[bookmark: _Hlk107344791]
[image: ]

UNIVERSITY OF GHANA
(College of Humanities)


THREE ESSAYS ON
ENVIRONMENTAL TAXES, GREEN INCENTIVE, SUSTAINABLE SWITCH, AND ECONOMIC EFFICIENCY: ANALYSES OF GLOBAL NET-ZERO TRANSITION AND THE SDGS


by 

TONY AZAANAMAAL
(10067651)




THIS THESIS IS SUBMITTED TO THE UNIVERSITY OF GHANA, LEGON IN PARTIAL FULFILMENT OF THE REQUIREMENT FOR THE AWARD OF PHD IN ACCOUNTING DEGREE


AUGUST, 2025



DECLARATION




	[image: ]
	31st August, 2025

	
	

	-----------------------------------
	----------------------------


	TONY AZAANAMAAL
         (10067651)
	          DATE 





















CERTIFICATION

I, the undersigned, do hereby certify that this thesis was supervised in accordance with the guidance laid down by the university


	
	31st August, 2025

	
	

	--------------------------------------------------
	----------------------------


	PROFESSOR MOHAMMED AMIDU
         SUPERVISOR
	          DATE 








	
	31st August, 2025

	
	

	---------------------------------------------------
	----------------------------


	PROFESSOR WILLIAM COFFIE
         (10067651)
	          DATE 









DEDICATION

This thesis is wholly and solely dedicated to my mother, Mama Florence Yaa Dekomwine (of blessed memory).


























ACKNOWLEDGEMENTS

First and foremost, I give thanks to the Almighty God, the Most Ancient of Days, for His gift of life, and for His precious word which has been my source of inspiration. When I am down His word tells me “For I know the plans I have for you…, plans to prosper you and not to harm you, plans to give you hope and a future’.
I am grateful to Prof. Mohammed Amidu (PhD) and Prof. William Coffie (PhD) of the University of Ghana for accepting to supervise my thesis, and the guidance I have received from them. 
The impact of BANGA Africa Project Thesis Completion Grant on the completion of my thesis has been very significant, and I would like to express my gratitude to the University of Ghana – Carnegie Project for the selection and award of this important scholarship. 
I am grateful to the Sustainable Development School of the Swidish Research Council, and the Institute of Statistical, Social, and Economic Research (ISSER) of the University of Ghana, for the opportunity to participate in the Methodology and Field Studies in Development School, which equipped me with a lot of research tools and ideas in the area of climate change and sustainability research. I acknowledge the contributions of the principal facilitators, Prof. Fred Dzanku and Dr. Dzifa Torvikey, in making the event a success. 
May God richly bless you all.




AUTHOR’S RESEARCH OUTPUT FROM THESIS
Prior to the completion and submission of this thesis, abstracts of the first two essays of this thesis have been submitted and presented at conferences, the first essay has been published, and the third essay is still undergoing review as follows:
Peer review journal publication
Azaanamaal, T. (2025). Growing the Global Economy through Climate Change Mitigation: A Causal Mediation Analysis of Environmental Taxes and Green Incentive. Journal of Tax Reform, 11(1), 121–148.
Paper under review
Azaanamaal, T., Amidu, M. and Coffie, W. (2025). Leveraging globalization and the mediating effect of environmental taxes for sustainable energy production. Journal of Environmental Accounting and Management (Under revision)
Conferences attended and papers 
Azaanamaal, T., Amidu, M., Coffie, W., & Fosu, S. (2023). Growing the global economy through climate change mitigation: a Causal Mediation Analysis of environmental taxes and green incentive, Pan-African Doctoral Academy 3rd Research and Mentorship Conference, University of Ghana, October 11-12, 2023.
Azaanamaal, T., Amidu, M., Coffie, W., & Fosu, S. (2023). Economic wellbeing of environmental policies: a global analysis of the contingent effect of environmental taxes and green incentive on climate adaptation”, 3rd Research and Development Conference, SD Dombo University of Business and Integrated Development Studies, October 17-18, 2023. 

	
	
	
	

	TABLE OF CONTENTS
	

	
	
	
	

	Declaration 
	ii

	Certification 
	iii

	Dedication 
	iv

	Acknowledgement 
	v

	Author’s Research Output from Thesis 
	vi

	Table of Contents  
	vii 

	List of Tables  
	Xi

	List of Figures  
	xiii

	Abstract  
	xiv

	
	
	
	

	Chapter One:
	Introduction  
	1

	
	1.1
	Background of the Study 
	2

	
	1.2
	Problem Statement 
	6

	
	1.3
	Objectives of the Study 
	8

	
	1.4
	Significance of the Study 
	9

	
	1.5
	Structure of this Thesis 
	9

	
	
	
	

	Chapter Two:
	Growing the global economy through climate change mitigation
	12

	         Abstract
	
	13

	
	2.1
	Introduction 
	14

	
	2.2
	Literature Review  
	17

	
	2.2.1
	Theoretical review
	17

	
	2.2.2
	Empirical review 
	21

	
	2.2.3
	Conceptual framework 
	24

	
	2.3
	Research Methodology  
	25

	
	2.3.1
	Data source  
	25

	
	2.3.2
	Variable measurement
	25

	
	2.3.3
	Diagnostic checks     
	27

	
	2.3.4.
	Estimation strategy
	30

	
	2.3.4.1.
	System Generalised Method of Moments 
	31

	
	2.3.4.2.
	Pooled Mean Group 
	34

	
	2.3.4.3.
	Method of Moment Quantile Regression 
	35

	
	2.3.4.4.
	Dynamic Panel Threshold Regression
	37

	
	2.3.4.5.
	Dynamic Causal Mediation Analysis
	38

	
	2.4.
	Presentation, Analysis and Discussion of Results
	38

	
	2.4.1.
	Descriptive statistics 
	38

	
	2.4.2
	Sys GMM estimator results
	40

	
	2.4.3.
	PMG estimator results 
	44

	
	2.4.4.
	MMQR estimator results 
	46

	
	2.4.5.
	PTR estimator results 
	48

	
	2.4.6.
	CMA estimator results
	  49

	
	2.4.7.
	Discussion 
	50

	
	2.5.
	Concluding Remarks and Recommendation
	53

	
	
	
	

	Chapter Three:
	Economic well-being of climate change adaptation and environmental taxes
	56

	         Abstract
	
	57

	
	3.1
	Introduction 
	58

	
	3.2
	Literature Review 
	61

	
	3.2.1
	Theoretical review 
	61

	
	3.2.2
	Empirical review 
	62

	
	3.2.3
	Conceptual framework 
	66

	
	3.3
	Research Methodology
	67

	
	3.3.1
	Data source 
	67

	
	3.3.2
	Variable measurement  
	67

	
	3.3.3
	Diagnostics     
	70

	
	3.3.4.
	Estimation strategy   
	71

	
	3.3.4.1.
	System Generalized Method of Moments
	72

	
	3.3.4.2.
	Cross-sectionally Augmented Autoregressive Distributed Lag
	74

	
	3.3.4.3.
	Method of Moment Quantile Regression 
	76

	
	3.3.4.4.
	Dynamic Panel Threshold Regression 
	77

	
	3.3.4.5.
	Causal Mediation Analysis
	78

	
	3.4
	Presentation, Analysis and Discussion of Results  
	79

	
	3.4.1.
	Descriptive statistics  
	79

	
	3.4.2.
	Sys GMM estimator results
	83

	
	3.4.3.
	CS-ARDL estimator results
	87

	
	3.4.4
	MMQR estimator results 
	88

	
	3.4.5.
	PTR estimator results 
	89

	
	3.4.6.
	CMA estimator results 
	90

	
	3.4.7
	Discussion 
	91

	
	3.6
	Concluding Remarks and Recommendation  
	92

	
	
	
	

	Chapter Four:
	Leveraging globalization and the mediating effect of environmental taxes for sustainable energy production 
	96

	      Abstract
	
	97

	
	4.1
	Introduction 
	98

	
	4.2
	Literature Review 
	101

	
	4.3
	Research Methodology  
	107

	
	4.3.1
	Data source   
	107

	
	4.3.2
	Variables and measurement 
	109

	
	4.3.3
	Diagnostics   
	112

	
	4.3.4.
	Estimation strategy 
	112

	
	4.3.4.1
	System Generalized Method of Moments 
	113

	
	4.3.4.2
	Dynamic Common Correlated Effect (CS-ARDL)
	114

	
	4.3.4.3
	Method of Moment Quantile Regression   
	115

	
	4.3.4.4
	Dynamic Panel Threshold Regression
	116

	
	4.3.4.5
	Causal Mediation Analysis
	118

	
	4.4.
	Presentation, Analysis and Discussion of Results 
	119

	
	4.4.1
	Descriptive statistics 
	119

	
	4.4.2
	Sys GMM estimator results
	121

	
	4.4.3
	CS-ARDL estimator results 
	125

	
	4.4.4
	MMQR estimator results 
	126

	
	4.4.5
	PTA estimator results 
	127

	
	4.4.6
	CMA estimator results
	128

	
	4.4.7
	Discussion 
	128

	
	4.5
	Concluding Remarks and Recommendation  
	131

	
	
	
	

	Chapter Five:
	Conclusion 
	134

	
	5.1
	Introduction 
	135

	
	5.2
	Overview 
	135

	
	5.3
	Summary and Implication for Public Policy
	136

	
	5.4
	Limitations of the Study 
	143

	
	5.5
	Avenues for Future Research
	143

	
	
	
	

	
	
	
	

	References 
	145

	
	

	Appendices 
	157

	         Appendix I    : Chapter Two descriptive statistics based on level of development 
	157

	         Appendix II   : Chapter Two descriptive statistics based on OECD membership 
	158

	         Appendix III  : Chapter Two descriptive statistics based on regions 
	159

	         Appendix IV  : Chapter Three descriptive statistics based on level of development 
	161

	         Appendix V   : Chapter Three descriptive statistics based on OECD membership 
	162

	         Appendix VI  : Chapter Three descriptive statistics based on regions 
	162

	         Appendix VII : Chapter Four descriptive statistics based on level of development 
	164

	         Appendix VIII: Chapter Four descriptive statistics based on OECD membership
	165

	         Appendix IX   : Chapter Four descriptive statistics based on regions
	166





	
	
	

	LIST OF TABLES
	

	
	
	

	Chapter Two
	
	

	Table 2.1
	Variables included in the study
	26

	Table 2.2
	Slope homogeneity test results 
	28

	Table 2.3
	CD-test with AMG and CCEMG estimates
	30

	Table 2.4
	Descriptive statistics
	39

	Table 2.5
	Sys GMM estimator results
	41

	Table 2.6
	Sys GMM results based on the level of economic development
	42

	Table 2.7
	PMG estimator results
	45

	Table 2.8
	MMQR estimator results
	46

	Table 2.9
	PTR estimator results
	48

	Table 2.10
	CMA estimator results
	49

	
	
	

	Chapter Three
	
	

	Table 3.1
	Variables included in the study
	69

	Table 3.2
	Slope homogeneity test results
	71

	Table 3.3
	Descriptive statistics
	80

	Table 3.4
	Correlations matrix
	82

	Table 3.5
	Sys GMM estimator results
	83

	Table 3.6
	Sys GMM results based on level of economic development
	84

	Table 3.7
	Sys GMM results based on regions
	85

	Table 3.8
	CS-ARDL estimator results
	88

	Table 3.9
	MMQR estimator results
	89

	Table 3.10
	PTR estimator results
	89

	Table 3.11
	CMA estimator results
	90

	
	
	

	Chapter Four
	
	

	Table 4.1
	Variables included in the study
	111

	Table 4.2
	Descriptive statistics  
	120

	Table 4.3
	Sys GMM estimator results 
	121

	Table 4.4
	Sys GMM results based on level of economic development
	121

	Table 4.5
	CS-ARDL estimator results
	125

	Table 4.6
	MMQR estimator results
	126

	Table 4.7
	PTR estimator results
	127

	Table 4.8
	CMA estimator results
	128

	
	
	

	












	























	

	LIST OF FIGURES
	

	
	
	

	Chapter Two
	
	

	Figure 2.1
	Conceptual framework 
	24

	Figure 2.2
	Economic growth and environmental tax
	43

	Figure 2.3
	Economic growth and green incentive 
	44

	
	
	

	Chapter Three
	
	

	Figure 3.1
	Conceptual framework
	66

	Figure 3.2
	Economic wellbeing and climate adaptation nexus
	87

	
	
	

	Chapter Four
	
	

	Figure 4.1
	Conceptual framework
	107

	Figure 4.2
	Globalisation and sustainable energy production
	124

	Figure 4.3
	Environmental taxes and sustainable energy production 
	125

	
	
	

	Chapter Five
	
	

	Figure 5.1
	Modified double-dividend hypothesis 
	142

	
	
	












ABSTRACT

This thesis focuses on anthropogenic greenhouse activities and environmental governance policies, and how green incentive complements environmental taxes as policy instruments to achieve economic efficiency and environmental protection, within the framework of the United Nations Sustainable Development Goals, using datasets that cover all regions of the world, consisting of 104 countries with records on the implementation of environmental taxes. Employing a buffet of estimation techniques, which are preceded and informed by extensive regression diagnostics, along four lines of research, this thesis provides the following results: first, increased climate change activities adversely affect the economic growth of countries. The implementation of green incentives and environmental taxes reduces this effect. Second, there is a positive relationship between climate change adaptation and economic well-being, which is enhanced by the introduction of green incentives and environmental taxes. Third, the study finds a negative relationship between globalization and sustainable switch production, and that the introduction of environmental taxes and green incentives has a reducing effect on the impact of globalization. Fourth, technology adoption does not necessarily translate into sustainable switch consumption, unless environmental taxes and green incentives are introduced. 
The thesis makes the following contribution to literature: first, to achieve sustainability through exposure of economies to globalization, this study reveals that there is a threshold to meet for the impact of globalization to be positive on sustainability. In addition, there is a threshold to meet in technology adoption for there to be a switch. Second, the study proposes an alternative model to the double-dividend hypothesis that includes green incentives as a complementary policy instrument to environmental taxes.
In conclusion, this thesis gives rise to important policy recommendations. First, the adverse effect of climate change on economic growth requires environmental regulatory policies that not only punish anthropogenic greenhouse gas activities, but also educate and conscientize the citizenry on the need to imbibe pro-environmental quality behaviours. Second, results on the link between economic well-being and climate change adaptation indicate the need for governments to build resilience and robustness towards climate change, through the implementation of an all-inclusive environmental governance framework, to improve the economic well-being of the people. Third, on the impact of globalization on sustainable switch production, governments need to open up their economies to the world to reap its green benefits. 
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CHAPTER ONE














