi, 2012 ; Khan et al., 2020 ). 

hese studies discussed that institutional quality and governance 

evel is essential for enhancing market functioning. Good institu- 

ions are revealed in implementing laws and regulations, enforcing 

roperty-related rights, and enforcing contracts ( Ghazouani et al., 

020 ). According to Zhu and Li (2017) , human capital enhances 

roductive capabilities and economic complexity, and growth. An 
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ducated workforce can better produce complex products, which 

eads to export diversification and foreign-based investment. 

The study by Gala (2020) , using the economic complexity in- 

icator for 210 countries, investigated how complexity and human 

apital formation impacted the economy ( Nakhli et al., 2022 ). The 

tudy concluded that economic complexity and capital (human) 

ormation impacted the economy’s growth both in the short-run 

nd the long term. There is a growing unanimity in the litera- 

ure that good institutions offer inducements for entrepreneurial 

vents, human capital formation, and innovation. Thus, institu- 

ional quality provides the horizon and facilitation for innovat- 

ng and creating complex production structures, essential for eco- 

omic prosperity. Recently, Nouira and Saafi’s (2021) documented 

he nonlinear nexus between export diversification and economic 

rowth. The results concluded that export diversification could im- 

act economic growth significantly if certain threshold conditions 

propos human capital and institutional quality are satisfied. 

The preceding discussion deliberates extensively on the most 

ifficult and interesting questions. “Why do some countries grow 

aster and are hence more affluent than some others?" As evident 

rom the literature, the line of inquiry is through two-pronged con- 

uits. The first school of thought explored how economic com- 

lexity helps identify trade diversification patterns, foreign di- 

ect investment, ecological footprint, and economic development 

 Hidalgo and Hausmann, 2009 ; Hausmann et al., 2014; Santoalha 

nd Boschma, 2020 ). These studies conclude that robust growth 

nd environmental sustainability are seen in those countries whose 

roduction processes are geared towards sophistication and eco- 

omic complexity. The central argument from these studies is that 

omplexity (economic) sets up a robust measure of the concerned 

ountry’s innovation and trade diversification. 

. Data, model specification, and methodology

.1. Data and model specification 

The prime objective of this study is to explore the role of ex- 

ort product quality, economic complexity, and institutional qual- 

ty as key indicators of structural change for the economic progress 

f OECD countries. The on-hand research consists of a panel data 

et of 28 OECD countries, comprising the period 1990 to 2019. 

he authors attempt to explore the impacts of economic com- 

lexity, institutional quality, export quality on economic growth 

or the developed OECD countries. In doing so, authors gather 

he data for GDP, representing economic growth, export quality 

EQ), the economic complexity index (ECI), renewable energy con- 

umption (REC), trade (Trade), the financial development index 

FD), the Human capital index (HC), urbanization level (urban), the 

emocratic accountability index (DAI), and the bureaucratic qual- 

ty index (BQI). The authors gather the data on renewable en- 

rgy, trade, Human development, urbanization, and institutional 

ndicators from ( World Bank, 2021 ). Data for institutional indica- 

ors was accessed from (ICRG, 2022), whereas the human capi- 

al data is sourced from Penn World Table 9.0. The data for ex- 

ort product quality and financial development was obtained from 

 International Monetary Fund, 2022 ) database. Finally, the eco- 

omic complexity data was obtained from the ( Observatory of Eco- 

omic Complexity, 2022 ). 

The baseline models are represented in Eqs. (1) , (2) , and (3) ,

espectively. 

Model 1: 

D P it = E Q it + EC I it + RE C it + T rad e it + F D it + ε it (1)

Model 2: 

D P it = E Q it + EC I it + RE C it + H C it + DA I it + ε it (2) 

i

43
Model 3: 

D P it = E Q it + EC I it + RE C it + urba n it + BQ I it + ε it (3) 

In all models, i stands for the country and t for time, ε is the 

rror term. The empirical methodology applied will be presented 

ext, following all the steps, including robustness check method- 

logies applied. 

.2. Methodology 

As stated previously, we add to the extant literature by explor- 

ng the relationship between economic complexity, export prod- 

ct quality, institutional quality, and energy use. In doing so, 

e employ panel cointegration techniques to examine these vari- 

bles’ long-run relationships. We first make a preliminary analy- 

is of the descriptive statistics. The empirical exercise begins with 

he Pesaran (2015) cross-sectional dependence (CD) test to ex- 

mine cross-sectional dependence occurs in the panel data. To 

eal with the problems associated with cross-sectional depen- 

ence, the study adopts the second-generation panel estimation 

echniques robust to panel heterogeneity and cross-sectional de- 

endence. Panel unit root tests are also employed. After obtain- 

ng the order of integration of the time series observations, both 

he Westerlund panel cointegration and Pedroni panel cointegra- 

ion tests are applied to explore the variables’ long-run associa- 

ions. The fully modified least square (FMOLS) model and the dy- 

amic least square model (DOLS) are used to estimate long-run 

lasticities. Lastly, the authors employ a robustness check on the 

odel specifications by employing the panel quantile regression 

stimation. 

a. Preliminary analysis

We begin our empirical analysis with Pesaran’s (2015) CD- 

est for weak cross-sectional dependence in panel context. It is 

 method of investigation of the mean correlation between panel 

ata. The null hypothesis in Pesaran (2015) is of weak dependence, 

rovided the null hypothesis of cross-sectional independence of 

esaran (2004) is very strong and unlikely to be met in a large 

anel. Pesaran’s (2015) null hypothesis of cross-section indepen- 

ence, having CD ∼ N (0,1), and p-values lower than 5%, indi- 

ate that data are correlated across the panel. The weak depen- 

ence means that when N or T converges to infinity in the limit, 

he cross-sectional dependence (weak relations) disappears, turn- 

ng the estimator consistent. The strong dependence assumption 

oses real problems like that of omitted variable bias. 