INTRODUCTION
1.1 Background of the Study 
Curbing environmental pollution and climate change is inarguably the biggest challenge the world is facing today (Bhat et al., 2022a). These phenomena impact the various physical and biological processes connected to our very human survival (Akhtar et al., 2022a). It is estimated that air pollution alone kills seven (7) million people worldwide every year (Wolde-Rufael & Mulat-Weldemeskel, 2022a). This stem from the fact that, human population growth after the industrial revolution (the process of change from agrarian and handicraft economy to one dominated by industry and machine manufacturing) flipped up energy demands in emerging countries provided by fossil-based sources which concordantly increased carbon dioxide (CO2) emissions, the heat-trapping greenhouse gas (GHG), scientifically proven to be the primary driver of recent global warming and climate change (Bhat et al., 2022a). 
It should be noted that energy consumption is the precursor of any successful process of economic development in any country (Ghosh, 2022a). Thus, higher economic objectives will require more energy consumption by economic units. Since 1990, the pursuit of rapid economic growth and greater fossil fuels consumption in developing countries has exacerbated the already precarious global GHG emissions levels by 1.5-fold (Dogan et al., 2022). The National Aeronautics and Space Administration (NASA) indicates that nineteen (19) of the hottest years have occurred since 2000, with the exception of 1998. The year 2020 is tied with 2016 for the hottest year on record since recordkeeping began in 1880 (NASA, 2022). The rising intensity of anthropogenic activities and ever-expanding economic growth, resulting in an exponential rise in greenhouse gas emissions, have heightened the imperative of concrete and speedy actions for sustainable targets worldwide (Mahmood et al., 2022a). 
At the United Nations Sustainable Development Summit in 2015, in New York, 193 member states adopted the United Nations Sustainable Development Goals, Agenda 2030, which aim to address the economic, social, and environmental dimensions of development challenges in an overall framework that targets the attainment of sustainable development goals by 2030 (Shang et al., 2023). Sustainable development is a product of the Earth Summit (United Nations Conference on Environment and Development) held in Rio de Janeiro, Brazil, in 1992. It was at this summit that gave birth to United Nations Agenda 21, which has been replaced with the 2030 Agenda. Since the adoption of sustainable development pathway, the nexus amid economic growth, environmental quality, and sustainable switch has assumed the front burner of global discourse, spearheaded by the United Nations Framework Convention on Climate Change (UNFCCC), by organizing stakeholder engagement called the Conference of Parties (COPs), the latest of which was the 27th Conference of Parties (COP 27), Sharm El Sheik, Egypt, in 2022, to deliberate on the reports of the Intergovernmental Panel on Climate Change (IPCC, 2022a) and to decide on the right frame of policies for the promotion of sustainable development. These discussions have informed the Race to Zero campaign being led by UNFCCC High-level Climate Champions and, more broadly, aim to promote convergence toward robust standards for net zero targets across the climate action community, representing 1,049 cities, 67 regions, 5,235 businesses, 441 of the biggest investors, and 1,039 Higher Education Institutions. These ‘real economy’ actors join 120 countries in the largest ever alliance committed to achieving net zero CO2 emissions by 2050 at the latest (UNFCCC, 2022). All these initiatives show a growing concern for the environment and its components, and that humanity has become aware of the immense dangers which threaten living conditions on earth and the future of the human species (Alina-Petronela et al., 2023).
Sustainable development offers a comprehensive pathway to achieving ambitious climate change mitigation goals. Sustainable development requires the pursuit of synergies and the avoidance of trade-offs between the economic, social, and environmental dimensions of development. Factoring in equality and distributional effects will be particularly important in the pursuit of sustainable policies and partnerships, and in accelerating the transition to sustainable development. Using climate change as a key conduit can only work if synergies across sectors are exploited and if policy implementation is supported by national and international partnerships. The speed, quality, depth, and scale of the transition will depend on the developmental starting point, that is, on explicit goals as well as the enabling environment consisting of the individual behaviour, mindsets, beliefs and actions, social cohesion, governance, policies, institutions, social and technological innovations et cetera. The integration of both climate change mitigation and adaptation policies in sustainable development is also essential in the establishment of fair and robust transformation pathways  (Mitigation of Climate Change Climate Change 2022 Working Group III Contribution to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change, n.d.)
These global engagements on sustainable development are putting pressure on governments to find innovative ways to reduce environmental damage while minimizing harm to economic growth. Thus, anthropogenic carbon dioxide (CO2) emissions reduction has become a very important social contract deliverable, pegged at the top of the political agenda, and both central and local governments have significant roles to play in environmental policy in general (Delgado et al., 2022). Towards environmental protection, governments have a range of tools at their disposal, including regulations, information programs, innovation policies, environmental subsidies, and environmental taxes, which can be applied to achieve sustainable production and consumption practices. Among these tools, taxes are considered a major component of this toolkit, in the sense that environmental taxes have multiple advantages, such as environmental effectiveness, economic efficiency, the ability to raise public revenue, and transparency. Environmental taxes are levied on activities that harm the environment, such as pollution, greenhouse gas emissions, and energy consumption. Governments’ imposition of taxes on these activities can encourage individuals and businesses to reduce their environmental impact and adopt more sustainable practices. By imposing a tax on fossil fuels, governments can encourage the use of renewable energy sources such as wind, solar, and hydro power, which emit fewer greenhouse gases, and discourage activities that contribute to climate change. Through the imposition of environmental taxes, governments encourage individuals and businesses to adopt more energy-efficient practices, such as using energy-efficient appliances, improving insulation, and reducing waste. At the end of the day, revenues raised from environmental taxes can be used to fund environmental programmes and initiatives, such as research and development of innovative green technologies, conservation efforts, and education and outreach programs. Overall, environmental taxes can be an effective tool in tackling climate change by encouraging individuals and businesses to adopt more sustainable practices and reducing greenhouse gas emissions. 
Without government intervention, there is no market incentive for firms and households to take into account environmental damage, since its impact is spread across many people and it has little or no direct cost to the polluter. Therefore, protection of the environment generally requires collective action, usually led by the government. In the past, environmental policy was typically dominated by command-and-control regulations. These approaches were generally prescriptive and highly targeted, for example, banning or limiting particular substances or requiring certain industries to use specific technologies. Over recent decades, interest has grown in using market-based instruments such as taxes and tradable emission permits. There are a number of reasons for the increasing use of environmental taxes. Taxes directly address market failure by pricing in environmental costs. In addition, taxes leave consumers and businesses with the flexibility to determine the least-cost way to reduce environmental damage (OECD, 2021). 
The continued rise in global emission level is an indication that the current set of nationally determined contributions (NDCs) are not sufficient in keeping global average temperature increase target below 1.5oC as against pre-industrial levels. To get on track for limiting global warming to 1.5oC, global annual GHG emissions must be reduced by 45 percent in just eight years (United Nations, 2020).  With current production structures largely dependent on carbon-based technologies, the challenge is to switch to decarbonized alternatives at minimum costs, requiring large-scale policy interventions via strict environmental regulations, green incentives, and government-supported research and development into alternative net-zero transition pathways (Varga et al., 2022a). 
In the ongoing discussions on emissions reduction through environmental tax policies and what can be done to improve their implementation, the role of accounting research comes to the fore. Though tax research in accounting investigates the same issues in finance and economics, accounting researchers still have a relative advantage when it comes to regulations or enforcing standards (W. Cai et al., 2022). Thus, it is pertinent that researchers within the accounting discipline take up the responsibility in investigating taxation as a tool for enforcing behavioural change within the framework of sustainable development. 

1.2 Problem Statement 
Environmental taxes and subsidies are considered by economic theory as useful policy instruments in environmental governance to enhance environmental protection, improve the alignment of prices with full social costs, and encourage sustainable modes of consumption and production (Guo & Huang, 2022; Zatti, 2020). It has also been established that environmental taxes encourage technological innovation among individuals and firms, and help achieve a win-win situation between the economy and the environment (Zhao et al., 2022; Weiss & Anisimova, 2019). To this end, policymakers worldwide have either designed and introduced environmental governance frameworks or are in the process of doing so, with the introduction of environmental tax as a key policy instrument (Hinterlang et al., 2022). 
[bookmark: _Hlk127323086]Within the theoretical literature on environmental taxes, the double dividend (DH) hypothesis states that it is possible to achieve both environmental protection (first dividend) and economic efficiency (second dividend) through the use of environmental taxes, by simultaneously reducing other pre-existing distortionary taxes in a revenue-neutral framework, in the form of tax interaction and revenue recycling (Delgado et al., 2022; Goulder, 1995a; Nerudová & Dobranschi, 2014a). However, the dual benefits of environmental taxes have come under intense scrutiny in recent times, given the continuous rise in anthropogenic greenhouse gas emissions amid growing expansion in the implementation of environmental taxes. (Goulder, 1992) analyses the theoretical background behind the double dividend hypothesis and somehow predicts the need for complementary action in order to validate the first dividend – the environmental protection. Being preoccupied by environmental improvement, (Goulder, 1992) considers that the theory is fixed upon the second dividend – economic efficiency, because the first dividend is a highly uncertain outcome of the implementation of environmental taxes.
[bookmark: _Hlk131688949]There is a large amount of active work on this subject, which creates a significant opportunity for greater alignment around common principles to underlay the diversity of approaches (Mapping of Current Practices around Net Zero Targets, 2020). The question is how to best achieve this transition to a carbon-neutral economy. This study first identifies and investigates the significance of green incentives as a complementary policy instrument to environmental taxes towards the attainment of the first and second dividends.
 Second, this thesis situates its studies within the global context, a trajectory largely ignored in climate change and environmental tax research. Climate change is a global phenomenon, and must be approached from that perspective (Bhat et al., 2022a), because the effect of anthropogenic activities has no boundaries (Alina-Petronela et al., 2023). Previous shots at global research on the subject fell short of true global contextualization. For instance, (Bhat et al., 2022a) and (Ghosh, 2022), which assumed a global view, still had a limited coverage, with their studies drawing data on G20 countries and the BRICS (Brazil, Russia, India, China, South Africa) nations, respectively. (J. H. Chen & Cheng, 2022) which focuses on renewable energy and economic growth, examines the factors influencing renewable energy output among thirty-two countries listed in the 2018 Global Best Country Ranking Survey. This research presents a holistic global study that encompasses all countries that implement environmental taxes.

1.3 Objectives of the Study 
The purpose of this study is to contribute to the global discourse on the United Nations Sustainable Development Goals by examining the impact of environmental taxes and green incentives as instruments of environmental regulations on environmental protection and economic efficiency, amid global warming, climate change adaptation challenges, and exposure to globalization effects. To this end, this study seeks to execute three specific objectives:   
i.  To examine the effects of environmental taxes and green incentives on climate change, in the advancement of economic growth
ii. To examine the effects of environmental taxes and green incentives on the nexus between economic well-being and climate adaptation 
iii. To investigate the effects of environmental taxes and green incentives on the nexus between sustainable switch production and globalisation

1.4 Significance of the Study 
First, this thesis contributes to empirical research by estimating the threshold effect of environmental tax and green incentive on the nexus between economic growth and climate change, between economic well-being and climate change adaptation, between sustainable switch production and globalization, and between sustainable switch consumption and technology adoption. In furtherance of current exposition, this thesis extracts graphical curves illustrating the relationships between economic growth and climate change, economic well-being and climate adaptation, sustainable switch production and globalization, and sustainable switch consumption and technology adoption
Second, to the best of my knowledge, this is the first study that examines green incentives as a complementary policy instrument to environmental taxes at the global stage, and proposes a modification to the double-dividend conception to include green incentives. 
Finally, this thesis demonstrated how environmental taxes and green incentives as instruments of environmental governance can be deployed to achieve the United Nations Sustainable Development Goals. 

1.5 Structure of this Thesis
This thesis is structured along four key trajectories in the climate change debate, namely, economic growth, economic well-being, sustainable switch production, and sustainable switch consumption. All the discussions are linked by environmental tax and green incentives. The rationale is to estimate the complementary effects of environmental taxes and green incentives in shaping sustainable environmental practices and the economic outcomes of nations.  
Chapter Two commences the research work and constitutes the first essay of this thesis, which examines the threshold effect of environmental taxes and green incentives on wealth creation with emphasis on the nexus between economic growth and climate change. The chapter investigates the effect of climate change on economic growth using the System Generalized Method of Moments (System GMM). Further examination is made on the effect of climate change on economic growth in the short run and the long run using the Pooled Mean Group (PMG) estimator, and the effect of climate change on different distributions of economic growth employing the Method of Moment Quantile Regression (MMQR) estimator. Panel Threshold Regression (PTR) estimator is used to determine the individual policy threshold effect, and Causal Mediation Analysis (CMA) for the collective threshold effect of environmental taxes and green incentives on the nexus between climate change and economic growth.
Chapter Three presents the second essay of this thesis, which analyses the threshold effect of environmental taxes and green incentives on the distribution of wealth, with emphasis on the relationship between economic well-being and climate adaptation. The chapter analyses the effect of climate change adaptation on economic well-being using Sys GMM, the long-run effect of the same using Cross-sectionally Augmented Auto-regressive Distributed Lag (CS-ARDL) estimator, and across different distributions of economic well-being using Method of Moment Quantile Regression (MMQR) estimator. The individual threshold effect of environmental taxes and green incentives is estimated using the Panel Threshold Regression (PTR) estimator, while their collective effect is computed using Causal Mediation Analysis (CMA).
Chapter Four presents the third and last essay of this thesis, which investigates the threshold effect of environmental taxes and green incentives on the nexus between sustainable switch production and globalization. The study estimates the effect of globalization on sustainable switch production using the System GMM estimator. The long-run effect of this nexus is estimated using the Cross-sectionally Augmented Auto-regressive Distributed Lag (CS-ARDL) estimator, and the effect of climate change adaptation on economic well-being across different distributions is examined using the Method of Moment Regression (MMQR) estimator. The threshold effect of environmental policies is estimated through the Panel Threshold Regression (PTR) estimator and Causal Mediation Analysis (CMA).
Chapter Five concludes this thesis by summarizing the key findings, examining their implications for the design of environmental governance policies globally, and the attainment of the United Nations Sustainable Development Goals (SDGs), and highlights limitations of the essays and avenues for further research. 









CHAPTER TWO
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GROWING THE GLOBAL ECONOMY THROUGH CLIMATE CHANGE MITIGATION

Growing the global economy through climate change mitigation

Abstract 
[bookmark: _Hlk199217645]Climate change is inarguably the biggest challenge confronting the world today, which is largely driven by unsustainable greenhouse gas emissions as a result of increased economic activities. However, research into understanding this phenomenon has failed to reach a common convergence on its impact on economic growth. Data on the greenhouse effect attest to the insufficiency of the current regulatory framework (built around environmental taxes) in addressing this problem. With this background, the purpose of this study is twofold. First, given the lack of convergence of empirical studies on the direction and impact of climate change on economic growth, this study seeks to present robust coefficients of climate change impact on economic growth that are free from bias, to guide future research, and to inform public policy. Second, the study seeks to confirm the double dividend hypothesis that the introduction of environmental taxes induces economic efficiency (economic growth). With System GMM estimator, PMG estimator, MMQR estimator, Dynamic PTR estimator, and a Dynamic CMA, this study regresses a large panel of 104 countries over 26 years between 1994-2019, the results show that an increase in climate change reduces economic growth on all models, with a significant adverse effect in the long run, and across higher distributions of growth. Both environmental taxes and green incentives have a significant moderating effect on climate change, with green incentives having a greater contingent effect. 




2.1. Introduction
Climate change impact research informs policymakers on the estimated damages of future climate change on economic, health, and other outcomes (Cui et al., 2024). However, for managers of economies to take the issue of climate change seriously, researchers must be able to demonstrate empirically beyond all doubt that climate change harms economic growth. Researchers must also be able to demonstrate empirically the causal mediation effect of a robust environmental policy regime on economic growth. So far, research in this area is limited and lacks convergence. As it stands, there are still uncertainties regarding the possible bearing of climate change on economic growth, owing to a lack of sufficient empirical evidence to support discourse (Duan et al., 2022a). While some researchers (Duan et al., 2022a; Khurshid et al., 2022) find the impact of climate change on economic growth to be negative, other researchers are indifferent, or have found the climate change effect to be positive (Petrović, 2023a; Y. Zhao & Liu, 2023). 
In the case of Khurshid et al. (2022) it is established that carbon (CO2) emissions negatively impact economic growth both in the short run and in the long run using a non-linear autoregressive distributed lag (ARDL) model, when examining the nexus between CO2 emissions and economic growth in Pakistan. Duan et al. (2022), on the other hand, projected that economic damage from climate change on China’s economy will exceed 4.23 percent of gross domestic product (GDP) by the year 2100 based on a nonlinear historical climate-economic interaction. 
In contrast, Petrović (2023) suggested that the current global warming and climate change do not yet have a dominant negative impact on economic growth, which is in sync with the findings of Zhao & Liu (2023). In the attempt to examine the effects of climate change on economic growth across 44 countries in Africa, Zhao & Liu (2023) found the effect of climate change to be positive on economic growth in the coastal regions, but it has no effect in the inland regions. Highlighting the heterogeneity of climate change effects, Saha et al. (2024) undertook a similar study in ascertaining the climate change impact on the coastal communities in Bangladesh, and found the climate change impact to be adverse.
The non-convergence in past studies could stem from the fact that many studies that explored the various factors of climate change mitigation focused on linear relationships. However, the nexus between these factors might not be linear, which has been ignored by these studies (Lu et al., 2023).
Albeit the primary objective of any given environmental regulation is to foster sustainable economic growth through the use of environmentally friendly manufacturing technologies and improving production efficiency (Du, 2023). Despite the importance of environmental regulations, it is argued that the adoption of restrictive policies limits the use of abundant fossil-based energy resources, which may slow down economic development and thus violate the “Right to Development.” (Charlier et al., 2024). However, empirical research has failed to estimate the moderating effect of environmental taxes on climate change as a determinant of economic growth.
Goulder (Goulder, 1992b) The double dividend hypothesis posits that environmental taxes will require a complementary policy for it to be effective. Although, He et al. (2021) states that the comparative success story of Finland over China and Malaysia in the introduction of carbon tax is a result of the inclusion of awareness creation and reward system for compliance behavior, but not much empirical work has been done to identify a possible complementary policy to environmental taxes. 
In addition, after examining the optimal tax rate in the implementation of environmental taxes, previous studies failed to examine the corresponding optimal activity levels that yield the desired benefits.
The purpose of this study is to estimate the impact of climate change on economic growth globally and the moderating effect of environmental taxes. Consequently, the study estimates the direct impact of climate change on economic growth from a multiple regression approach; examines the moderating effect of environmental taxes on climate change as a determinant of economic growth; and estimates the optimal activity levels that yield positive growth. 
This study makes some significant contributions to the literature on relationships among economic growth, climate change, and environmental taxes. Unlike previous studies that employed single econometric models for estimating climate change impact on economic growth, this study presents a much robust estimate based on the outcome of multiple regressions consisting of both static and dynamic models, which reveal a consistent adverse effect of climate change on economic growth. 
In addition, research into the implementation of environmental taxes on economic growth has either revealed an adverse effect or a positive effect. This study goes further to estimate the activity levels that yield either effect, thereby providing a bridge between the proponents and opponents of the tax-interactive effect of the double dividend hypothesis. Also, a dynamic CMA (previously used to undertake research in clinical epidemiology) is employed in this study to estimate the causal effect of a robust environmental regulatory framework in climate action (SDG 13).
The remainder of the paper is structured such that the second and third sections present, respectively, the literature review and research methodology. A presentation of results and discussion is contained in the fourth and fifth sections, while the sixth section concludes.  