After checking for weak cross-section dependency, we apply the 

anel unit root tests. The first one was the CIPS-test developed 

y Pesaran (2007) to be applied in heterogeneous panels in the 

resence of cross-section dependence. The cross-sectional Im, Pe- 

aran, and Shin (CIPS) by Pesaran (2007) has a nonstandard dis- 

ribution, even with large N ( Im et al., 2003 ). The second used 

est of panel unit-roots was that of the CADF test (covariate aug- 

ented Dickey-Fuller) developed in Hansen (1995) and proposed 

n Pesaran (2007) . 

Once cross-sectional correlations are detected, we need panel 

nit root tests accounting for data stationarity. To this end, we em- 

loy the second-generation tests (CIPS and CADF). Both CIPS and 

ADF tests rely on the factor structure approach. The CADF test is 

ased on the mean of individual Dickey-Fuller t-statistics of each 

nit in the panel, parallel to the CIPS test ( Im et al., 2003 ). The

ull hypothesis of the CADF test assumes that all series are non- 

tationary, as does the null of the CIPS test. 

Moving forward, panel cointegration tests were executed. These 

re necessary when time series are nonstationary to determine if 

hey have stable long-run relationships. However, sometimes, not 

ven doing so will turn them stationary (which is the situation 

n the present article. Provided nonstationary time series tend to 
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Table 1

Summary Statistics.

Variable Mean Std. Dev. Min Max Observations

Economic growth overall 27.095 1.209 25.090 30.485 N = 840 

between 1.210 25.480 30.194 n = 28 

within 0.217 26.361 27.778 T = 28 

Export quality overall 0.976 0.054 0.708 1.057 N = 840 

between 0.052 0.782 1.035 n = 28 

within 0.018 0.852 1.040 T = 26.64 

Complexity overall 0.998 0.422 −0.373 1.748 N = 840 

between 0.414 −0.121 1.648 n = 28 

within 0.112 0.590 1.274 T = 28 

Renewable energy overall 21.888 2.085 14.509 26.420 N = 840 

between 1.618 17.153 25.507 n = 28 

within 1.349 16.403 26.204 T = 28 

Trade overall 0.718 0.355 0.160 2.260 N = 840 

between 0.329 0.249 1.611 n = 27 

within 0.147 0.019 1.367 T = 28 

Financial development overall 0.616 0.179 0.176 1.000 N = 840 

between 0.151 0.350 0.900 n = 28 

within 0.100 0.291 0.812 T = 28 

Human capital overall 0.715 0.072 0.490 0.844 N = 840 

between 0.062 0.573 0.820 n = 28 

within 0.038 0.579 0.850 T = 28 

Democratic accountability overall 5.616 0.691 2.000 6.000 N = 840 

between 0.448 4.378 6.000 n = 28 

within 0.530 2.953 7.238 T = 26.28 

Urbanization overall 16.507 1.176 14.509 19.402 N = 840 

between 1.193 14.711 19.251 n = 28 

within 0.094 16.143 16.821 T = 28 

Bureaucratic quality overall 3.567 0.590 2.000 4.000 N = 840 

between 0.501 2.215 4.000 n = 28 

within 0.326 2.000 4.586 T = 26.28 

Note: n shows the number of countries, N shows observations and T is the number of years.
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c

ander, cointegration states they wander jointly, and thus there is 

 long-run equilibrium relationship among them. 

The cointegration tests to be used are those of 

esterlund (2005) and Pedroni (1999 , 2001 , 2004 ). The Wester- 

und cointegration variance test imposes fewer restrictions having 

s null the no cointegration hypothesis. The alternative hypothesis 

s that some (not necessarily all) of the panels are cointegrated. 

or nonstationary heterogeneous panels with large T and N, Pe- 

roni’s tests for cointegration among one or more regressors, for a 

otal of seven possible test statistics. This is done for all under the 

ull of no cointegration. These estimate the cointegrating equation 

or each N and the group mean of the panel, allowing for time 

ummies and an unbalanced panel. In this study, we apply three 

f these tests, as a form of robustness check. Pedroni (1999 , 2001 ,

004 ) provides a detailed analysis of these tests. 

b. Long-run elasticities

To compute long-run elasticities we used both panels Fully 

odified Ordinary Least Squares (FMOLS) and the Dynamic Ordi- 

ary Least Squares (DOLS) models. These are usually employed to 

stimate long-run equilibrium relationships among the variables. 

llow correcting for endogeneity bias and serial correlation and 

tandard normal inference ( Baltagi and Kao, 20 01; Pedroni, 20 0 0 ).

he FMOLS is a nonparametric method allowing to correct for se- 

ial correlation. The DOLS method is parametric and allows for an 

stimation of lagged first-differenced parameters. 

Both DOLS and FMOLS are superior to the simple OLS as stated 

n Pedroni (2001) , which also explains that the between-group es- 

imators are preferable to the within-group estimates. DOLS and 

MOLS take care of endogeneity by adding the leads and lags 

nd using white heteroscedastic standard errors. The literature also 

oints that the DOLS outperforms the FMOLS approach ( Kao and 

hiang, 20 0 0 ) since it is computationally simpler and reduces bias 

etter than FMOLS. Leads and lags are introduced in the DOLS to 

ope with the order of integration and the existence or absence of 

ointegration. 

t

44
c. Robustness Check: Panel quantile regression estimation

For robustness check, we made use of the quantile regression 

odel. These allow accounting for unobserved heterogeneity and 

eterogeneous covariates effects. Panel quantile regression models 

lso allow to include fixed effects to control for some unobserved 

ovariates ( Graham et al., 2015 ). The quantile regression approach 

s more efficient than the OLS method if residuals are non-normal. 

t provides a more flexible and complete characterization of the 

odel variables relationship at higher and lower levels. Besides, 

esults are robust to outliers and heavy-tailed distributions, which 

s useful when the relationship among variables is nonlinear. 

Quantile regression was introduced by Koenker and Bas- 

et (1978) . This process represents an extension of the classical 

east-squares estimation (that of the conditional mean to a col- 

ection of models for different conditional quantile functions. Re- 

ults are presented for the 10th, 25th, 50th, 75th 

, and 90th quan- 

iles, and pooled OLS results are also used for comparison. Quan- 

ile plots for the three models presented earlier are provided. We 

ave a structural interpretation for the slope coefficients associated 

ith panel quantile regressions (Baker et al., 2016). It also corrects 

he bias stemming from the endogenous regressors in panel data. 

herefore, we may find homogeneous or heterogeneous spillovers 

cross quantiles, providing practical implications for policy strate- 

ies. The next section of empirical findings gives insights based on 

he models specified in this study. All the variables have been con- 

erted in the logarithmic form before conducting the empirical op- 

rations. 

. Empirical results and findings

.1. Empirical results 

Table 1 reports the details of summary statistics for the data 

onsidered from 28 OECD countries for our key variables of in- 

erest, i.e., economic growth, export quality, complexity, renew- 
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Table 2

Cross-sectional dependence test using Pesaran, (2015).

Variable CD-test p-value average joint T mean ρ mean abs( ρ)

Economic growth 96.816 0.000 28.00 0.94 0.94

Export quality 15.112 0.000 25.52 0.16 0.42

Complexity 38.331 0.000 28.00 0.37 0.66

Renewable energy 80.666 0.000 28.00 0.78 0.79

Trade 62.207 0.000 28.00 0.58 0.60

Financial development 80.447 0.000 28.00 0.78 0.78

Human capital 40.28 0.000 28.00 0.39 1.00

Democratic accountability 2.619 0.009 25.91 0.03 0.21

Urbanization 73.063 0.000 28.00 0.71 0.83

Bureaucratic quality 0.75 0.454 25.91 0.01 0.16

Note: Under the null hypothesis of cross-section independence, CD ∼ N(0,1). P-values close to zero 

indicate data are correlated across panel groups. https://ideas.repec.org/c/boc/bocode/s458385.html .

(For details on estimation codes).

Table 3

Panel Unit root testing.

Test Variable Level First Difference

Economic growth −1.898 −3.977 ∗∗∗

Export quality −1.818 −5.796 ∗∗∗

CIPS test Complexity −1.643 −4.418 ∗∗∗

Renewable energy −1.712 −3.473 ∗∗

Trade −1.746 −3.980 ∗∗∗

Financial development −2.478 ∗∗∗ −5.368 ∗∗∗

Human capital 0.885 2.610 ∗∗∗

Democratic accountability −0.948 −3.183 ∗∗∗

Urbanization −1.602 −1.990 

Bureaucratic quality 0.021 −1.630 

Economic growth −1.996 ∗ −3.212 ∗∗∗

Export quality −1.526 −4.514 ∗∗∗

Complexity −1.686 −2.969 ∗∗∗

CADF test Renewable energy −2.407 ∗∗∗ −2.863 ∗∗∗

Trade −2.276 ∗∗∗ −3.189 ∗∗∗

Financial development −2.261 ∗∗∗ −3.788 ∗∗∗

Human capital 0.900 2.610 ∗∗∗

Democratic accountability −0.997 −2.616 ∗∗∗

Urbanization −2.234 ∗∗∗ −1.825 ∗∗∗

Bureaucratic quality 0.105 −1.101 

Notes: ∗∗∗ , ∗∗ , ∗ denotes significance level at 1%, 5% and 10%. CIPS test assumes cross- 

section dependence is in the form of a single unobserved common factor.
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ble energy, trade, financial development, human capital, demo- 

ratic accountability, urbanization, and bureaucratic quality. Fur- 

her, Table 1 gives information about the summary statistics in the 

orm of the overall, between, and the within specifications. The 

alues of mean, standard deviation, minimum and maximum dis- 

ribution with a total number of observations have been added. 

he number of observations comprises the values for ‘N’, ‘n’, and 

T’ which means the total number of observations in the panel, the 

otal number of countries (OECD) selected in the study, and the 

otal number of years say from 1990 to 2019 (annual database). 

Table 2 shows the cross-sectional dependence using a test of 

esaran (2015) concerning p-values, average joint ‘T’, mean ‘p’, 

nd mean absolute ‘p’ values for all the variables considered in 

his study. Taking care of the obtained p-values, we observe that 

ll variables except Bureaucratic quality data are correlated across 

anel groups, following the CD-test. 

Table 3 shows the results of the panel unit root test with 

ross-Sectional Im-Pesaran-Shin (CIPS) and Cross-Sectional Aug- 

ented Dickey-Fuller (CADF) after assuming the conditions of 

ross-sectional dependence in the form of a single unobserved 

ommon factor. The ten selected variables of this study have been 

valuated with their level and at first difference. 

Table 4 shows the results of panel cointegration analysis for 

odel-1, Model-2, and Model-3 with their statistics and P-value of 

he test i.e., Westerlund Cointegration with variance ratio, and Pe- 
45
roni Cointegration with t-statistics and p-value for Panel Phillips- 

erron statistics and Cross-Sectional Phillips-Perron statistics with 

anel ADF-statistics. For the Westerlund Cointegration, the statis- 

ics in Model-1 and 2 have been evaluated for variance ratio are 

.0571 and −2.0095 at 5% significance and with p-values of 0.0712 

nd 0.0222 respectively. For Model-3 the value of statistics has 

een evaluated −1.3034 at a 1% significance and with a p-value 

f 0.0096. 