[bookmark: _Hlk131973253]2.2. Literature Review
2.2.1. Theoretical review 
According to the Double Dividend Hypothesis, tax policies aiming at environmental protection can potentially provide other economic benefits. The concept of the double dividend, as an output of environmental levies, was assessed in detail by Goulder (1992). According to Nerudová & Dobranschi (2014a) the author inserts the central rationale for environmental economics – the Pigouvian theory into the real-world economics. In this context, establishing the proper price for carbon taxation enters a realm of pre-existing distortionary fiscal systems. As a result, the author assumes that environmental levies interact with other pre-existing distortionary taxation. At the same time, the author suggests a swap between environmental taxes and other existing taxes. The concept of double dividend emerges from this, implying that environmental levies could seek a dual goal: pollution reduction and reductions in the distortionary impacts of pre-existing direct taxes. 
The idea is that an environmental tax is a revenue-neutral item that does not affect the amount of money collected for the government. One of the author's most important arguments is that, even if carbon pricing has revenue recyclability potential, any manner of utilizing these revenues increases the costs of carbon taxation implementation. The author identifies two major consequences of environmental taxation enactment: the tax interaction effect and the revenue recycling effect, with the former having a greater impact on overall gross costs than the latter.
Goulder (1992) investigates the theoretical foundations of the double dividend hypothesis and anticipates the necessity for supplementary action to justify the first dividend - environmental conservation. Being preoccupied by environmental improvement, Goulder (1992) considers that the theory is fixed upon the second dividend – economic efficiency, because the first one is highly uncertain. The conception of costless green taxes that will not increase the burden of already existing distortionary taxes is very appealing. 
Although, the first motivation to enact an environmental tax reform is the positive sign of its ability to mitigate anthropogenic greenhouse gases and enhance environmental quality, an environmental tax reform may still be desirable even if its ability to protect the natural environment is in doubt, because revenues generated from its implementation can be channelled into climate change adaptation schemes (Schöb, 2013).
The enthusiasm for environmental taxes has grown in response to the provisions of the double dividend hypothesis, with much debate over whether the revenue-neutral substitution of environmental taxes for ordinary income taxes could provide a double dividend, that is, not only improve the environment but also reduce certain costs of the tax system. A weak double dividend assertion that returning tax revenues through reductions in distortionary taxes leads to cost savings relative to the scenario where revenues are repaid lump-sum is easily disputed theoretically and, happily, obtains widespread support from numerical simulations. The stronger versions suggest that revenue-neutral swaps of environmental taxes for standard distortionary taxes result in zero or negative gross costs. Theoretical investigations and numerical data tend to cast doubt on the strong double dividend claim (Goulder, 1992b). 
Fiercest critics of the double dividend hypothesis have been Don Fullerton. It is argued that, first, the validity of the double dividend hypothesis cannot logically be settled as a general matter. Second, the focus on revenue in this literature is misplaced. According to him, a well-designed reform may generate environmental benefits, and it may reduce other existing distortions, but those outcomes are entirely unrelated to whether it raises revenue. Third, policies that raise product prices through some restriction on behaviour may create scarcity rents, unless those rents are captured by the government, such policies are less efficient in ameliorating an environmental problem (Bovenberg & Mooij, 2022).[footnoteRef:1]  [1:  A. Conference and A. Meeting, “Author ( s ): Don Fullerton and Jane G . Gravelle Source : Proceedings . Annual Conference on Taxation and Minutes of the Annual Meeting of the National Tax Association , 1998 , Vol . 91 (1998), pp . 75-80 Published by : National Tax Association Stable ,” vol. 91, pp. 75–80, 1998.
] 

The imposition of environmental taxes faces challenges due to its regressive nature. In the assessment of Nerudová & Dobranschi (2014b) by imposing environmental taxes and thus raising the prices of inputs, it cannot be simply assumed that the companies will automatically shift their production towards more environmentally friendly technologies. The effectiveness of the instrument will depend on the incidence of tax. In this context, it is imperative to distinguish between statutory incidence (the legal tax imposed on a subject: company, household, individual consumer) and economic incidence (the entity that really bears the burden of the new tax imposed). A disconnect between statutory incidence and economic incidence will not yield the needed behavioural change for the realization of the first dividend.
In furtherance of his assessment of the first dividend of the double dividend hypothesis, Goulder (1992) demonstrates through his general equilibrium model that environmental taxes will increase prices on the conventional fuels industry and that those higher prices will lead to higher demand for alternative fuels through the substitution effect. Thus, the degree of behavioural changes depends on the availability and the price of substitutes. 
Freire-González (2018) reviews literature on environmental tax and the double dividend hypothesis in computational general equilibrium (CGE). CGE is a flexible and open way to model economic systems that allows practitioners to assess the impacts of different policies or external shocks on an economic system. Based on some empirical literature dedicated to testing the double dividend hypothesis of an environmental tax reform using CGE models, Freire-González (2018) provides a comprehensive review of this literature, including a statistical and a meta-regression analysis. 69 different simulations from 40 have been analysed. 55% of simulations have achieved a double dividend, concluding that although the environmental dividend is almost always achieved, the economic dividend remains an ambiguous question that needs further research. 
Mahmood et al. (2022b) attempts to empirically explore whether environmental charges and scientific efforts in the form of green technologies development to achieve sustainable growth work as ecological compensation to reduce environmental degradation on yearly data from 1995 to 2020 for the developed countries panel of OECD. The long-run results reveal that eco-taxation improves environmental quality and economic growth, thus endorsing the double dividend hypothesis. The empirical findings of Mahmood et al. (2022b) suggests that environmental taxes effectively work to reduce environmental externalities as an important policy intervention tool for green growth.
Varga et al. (2022) describe a micro-funded, fully forward-looking dynamic general equilibrium model with energy sectors to analyse the macroeconomic impact of climate mitigation policy in the European Union (EU). The study presents a simulation result for the transitional cost of moving toward a net-zero emissions economy in a budget-neutral way through regulation and environmental taxes. Findings indicate that the cost of moving toward a net-zero emissions economy can be significantly reduced when environmental taxes are recycled to reduce other distortive taxes or subsidize clean energy, confirming the first dividend.

2.2.2 Empirical review   
Economic analysis of climate change is relatively new (Farajzadeh et al., 2022), and as such, literature on the effect of climate change on economic growth is still scant and limited in scope (Duan et al., 2022a). These studies are generally in-country studies (Belford et al., 2022; Duan et al., 2022a; Farajzadeh et al., 2022; Hossain et al., 2023), with a few examining regional trends (Espoir et al., 2022). Beyond the geographical limitation, most of these studies focus on sectors of the economy, especially agriculture (Belford et al., 2022; Duan et al., 2022a; Hossain et al., 2023), with only a few considering national aggregates (Farajzadeh et al., 2022). For instance, Duan et al. (2022) systematically evaluates the economic effect of climate variation by constructing 27-year panel datasets of 274 prefecture cities and 816 weather stations in China. The results reveal some significant climate-economic relationships, with the increase of 1oC-temperature, 100 mm-rainfall, and 1%-humidity associated with a 0.78% decrease, 0.86% increase, and 1.34% decrease in output, respectively. Worthy of note in Duan et al. (2022) is that higher temperature damages are reflected in less-developed regions.
Using a dynamic computable general equilibrium (CGE) model, Hossain et al. (2023) assess the economy-wide implications of climate change in Bangladesh’s economy and agriculture, and revealed that relative to the baseline, agricultural output will decline under a high climate scenario. This decline will result in a decline in agricultural labour, household consumption, and income. With the same model, Belford et al. (2022) compute the impact of climate change on the Gambia’s agriculture sector, and conclude that the agricultural sector is the hardest hit by climate change. According to Belford et al. (2022) the macroeconomic indicators of gross domestic product (GDP), national savings, wages, disposable income, and consumer price index (CPI) deteriorated, elucidating the vulnerability of the economy to climate change. 
Farajzadeh et al. (2022), one of the few studies that examines the effect of climate change on national economic aggregates, implements a dynamic integrated assessment model (IAM) to evaluate the potential impact of climate change on per capita output, per capita consumption, capital per worker, input prices, and welfare over the current century in Iran. In general, the simulation results revealed a significant effect on the selected variables. 
At the regional level, Espoir et al. (2022) attempts to understand for the first time the heterogeneous bearings of GHG emissions on income in Africa using both panel and time series techniques on datasets spanning the period between 1995 and 2016, came out with significant revelations on the income and emissions nexus. Empirical results of the study revealed that at the global level in Africa, a 1% rise in average temperature reduces income by 1.08%, while a 1% increase in CO2 emissions spurs income by 0.23%. 
The impact of global climate change on humanity and the natural environment has increasingly revealed that energy transformation has become an indispensable part of achieving carbon-neutrality. Hence, the nexus between energy transformation and economic growth has become the focus of academic attention (Feng & Zhao, 2022). Although our comprehension of the bearings of climate change on survival and ecological balance is clear and disconcerting, there is still an ongoing debate on the proper course of action to mitigate the anthropogenic greenhouse effect (IPCC, 2022c). Per the sustainable development framework, global warming mitigation efforts need not conflict with social and economic development.
The IPCC reports that the United States (US) has experienced the first sustained period of accelerated GHG emissions reduction concurrent with economic growth on record. CO2 emissions from the energy sector specifically declined by approximately 9.5% from 2008 to 2015, while the economy grew by more than 10%. According to the IPCC, this decoupling of energy sector emissions and economic growth should put to rest the argument that mitigating climate change requires embracing a lower standard of living or lower economic growth (IPCC, 2022c). However, this argument cannot be accepted hook, line, and sinker. As an economic superpower, the US has robust adaptive mechanisms that other nations may not have, and that may have accounted for its ability to sustain economic growth amid drastic GHG mitigation. 
In contrast, the conclusions of Espoir et al. (2022) a study on income and emission nexus in Africa, is that the emissions effect result suggests that environmental regulatory policies specifically designed to mitigate CO2 and other GHG emissions in Africa may have bear significantly adverse effect on production in the long term. This position is supported by the findings of Hassan et al. (2020). Overall, revenues of these taxes are negatively associated with the economic growth rate in the short and long run (Hassan et al., 2020a). Based on the above discussion, the study proceeded to state the following hypotheses:
H1: Regardless of the type of econometric model used, climate change has a significant adverse effect on economic growth
H2: The impact of climate change on economic growth is comparatively greater in the long run
H3: The effect of climate change on economic growth is greater at higher distributions of growth
H4: Empirically, environmental taxes and green incentives as instruments of environmental regulations have a significant contingent effect on the impact of climate change on the global globally.
H5: Globally, countries with robust environmental regulatory frameworks are better able to improve growth through a reduction in climate change effect. 

2.2.3 Conceptual framework
[bookmark: _Hlk201358756][bookmark: _Hlk199228228]Goulder (1992) alludes to the fact that environmental taxes are inclined in favour of the second dividend (economic efficiency), and that there is a need for a complementary policy action in order to validate the first dividend (environmental protection). This study takes up this challenge of identify a suitable policy complement that will be to the benefit of the first dividend. As a complementary policy to environmental taxes in generating a green effect, this paper examines the impact of the implementation of green incentive in the estimation models. These models look at the direct linkage between economic growth and climate change, and the contingent effect of environmental taxes and green incentive on this nexus. Figure 2.1 gives an illustration of these relationships.
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Figure 2.1: Conceptual framework

2.3. Research Methodology
2.3.1. Data source
The research is based on a balanced panel of yearly data for 104 countries from 1994 to 2019. The World Bank's Development Indicators (WDI) database was used to get statistics on economic growth, population growth, and population density. The International Monetary Fund's (IMF) database was used to collect data on the study's proxy for climate change, Average Annual Surface Temperature Change. This study includes two moderating variables: environment taxes and green incentives, which were obtained from the Organization for Economic Cooperation and Development (OECD) database. 
Relying on the OECD database, there are 104 countries that have successfully implemented environmental taxes, with data spanning the period between 1994 and 2019. The entire dataset is used in the analysis. Similar approach has been used by previous studies (Skare et al., 2024; Q. Wang et al., 2022a). Wang et al. (2022) for instance used a study population consisting of 131 countries that have implemented regulations on carbon neutrality, to examine how energy consumption and gravitation towards carbon neutrality globally. Skare et al. (2024) also used a population of 126 countries, in examining energy transformative role in economic growth and technological progress. 

2.3.2. Variables and measurement  
This study focuses on examining the effects of global warming and climate change on economic growth trajectories of countries globally. It also examines the moderating effects of the implementation of two environmental regulations, namely, environmental taxes and green incentive on economic growth. To examine these relationships the following model is specified:
(2.1)



where GEconomic refers to economic growth, CChange is climate change, ETax stands for environmental tax, GIncentive connotes green incentive, Control represents control variables, i and t are the cross-sectional dimension and the time dimension effects of the dataset, respectively. 
Gross Domestic Product (GDP) growth is used in this study as a proxy for the dependent variable, GEconomic based on the World Bank’s World Development Indicators (Kismawadi, 2023), while the main independent variable CChange is measured as average annual surface temperature change relative to a baseline climatology corresponding to the period 1951-1980, based on the International Monetary Fund (IMF) estimates. Others include ETax, which based on the OECD's estimate of environmental taxes as a percentage of total tax receipts. GIncentive is measured as environmental protection expenditures (as a percentage of GDP), which is based on data from the International Monetary Fund (IMF). The first control variable, GPopulation is measured as annual population growth rate for year t, while DPopulation is midyear population divided by land area in square kilometers, based on World Bank’s World Development Indicators.

Table 2.1 Variables included in the study
	Dependent Variable
	Independent Variables

	Identifier
	Definition 
	Measure Unit
	Identifier
	Definition 
	Measure Unit

	GEconomic
	Economic growth
	GDP growth (WDI)
	CClimate
	Climate change 
	Average annual surface temperature (IMF) 

	
	
	
	ETax
	Environmental tax 
	Environmental tax as a per centage of total tax (OECD)

	
	
	
	GIncentive
	Green incentive
	Expenditure on environmental protection (IMF)

	
	
	
	GPopulation
	Population growth
	Annual rate of population change (WDI)

	
	
	
	DPopulation
	Population density
	No. of people per square km of land area (WDI)

	
	
	
	
	
	



Table 2.1 above gives a summary of variables included in this study, their identifiers, definition, and their respective measurement units.

2.3.3. Diagnostic checks  
To ascertain the slope homogeneity (or the existence of slope heterogeneity) of the dataset we conducted tests using a combination of Pesaran & Yamagata (2008) and the Heteroskedasticity and Autocorrelation Consistent (HAC) consistent test statistic derived by Blomquist & Westerlund (2013) models for robustness. Blomquist & Westerlund (2013) developed a HAC robust version of slope homogeneity test:  and  (Hussain et al., 2022).
The homogeneity test results from the two econometric models are presented in Table 2.2. Pesaran & Yamagata (Hashem Pesaran & Yamagata, 2008a) Delta test, shows gives a statistic of 26.599 at 1% significance level, while that of the Adjusted Delta test statistic stands at 31.116 at 1% significance level, both affirming the existence of heterogeneity. Blomquist & Westerlund (2013) did not differ much. HAC statistic is 25.551 at 1% significance, and that of the Adjusted HAC is 29.889 at 1% significance level. The null hypothesis of the test is of homogeneous slopes. This implies all slope coefficients are identical across all cross-sectional units.[footnoteRef:2]   [2:  T. Bersvendsen and J. Ditzen, “xthst: Testing for slope homogeneity in Stata,” 2020.] 

[bookmark: _Hlk121778446][bookmark: _Hlk121778496]The delta test statistic is 26.599 at 1% significance level, while the test statistic for the adjusted delta is 31.116 at 1% significance level. On the other hand, the HAC statistic is 25.551 at 1% significance level, while the adjusted HAC is 29.889 1% significance level. Thus, all tests reject the null hypothesis of slope homogeneity.   

Table 2.2 Slope homogeneity test results                                                                  
	Delta
	Statistic
	P-value

	        Pesaran & Yamagata (2008), delta
	26.599           
	0.000

	        Pesaran & Yamagata (2008), adjusted delta
	31.116           
	0.000

	HAC
	
	

	        Blomquist & Westerlund (2013), HAC
	25.551           
	0.000

	        Blomquist & Westerlund (2013), adjusted HAC
	29.889           
	0.000


         
Heterogeneity is significant in explaining the inability to achieve common convergence on the impact of anthropogenic climate change on economic growth. This current finding is consistent with the findings of previous studies (Ginbo, 2022; S. Kumar & Khanna, 2023; Y. Zhao & Liu, 2023). Ginbo (Ginbo, 2022) found climate change to differ from one region to another in Ethiopia, while Kumar &Khanna (S. Kumar & Khanna, 2023) found a heterogeneous impact of climate change on crop varieties in India. Given the heterogenous effect of climate change on countries, studies which are limited in scope in terms of geographical zones, and different sectors of the economy are bound to present different outcomes. Similarly, in examining the effects of climate change on economic in Africa, Zhao & Liu (Y. Zhao & Liu, 2023) found climate change to impact different climatic regions differently. This, thus support the idea of a global study, where the aggregate effect of climate change can be estimated.
Testing for cross-sectional dependence (CD) in panel data and the choice of model is imperative for estimating robust coefficients of regression functions. Cross-sectional dependence in the error term occurs if dependence between cross-sectional regression is not accounted for by the selected model. The dependence between units violates the basic Ordinary Least Square (OLS) assumption of an independent and identically distributed error term. In the worst case, cross-sectional dependence can lead to endogeneity, and therefore to inconsistent estimates.  The study employed cross-sectional dependence and slope heterogeneity robust estimators; the Augmented Mean Group (AMG); and the Common Correlated Effects Mean Group (CCEMG) estimators (Hussain et al., 2022) to generate residuals for the CD-test. The AMG estimation uses explicit estimates for ft exhibiting a common dynamic process as a meaningful construct. On the contrary, Common Correlated Effect Mean Group (CCEMG) estimation does not produce explicit, but rather implicit estimates for unobserved common factors ft using common averages of regressors (Hussain et al., 2022). 
Table 2.3 gives the results of the cross-sectional dependence test using estimates from the AMG and CCEMG models. Results from CD-test using AMG estimates gives a test statistic of 2.94 at 5% significance level, indicating a cross-sectional dependence among countries. Alternatively, the CD-test based on the CCEMG estimate produced a test statistic of 3.572 at a 1% significance level, agreeing with earlier estimates of the existence of cross-country interdependence.

Table 2.3 CD-test with AMG and CCEMG estimates 
	Test:
	CD-Statistic
	P-value

	           AMG estimates
	2.194
	0.028

	           CCEMG estimates
	3.572
	0.000


         
[bookmark: _Hlk152229564]The CD test gives a strong indication of the existence of a cross-sectional dependence effect among countries. The AMG-based test results have a test statistic of 2.194 at 5% significance, while the CCEMG-based estimate gives. Although inter-dependence is very important in achieving Partnership for the Goals (SDG 17), as countries can exert influence on others towards achieving sustainability, regional coefficients of climate change impact may be inconsistent, given the unaccounted impact of other regions. Thus, the inclusion of all countries in the study basket addresses this challenge.    

2.3.4. Estimation strategy
In line with the objectives of this study and the outcomes of regression diagnostics, this study adopts both static and dynamic econometric models in the analysis (Kadanali & Yalcinkaya, 2020). Since relationships between factors of climate change regulations are not always linear (Lu et al., 2023), the study employs System Generalised Method of Moments (Sys GMM) as the main estimator and then makes comparison with the results of Difference Generalised Method of Moments (Diff GMM), and two static models, that is Fixed Effect (FE) and Random Effect (RE), in dealing with the first objective which seeks to examine the direct effect of climate change on economic growth. A similar approach has been used by Tao et al. (2023) to examine the energy consumption, carbon emission, and economic growth nexus. 
The second objective, which involves examining the long-run impact of climate change on economic growth, is estimated using the Pool Mean Group (PMG) estimator and the Dynamic Fixed Effect (DFE) estimator, given their ability to elicit the long and short-run effects. The time-varying impact of the anthropogenic greenhouse effect has become important in the study of climate change. As such, studies have adopted this method in their analysis of the climate change effect (Tao et al., 2023). Given that the climate change effect is devastating in the long-run, Zhao & Liu (2023) suggest for future research, it is imperative to examine how this impacts growth in the long-run. Third, Machado & Santos Silva (2019) novel Method of Moment Quantile Regression (MMQR) estimator, based on Wolde-Rufael & Mulat-Weldemeskel (2022), is employed to estimate the effect of climate change on the conditional distributions of economic growth. 
For the fourth objective, the study employs a dynamic Panel Threshold Regression (PTR) estimator as formulated by Seo et al. (2019) to examine the effectiveness of environmental taxes and green incentives in curtailing the effects of climate change. Finally, the study examines whether there are any benefits that implementing countries stand to gain with a robust environmental regulatory framework, using a dynamic Causal Mediation Analysis (CMA). 

2.3.4.1 System Generalised Method of Moments 
Sys GMM is suitable for panel datasets where the number of time periods is comparatively smaller than the cross-sections, making it the most appropriate technique for examining data structured in this manner (Slimani et al., 2024). The problem is that when the dynamic panel autoregressive coefficient (ρ) approaches one (ρ = 1), the instrument will be weak. In this situation, when T is small, the estimators are asymptotically random, and when T is large, the unweighted GMM estimator may be inconsistent, meaning that the behaviour of the estimator depends on T. To address this issue Arellano & Bover (1995) and Blundell & Bond (Shobande et al., 2024) proposed a system GMM procedure that uses moment conditions based on the level equations together with the usual Arellano and Bond type orthogonality conditions that yields consistent estimators for all ρ values.[footnoteRef:3] Consequently, Sys-GMM is the ideal technique to deal with these problems and ensure the reliability of our estimate (Dhahri et al., 2024). [3:  P. M. Aliha, T. Sarmidi, and F. Faizah Said, “Governance and Sustainability on Global Business Economics Using Blundell-Bond Estimator in Dynamic Panel Data Analysis: Case of Money Demand Function with the Inclusion of Financial Innovation,” 2017. [Online]. Available: www.econ.upm.edu.my] 

This study follows Sun & Chen (2022) in the application of the System GMM. The study presents the general Sys GMM model in Eq. (2.2):
(2.2)



Among them, yi,t is the explained variable, yi,t-1 is the lag term, Xit is the explanatory variable, β is the coefficient vector to be estimated, ηi represents the unobservable individual effect that does not change with time, εi,t is the random disturbance term.
Based on the variables of this study, the estimation mode is stated as follows:
(2.3)



Where, variables are as explained above.
The results of the Sys GMM model are then compared with those of the following Diff GMM, FE and RE models:
Diff GMM model:(2.4)


Where,
Δ: First-difference operator to eliminate fixed effects
FE model:(2.5)


Where, 
: fixed effect capturing time-invariant unobserved heterogeneity

RE model:(2.6)


Where,
: overall intercept
​: random effect (entity-specific, time-invariant, unobserved heterogeneity)

2.3.4.2. Pooled Mean Group
It takes a longer time for the effects of global warming and climate change to take their toll on the natural environment, and so does the impact of environmental governance instruments. To examine both the short-term and the long-term effects of environmental tax and green incentives on economic growth, this study used two dynamic panel estimators, the Pooled Mean-Group (PMG) and the Dynamic Fixed Effects (DFE) model. 
Both PMG and DFE models aid in the estimation of models with large ‘N’ and large ‘T’ datasets where non-stationarity may be a concern. According to Sikandar et al. (2021), a study which examines the impact of foreign capital inflows on agriculture development and poverty reduction, used PMG to investigate the short-term and long-term linkages between the outcome variable and its covariates across fourteen developing economies of Latin America, Asia and Eastern Europe, stated that, heterogenous bias in a dynamic panel can be resolved by applying PMG estimation to measure the intercepts, short-run and long-run coefficients of covariates. The pooled mean group regression estimator (PMG) suitably isolates short-run from long-run impacts while allowing for heterogeneities and homogeneities for each run, respectively (Kapaya, 2024). The PMG technique provides consistency and efficiency by pooling heterogeneous dynamic relationships. This allows the parameters to be variant in the short-run but homogeneous in the long-run. H. Pesaran & Birkbeck (2004)  specified the PMG estimator as follows:  
                                      (2.7)



Where X is a vector of explanatory variables, λ is the coefficient of error correction term (ECT), which after estimating the model, should be negative and statistically significant so that any short-run shock from any of the independent variables can be restored in the long run. If λi = 0, then there will be no evidence for a long-run association, θ′i contains long-run coefficients between the variables, and μi is the group-specific effect.
The empirical Pool Mean Group (PMG) estimation model is based on (Otim et al., 2023) which used PMG to estimate the effects of CO2 emissions on agricultural production in the East African region. Based on the aforementioned research, this study modelled the PMG estimator to determine the long-run effect of climate and economic growth as follows:


Where variables are as explained above.(2.8)


2.3.4.3. Method of Moment Quantile Regression 
The third strategy estimates the possibility that the effects of climate change and environmental taxes can differ across the conditional distribution of economic growth using a robust econometric estimator, the novel Machado & Santos Silva (2019) Method of Moment Quantile Regression (MMQR) model. This estimator has been employed in the past in the study of carbon emissions and climate change. Wolde-Rufael & Mulat-Weldemeskel (2022), examined the effect of environmental tax and renewable energy on CO2 emissions in Latin America and the Caribbean using MMQR. The conditional quantile of a random variable QY(τ|X) can be expressed as follows. 

(2.9)

Where Yit is the dependent variable, Xit is an i.i.d. endogenous variable, “, β, , ” are parameters to be assessed, i =1 … n, denotes the individual i fixed effect, and Z is a k-vector of known components of X. 
This study adopts Amegavi (2021) MMQR model as follows:    
                                  (2.10)
QY(τ|Xit) 


Based on the above model, this study estimates the effect of climate change on the conditional distribution of economic growth using the following model: 
(2.11)

 

Where variables are as explained earlier.
2.3.4.4. Dynamic Panel Threshold Regression Estimator
To elicit the contingent effect of environmental regulations on climate change, this study employs the dynamic Panel Threshold Regression Model. Similarly, Wang et al. (2023) used Panel Threshold Regression to estimate the impact of China’s heterogeneous environmental regulation on its green transformation of the iron and steel industry. Specifically, the study estimated the individual threshold effects of both environmental taxes and green incentives on the nexus between economic growth and its covariates using a dynamic panel threshold model, based on  (Seo et al., 2019). The theoretical model is specified as follows:
(2.12)



where yit is a scalar stochastic variable of interest, 1{.} is an indicator function, and qit is the transition variable, γ is the threshold parameter, δ1 and δ2 are the slope parameters associated with different regimes, ɛit is the error term. 


(2.13)

where, all variables are as explained above.

2.3.4.5. Dynamic Causal Mediation Analysis 
Imbens & Rubin (2015) state that most questions in social and biomedical sciences are causal: what will happen to individuals, groups, or society if part of their environment were changed? Similarly, this study examines the treatment effect of environmental regulatory policies in mitigating the impact of climate change on economic outcomes. Pursuant to this objective, the study employs Fisher’s Randomisation (FR) Test for stratified randomised controlled experiments to test for the treatment effect of the implementation of a strong environmental regulatory framework, with green incentives and environmental taxes as key policy instruments. The general model is given as follows.
(2.14)



where, 
T denotes the treatment effect, Zit is the treatment group, 1 – Zit represents those without treatment, Yit is the impact to be mitigated.

2.4. Presentation, Analysis, and Discussion of Results 
2.4.1. Descriptive statistics 
Descriptive statistics were conducted for all variables involved in the study. The following tables give a general trend in the datasets. Descriptive statistics are shown in Table 2.4. The data is made up of 104 cross-sections consisting of countries, and total observations of 2,704 over 26 years between 1994 and 2019. Average economic growth stands at 3.76% with a dispersion of 5.234, indicating a huge disparity in economic growth among countries. The mean global average annual surface temperature stands at 0.9 °C, well within the UNFCCC target of 1.5- 2 °C (IPCC, 2022a; van den Bergh, 2023). However, a maximum average annual surface temperature of 2.9 °C recorded in Canada in 2010 calls for great concern, as it signals the possibility of missing out on the 2050 global warming mitigation target. Furthermore, increased warming means increased climate adversity, consequently, destruction of livelihoods, and reduction in aggregate economic outputs.  
On the implementation of environmental taxes, the average success rate is estimated at 5.914. If this is explained in the context of Figure 2.2 below, it indicates that most countries have yet to benefit from the tax interaction effect of the implementation of environmental taxes. As a result, most countries will perceive environmental taxes as not contributing to economic growth.

Table 2.4 Descriptive statistics 
	Variable
	 Obs
	 Mean
	 Std. Dev.
	 Min
	 Max

	 GEconomic
	2704
	3.76
	5.234
	-50.248
	149.973

	 CChange
	2704
	.921
	.583
	-.794
	2.928

	 ETax
	2704
	5.914
	5.533
	-12.143
	85.483

	 GIncentive
	2704
	.268
	.388
	-.258
	2.226

	 GPopulation
	2704
	1.243
	1.199
	-5.37
	8.118

	 DPopulation
	2704
	181.368
	668.002
	0
	7965.878

	
	
	
	
	
	

	Table 2.4 presents the descriptive statistics of the variables of this study. Economic Growth is measured by Gross Domestic Product. Climate Change is the average annual surface temperature, the proxy for Environmental Tax is the environmental tax revenues as a percentage of total tax revenues while total government expenditure on environmental protection is used to measure Green Incentive. Population Growth is the annual rate of population change, and Population Density is the number of people per square kilometre of land area. 



The highest success rate on the implementation of environmental taxes is 85%, recorded by Mauritania, in West Africa, in 2017. Mauritania is doing well statistically compared to the rest of the world in the implementation of environmental taxes. Success in the implementation of environmental taxes is tied to the level of economic growth, and that makes the case of Mauritania (a Lower-middle-income country) unique. However, the reason could be that they have limited sources of income, given their overreliance on environmental taxes. 
Unlike environmental taxes, green incentives are not doing well among countries, with a meagre mean allocation of 0.3% from government budgets, with the highest allocation being 2.2% by Trinidad and Tobago in 2014.

2.4.2. Sys GMM estimator results
Results from Sys GMM are matched against those of the Panel Fixed Effect (FE) model, Panel Random Effect (RE) Model, and Diff GMM are shown in Table 2.5. On climate change, the static model gives lower coefficients when compared with those of the dynamic model, although in the same direction. For a change in temperature by one degree Celsius will result in an adverse change in economic growth by 0.463% and 0.424% at 5% significance level using FF and RE model respectively, while that of Diff GMM and Sys GMM show that for a unit change in surface temperature, economic growth will decline by 0.996% and 1.08% respectively at 1% significance level. 
Implementation of environmental taxes has a positive relationship with economic growth using the FE model, but a negative relationship using RE, Diff GMM, and Sys GMM. From the FE model, a percentage change in environmental tax collection will result in a 0.005% increase in economic growth. On the other hand, a percentage change in environmental taxes collection will result in a decline in economic growth by 0.005%, 0.128%, and 0.16% using RE, Diff GMM, and Sys GMM, respectively, but only significant using dynamic models at 1%.
Green incentive has an adverse impact on economic growth in all models at a 1% significance level. One percentage change in green incentive will result in a decline in economic growth by 1.526%, 1.042%, 2.901%, and 4.257%, from the FE model, RE model, Diff GMM estimator, and Sys GMM estimator, respectively.

Table 2.5. Sys GMM estimator results
	[bookmark: _Hlk132654095]Variables 
	Parameter estimates

	
	Static Models
	Dynamic Models

	
	Fixed Effect
	Random Effect
	Diff GMM
	Sys GMM

	
	
	
	
	

	          Lagged economic growth
	N/A
	N/A
	0.305***
	0.299***

	
	N/A
	N/A
	(0.0196)
	(0.0150)

	          CChange
	-0.463**
	-0.424**
	-0.996***
	-1.077***

	
	(0.192)
	(0.184)
	(0.225)
	(0.216)

	          ETax
	0.00512
	-0.000486
	-0.128***
	-0.160***

	
	(0.0243)
	(0.0217)
	(0.0418)
	(0.0394)

	          GIncentive
	-1.526***
	-1.042***
	-2.901***
	-4.257***

	
	(0.477)
	(0.382)
	(0.864)
	(0.793)

	          GPopulation
	0.947***
	0.838***
	-0.999***
	-0.878***

	
	(0.198)
	(0.134)
	(0.301)
	(0.241)

	          DPopulation
	-0.000730
	8.66e-05
	-0.00398
	-0.00675***

	
	(0.00101)
	(0.000273)
	(0.00263)
	(0.00125)

	constant
	3.521***
	3.375***
	7.113***
	8.135***

	
	(0.403)
	(0.349)
	(0.712)
	(0.575)

	
	
	
	
	

	Observations
	2,496
	
	
	

	Number of id
	104
	
	
	


Table 2.5 presents the results of System GMM and other models on the nexus between the variables of this study. Economic Growth is measured by Gross Domestic Product. Climate Change is the average annual surface temperature, the proxy for Environmental Tax is the environmental tax revenues as a percentage of total tax revenues while total government expenditure on environmental protection is used to measure Green Incentive. Population Growth is the annual rate of population change, and Population Density is the number of people per square kilometre of land area. Standard errors in parentheses (*** p<0.01, ** p<0.05, * p<0.1)

In terms of controls, the first variable, population growth, has a positive relationship with economic growth in the static models, but a negative relationship with the dynamic models, all of them significant at 1%. A one per cent change in the population growth rate will result in an increase in economic growth by 0.947%, and 0.838%, using the FE model and RE model, respectively. On the dynamic panel estimators, a one percent change in population growth rate causes economic growth to decline by 0.999% and 0.878%, using the Diff GMM estimator and Sys GMM estimator, respectively. 
[bookmark: _Hlk162957397]Table 2.6. Sys GMM results based on the level of economic development 
	Variables 
	Parameter estimates

	
	High Income
	Upper Middle Income
	Lower Middle Income
	Low Income

	
	
	
	
	

	L.GEconomic
	0.364***
	0.340***
	0.229***
	0.0311

	
	(0.0248)
	(0.0274)
	(0.0348)
	(0.0351)

	CChange
	-0.677***
	-2.507***
	-0.0450
	-1.726***

	
	(0.172)
	(0.585)
	(0.363)
	(0.634)

	ETax
	-0.0384
	-0.161
	-0.00265
	-0.0400

	
	(0.0822)
	(0.126)
	(0.0212)
	(0.0625)

	GIncentive
	-2.109***
	-0.724
	-2.805
	-10.45**

	
	(0.497)
	(1.980)
	(1.891)
	(5.202)

	GPopulation
	-0.0849
	0.0115
	0.250
	-0.823**

	
	(0.230)
	(0.559)
	(0.453)
	(0.336)

	DPopulation
	-0.00101***
	-0.0654***
	0.0159**
	-0.00610

	
	(0.000363)
	(0.0175)
	(0.00724)
	(0.00453)

	Constant
	4.394***
	11.20***
	1.426
	10.10***

	
	(0.722)
	(1.911)
	(1.318)
	(1.285)

	
	
	
	
	

	Observations
	1,025
	725
	575
	275

	Number of id
	41
	29
	23
	11

	Table 2.6 presents the results of System GMM on the nexus between the variables of this study based on the level of economic development. Economic Growth is measured by Gross Domestic Product. Climate Change is the average annual surface temperature, the proxy for Environmental Tax is the environmental tax revenues as a percentage of total tax revenues while total government expenditure on environmental protection is used to measure Green Incentive. Population Growth is the annual rate of population change, and Population Density is the number of people per square kilometre of land area. Standard errors in parentheses (*** p<0.01, ** p<0.05, * p<0.1)



A change in population density by one person per square kilometre of land area will cause economic growth to decline by 0.0007% (FE model), 0.004% (Diff GMM estimator), 0.007% (Sys GMM estimator), but is indifferent using the RE model.
Further analysis to examine the trend in the relationships between these variables of the current dataset, based on Qfit predicted curves, shows that there is a convex relationship between economic growth and environmental taxes. In the short term, the implementation of environmental taxes has an adverse impact on investments and the sustainability of economic units, which tends to hinder economic growth. However, in the long-term, the green benefits of environmental taxes accelerate economic growth, as shown in Figure 2.2

[image: ]
Figure 2.2 Economic Growth and Environmental Tax

From the dataset, I extracted a U-shape relationship between economic growth and green incentives. Figure 2.3 illustrates this relationship. Expenditure on greening the environment and promoting green behaviour has a long-term benefit.
[image: ]
Figure 2.3 Economic Growth and Green Incentive

2.4.3. PMG estimator results
Table 2.7 gives a summary of the long-run effect and short-run effect of climate change and other covariates on economic growth using the Pooled Mean-Group (PMG) and the Dynamic Fixed Effect (DFE). Per the PMG estimates, in the short-run, both climate change and the implementation of green incentives have insignificant adverse effects on economic growth. When annual surface temperature increases by one degree Celsius, it will cause economic growth to decline by 0.508%, and an increase in green incentives by one percent will adversely affect economic growth by 0.778% in the short run. The reverse is true with the DFE model estimates. Both climate change and green incentives have a positive effect on economic growth, though insignificant. A unit change in climate and green incentive will increase economic growth by 0.103% and 0.703%, respectively. The coefficient of the introduction of environmental tax is insignificant on the PMG but adversely significant on the DFE model at 5% in the short-run.