Based on the FMOLS estimation under three separate model be- 

aviors, the significant long-run elasticities on renewable energy 

re 22.6 percent, 83.3 percent, and 9.45 percent separately as per 

MOLS and 21.60 percent, 35.40 percent, and 10.10 percent individ- 

ally as per DOLS. In the case of export quality, the FMOLS estima- 

ion revealed the variable’s significant and positive impact on eco- 

omic growth, as evident from elasticities of 53.10 percent, 79.48 

ercent, and 64.27 percent as per FMOLS and 61.70 percent, 81.30 

ercent, and 68.46 percent as per DOLS. The study has also high- 

ighted the critical role of financial development, as indicated by its 

ong-run elasticity values of 16.86 percent (FMOLS) and 16.15 per- 

ent (DOLS). Economic-based complexity has a positive impact on 

conomic growth. Under the DOLS estimation, the long-run elastic- 

ty estimates for this variable are 10.14 percent, 35.50, and −17.90 

ercent respectively, while for the FMOLS estimation, the elasticity 

alues are 10.60 percent, 44.70 percentage, and −19.90 percent in- 

ividually. The panel quantile regression estimates applied for ro- 

ustness estimates confirm the aforementioned findings. 

The results emerging from Table 5 indicate that export qual- 

ty, renewable energy, financial development, and economic com- 

lexity have a positive and significant impact on economic growth. 

n contrast, trade openness affects economic growth negatively. 

ence, Hypothesis I is accepted for all the aforementioned vari- 

bles except for trade. Further, the results also highlight that the 

ariables export quality, renewable energy consumption, institu- 

ional quality, when interacted with human capital, positively im- 

act growth in the economy for the set of OECD countries analy- 

is. Meanwhile, bureaucratic quality mentioned positive impacts on 

conomic growth, indicating the significance of bureaucratic deci- 

ions and the role of institutions. Based on these findings, Hypoth- 

sis II is accepted for export quality, renewable energy consump- 

ion, institutional quality but rejected for economic complexity. 

The robustness of the model specifications has been tested us- 

ng panel quantile regression for all the variables included in the 

nalysis. The results emerging from quantile regression for Mod- 

ls 1, 2, and 3 are shown in Tables 6(a) , 6(b) , and 6(c) along with

ig. 1 (a), 1(b), and 1(c) respectively. 

The empirical results show that export quality, complexity, re- 

ewable energy, financial development, democratic accountability, 

uman capital, and bureaucratic quality in OECD countries impact 

conomic development and act as structural change factors. The 

https://ideas.repec.org/c/boc/bocode/s458385.html
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Table 4

Panel Cointegration analysis.

Test Model-1 Model-2 Model-3

Westerlund Coint Statistic P-value Statistic P-value Statistic P-value

Variance ratio 0.0571 ∗∗ 0.0712 −2.0095 ∗∗ 0.0222 −1.3034 ∗∗∗ 0.0096

Pedroni Coint t-statistics P-value t-statistics P-value t-statistics P-value

Panel Phillips-Perron statistics 4.5557 ∗∗∗ 0.0000 3.802 ∗∗∗ 0.0001 4.6859 ∗∗∗ 0.0000

Panel Phillips-Perron statistics 0.6601 0.2546 −0.329 ∗∗∗ 0.0371 0.6784 ∗∗ 0.0248

Panel ADF-statistic 2.3901 ∗∗∗ 0.0084 1.7261 ∗∗ 0.0422 2.6296 ∗∗∗ 0.0043

Notes: ∗∗∗ , ∗∗ , ∗ denotes significance level at 1%, 5% and 10%. The models are applied as per baseline specifications, 

with different controls.

Table 5

Long run Empirics using FMOLS and DOLS.

FMOLS DOLS

Variables Model-1 Model-2 Model-3 Model-1 Model-2 Model-3

Export quality 0.531 7.948 ∗∗ 6.427 ∗∗∗ 0.617 8.130 ∗ 6.846 ∗∗∗

(2.662) (3.823) (1.070) (3.191) (4.668) (1.188)

Complexity 1.060 ∗∗∗ 0.447 −0.199 1.014 ∗∗∗ 0.355 −0.179 

(0.311) (0.446) (0.139) (0.368) (0.544) (0.152)

Renewable energy 0.226 ∗∗∗ 0.383 ∗∗∗ 0.0945 ∗∗∗ 0.216 ∗∗∗ 0.354 ∗∗∗ 0.101 ∗∗∗

(0.0540) (0.0641) (0.0222) (0.0637) (0.0780) (0.0247)

Trade −1.689 ∗∗∗ −1.622 ∗∗∗

(0.271) (0.308)

Financial development 1.686 ∗∗ 1.615 ∗

(0.726) (0.853)

Human capital −4.464 ∗∗ −4.312 ∗

(2.091) (2.497)

Democratic accountability −0.195 −0.258 

(0.188) (0.249)

Urbanization 0.866 ∗∗∗ 0.836 ∗∗∗

(0.0412) (0.0438)

Bureaucratic quality 0.318 ∗∗∗ 0.292 ∗∗∗

(0.0775) (0.0855)

Constant 20.77 ∗∗∗ 14.79 ∗∗∗ 3.526 ∗∗∗ 20.93 ∗∗∗ 15.59 ∗∗∗ 3.558 ∗∗∗

(2.630) (3.243) (1.154) (3.164) (4.021) (1.263)

Observations 840 840 840 840 840 840

R-squared 0.175 0.015 0.612 0.717 0.559 0.923

Notes: Standard errors in parentheses. ∗∗∗ p < 0.01, ∗∗ p < 0.05, ∗ p < 0.1. FMOL S and DOL S are applied as long-run 

empirical methods on all three baseline models.