Table 2.7 PMG estimator results 
	[bookmark: _Hlk132655132]Variables 
	Parameter estimates 

	
	Pooled Mean-Group (PMG)
	Dynamic Fixed Effect (DFE)

	
	Long-Run 
	Short-Run 
	Long-Run 
	Short-Run 

	__ec
	
	-0.753***
	
	-0.702***

	
	
	(0.0284)
	
	(0.0183)

	D.CChange
	
	-0.508
	
	0.103

	
	
	(0.430)
	
	(0.196)

	D.ETax
	
	1,959
	
	-0.0930**

	
	
	(1,959)
	
	(0.0369)

	D.GIncentive
	
	-0.778
	
	0.703

	
	
	(2.707)
	
	(0.619)

	CChange
	-0.397***
	
	-0.955***
	

	
	(0.133)
	
	(0.320)
	

	ETax
	0.0306**
	
	-0.00337
	

	
	(0.0154)
	
	(0.0348)
	

	GIncentive
	-1.369***
	
	-2.557***
	

	
	(0.203)
	
	(0.734)
	

	Constant
	
	3.275***
	
	3.804***

	
	
	(0.187)
	
	(0.291)


Table 2.7 presents the results of PMG and DFE models on the nexus between the variables of this study. Economic Growth is measured by Gross Domestic Product. Climate Change is the average annual surface temperature, the proxy for Environmental Tax is the environmental tax revenues as a percentage of total tax revenues while total government expenditure on environmental protection is used to measure Green Incentive. Population Growth is the annual rate of population change, and Population Density is the number of people per square kilometre of land area. Standard errors in parentheses (*** p<0.01, ** p<0.05, * p<0.1)

In the long-run, climate change has a 1% significant adverse effect on economic growth. A one-degree Celsius increase in global warming will reduce economic growth by 0.397% (PMG model) and 0.955% (DFE model). The implementation of environmental tax has a long-run positive effect (PMG model) or long-run negative effect (DFE model) on economic growth, depending on the model. A percentage change in environmental taxes relative to total taxes will increase economic growth by 0.0306% at 5% significance (PMG model) or insignificantly decrease economic growth by 0.00337% (DFE model). Green incentive, on the other hand, has a 1% adverse significant effect on economic growth in the long-run.

2.4.4. MMQR estimator results 
There have been mixed outcomes on the nexus between economic growth and its covariates at scale and at location in Table 2.8. Although not significant at location, but 5% significant at scale, economic growth declines by 0.321% (location) and 0.387% (scale) with a change in average annual surface temperature by one degree Celsius. 
Implementation of environmental taxes reduces economic growth by 0.0118% (location), or 0.0671% (scale) for a unit change in environmental taxes as a percentage of total taxes, although the effect is only significant at 1% (scale). Like the previous variables, green incentive also has an adverse effect on economic growth. A percentage change in green incentive will result in 0.643% (location) or 0.429% (scale) decline in economic growth, at 5% significance (location). 
Population growth propels economic growth. A one percent change in population growth will accelerate economic growth by 0.842% (location) at 1% significance, or 0.649% (scale) with no significance. 

Table 2.8 MMQR estimator results
	
	
	
	
	
	
	

	Variables 
	CChange
	ETax
	GIncentive
	GPopulation
	DPopulation
	Cons

	
	
	
	
	
	
	

	Location 
	-0.321
(0.204)
	-0.0118
(0.0192)
	-0.643**
(0.301)
	0.842***
(0.112)
	0.000140
(0.000167)
	3.225***
(0.327)

	Scale 
	-0.387**
(0.181)
	-0.0671***
(0.0170)
	-0.429
(0.267)
	0.0649
(0.0994)
	-0.000135
(0.000148)
	3.547***
(0.290)

	10th Q
	0.234
(0.227)
	0.0846***
(0.0214)
	-0.0278
(0.334)
	0.749***
(0.124)
	0.000335*
(0.000185)
	-1.866***
(0.395)

	20th Q
	8.00e-05
(0.175)
	0.0439***
(0.0163)
	-0.287
(0.258)
	0.788***
(0.0961)
	0.000253*
(0.000143)
	0.282
(0.272)

	30th Q
	-0.128
(0.171)
	0.0218
(0.0160)
	-0.429*
(0.253)
	0.810***
(0.0944)
	0.000208
(0.000141)
	1.454***
(0.254)

	40th Q
	-0.224
(0.182)
	0.00502
(0.0169)
	-0.536**
(0.269)
	0.826***
(0.100)
	0.000174
(0.000150)
	2.338***
(0.264)

	50th Q
	-0.308
(0.200)
	-0.00961
(0.0186)
	-0.629**
(0.295)
	0.840***
(0.110)
	0.000145
(0.000164)
	3.111***
(0.291)

	60th Q
	-0.418*
(0.230)
	-0.0286
(0.0214)
	-0.751**
(0.340)
	0.858***
(0.127)
	0.000106
(0.000189)
	4.114***
(0.332)

	70th Q
	-0.517**
(0.264)
	-0.0458*
(0.0245)
	-0.861**
(0.390)
	0.875***
(0.146)
	7.18e-05
(0.000217)
	5.024***
(0.378)

	80th Q
	-0.662**
(0.318)
	-0.0710**
(0.0296)
	-1.021**
(0.471)
	0.899***
(0.176)
	2.10e-05
(0.000262)
	6.355***
(0.459)

	90th Q
	-0.906**
(0.419)
	-0.113***
(0.0389)
	-1.291**
(0.618)
	0.940***
(0.231)
	-6.41e-05
(0.000344)
	8.587***
(0.605)

	
	
	
	
	
	
	


 Table 2.8 presents the results of MMQR model on the nexus between the variables of this study. Economic Growth is measured by Gross Domestic Product. Climate Change is the average annual surface temperature, the proxy for Environmental Tax is the environmental tax revenues as a percentage of total tax revenues while total government expenditure on environmental protection is used to measure Green Incentive. Population Growth is the annual rate of population change, and Population Density is the number of people per square kilometre of land area. Standard errors in parentheses (*** p<0.01, ** p<0.05, * p<0.1)


The third objective is to determine whether the effects of the determinants of economic growth can differ across the conditional distribution of economic growth. The study measures the heterogeneous effects of the covariates of economic growth rather than the conditional mean of these estimates. As shown in Table 2.8, the impact of climate change increases across the quantiles, but only assumes significance from the 60th quantile at 10%, and then 5% from the 70th quantile to the 90th quantile. What it means is that economies growing at a lower rate are not impacted much by climate change as compared to those with higher rates of growth. 
Coefficients of environmental tax show a declining effect from the 10th quantile and begin to assume negative values from the 50th quantile through to the 90th quantile. Its significance is 1% at the 10th and 20th quantiles, no significance from the 30th to the 60th quantile, 10% at the 70th quantile, 5% at the 80th quantile, and 1% at the 90th quantile. This confirms the U-shape relationship between economic growth and environmental tax. Green incentive, on the other hand, has an increasing negative coefficient, which assumes significance beginning from the 30th quantile, then 5% from the 40th quantile up to the 90th quantile.
Population estimates show an increasing positive effect on economic growth, at 1% significance across all quantiles. Population density, on the other hand, has a decreasing effect on economic growth with positive coefficients, which turns negative at the 90th quantile. Albeit the fact that population growth has its own demographic dividends, which affect economic growth positively, population density has a crowding-out effect on economic growth.

2.4.5. PTR estimator results  
In line with the fourth objective of this study, we want to estimate the threshold effect of environmental tax and green incentive on economic growth and its covariates. Estimates of these moderating effects of these two instruments are shown in Table 2.9.

Table 2.9 PTR estimator results 
	Parameter estimates 

	Variables 
	Environmental tax
	Variables 
	Green incentive 

	
	Lower regime
	Higher regime
	
	Lower regime 
	Higher regime

	
	
	
	
	
	

	Lag_y_b
	0.240***
	
	Lag_y_b
	0.286***
	

	
	(0.00256)
	
	
	(0.00301)
	

	CChange_b
	-8.308***
	
	CChange_b
	-0.115
	

	
	(0.407)
	
	
	(0.108)
	

	GIncentive_b
	-25.02***
	
	ETax_b
	0.173***
	

	
	(2.805)
	
	
	(0.0227)
	

	GPopulation_b
	2.217***
	
	GPopulation_b
	-1.854***
	

	
	(0.0459)
	
	
	(0.0577)
	

	DPopulation_b
	0.00504***
	
	DPopulation_b
	-0.00279***
	

	
	(0.000719)
	
	
	(0.000983)
	

	cons_d
	-19.94***
	
	cons_d
	-27.62***
	

	
	(0.618)
	
	
	(1.728)
	

	Lag_y_d
	
	0.0106*
	Lag_y_d
	
	-0.251***

	
	
	(0.00547)
	
	
	(0.0301)

	CChange_d
	
	8.837***
	CChange_d
	
	5.560***

	
	
	(0.433)
	
	
	(0.356)

	GIncentive_d
	
	27.02***
	ETax_d
	
	1.324***

	
	
	(2.689)
	
	
	(0.174)

	GPopulation_d
	
	-2.445***
	GPopulation_d
	
	4.522***

	
	
	(0.0505)
	
	
	(0.318)

	DPopulation_d
	
	0.0122***
	DPopulation_d
	
	0.0425***

	
	
	(0.000165)
	
	
	(0.00454)

	r
	0.349***
	
	r
	0.590***
	

	
	(0.0836)
	
	
	(0.0163)
	

	
	
	
	
	
	

	Observations
	104
	104
	Observations
	104
	104


Table 2.9 presents the results of Dynamic PTR model on the nexus between the variables of this study. Economic Growth is measured by Gross Domestic Product. Climate Change is the average annual surface temperature, the proxy for Environmental Tax is the environmental tax revenues as a percentage of total tax revenues while total government expenditure on environmental protection is used to measure Green Incentive. Population Growth is the annual rate of population change, and Population Density is the number of people per square kilometre of land area. Standard errors in parentheses (*** p<0.01, ** p<0.05, * p<0.1)

From the above table, the moderating effect of environmental tax on economic growth and its covariates, including climate change, is 0.349% at 1% significance. Comparatively, green incentive has a greater moderating effect of 0.59% at 1% significance. 

2.4.6. CMA estimator results   
The final treatment effect is -0.425, an indication that the implementation of a strong environmental regulatory framework has the potential to reduce climate change by 0.425% at a 1% significance level, within a final confidence interval of (-1.3, -0.05) as shown in Table 2.10. 
Table 2.10 CMA estimator results  
	
	Estimate 

	Treatment effect 
	-0.425

	p-value 
	0.0000




2.4.7. Discussion 
Contrarily to the findings of Petrović (2023) which suggests that the current global warming and climate change does not yet have a dominant negative impact on economic growth, and that of Zhao & Liu (2023) which submits that the effect of climate change is not always negative, the results of all models both static and dynamic, in the estimation of the effect of climate change on economic growth show that there is significant adverse effect of climate change on economic growth, globally. By implication, regardless of the differences in models of estimation the effect of climate change on economic growth will always turn out negative. This finding, which is consistent with the first hypothesis (H1), supports previous studies that examine the impact of climate change on sectoral and regional economies (Belford et al., 2022; Duan et al., 2022a; Farajzadeh et al., 2022). Based on an intercity analysis of climate impact in China, Duan et al. (2022) found a significant adverse effect of climate change on output, with higher damages reflected in less developed regions. In examining the case of Iran as a developing economy in the context of climate shocks on economic growth, Farajzadeh et al. (2022) findings reveal a significant adverse effect of climate change on per capita output. Similarly, Belford et al. (2022) observed that key macroeconomic indicators such as gross domestic product (GDP), national savings, wages, disposable income, and consumer price index (CPI) worsened, revealing the susceptibility of the economy to unfavourable climate change.
Notwithstanding the fact that, this study disagrees with Petrović (2023) on the direction of the impact of climate change on economic aggregates, its assertion that the impact of climate change is heterogeneous is in sync with the findings of this study. Although the overall impact is adverse, this impact varies across different geographical regions (Y. Zhao & Liu, 2023). Test results of Pesaran & Yamagata (2008) and Blomquist & Westerlund (2013) reveal the heterogeneous impact of climate change. This heterogeneity was highlighted at the just ended 2023 Conference of Parties (COP 28), where it was projected that given an average annual surface temperature rise of 30C, countries within the Arabian Peninsula could see their economic growth hit by around 70% by 2100 if stringent action is not taken to combat anthropogenic climate change. Even if the average annual surface temperature rise is limited to 1.50C, economies in the region could still see GDP growth dip by more than a third by the end of the century.[footnoteRef:4]  [4:  https://unclimatesummit.org/climate-change-could-knock-saudi-and-uae-gdp-growth-by-70/] 

Environmental regulations have also been found to have a negative impact on economic growth, and this is consistent with previous studies (Xie et al., 2022). Notwithstanding its immediate adverse impact on growth, the positive tax-interactive effect of environmental taxes (Goulder, 1992b; Nerudová & Dobranschi, 2014b) is realizable after the attainment of a certain threshold. This threshold requires that environmental taxes should constitute at least 30% of total tax revenues accruing to an individual country, for environmental taxes to promote economic growth, as contained in Figure 2.2. For a green incentive, it must constitute at least 1.5% of the total expenditure of the government per year for it to induce growth, as shown in Figure 2.3. 
One of the reasons why the much-touted Kyoto Protocol could not achieve the anticipated reduction in anthropogenic GHG emissions was that it was a short-term plan. Policies directed at addressing climate change will only make their mark in the long-run, given the long-term effect of climate change (Y. Zhao & Liu, 2023). Rosen (2015) blamed the short-sighted behaviour of member states in policy formulation for the failure of the Kyoto Protocol in making the needed impact. As a confirmation of previous studies, the results from the PMG and the DFE models show a stronger long-run effect of climate change on economic growth, validating the second hypothesis (H2) that the impact of climate change on economic growth is greater in the long-run. 
In terms of the impact of climate change on the conditional distributions of growth, the MMQR estimates reveal a significant correlation between climate change and economic growth. Higher climate change impact is associated with higher economic growth, which is also consistent with the third hypothesis (H3), and agrees with the findings of Kiley (2021). By implication, any attempt at reducing climate change impact will lead to a decline in economic growth, which has been the fear harboured by many countries, especially the emerging economies (N. Kumar & Maiti, 2024). According to Xie et al. (2022), the mitigation of greenhouse gas emissions is in constant tension with economic growth. 
Nevertheless, climate change mitigation is indispensable in our current circumstances, as the expected growth countries seek to achieve through increased emissions will be eroded by the impact of global warming on total factor productivity (N. Kumar & Maiti, 2024). Addressing anthropogenic climate change will require environmental policy instruments with a tested, significant contingent effect. Estimates from the dynamic PTR reveal that both environmental taxes and green incentives have a moderating effect on the nexus between economic growth and climate change, as hypothesized (H4), with green incentives having a greater contingent effect. The effectiveness of green incentives as a complementary policy instrument to environmental taxes corroborates the position of, He et al. (2021) on the success story of Finland in CO2 emission reduction. 
Finally, the results of the CMA are consistent with the fifth hypothesis (H5). Contrary to the fears expressed by previous researchers (N. Kumar & Maiti, 2024; Xie et al., 2022) the results testify to the significant benefit that is associated with having in place a robust environmental regulatory policy regime, towards safeguarding economic growth. Per the outcome of the model, economies that have fully embraced environmental regulations are able to achieve significant reductions in the adverse climate change effect on economic growth. 

2.5. Concluding Remarks and Recommendations 
Climate change is a global phenomenon, which true impact can only be estimated from a global perspective. Due to increasing international trade, economic interdependencies, and socio-cultural exchanges among countries, the impact of adverse climatic events is far reaching than the immediate surroundings. No single country is fully insulated from the uproar of nature, irrespective of its setting. In recent years, there has been an upsurge in global efforts at understanding the impact of climate change, and how this challenge could be addressed. We join this quest by examining the impact of climate change on economic growth globally, the contingent effect of environmental policies in addressing climate change impact on economic growth, and the benefits of robust environmental policy regimes. Our aim is to stimulate public discourse on climate change effect and mitigation, by providing empirical evidence on its impact, and the associated benefits of environmental regulations in advancing economic growth. At the end of this study, based on the outcomes of multiple econometric models consisting of both static and dynamic estimators, using a cross-sequential dataset of 104 countries over a 26-year period between 1994-2019. we make several contributions to research.
First, we contribute to research by being one of the few global studies (if any) which analyzes the economic growth impact of climate change from a multiple regression perspective, comprising of both static and dynamic models. Estimates from a Fixed Effect model, Random Effect model, Differenced Generalized Method of Moments estimator, and a System Generalized Method of Moments estimator, show that climate change causes a decline in economic growth rate by 0.46%, 0.42%, 0.99%, and 1.077%, respectively. This adverse effect exists both in the short-run and in the long-run but with a greater effect in the long-run, based on Pooled Mean Group, and Dynamic Fixed Effect estimates. From the Method of Moments Quantile Regression model, climate change causes the conditional distribution of economic growth to decline from the 30th quantile, and becomes significant from the 60th quantile. We have thus, sufficiently demonstrate that regardless of the differences in econometric model used, climate change adversely impacts growth.
Second, despite the negative effect of environmental taxes on economic growth, we find a bridge between the positions of the proponents and opponents of the tax-interactive effect on economic efficiency. We demonstrate by graph that the positive tax-interactive effect of environmental taxes is only realizable after a threshold of 30% (environmental tax revenues as a percentage of total tax revenues). We further demonstrate with graph, that, for green incentive to promote economic growth, government green expenditure should exceed 1.5% of total expenditure Below these thresholds, the effect of environmental taxes and green incentive on economic growth is adverse. We proceeded to analyse the complementarity of environmental taxes and green incentive towards effective climate action (SDG 13) using dynamic Panel Threshold Regression, the results reveal that both instruments have moderating effects on climate change and economic growth nexus, with green incentive having a higher contingent effect of 0.590 compared to a 0.349 contingent effect of environmental taxes. 
Third and finally, we expand the methodological frontiers in the study of climate change impacts on economic growth, by introducing Causal Mediation Analysis from clinical epidemiology, to examine the benefits of a robust environmental regulatory regime. Based on the output of Causal Mediation Analysis, having in place robust environmental regulations will significantly reduce the adverse effect of climate change on economic growth by 0.425%.   
Beyond this study, the nexus between economic growth, and climate change will continue to attract increasing attention from researchers and policy-makers due to its complexities, dynamics, and intrigues. Current discussions have made it clear that the adverse impact of climate change is significant, and the implementation of effective environmental regulatory frameworks an imperative. For an effective Climate Action (SDG 13) climate change mitigation effort should draw on both green incentive and environmental taxes, as environmental taxes alone may not be adequate in addressing anthropogenic climate change. For efficiency and effectiveness, increased expenditure on green incentive is recommended. And also, effort must be made by governments to increase environmental tax revenues as a proportion of total tax revenues, that is only when growth can be impacted positively. 
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ECONOMIC WELL-BEING OF CLIMATE CHANGE ADAPTATION AND ENVIRONMENTAL TAXES
Economic well-being of climate change adaptation and environmental taxes 

Abstract 
Elimination of inequalities and the promotion of economic well-being are at the heart of the United Nations Sustainable Development Goals. One of the causes of inequality and a reduction in well-being is climate change. However, global efforts at climate action are fixated on mitigation to the neglect of adaptation. Although proposals have been made, identifying the right and impactful climate change adaptation framework is still elusive. Also, not much research work has been done to ascertain how adaptation can be achieved alongside mitigation. The purpose of this chapter is to identify empirically a robust climate change adaptation framework and to estimate the spillover effect of mitigation policies on climate change adaptation. Using a panel dataset of 104 countries across all regions, between the period 1994-2019, and multiple econometric models, this study examines the impact of climate change adaptation on the economic well-being of citizens, and the moderating effect of environmental taxes and green incentive in the attainment of this economic objective. The results demonstrate that enhancing climate change adaptation built of institutional quality and good governance promotes economic wellbeing in the short-run and in the long-run, and across different distributions of wellbeing. Also, the implementation of environmental taxes and green incentive are found to promote economic wellbeing. in addition, persuasive instrument (green incentive) has been found to have a greater contingent effect on climate change adaptation compared to punitive instrument (environmental taxes). Policy wise, emphasis should be placed on green incentive in the design of environmental regulations, as it improves climate adaptation and generates better distributional effect. 