Table 6(a)

Robustness Check with Panel Quantile Regressions (model-1).

Variables Pooled OLS Quantile 10th Quantile 25th Quantile 50th Quantile 75th Quantile 90th

Export quality −0.252 ∗ 0.331 −3.712 ∗∗∗ 1.228 ∗ 2.263 ∗∗∗ 3.287 ∗∗∗

(1.254) (1.103) (1.262) (0.704) (0.617) (0.921)

Complexity 1.028 ∗∗∗ 0.703 ∗∗∗ 1.068 ∗∗∗ 0.911 ∗∗∗ 0.823 ∗∗∗ 0.727 ∗∗∗

(0.101) (0.136) (0.156) (0.0870) (0.0763) (0.114)

Renewable energy 0.215 ∗∗∗ 0.0725 ∗∗∗ 0.101 ∗∗∗ 0.244 ∗∗∗ 0.280 ∗∗∗ 0.297 ∗∗∗

(0.0160) (0.0251) (0.0287) (0.0160) (0.0141) (0.0210)

Trade −1.536 ∗∗∗ −0.932 ∗∗∗ −1.903 ∗∗∗ −1.679 ∗∗∗ −1.365 ∗∗∗ −1.452 ∗∗∗

(0.162) (0.126) (0.144) (0.0801) (0.0703) (0.105)

Financial development 1.758 ∗∗∗ 2.116 ∗∗∗ 3.259 ∗∗∗ 1.354 ∗∗∗ 0.883 ∗∗∗ 0.618 ∗∗

(0.150) (0.327) (0.374) (0.209) (0.183) (0.273)

Constant 21.67 ∗∗∗ 22.90 ∗∗∗ 26.31 ∗∗∗ 20.19 ∗∗∗ 18.89 ∗∗∗ 18.10 ∗∗∗

(0.874) (1.137) (1.300) (0.725) (0.636) (0.949)

Observations 840 840 840 840 840 840

R-squared 0.710 0.3107 0.3345 0.4782 0.5783 0.6136

Notes: Standard errors in parentheses. ∗∗∗ p < 0.01, ∗∗ p < 0.05, ∗ p < 0.1. Pooled OLS is applied with Driscoll-Kraay standard errors. 

Panel quantile regression is applied at conditional quantiles.
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ndings reveal the short and long-run positive relationship of insti- 

utional quality and the aforementioned macroeconomic variables 

ith sustainable development. Hence, it is crucial to work on gov- 

rnance level, export quality, and human knowledge and skills to 

ttain sustainable development. 

In some cases, the leading economies from the perspective of 

enewable energy use, FMOLS and DOLS find a unidirectional but 

hort-run solution that may help in continuing these economies 

ith the same level of institutional quality, which may cause users 

f the same level of non-renewable energy. The same thing may 
46
ake place in the combination of other remaining variables, i.e., 

rbanization to institutional quality; export quality to institutional 

uality; financial development to renewable energy use; urbaniza- 

ion to financial development; export quality to financial develop- 

ent; non-renewable energy generation to renewable energy gen- 

ration; and urbanization to renewable energy generation and non- 

enewable energy use. 

The statistical analysis provides empirical evidence that renew- 

ble energy, along with policies aimed at improving the level of 

ureaucratic quality and urbanization, may increase industrial pro- 
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Table 6(b)

Robustness Check with Panel Quantile Regressions (model-2).

Variables Pooled OLS Quantile 10th Quantile 25th Quantile 50th Quantile 75th Quantile 90th

Export quality 4.582 ∗ 5.737 ∗∗∗ 3.477 ∗∗∗ 6.798 ∗∗∗ 7.278 ∗∗∗ 4.271 ∗∗∗

(2.645) (0.599) (0.882) (0.992) (0.893) (0.866)

Complexity 0.593 ∗∗ 0.0930 0.450 ∗∗∗ 0.542 ∗∗∗ 0.412 ∗∗∗ 0.685 ∗∗∗

(0.217) (0.0766) (0.113) (0.127) (0.114) (0.111)

Renewable energy 0.349 ∗∗∗ 0.210 ∗∗∗ 0.257 ∗∗∗ 0.361 ∗∗∗ 0.358 ∗∗∗ 0.372 ∗∗∗

(0.0269) (0.0124) (0.0183) (0.0205) (0.0185) (0.0179)

Human capital −3.068 ∗∗∗ −3.179 ∗∗∗ −3.060 ∗∗∗ −4.359 ∗∗∗ −2.322 ∗∗∗ −2.014 ∗∗∗

(0.721) (0.402) (0.591) (0.665) (0.598) (0.580)

Democratic accountability −0.137 ∗∗∗ 0.00832 −0.148 ∗∗∗ −0.165 ∗∗∗ −0.134 ∗∗ −0.0240 

(0.0494) (0.0371) (0.0546) (0.0614) (0.0553) (0.0536)

Constant 17.38 ∗∗∗ 18.00 ∗∗∗ 19.87 ∗∗∗ 16.15 ∗∗∗ 14.85 ∗∗∗ 16.77 ∗∗∗

(1.592) (0.565) (0.832) (0.935) (0.842) (0.817)

Observations 840 840 840 840 840 840

R-squared 0.516 0.2281 0.1980 0.2771 0.3951 0.4603

Notes: Standard errors in parentheses. ∗∗∗ p < 0.01, ∗∗ p < 0.05, ∗ p < 0.1. Pooled OLS is applied with Driscoll-Kraay standard errors. Panel 

quantile regression is applied at conditional quantiles.

Table 6(c)

Robustness Check with Panel Quantile Regressions (model-3).

Variables Pooled OLS Quantile 10th Quantile 25th Quantile 50th Quantile 75th Quantile 90th

Export quality 5.019 ∗∗∗ 7.437 ∗∗∗ 6.569 ∗∗∗ 5.163 ∗∗∗ 4.692 ∗∗∗ 2.195 ∗∗∗

(0.866) (0.438) (0.310) (0.319) (0.489) (0.703)

Complexity −0.00632 −0.0467 −0.158 ∗∗∗ −0.0353 0.0936 0.152

(0.0828) (0.0621) (0.0440) (0.0452) (0.0693) (0.0996)

Renewable energy 0.111 ∗∗∗ 0.106 ∗∗∗ 0.108 ∗∗∗ 0.104 ∗∗∗ 0.106 ∗∗∗ 0.104 ∗∗∗

(0.00551) (0.0109) (0.00772) (0.00793) (0.0122) (0.0175)

Urbanization 0.833 ∗∗∗ 0.895 ∗∗∗ 0.879 ∗∗∗ 0.859 ∗∗∗ 0.811 ∗∗∗ 0.751 ∗∗∗

(0.0111) (0.0206) (0.0146) (0.0150) (0.0230) (0.0331)

Bureaucratic quality 0.275 ∗∗∗ 0.263 ∗∗∗ 0.336 ∗∗∗ 0.287 ∗∗∗ 0.167 ∗∗∗ 0.155 ∗∗

(0.0296) (0.0380) (0.0269) (0.0276) (0.0424) (0.0610)

Constant 5.068 ∗∗∗ 1.477 ∗∗∗ 2.567 ∗∗∗ 4.605 ∗∗∗ 6.319 ∗∗∗ 10.08 ∗∗∗

(0.584) (0.522) (0.370) (0.380) (0.583) (0.838)

Observations 840 840 840 840 840 840

R-squared 0.910 0.6679 0.6975 0.7261 0.7287 0.7232

Notes: Standard errors in parentheses. ∗∗∗ p < 0.01, ∗∗ p < 0.05, ∗ p < 0.1. Pooled OLS is applied with Driscoll-Kraay standard errors. 

Panel quantile regression is applied at conditional quantiles.

Fig. 1. (a): Quantile plot of model-1 estimates, Fig. 1 (b): Quantile plot of model-2 estimates, Fig. 1 (c): Quantile plot of model-3 estimates.
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uction and advancements in manufacturing processes in ways 

hat may ultimately improve environmental quality. Further, for the 

xport quality, complexities, renewable energy, urbanization, and 

ureaucratic quality, the outcomes of the analysis show two-way 

hort-run different types of causality among complexities, renew- 

ble energy, and institutional quality. At the same time, unidirec- 

ional type of causal connections in institutional quality and re- 

ewable energy, urbanization, and bureaucratic quality have been 

bserved. The FMOL S and DOL S may give a bidirectional output for 

he short-run with the current level of causality and relationship 

mong all variables for better governance for renewable energy to 

nstitutional quality ( Wang et al., 2021 ). 

The value of pooled OLS for constant in model 3 has been es- 

imated at 5.068 with a standard error of 0.584 at 1% significance, 

nd 0.910 R-squared, it has 1.477 with a standard error of 0.522 

t 1% significance. Further, 0.6679, 0.6975, 0.7261 and 0.7232, R- 

quared for 25th, 50th, 75th and 90th quantile, 25.67, 4.605, 6.319, 

nd 1.08 with a standard error 0.370, 0.380, 0.583 and 0.838 at 

% significance. Pooled OLS is applied with Driscoll-Kraay standard 

rrors, and panel quantile regression is employed at conditional 

uantiles for all three models. The next section involves brief dis- 

ussions based on the output of all these three models for sug- 

esting better policies related to the economic complexities and 

conomic growth with all the considered variables. 

For the OECD countries with FMOLS and DOLS models ap- 

roach, the fixed effect of renewable energy use and urbaniza- 

ion on institutional quality has been found negative but statisti- 

ally significant only for some of the estimated parameters of ur- 

anization. Overall, renewable energy use, bureaucratic quality, ex- 

ort quality, and institutional quality have shown positive hetero- 

eneous impacts on economic growth. Based on these highly flexi- 

le macroeconomic variables during the long-run process, the esti- 

ations have the following impact. First, a 1% increase within the 

rbanization process may bring down the use of renewable energy 

ith an average share of 0.8%. Moreover, a 1% hike in the urban- 

zation process may improve institutional quality and increase the 

se of renewable energy. The above-mentioned results are similar 

o those of Rafique et al. (2021) and Can et al. (2021) . The progres-

ive implications of economic complexity renew the crucial impor- 

ance of the need for technological sophistication in the context 

f the OECD countries. Our empirical outcomes confirm the find- 

ngs of other studies (Alvarez et al., 2017; Dogan et al., 2021 ), that

conomic complexity raises the capacity for adaptability into a sus- 

ainable economic system. 

. Discussions and policy suggestions

This study has utilized three models to bridge the research gap 

n economic complexity for a country that starts producing di- 

ersified products and exporting products with a more complex 

roduction structure. The results emerging from the analysis en- 

ble the identification of factors of sustainable economic growth. 

he factors considered in this study have been previously explored 

n the literature individually, making the empirical conclusions on 

conomic prosperity incomplete. This study has attempted to add 

nd integrate almost all the major input variables in the existing 

ayer of literature by joining the two conduits of empirical explo- 

ations. 