3.1 Introduction
Concerns about climate change mitigation and adaptation have assumed the front burner of global discourse over the last two decades, owing to the continuous climate variability and change regardless of radical efforts at mitigating anthropogenic greenhouse gases (Wei & Aaheim, 2023a). Undoubtedly, climate change is the greatest threat to life on Earth, due to its adverse effect on various physical and biological processes (Akhtar et al., 2022b). It is thus imperative that human societies build their adaptive capacities towards the spiralling adverse climatic events, especially in developing countries where vulnerability is high due to a high level of subsistence (Ullah et al., 2023).
[bookmark: _Hlk133362182]Throughout history, people and societies have adjusted to and coped with changes in climate and extremes with varying degrees of success. Climate change (drought in particular) has been at least partly responsible for the rise and fall of civilizations. Earth’s climate has been relatively stable for the past 10,000 years, and this stability has allowed for the development of our modern civilization and agriculture. Our modern life is tailored to that stable climate and not the much warmer climate of the next thousand-plus years. As our climate changes, we will need to adapt. The faster the climate changes, the more difficult it will be.[footnoteRef:5] In recent times, the cumulative impacts of climate change, irrespective of community type, outpace the capacity of local communities to adapt, pushing communities into further poverty, in a never-ending cycle that keeps on deteriorating as climate change continues and intensifies (Dorji et al., 2023). In fact, climate change has become one of the primary causes of socioeconomic issues like poverty, inflation, unemployment, and underdevelopment (Soumbara & El Ghini, 2023).  [5:  Climate Change and the Rise and Fall of Civilizations – Climate Change: Vital Signs of the Planet, n.d.] 

Reports from the United Nations’ IPCC, the UNFCCC’s COP 27, serving as the meeting of Parties to the Paris Agreement, Fourth Session, detail and sound alarm against a rapidly closing window of opportunity for adaptation, and recurrent and increasingly severe losses and damages to lives, properties, and the natural environment (Sheikh, n.d.).  The solution to improve climate action suggests that adaptation should be the main fulcrum, supplemented by mitigation strategies, and building a vibrant research culture in wellbeing and climate studies, among others (Dorji et al., 2023). According to the findings of Fleming et al. (2015), people are constrained by current economic, social, and environmental stresses, not climate change. And yet, globally, adaptation policy and practice are lagging due to limited empirical research on the possible impact of policy instruments.  Consequently, climate movements are largely focused on climate mitigation to the neglect of adaptation (Waters et al., 2023). 
However, identifying the right mix of tools and policy framework for climate change adaptation at the global stage has been very challenging. Notwithstanding, some studies have suggested the determinant of the most effective climate change adaptation framework. Betts-Davies et al. (2024) for instance is of the view that reducing inequality is frequently argued to be fundamental to decent living standards in sustainable futures. Thus, future action plans dedicated to climate change adaptation should aim at poverty reduction and improving livelihoods, especially for women (Onyimadu, 2023). An effective mitigation strategy improves the economic well-being of the citizenry by minimizing the distortions in income distribution (Wei & Aaheim, 2023b).
Another important gap in the literature is that, although climate change mitigation and adaptation are the two components of climate action (SDG 13), empirical research on leveraging climate change mitigation for climate change adaptation is virtually non-existent. Per the double dividend hypothesis, by promoting environmentally responsible behaviour, firms can gain a competitive advantage, reduce operating costs, and stimulate economic efficiency while protecting the environment (Goulder, 1992b; Nerudová & Dobranschi, 2014b; Weiss & Anisimova, 2019; A. Zhao et al., 2022b). Empirical literature in this area, however have mainly focused on examining the nexus between environmental taxes and economic growth (Ahmad et al., 2021; Hassan et al., 2020b; Mirović et al., 2021; Othman et al., 2023; Tchapchet-Tchouto et al., 2022), and employment (DOGAN, 2023; Noubissi Domguia et al., 2022), with little or no empirical literature examining how environmental tax reduces inequality and enhances economic well-being. 
[bookmark: _Hlk126519012]In light of this, the purpose of this study is to identify the right adaptation framework and to estimate the spillover effect of mitigation policies. At the end, this essay contributes to the literature on how the impact of environmental regulatory policies transcends mitigation of anthropogenic greenhouse gases, to impact climate change adaptation from a global perspective. The study also justifies why green incentive is a worthy complementary policy instrument to environmental taxes in the promotion of economic well-being through enhanced climate change adaptation capacity. In addition to empirical results, the study extracts a graph of the relationship between climate change adaptation and economic well-being. Also, this study is one of the few studies, if any, that have employed Causal Mediation Analysis to examine the impact of environmental regulatory policies on climate change adaptation. Finally, this study is one of the pioneering studies that has demonstrated that environmental taxes and green incentives as instruments of climate action (SDG 13), can be employed to achieve reduced inequalities (SDG 7).
The rest of the chapter is organized as follows: Section 3.2 literature review; Section 4.3. data; Section 3.4. empirical method; Section 3.5 presentation, analysis, and discussion of results, and; Section 3.6 concluding remarks.
 
3.2 Literature Review
[bookmark: _Hlk133422685]3.2.1 Theoretical review 
Economists have advocated the use of price instruments to address the misallocation of resources that results when the actions or decisions of one party impose unintended adverse consequences on other individuals and/or the environment (Segerson, 2013). As a policy instrument for the control of anthropogenic pollution, environmental taxation or emissions charges will reduce pollution because firms or individuals will reduce emissions to avoid paying the tax (Jaeger, 2013). In his assessment, Goulder (1995b) argued that beyond the immediate environmental protection benefit, environmental taxes are capable of generating positive externalities. A potential positive side effect from a policy perspective is their potential for revenue mobilisation (Segerson, 2013). Revenues raised from environmental taxes could be used in a variety of ways, such as for environmental clean-up and restoration or for research and development of clean energy technologies. But a widely discussed alternative potential use of environmental tax revenues relates to the “double dividend hypothesis,” the idea that environmental tax revenues could be used to finance reductions in pre-existing economic taxes and, as a result, generate a second beneficial effect (Jaeger, 2013).
The double dividend hypothesis (DDH) is a widely discussed framework in environmental and public economics that examines the potential economic benefits of environmental taxation, particularly carbon taxes. Goulder (1995) suggests that carbon taxes can yield two primary benefits, namely, environmental protection (first dividend) and economic efficiency (second dividend). Introduction of CO2 taxes leads to a reduction in greenhouse gas (GHG) emissions, leading to environmental improvements and climate change mitigation (Nerudová & Dobranschi, 2014b). Concurrently, introducing CO2 taxes can bring about economic gains resulting from tax interactive effect and the recycling of CO2 tax revenues, which may reduce distortionary taxes (such as labour or income taxes), enhance employment, and foster economic growth (Goulder, 1995b). However, the realisation of the second dividend depends on various factors, including tax design, the degree of tax interaction, revenue recycling mechanisms, and broader macroeconomic conditions.
The distributional effects of environmental taxation are a critical concern, particularly in terms of equity and fairness. Environmental taxes are often criticized for being regressive, as lower-income households spend a larger proportion of their income on energy and transportation. However, studies such as Fullerton & Metcalf (1998) argue that targeted revenue recycling mechanisms—such as lump-sum rebates or reductions in regressive taxes—can offset the adverse effects on low-income groups. While carbon taxes may initially increase costs for households, the long-term benefits—such as improved air quality, reduced healthcare costs, and energy efficiency savings—can enhance overall welfare (Goulder et al., 2016).

3.2.2 Empirical review 
Climate change presents a defining challenge for the 21st century, threatening ecosystems, economies, and human welfare globally (Elheddad et al., 2022). As climate change intensifies, countries face varying degrees of vulnerability and resilience, affecting their capacity to withstand and recover from environmental, economic, and social shocks (Fajardo-Gonzalez et al., 2025). While efforts to mitigate climate change are essential, adaptation has emerged as a parallel strategy to manage unavoidable climate impacts (Dorji et al., 2023). Adaptation refers to actions taken to reduce vulnerability and enhance resilience to climate-related risks. Increasingly, scholars and policymakers are exploring the broader implications of adaptation—not only for environmental security but also for economic well-being, which encompasses income, employment, health, education, and general living standards. 
Dorji et al. (2023) suggests that the solutions to improve community well-being in the context of climate action should revolve around climate change adaptation as the fulcrum of climate action frameworks, supplemented by mitigation strategies, and sustained through a vibrant research culture in well-being and climate studies, among others. Unfortunately, research into climate action on the global stage is largely skewed towards mitigation. As a result, although the quality of climate change adaptation strategies is as important as their implementation, it has not yet come under the intense scrutiny of researchers. 
Studies such as  Betts-Davies et al. (2024), Onyimadu (2023) and Wei & Aaheim (2023b) which examined climate change adaptation in their various works, tend to focus on what constitutes a good climate change adaptation strategy from an output perspective. For instance, in examining climate change adaptation and well-being among smallholder women farmers in Gwagwalada and Kokona, Nigeria, Onyimadu (2023) recommended that future climate change adaptation action plans should be embedded in national and sub-national strategies aimed at poverty reduction and improving livelihoods, especially for vulnerable women. 
On his part, Betts-Davies et al. (2024) argued that, given the rate at which planetary boundaries are being transgressed; the close coupling of income levels, energy use and GHG footprints; and the high levels of income, consumption and energy inequality both within and between nations; reducing economic inequality is frequently argued to be fundamental to decent living standards in sustainable futures. By summation, an effective mitigation strategy is that which yields improvement in the economic well-being of the citizenry by minimising the distortions in income distribution (Wei & Aaheim, 2023b).
Although previous studies have made significant contributions to the literature on climate adaptation by identifying expected outcomes, they have failed to identify the right inputs for an impactful global climate change adaptation framework. Even though we need to know what we stand to gain from a climate adaptation framework, it is equally imperative for us to examine what it takes to build one. Furthermore, climate change mitigation and adaptation are two sides of the same coin. One of the propositions of the double dividend hypothesis is that revenues generated from environmental taxes can be ploughed back in the form of reductions in taxes, or lump-sum transfers to vulnerable groups, thereby improving welfare (Goulder, 1995b). However, previous studies have failed to examine the possible spillover effect of mitigation policy instruments such as environmental taxes on climate change adaptation. 
Finally, climate change is unusual in that it is a truly global externality (Bhat et al., 2022b). For instance, a ton of CO2 emissions, or emissions of other greenhouse gases like methane and nitrous oxide, add to the Earth’s atmospheric levels of these gases regardless of where it was (Glennerster & Jayachandran, 2023). This global nature of the greenhouse effect offers an opportunity because global atmospheric CO2 concentration decreases by the same amount whether a ton of emissions is reduced in the United States or elsewhere (Glennerster & Jayachandran, 2023). Thus, limiting emissions and adapting to ongoing climate change will require massive global efforts (Soininen et al., 2025). Regardless of this undeniable fact, not many studies have examined the impact of this phenomenon from a global context. By studying the socioeconomic performance of different countries in the context of climate change, it is possible to reveal the impact of climate change on social inequality, promote climate justice on a global scale, and ensure that countries and various groups enjoy fair opportunities and rights in the process of addressing climate change (Y. Cai, 2025).
Based on the above discussions, the study proposes the following hypothesis:
H1: Climate change adaptation capacity based on institutional quality promotes economic well-being
H2: Environmental tax can eliminate inequalities and promote economic well-being
H3: Green incentives as a complementary policy instrument to environmental taxes have a positive impact on economic well-being
H4: The introduction of environmental taxes strengthens the climate change adaptation capacities of implementing countries 
H5: Implementation of green incentives enhances the effectiveness of climate change adaptation   

3.2.3. Conceptual framework 
Existing literature highlights the importance of institutional quality in promoting sustainable economic growth (Awijen et al., 2025). Institutional quality, coupled with fiscal policy, can lessen the harmful influence of the extraction and use of natural resources on climate quality (Sadiq et al., 2025). This is because institutional quality shapes how governments implement policies that influence public service quality, political stability, and the rule of law, all of which are essential in addressing environmental issues (Awijen et al., 2025). However, there is a lack of attention in research on how institutional quality helps shape climate change adaptation policies.
This study examines how institutional quality-based adaptation frameworks generate favourable adaptation outcomes. To this end, the Global Adaptation Initiative Index (ND-GAIN) from the University of Notre Dame is employed to examine the significance of institutional quality in climate adaptation. 
Based on the arguments of Sadiq et al. (2025) and Goulder (1995a) in climate action, the study also examines how environmental taxes and green incentives bolster climate adaptation and improve economic well-being. Figure 3.1 gives an illustration of these relationships.
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Figure 3.1: Conceptual framework

3.3 Research Methodology 
3.3.1 Data source
Data for the model estimation were extracted from the World Bank’s development indicators (WDI) database, the International Monetary Fund (IMF), and the Organization for Economic Cooperation and Development (OECD) databases. 
The study relies on a balanced panel of annual data for 104 countries across the world with data on the implementation of environmental taxes covering the period from 1994 to 2019. Data on economic well-being, population growth, and population density were sourced from the World Bank Development Indicators (WDI) database, that of environmental taxes and green incentive were obtained from the Organization for Economic Cooperation and Development (OECD) database, while for climate change adaptation the study employed University of Notre Dame Global Adaptation Index.  
A similar approach has been used by Wang et al. (2022), where 131 countries were used in the study of energy consumption, and the gravitation towards carbon neutrality globally.

3.3.2. Variables and measurement 
Pursuant to the objective of adding to existing literature on climate change adaptation and economic well-being nexus from the perspective of an effective environmental governance policy framework, this study proposed the following theoretical model:

           (3.1)


Where WBEconomic is the identifier for the outcome variable, economic growth; CAdaptation, ETax, and GIncentive are the identifiers for covariates, climate adaptation, environmental tax, and green incentive, respectively; Control is the holding identifier for all control variables. The i and t signify the cross-section and time series dimensions of the panel. 
The gross domestic product is usually the indicator used to measure economic progress worldwide. However, Gross Domestic Product growth does not necessarily reflect the well-being of a nation, since there are cases of countries where there is economic growth measured by Gross Domestic Product, but there is endemic poverty, unemployment, and inequality (Sánchez et al., 2020). As a proxy for economic well-being, the study adopts the World Bank Development indicator, the GINI Index instead.
The study employs the reverse of the Notre Dame University Global Adaptation Index as a proxy for climate change adaptation.  
The study's proxy for environmental taxes is based on the OECD's estimate of environmental taxes as a percentage of total tax receipts. The characteristics of such taxes included in the database (e.g., revenue, tax base, tax rates, exemptions, etc.) are used to construct the environmentally related tax revenues, which are broken down by environmental domain: energy products (including vehicle fuels); motor vehicles and transportation services; measured or estimated emissions to air and water, ozone depleting substances, certain non-point sources of water pollution, waste management, and noise.
In this study, the proxy for green incentive is environmental protection expenditures (as a percentage of GDP), which is based on data from the International Monetary Fund (IMF). According to the IMF, this estimate includes government spending on environmental protection research and development, pollution abatement, biodiversity and landscape protection, and waste management.
The annual population growth rate for year t is the exponential rate of expansion of midyear population from year t-1 to t, expressed as a percentage, based on world development indicators. The population is calculated using the de facto definition, which includes all residents regardless of legal status or citizenship.
Population density in this study is midyear population divided by land area in square kilometres, based on world development metrics. Population is based on the de facto definition of population, which includes all residents regardless of legal status or citizenship, with the exception of refugees who are not permanently settled in the nation of asylum, who are generally regarded to be part of the population of their country of origin. Land area is the overall area of a country, excluding inland water bodies, national claims to the continental shelf, and exclusive economic zones. In most situations, significant rivers and lakes are included in the concept of inland water bodies.