The empirical results have reported a significant relationship 

etween export quality, economic complexity, institutional qual- 

ty, and economic growth. The empirical outcomes of this study 

trengthen the findings of the literature amongst export quality, di- 

ersification, and economic growth ( Dogan et al., 2020c ; Shahzad 

t al., 2021a–c ; Wang et al., 2021 ). Further confirming the earlier 

mpirical studies ( Bashir et al., 2020 ; Can et al., 2021 ), our empiri-

al outcomes provide significant evidence on the positive impact of 
48
enewable-source based energy use for sustainability in economic 

rowth and allow us to draw novel implications. 

The next frontier in financing sustainable development is to 

nite all actors in the investment chain behind the SDGs to re- 

pond to the crisis in the near term and rebuild for a more re- 

ilient and sustainable future in the long run. Misalignment sup- 

ort should be phased off. The COVID-19 dilemma offers nations 

 once-in-a-lifetime opportunity to build a unified SDG alignment 

ramework that can be turned into tangible measures for many 

layers. All essential stakeholders must be on board to safely place 

eople and the planet at the core of the global financial system. 

ased on our key variables of interest, it was discovered that im- 

roving institutional performance, product quality, human knowl- 

dge, and technical skills had a beneficial impact on economic 

rowth. 

The study further helps to understand the role of institutional 

uality as a driver of sustainable growth. The amount of useful 

nowledge of a country’s economy is measured using two key in- 

icators: diversity and ubiquity, which indicate the country’s eco- 

omic complexity. The ubiquity and diversity of collected knowl- 

dge in a specified economy are related to economic complex- 

ty. Then, a more complicated economy might be predicted when 

ore people from various industries interact and combine their 

nowledge to make various products in a given country. Only when 

nowledge is embedded in a people’s network or in organizations 

hat use it for constructive reasons can it be accumulated, trans- 

itted, and maintained. If creating a product necessitates a par- 

icular type or combination of knowledge, the countries that pro- 

uce it demonstrate that they possess the necessary capabilities 

nd expertise. The policy relevance of this conclusion is that trade 

eforms, technological shifts, and strengthening institutions allow 

hese countries to have smooth and sustainable economic growth, 

hich is a path towards sustainable economic growth (SDG-8: sus- 

ainable growth). 

The findings of this study imply that higher-quality institutions 

ill aid in improving sustainable economic growth. The proper 

unctioning of these countries’ institutions will deliver proper laws, 

egulations, property rights, and ways to combat corruption, which, 

f followed systematically, will reduce environmental externalities 

uch as carbon dioxide emissions. The study contributes to the 

rowing research by highlighting the role of economic complex- 

ty as a major driver of growth and structural change ( Dogan et al.,

020c ). Global trade is expanding, and global value chains are be- 

oming more integrated, raising questions about trade, technologi- 

al changes, economic growth, and environmental issues. Economic 

rowth with an increase in the volume of trade brought on by 

rade expansion might influence the environment negatively, such 

s increased pollution or degradation of natural resources. 

As a country’s export sector grows more connected to the 

lobal economy, it becomes more vulnerable to environmental re- 

trictions imposed by major importers. On the other hand, in- 

reased commerce can contribute to a stronger capacity to manage 

he environment more effectively by supporting economic growth, 

evelopment, and social welfare. More importantly, free markets 

an increase access to new technologies that reduce the consump- 

ion of energy, water, and other environmentally hazardous el- 

ments in local production processes, making them more effi- 

ient. Similarly, trade and investment liberalization might encour- 

ge companies to adopt stricter environmental norms. Changes re- 

uired to achieve these standards run backward through the sup- 

ly chain, encouraging the adoption of cleaner manufacturing tech- 

iques and technology. 

Providing a reasonable prediction during COP 26 for SDGs with 

ilateral trade flows across several world areas for decades into the 

uture is a difficult challenge, and then overlaying it with data on 

he economic repercussions of climate change complicates things 
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ven more. These projections are surrounded by a lot of uncer- 

ainty. First, international trade flows are expected to grow signif- 

cantly in future decades, emphasizing trading outside the OECD. 

owever, the direct effects of climate change on international trade 

nd infrastructure are mostly unfavorable, meaning that climate 

hange will impede some of the expected gains in trade. Further- 

ore, climate damages will exert downward pressure on almost all 

egions’ economies. Trade flows will be smaller when climate dam- 

ges are taken into account than when the naive baseline, which 

gnores economic feedback from climate change, is used. These im- 

lications are most pronounced in Africa and Asia, where estimates 

how high economic growth rates mixed with rising trade depen- 

ence and significant climate change damages. 

Second, policymakers will need to comprehend how climate 

hange will affect their sectoral production patterns and how it 

ill affect the economy of the regions with which they compete 

n international markets. Without considering changes in interna- 

ional commerce, a national climate change assessment can lead to 

rroneous conclusions about the consequences of climate change 

n domestic competitiveness. Despite being badly impacted by 

limate change, a region’s competitiveness may improve if other 

ompetitors for a particular market are more seriously harmed or 

pt to specialize in the production of different items. Exports fell 

aster than imports and GDP in the worst-affected countries. 

Third, the mechanisms influencing trade patterns are intricate, 

ith mutually reinforcing and dampening effects. Climate shocks 

re generally better absorbed by countries with larger domestic 

arkets and more diverse trade patterns than by more special- 

zed countries. Comparative advantage tends to erode in coun- 

ries where climatic damage causes significant reductions in ex- 

ort quantities, whereas locations with the least fluctuating ex- 

ort price levels can gain export volumes. Additionally, the effi- 

acy of economic complexity to enable product sophistication and 

he application of technology for energy transition strategies have 

 long-term impact on sustainability and economic growth. How- 

ver, regarding trade openness and export quality diversification, 

ur results contradict the findings of Saafi and Nouira (2018) and 

hrid et al. (2020) , who shows the role of trade openness and ex- 

ort upgrading have a negligible impact on economic growth. 