Table 3.1 Variables included in the study
	Dependent Variable
	Independent Variables

	Identifier
	Definition 
	Measure Unit
	Identifier
	Definition 
	Measure Unit

	WBEconomic
	Economic well-being
	GINI Index
	CAdaptation
	Climate adaptation 
	Notre Dame University Global Adaptation Index

	
	
	
	ETax
	Environmental tax 
	Environmental tax as a per centage of total tax

	
	
	
	GIncentive
	Green incentive
	Expenditure on environmental protection 

	
	
	
	GPopulation
	Population growth
	Anual % change in population

	
	
	
	DPopulation
	Population density
	People per sq. km of land area

	
	
	
	
	
	



3.3.3. Diagnostics 
When it comes to econometrics analysis of panel data, the static econometric model is the most widely applied by scholars (Wooldridge, 2012; C. Zhou & Sotiriadis, 2021). Despite its acceptance by researchers as a fair benchmark model for panel data, standard panel data regression models like fixed-effect (FE) and random (RE) coefficients may be biased if there is heterogeneity, non-stationarity, cross-sectional dependence, cointegration, and endogeneity. In recent years considerable amount of research has focused on the issue of stationarity of series in panels and subsequently, on the eventual presence of cointegration relationships among model variables (Westerlund, 2005). 
One of the main attractions of using panel data is the ability to selectively pool the information coming from the time series dimension with that coming from the cross-sectional dimension, which can improve upon the efficiency of estimates. However, for this to be possible, the parameters of interest must be homogeneous (Blomquist & Westerlund, 2013a). Standard panel data regression models like Fixed-effects (FE) and Random-effects (RE) all assume that the parameter of interest is homogenous. However, the risk in this assumption is that incorrectly ignoring slope heterogeneity might bias the results (Bersvendsen & Ditzen, 2020).  Therefore, to ascertain the slope homogeneity (or the existence of slope heterogeneity) of the dataset, the study conducted tests using a combination of Pesaran and Yamagata (2008) and the Heteroskedasticity and Autocorrelation Consistent (HAC) consistent test statistic derived by Blomquist and Westerlund (2013) models for robustness. 
Delta test statistic is 13.576 at 1% significance level, while the test statistic for the adjusted delta is 15.881 at 1% significance level. On the other hand, HAC statistic is 30.388 at 1% significance level, while the adjusted HAC is 35.547 1% significance level. Thus, all tests reject the null hypothesis of slope homogeneity.   
Table 3.2 Slope homogeneity test results
	(Hashem Pesaran & Yamagata, 2008)
	(Blomquist & Westerlund, 2013)

	
         Delta          p-value
         13.576           0.000
 adj.    15.881         0.000

	
         HAC          p-value
         30.388           0.000
 adj.    35.547         0.000




3.3.4. Estimation Strategy 
In line with the objectives of this study and the outcomes of regression diagnostics, this study adopts a dynamic econometric model in the analysis, with static models for comparison. The first objective, which seeks to estimate the direct effect of climate adaptation on economic wellbeing, the study employs the System Generalised Method of Moments (Sys GMM) and makes comparisons with the results of other models such as the Differenced Generalised Method of Moments (Diff GMM), Fixed Effect (FE), and Random Effect (RE) models. 
The second objective seeks to examine the impact of climate change adaptation on economic well-being over time. To this end, the study employed the Cross-sectionally Augmented Auto-regressive Distributed Lag (CS-ARDL) estimator to determine both the short-run and the long-run impact of climate adaptation. 
To execute the third objective, which seeks to examine the elasticity of economic well-being to changes in climate change adaptation, the study employed the Method of Moment Quantile Regression (MMQR) estimator to estimate the effect of climate adaptation on conditional distributions of economic well-being. 
For the fourth objective, the study employs a dynamic Panel Threshold Regression (PTR) estimator to examine the spillover effect of environmental taxes and green incentives in the promotion of climate change adaptation. 
Finally, the study assesses the impact of the regulatory environment of countries in the pursuit of economic well-being, using a Causal Mediation Analysis (CMA) estimator. 

3.3.4.1. System Generalised Method of Moments 
There are a lot of studies that have examined relationships using the Sys GMM (Mulusew & Mingyong, 2023; Sun & Chen, 2022; H. Zhou & Xu, 2022). This study follows (Sun & Chen, 2022) in the application of the System GMM. The study presents the general Sys GMM model as follows:
(3.2)



Among them, yi,t is the explained variable, yi,t-1 is the lag term, Xit is the explanatory variable, β is the coefficient vector to be estimated, ηi represents the unobservable individual effect that does not change with time, εi,t is the random disturbance term.
Based on the variables of this study, the estimation mode is stated as follows:


(3.3)

Where variables are as explained above.
The results of the Sys GMM model are then compared with those of the following Diff GMM, FE, and RE models:
Diff GMM model:(3.4)


Where,
Δ: First-difference operator to eliminate fixed effects
FE model:(3.5)


Where, 
: fixed effect capturing time-invariant unobserved heterogeneity

RE model:(3.6)


Where,
: overall intercept
​: random effect (entity-specific, time-invariant, unobserved heterogeneity)

[bookmark: _Hlk202014192]3.3.4.2. Cross-sectionally Augmented Autoregressive Distributed Lag 
It takes a longer time for the effects of climate change to take their toll on the natural environment. The study, therefore, examines the impact of the adaptive capacity of countries on the economic well-being of the citizenry in the long-run, through the use of the Cross-sectionally Augmented Auto-regressive Distributed Lag (CS-ARDL) estimator (Ditzen, 2021). The CS-ARDL estimator is best in dealing with cross-section dependence issues, non-stationarity, and endogeneity  (Nica et al., 2023; Sadiq et al., 2023; Sharif et al., 2023). The approach is to estimate the short-run coefficients first and then calculate the long-run coefficients.
[bookmark: _Hlk202017149]Let yit be the dependent variable and xit an independent variable for unit I and time t. A standard ARDL (p, q) model is:(3.7)


The CS-ARDL augments this model by including the cross-sectional averages:
(3.8)


Where,
.
.
The estimation model is specified as follows:(3.9)



3.3.4.3. Method of Moment Quantile Regression 
The third strategy estimates the possibility that the effects of climate change adaptation can differ across the conditional distribution of economic wellbeing using a robust econometric estimator, the Method of Moment Quantile Regression (MM-qreg) estimator (Machado & Santos Silva, 2019; Wolde-Rufael & Mulat-Weldemeskel, 2022b), the conditional quantile of a random variable QY(τ|X) can be expressed as follows. 
(3.10)



Where Yit is the dependent variable, Xit is an i.i.d endogenous variable, “, β, , ” are parameters to be assessed, i =1 … n, denotes the individual i fixed effect and Z is a k-vector of known components of X. 
Based on the above model, this study estimates the effect of climate change on the conditional distribution of economic growth using the following model: 
(3.11)

 

Where variables are as explained earlier.

3.3.4.4 Dynamic Panel Threshold Regression   
Hansen (1999)’s ‘threshold effects in non-dynamic panels’ is the most widely applied panel model with threshold effects in empirical research (Seo et al., 2019). The threshold effect in the model allows for an asymmetric effect of the exogenous variable depending on whether the threshold variable is above or below the unknown threshold. Hansen (1999) model is static, and his fixed effect estimator requires the covariates to be strongly exogenous for the estimator to be consistent. However, the strong exogeneity can be restrictive in many real applications. Thus, the model has been extended by Seo & Shin (2016)‘dynamic panels with threshold effect and endogeneity’. Their model allows for the lagged outcome variables and endogenous covariates.
Seo et al. (2019) developed commands for the first-difference generalized method of moments (GMM) estimators and the associated asymptotic variance estimator proposed by Seo & Shin (2016). While the previous command computes the fixed-effect estimator and thus is not consistent under a general setting,  Seo et al. (2019) commands produce consistent and asymptotically normal estimates. The study therefore estimates the individual threshold effects of both environmental taxes and green incentives on the nexus between economic well-being and its covariates using a dynamic panel threshold model, specifically, Dynamic Panel Data Model allowing for Threshold and Endogeneity by Seo et al. (2019), which is given as follows: 
(3.12)



where yit is a scalar stochastic variable of interest, 1{.} is an indicator function, and qit is the transition variable, γ is the threshold parameter, δ1 and δ2 are the slope parameters associated with different regimes, ɛit is the error term. 
(3.13)


Where all variables are as defined above.

3.3.4.5. Causal Mediation Analysis   
[bookmark: _Hlk133606357]Beyond the individual threshold effects of environmental taxes and green incentives, and in furtherance of the last objective, this study undertakes a causal mediation analysis of the implementation of environmental regulatory frameworks by countries on the nexus between climate change adaptation capacities and the economic well-being of citizens of these implementing countries. Though its application is not pronounced in accounting research, estimating the mechanisms that connect covariates with the outcome variable, also known as mediation analysis (CMA), is central to a variety of social science disciplines, and most importantly, to clinical epidemiology. 
The goal of CMA is to decompose the total treatment effect into direct and indirect components. The indirect effect is transmitted through a mediator variable. Thus, CMA provides us with a modern approach to evaluate the potential causal role of environmental regulations in enhancing climate change adaptation capacities of countries, towards equitable distribution of wealth. 
CMA process involves estimating two regressions
(3.14)


(3.15)



Where, Yi is the dependent variable, Ti is the transition variable, Mi is the mediator, Xi is the vector of independent variables, εi is the error term, α, β, γ, and ξ are coefficients to be estimated.
In order to achieve the objective of this study, Equation (3.15) into a panel by including time as follows:(3.16)


The estimation model is then presented as follows:

(3.17)

where, R refers to robust environmental regulations, the rest remain as defined above.

3.4. Presentation, Analysis and Discussion of Results
3.4.1. Descriptive Statistics 
The study commences the analysis by generating descriptive statistics of the variables of interest in this study, namely, economic well-being (WBE), climate change adaptation (CCA), environmental taxes (ET), green incentive (GI), population growth (PG), and population density (PD). Usually, in quantitative research, descriptive statistics serve as a starting point for data analysis. Through data visualisation, descriptive statistics provide information along two key dimensions, that is, measures of central tendency and measures of spread (variability). These descriptive statistics are given in Table 3.3. 

Table 3.3. Descriptive statistics 
	Variables
	 Obs
	 Mean
	 Std. Dev.
	 Min
	 Max
	 p1
	 p99
	 Skew.
	 Kurt.

	 WBEconomic
	2704
	17.836
	20.199
	0
	65.8
	0
	58.1
	.447
	1.587

	 CAdaptation
	2704
	.549
	.153
	0
	.751
	0
	.741
	-2.135
	8.305

	 ETax
	2704
	5.914
	5.533
	-12.143
	85.483
	0
	20.927
	3.581
	39.693

	 GIncentive
	2704
	.268
	.388
	-.258
	2.226
	0
	1.535
	1.421
	4.527

	 GPopulation
	2704
	1.243
	1.199
	-5.37
	8.118
	-1.444
	3.919
	.19
	3.78

	 DPopulation
	2704
	181.368
	668.002
	0
	7965.878
	0
	1514.469
	9.442
	96.705

	Table 3.3 presents the descriptive statistics of the variables of this study. Economic Well-being is measured by the GINI Index. The Notre Dame University Global Adaptation Index is the proxy for Climate Adaptation, the proxy for Environmental Tax is the environmental tax revenues as a percentage of total tax revenues while total government expenditure on environmental protection is used to measure Green Incentive. Population Growth is the annual rate of population change, and Population Density is the number of people per square kilometre of land area



First, the proxy for WBE is the GINI Index, which measures the extent to which the distribution of income among individuals or households within an economy deviates from a perfectly equal distribution. In other words, the GINI Index is a summary measure of income inequality. The GINI coefficient incorporates the detailed share data into a single statistic, which summarises the dispersion of income across the entire income distribution. The WBE mean of 17.836 in Table 3.3 indicates that, on average, approximately 18% of the world population suffers from national income distribution injustice. Malawi, in Southern Africa, records the highest of income distribution injustice of 65.8% in 1997. Not surprisingly, most African economies are dominated by a few political elites, with no strong institutions to serve as a check on excesses. 
Next is CCA, which measures the ability of countries to deal with climate change, as well as provide a safety net for the affected. With a mean coefficient of 0.549, it means that the global average on the ability of countries to deal with adverse climatic events and their impact on the vulnerable is approximately 0.5%. The highest CCA capacity of 0.751 was recorded by Hungary in 2012. Hungary is a high-income country and a member of the prestigious club of wealthy nations, the OECD, and that puts it in better stead in building robust CCA capacity. However, this success cannot be entirely attributed to Hungary’s level of economic development, because it is behind a lot of economic giants such as the members of the Group of Eight (G8). Largely, this feat is situated within that country’s overwhelming interest in issues of climate change and adaptation.
Third, the implementation of ET as a percentage of total tax revenues has seen a sturdy rise since 1994, when countries began to enforce responsible consumption behaviour among citizens. On average, 5.9% of global total tax revenues come from ET. Mauritania in West Africa recorded the highest percentage of ET as a percentage of total tax revenue of approximately 85.5% in 2017. This is because, Mauritanian economy is significantly based on agriculture and livestock rearing, although there are a few iron ore mining companies. Because of this, government revenues are largely obtained from fuel taxes. 
Fourth, it seems the world is yet to give much attention to environmental protection issues. On average, government expenditure on GI as a percentage of total government expenditure is less than 1% (0.268%), with the highest being 2.23% in 2014 by Trinidad and Tobago, a high-income, Caribbean nation, and a member of the OECD. 
Fifth, the average PG rate per annum stands at 1.2%, with the highest being 8.1% in 1998 by Rwanda, a low-income country in East Africa. Also, the average number of people per square kilometer of land area is estimated at 181. The highest density recorded is 7,965 in Singapore, a non-OECD, high-income country, in 2019. 
Richer countries have higher CCA capacity as compared to less prosperous ones. High-income countries have a CCA capacity of 62%, Upper-middle-income countries with 55%, Lower-middle-income countries with 49%, and Low-income countries with 39%. By inference, the more developed a country is, the better in dealing with climate change. It requires more financial commitment to build defences against the impact of climate change.
To assess the strength and direction of the relationship among the variables of interest and to evaluate multicollinearity, this study undertakes correlation analysis, using a Pairwise correlations matrix, given in Table 3.4. The outcome reveals that CCA, ET, and GI have a positive association with WBE, while PG and PD have a negative association with WBE. The outcome shows that all correlations have coefficients less than 0.5. For there to exist the problem of multicollinearity, researchers have commonly highlighted that the correlation coefficient must be higher than 0.7(A Khatib & Ibrahim NOUR, 2021). Given that the highest correlation coefficient among variables of interest is 0.468, this suggests that there is no multicollinearity. 

Table 3.4. Correlation matrix 
Pairwise correlations 
	Variables
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)

	(1) WBEconomic
	1.000
	
	
	
	
	

	(2) CAdaptation
	0.241
	1.000
	
	
	
	

	(3) ETax
	0.095
	0.095
	1.000
	
	
	

	(4) GIncentive
	0.115
	0.468
	0.165
	1.000
	
	

	(5) GPopulation
	-0.139
	-0.367
	0.011
	-0.426
	1.000
	

	(6) DPopulation
	-0.090
	0.038
	-0.055
	0.038
	0.033
	1.000

	Table 3.4 presents the results of Pairwise Correlation between the variables of this study. Economic Wellbeing is measured by the GINI Index. The Notre Dame University Global Adaptation Index is the proxy for Climate Adaptation, the proxy for Environmental Tax is the environmental tax revenues as a percentage of total tax revenues while total government expenditure on environmental protection is used to measure Green Incentive. Population Growth is the annual rate of population change, and Population Density is the number of people per square kilometre of land area



3.4.2. Sys GMM estimator results 
The first objective of this study is to estimate the coefficients of association between variables of interest using the Sys GMM estimator. For comparative purposes, we added results from Diff GMM and two static models, namely, the Fixed Effect (FE) model and the Random Effect (RE) model. These results are shown in Table 3.5. From our estimates, climate change adaptation (CCA) of countries has a positive association with the economic well-being (WBE) of citizens across all models at a 1% significance level using FE, RE, and Diff GMM, and a 5% significance level using Sys GMM. A percentage change in CCA is expected to result in a significant jump in WBE. 
Environmental taxes (ET) and green incentives (GI) have also been found to promote WBE. A percentage change in ET as a percentage of total tax revenue will cause WBE to increase by 0.08%, and 0.102% using the FE and RE models, respectively, though not significant, and 0.257% and 0.262% at a 5% significance level using Diff GMM and Sys GMM. A percentage change in government expenditure on GI will increase the rate of WBE by 9.379% and 7.733%, using FE and RE models, respectively, at a 1% significance level. Estimates from Diff GMM and Sys GMM indicate that a change in GI will increase the rate of WBE by 3.681% and 5.398%, respectively.
Table 3.5. Sys GMM estimator results
	[bookmark: _Hlk132669608]Variables 
	Parameter estimates

	
	Static Models
	Dynamic Models

	
	Fixed Effect
	Random Effect
	Diff GMM
	Sys GMM

	
	
	
	
	

	L.WBEconomic
	N/A
	N/A
	-0.160***
	-0.152***

	
	N/A
	N/A
	(0.0231)
	(0.0173)

	CAdaptation
	14.20***
	16.43***
	267.4***
	43.89**

	
	(2.881)
	(2.827)
	(52.74)
	(21.91)

	ETax
	0.0829
	0.102
	0.257**
	0.262**

	
	(0.0798)
	(0.0771)
	(0.129)
	(0.125)

	GIncentive
	9.379***
	7.733***
	3.681
	5.398*

	
	(1.638)
	(1.514)
	(2.967)
	(2.883)

	GPopulation
	0.896
	0.361
	1.265
	1.297

	
	(0.649)
	(0.554)
	(1.105)
	(1.056)

	DPopulation
	0.00410
	-0.00166
	0.0294**
	0.0531***

	
	(0.00331)
	(0.00151)
	(0.0136)
	(0.0113)

	Constant
	5.172***
	5.989***
	-141.2***
	-18.55

	
	(1.863)
	(2.054)
	(29.71)
	(12.75)

	
	
	
	
	

	Observations
	2,704
	2,704
	2,496
	2,600

	Number of id
	104
	104
	104
	104


Table 3.5 presents the results of Sys GMM and other models on the nexus between the variables of this study. Economic Wellbeing is measured by the GINI Index. The Notre Dame University Global Adaptation Index is the proxy for Climate Adaptation, the proxy for Environmental Tax is the environmental tax revenues as a percentage of total tax revenues while total government expenditure on environmental protection is used to measure Green Incentive. Population Growth is the annual rate of population change, and Population Density is the number of people per square kilometre of land area. Standard errors in parentheses (*** p<0.01, ** p<0.05, * p<0.1)


The effect of the control variables, namely, population growth (PG) and population density (PD), on WBE are not significant using the static models. However, on the dynamic models, an increase in PD will increase WBE by 0.0294% at 5% significance using Diff GMM, and 0.0531% at 1% significance level using Sys GMM.