The major policy implication arising from the findings is that 

conomic complexity should be considered as a major driver for 

nsuring economic prosperity and sustainability. The influence of 

enewable energy on economic growth suggests the need for de- 

eloping policies on adopting renewable source-based energy for 

limate welfare. Such policies will enable economies to move to- 

ards sustainable development goals SDG-7 (on clean and afford- 

ble energy), SDG-8 (sustainable growth), and SDG-13 (on cli- 

ate change). Adopting economic sophistication will push the 

conomies towards high productive capacities and efficient energy 

se. From this study, it can be suggested that the focus of almost 

ll economic activities should be based on SDG 8 (promote as well 

s sustained an inclusive kind of sustainable economic growth, the 

ull and highly useful in terms of productive employment with a 

ype of decent work for all). Further, this study helps in restor- 

ng the employment level as per SDG 8 to reduce the economic 

omplexities which will be a crucial factor for expanding sustain- 

ble economic development in near future. The process of restor- 

ng technical efficiency in women’s, young man force, and dis- 

bled people’s access to well-paying jobs will be especially cru- 

ial because these groups have historically had lower labor force 

articipation rates and wages (SDG target 8.5). Returning to the 

tatus quo, however, will not be sufficient to fulfill SDG 8. Im- 

roving employee productivity will also be crucial. The amount of 

oney workers make and GDP are inextricably linked (SDG tar- 

et 8.1 and target 8.2). Work productivity can be improved in a 

ariety of ways, including enhancing human capital through im- 
49
rovements in education and health, upgrading infrastructure, and 

sing new technologies (SDG target 8.2). Economic transformation 

s another, and the subject of the rest of this chapter. Long-term 

rowth requires economies to restructure in a way that encourages 

igh-productivity jobs (SDG target 8.2 and target 8.3). Transitioning 

rom low-productivity to high-productivity sectors accounted for 

ore than two-thirds of total productivity increase in low-income 

conomies. This has often entailed a change from low- to high- 

roductivity agriculture, a move toward urbanization, and a move 

way from precarious work. Lastly, the countries should focus on 

trengthening institutional quality as it adds leverage to economic 

omplexity and positively affects economic prosperity. 

. Concluding remarks and implications

International trade and industrial activities are conducive to 

he economic development of emerging and developed economies. 

owever, the bolster economic objectives come with the repercus- 

ions of environmental externalities and structural transformation 

hallenges. The on-hand research study is an effort to examine 

he heterogeneous impacts of structural change and institutional 

uality on economic growth. In doing so, the current study draws 

ovel conclusions and implications regarding the sustainable de- 

elopment goals and sustainable growth in developed economies. 

his research attempted to explore the nexus among economic 

rowth, economic complexity, export quality, financial develop- 

ent, human capital, renewable energy, and institutional quality 

or 28 OECD economies. In doing so, the study employed the an- 

ual data from 1990 to 2019 and tested three model specifications 

sing extensive empirical analysis such as cross-sectional depen- 

ency tests by Pesaran (2015), Westerlund cointegration tests, and 

edroni cointegration tests, FMOLS, and DOLS. 

The empirical results highlight that greener and renewable en- 

rgy have an important role to play for industrial activities, eco- 

omic development and it can act as an alternative to achieve sus- 

ainable economic growth. Export quality leads to strengthening 

he trade by improving the quality of products, ultimately it can 

ead towards the economic progress of countries. Further, it can be 

nterpreted that overall economic complexity encompasses finan- 

ial development and product complexity, both of which are con- 

ucive for the growth of the economy. 

Sustainable economic development should focus on the utiliza- 

ion of renewable natural input resources, export sophistication, 

uman knowledge and skills, use of cleaner and renewable energy 

ources. In this process, the major effort s should be focused on en- 

ancing the quality of exported products with the possible mini- 

um loss of natural input resources. These natural resources will 

nable them to move towards the path of sustainable growth. Fur- 

her, these nations should provide important policy insights which 

an serve as lessons for other developing countries towards their 

ourney of sustainable growth. The results and findings from the 

mpirical analysis from this study help in drawing highly useful 

nd important policies for OECD countries. The enhancement of 

reener energy and technological innovation helps the policy mak- 

rs to suggest environment-friendly economic growth solutions, in 

he same direction this study becomes a solid blueprint to study 

he underlines that the policies of the existing government which 

hould encourage the process of new eco-friendly innovation, in 

articular, the use of renewable energy in almost all developed na- 

ions is helpful as the largest users of fossil fuels. The shift in inno- 

ation must be promoted for the usage of renewable energy which 

ay help in the reduction of the use of fossil fuel and at the same

ime to increase the percentage share of renewable energy besides 

mproved export quality and institutional quality. The improved in- 

titutional quality has a direct causal effect on the export quality 

nd renewable energy consumption in all OECD countries. This ef- 
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ect can be controlled via an improved innovation level, specifi- 

ally, in the process of utilizing renewable energy, this option is 

lso assumed as the second-best alternative solution to replace fos- 

il fuel consumption, therefore, the decrease in the environmen- 

al quality can be possible via improved institutional quality. The 

echnological innovation and the process of progress in adopting 

ew methods for producing energy with more renewable sources 

re crucial for the enhancement of development for optimizing 

lean energy. The sources for renewable energy do not only alter- 

ate the usage of fossil fuel but also assure the use of clean and

enewable energy independence with wider security perspectives 

hich support the system to promote the decarbonization pro- 

ess in the OECD economies. The present study can be extended to 

ther panel countries with different intensities of economic com- 

lexity. In addition, future research may explore the role of other 

dditional variables (income inequality) as a driver towards eco- 

omic prosperity. The scope of research can be enhanced by apply- 

ng more sophisticated estimation techniques like structural equa- 

ion modeling, machine learning, and data envelopment analysis. 
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