[bookmark: _Hlk162957070]Table 3.6. Sys GMM results based on level of economic development 
	Variables 
	Parameter estimates

	
	High Income
	Upper Middle Income
	Lower Middle Income
	Low Income

	
	
	
	
	

	L.WBEconomic
	-0.0259
	-0.140***
	-0.177***
	-0.197***

	
	(0.0276)
	(0.0315)
	(0.0346)
	(0.0496)

	CAdaptation
	-11.24
	442.7***
	106.0*
	49.28

	
	(43.44)
	(60.01)
	(62.88)
	(67.11)

	ETax
	0.579*
	-0.0214
	0.166
	0.0720

	
	(0.310)
	(0.320)
	(0.127)
	(0.300)

	GIncentive
	8.481***
	-2.033
	14.31*
	22.87

	
	(2.194)
	(4.815)
	(8.389)
	(23.13)

	GPopulation
	1.601
	3.728**
	-0.0422
	0.401

	
	(1.016)
	(1.842)
	(2.940)
	(1.935)

	DPopulation
	0.0272***
	0.00768
	0.00333
	0.0137

	
	(0.00625)
	(0.0232)
	(0.0290)
	(0.0216)

	Constant
	8.331
	-232.2***
	-39.66
	-13.64

	
	(29.70)
	(35.28)
	(33.61)
	(27.76)

	
	
	
	
	

	Observations
	1,025
	725
	575
	275

	Number of id
	41
	29
	23
	11

	Table 3.6 presents the results of Sys GMM on the nexus between the variables of this study based on the level of economic development. Economic Wellbeing is measured by the GINI Index. The Notre Dame University Global Adaptation Index is the proxy for Climate Adaptation, the proxy for Environmental Tax is the environmental tax revenues as a percentage of total tax revenues while total government expenditure on environmental protection is used to measure Green Incentive. Population Growth is the annual rate of population change, and Population Density is the number of people per square kilometre of land area. Standard errors in parentheses (*** p<0.01, ** p<0.05, * p<0.1)




On the level of development, results in Table 3.6 reveals that, climate change adaptation has significantly positive impact on economic wellbeing of Upper-middle-income and Lower-middle-income countries at 1% and 10% respectively, while having adversely insignificant impact on economic wellbeing of High-income and Low-income countries. However, with environmental regulations, both environmental taxes and green incentive have a significant positive impact on economic wellbeing of High-income countries at 10% and 1% significance. 

Table 3.7. Sys GMM results based on regions  
	Variables 
	Parameter estimates

	
	Africa 
	Americas 
	Asia & the Pacific
	Europe 
	Near East 

	
	
	
	
	
	

	L.WBEconomic
	-0.158***
	-0.187***
	-0.351***
	0.333***
	0.0592

	
	(0.0326)
	(0.0356)
	(0.0383)
	(0.0325)
	(0.0580)

	CAdaptation
	73.44
	-61.84
	90.81**
	-61.97**
	165.2**

	
	(59.92)
	(53.85)
	(41.49)
	(25.03)
	(64.38)

	ETax
	-0.0428
	0.0760
	0.208
	0.175
	1.657***

	
	(0.130)
	(0.308)
	(0.297)
	(0.339)
	(0.366)

	GIncentive
	-0.789
	6.742
	7.528
	11.27***
	20.17***

	
	(7.510)
	(5.269)
	(5.646)
	(2.581)
	(6.603)

	GPopulation
	1.321
	1.360
	-1.373
	1.246
	2.754*

	
	(1.819)
	(2.331)
	(1.895)
	(1.112)
	(1.583)

	DPopulation
	0.0272
	-0.0410
	-0.00351
	0.0554***
	-0.0130

	
	(0.0266)
	(0.0546)
	(0.00655)
	(0.0157)
	(0.0152)

	Constant
	-30.75
	74.78**
	-35.06
	38.45**
	-104.7***

	
	(27.91)
	(33.18)
	(24.26)
	(15.59)
	(37.41)

	
	
	
	
	
	

	Observations
	625
	550
	375
	850
	200

	Number of id
	25
	22
	15
	34
	8

	Table 3.7 presents the results of Sys GMM on the nexus between the variables of this study based on regional distributions. Economic Wellbeing is measured by the GINI Index. The Notre Dame University Global Adaptation Index is the proxy for Climate Adaptation, the proxy for Environmental Tax is the environmental tax revenues as a percentage of total tax revenues while total government expenditure on environmental protection is used to measure Green Incentive. Population Growth is the annual rate of population change, and Population Density is the number of people per square kilometre of land area. Standard errors in parentheses (*** p<0.01, ** p<0.05, * p<0.1)




Further segregated analysis based on regions, results of the Sys GMM reveals that climate change adaptation has significantly positive impact on economic wellbeing among counties within the Asia & the Pacific and the Near East regions, at 5% significance level, but has an adverse impact on economic wellbeing in Europe at 1% significant level. Both environmental regulatory policies have a positive impact on economic wellbeing in Europe and the Near East at 1% significant level.
Once it is established from the above analysis that, there is a positive relationship between economic wellbeing and climate change adaptation at the global level, for a deeper understanding of this relation, the study proceeds to establish the general trend within the current dataset, using Qfit graph. The intention to reveal any possible relationship that may exist outside of the current dataset. Figure 3.2 illustrates the convex relationship that exists between economic wellbeing and climate change adaptation, an indication that climate change adaptation has a snowballing effect on economic wellbeing regardless of the range. 

[image: ]
Figure 3.2 Economic well-being and climate adaptation nexus

3.4.3. CS-ARDL estimator results 
Estimates of the short-run and long-run effects of CCA and other covariates on WBE using CS-ARDL, are contained in Table 3.8, where the long-run effect of CCA on WBE is estimated to be greater in the long-run compared to the short-run. A unit change in the CCA capacities of countries is expected to lead to an increase in WBE by 6.192% and 8.101% basis points at 1% significance level, in the short-run and in the long-run, respectively. The effect of ET on WBE is positively significant both in the short-run and in the long-run. A percentage increase in ET as percentage of total taxes will result in an increase in WBE by 0.207% at 1% significance level in the short-run, and 0.282% at 5% significance level in the long-run.  

Table 3.8. CS-ARDL estimator results 
	Parameter estimates
Cross-sectional Augmented Auto-regressive Distributed Lag (CS-ARDL)

	Short-run
	Long-run

	
	
	
	

	L.logWBEconomic
	0.219*
	lr_logWBEconomic
	-0.781***

	
	(0.120)
	
	(0.120)

	logCAdaptation
	6.192***
	lr_logCAdaptation
	8.101***

	
	(0.0814)
	
	(1.141)

	logETax
	0.207***
	lr_logETax
	0.282**

	
	(0.0545)
	
	(0.113)

	logGIncentive
	0.0213
	lr_logGIncentive
	0.0323

	
	(0.0213)
	
	(0.0323)

	
	
	
	

	Table 3.8 presents the results of CS-ARDL on the nexus between the variables of this study. Economic Wellbeing is measured by the GINI Index. The Notre Dame University Global Adaptation Index is the proxy for Climate Adaptation, the proxy for Environmental Tax is the environmental tax revenues as a percentage of total tax revenues while total government expenditure on environmental protection is used to measure Green Incentive. Population Growth is the annual rate of population change, and Population Density is the number of people per square kilometre of land area Standard errors in parentheses (***p<0.01, **p<0.05, *p<0.1)






3.4.4. MMQR estimator results 
The next objective was to examine the effect of CCA on the conditional distribution of WBE using the MMQR estimator. Table 3.9 shows the effect of CCA and other covariates on WBE across 9 quantiles. CCA has a 1% significance positive effect on WBE across all nine quantiles. ET becomes significant from the 50th quantile onwards, and the positive impact of GI on WBE ends at the 50th quantile. The control variables, namely, PG and PD have adverse effect on WBE.

Table 3.9 MMQR estimator results
	[bookmark: _Hlk132670558]
	
	
	
	
	
	

	Variables 
	CAdaptation
	ETax
	GIncentive
	GPopulation
	DPopulation
	Cons

	
	
	
	
	
	
	

	Location 
	29.86***
(2.692)
	0.269**
(0.114)
	-1.457
(1.257)
	-1.110***
(0.425)
	-0.00275***
(0.000242)
	2.108
(1.541)

	Scale 
	15.92***
(1.871)
	0.190**
(0.0789)
	-8.111***
(0.874)
	0.255
(0.296)
	-0.00228***
(0.000168)
	9.661***
(1.071)

	10th Q
	10.47***
(2.640)
	0.0371
(0.112)
	8.423***
(1.230)
	-1.421***
(0.419)
	3.54e-05
(0.000238)
	-9.660***
(1.532)

	20th Q
	14.03***
(2.447)
	0.0795
(0.106)
	6.610***
(1.135)
	-1.364***
(0.397)
	-0.000475**
(0.000217)
	-7.501***
(1.437)

	30th Q
	15.98***
(2.403)
	0.103
(0.103)
	5.619***
(1.115)
	-1.333***
(0.388)
	-0.000755***
(0.000213)
	-6.320***
(1.407)

	40th Q
	17.82***
(2.373)
	0.125
(0.102)
	4.678***
(1.101)
	-1.303***
(0.384)
	-0.00102***
(0.000210)
	-5.200***
(1.389)

	50th Q
	25.75***
(2.754)
	0.219**
(0.107)
	0.639
(1.310)
	-1.176***
(0.398)
	-0.00216***
(0.000272)
	-0.389
(1.541)

	60th Q
	36.24***
(3.116)
	0.345***
(0.131)
	-4.709***
(1.457)
	-1.007**
(0.489)
	-0.00366***
(0.000284)
	5.981***
(1.793)

	70th Q
	42.27***
(3.529)
	0.417***
(0.151)
	-7.781***
(1.641)
	-0.911
(0.566)
	-0.00453***
(0.000315)
	9.640***
(2.055)

	80th Q
	47.33***
(3.985)
	0.477***
(0.170)
	-10.36***
(1.853)
	-0.830
(0.639)
	-0.00526***
(0.000356)
	12.71***
(2.320)

	90th Q
	54.16***
(4.615)
	0.559***
(0.198)
	-13.84***
(2.143)
	-0.720
(0.744)
	-0.00624***
(0.000411)
	16.86***
(2.701)

	
	
	
	
	
	
	


Table 3.9 presents the results of MMQR on the nexus between the variables of this study. Economic Wellbeing is measured by the GINI Index. The Notre Dame University Global Adaptation Index is the proxy for Climate Adaptation, the proxy for Environmental Tax is the environmental tax revenues as a percentage of total tax revenues while total government expenditure on environmental protection is used to measure Green Incentive. Population Growth is the annual rate of population change, and Population Density is the number of people per square kilometre of land area. Standard errors in parentheses (*** p<0.01, ** p<0.05, * p<0.1)

3.4.5. PTR estimator results 
Test of the threshold effect of ET and GI on WBE and its covariates shows that GI has a higher threshold effect of 0.548% compared to that of ET of 0.438%.

Table 3.10. PTR estimator results 
	[bookmark: _Hlk132671516]Parameter estimates 

	Variables 
	Environmental tax
	Variables 
	Green incentive 

	
	Lower regime
	Higher regime
	
	Lower regime 
	Higher regime

	
	
	
	
	
	

	Lag_y_b
	-0.0167**
	
	Lag_y_b
	-0.257***
	

	
	(0.00744)
	
	
	(0.00700)
	

	CAdaptation_b
	-142.7***
	
	CAdaptation_b
	82.85***
	

	
	(37.40)
	
	
	(29.35)
	

	GPopulation_b
	-8.106***
	
	GPopulation_b
	-2.827**
	

	
	(1.610)
	
	
	(1.320)
	

	DPopulation_b
	0.0156***
	
	DPopulation_b
	0.00458**
	

	
	(0.00521)
	
	
	(0.00190)
	

	cons_d
	
	-68.67***
	cons_d
	
	-324.3***

	
	
	(10.68)
	
	
	(8.798)

	Lag_y_d
	
	-0.0804***
	Lag_y_d
	
	1.444***

	
	
	(0.00854)
	
	
	(0.0465)

	CAdaptation_d
	
	163.7***
	CAdaptation_d
	
	409.2***

	
	
	(17.37)
	
	
	(14.54)

	GPopulation_d
	
	7.198***
	GPopulation_d
	
	14.69***

	
	
	(1.253)
	
	
	(0.997)

	DPopulation_d
	
	-0.00730***
	DPopulation_d
	
	0.133***

	
	
	(0.000391)
	
	
	(0.00519)

	r
	0.438
	
	r
	0.548***
	

	
	(0.341)
	
	
	(0.0103)
	

	
	
	
	
	
	

	Observations
	104
	104
	Observations
	104
	104


Table 3.10 presents the results of Dynamic PTR on the nexus between the variables of this study. Economic Wellbeing is measured by the GINI Index. The Notre Dame University Global Adaptation Index is the proxy for Climate Adaptation, the proxy for Environmental Tax is the environmental tax revenues as a percentage of total tax revenues while total government expenditure on environmental protection is used to measure Green Incentive. Population Growth is the annual rate of population change, and Population Density is the number of people per square kilometre of land area. Standard errors in parentheses (*** p<0.01, ** p<0.05, * p<0.1)


3.4.6. CMA estimator results 
Estimation of the causal effect of the implementation of strong environmental governance regulations positively induces climate change adaptation capacities of countries by increasing the coefficient of association of climate change adaptation from 29.33 to 29.69 as shown in Table 3.11

Table 3.11 CMA estimator results 
	Variables 
	Robust Regulations 
	Definition 

	
	
	

	cde
	29.33***
	Controlled direct effect,

	
	(2.896)
	

	nie
	0.361
	Natural indirect effect

	
	(1.191)
	

	te
	29.69***
	Total effect

	
	(2.640)
	

	
	
	


Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

It thus means that, the environmental regulations promote equitable distribution of a country’s wealth. 

3.4.7. Discussion 
Results of the principal estimators of the first objective, that is Differenced Generalized Method of Moment and the System Generalized Method of Moment estimators reveal positive values at 1% significant level on the effect of climate adaptation in the promotion of economic wellbeing. When examined along the conditional distribution of economic wellbeing, MM-qreg results show a snowballing effect of climate adaptation on the attainment of economic wellbeing, as well a greater positive effect in the long-run. While global climate action campaigns are focused on mitigation to the neglect of adaptation, it should be posited that the attainment of No Poverty (SDG 1) and Reduced Inequality (SDG 10) are connected to improvement in climate adaption. This finding is consistent with the hypothesis (H1), and agrees with Dodman & Satterthwaite (2008).  Dodman & Satterthwaite (2008) show that climate change adaptation requires solutions based in improved institutional capacity and better urban governance - and that if properly applied, this can help to meet the broader needs of the urban poor. The Notre Dame Index measures institutional and governance, which has significant positive impact on economic wellbeing across all quantiles.
In finding the impact of environmental policies on economic wellbeing, results of the Sys GMM reveals that environmental taxes have a significant positive impact on economic wellbeing, and it goes to confirm the second hypothesis (H2). This finding agrees with the double dividend hypothesis, which indicates that revenues from the implementation of environmental taxes can lead to improved welfare of the citizenry through the revenue re-cyclization (Goulder, 1992a; Nerudová & Dobranschi, 2014a). Also, the results show that green incentive promotes economic wellbeing, which is consistent with the third hypothesis (H3). 
A threshold analysis of the environmental taxes and green incentive indicate that environmental regulations have adaptation benefits beyond mitigation, which confirms the hypotheses (H4 and H5). The higher contingent effect of green incentive over environmental taxes demonstrate that persuasion (green incentive) has higher positive impact on climate change adaptation and resilience than punishment (environmental taxes). The success story of Finland in He et al. (2021b) gives credence to the fact that people are moved by persuasion rather than punishment.
The Causal Mediation Analysis results show that countries with robust environmental regulatory framework consisting of both punitive (environmental taxes) and persuasive (green incentive) stand to maximize the economic wellbeing of its citizenry by 0.361%.

3.5. Concluding Remarks and Recommendations
[bookmark: _Hlk131974010]Correlation matrix for our dataset reveals that climate change adaptation, environmental tax and green incentive have positive correlations with economic well-being. The reverse is true for the control variables, that is, population growth and population density. Descriptive statistics reveals that, the lowest national income distribution injustice of 23% was suffered by the people of Denmark in 1995, with Malawi recording the highest income injustice of 65.8% in 1997, followed by South Africa with 64.8% in 2005, and Botswana with 64.7% in 2002. 
Focusing on the main regressor, a graphical illustration of the nexus between economic well-being and climate change adaptation portrays a convex relationship. In terms of the adaptive capacities of regions, Europe is ahead of the rest of the world, with an average estimate of 61%, with Africa having the lowest capacity score of 44%. However, sub-regional adaptation capacity scores show North America ahead of the rest with 65%, while East Africa has a score of 40%. 
Along the line of economic development and the ability of countries to adapt to climate change, it appears richer countries do better than the poorer ones, with High-income countries scoring 62% as against 39% of Low-income countries. This indicates that building capacities against climate change depends on the financial leverage that a nation enjoys at a particular point in time. We also find that membership of the prestigious league of nations, the Organization for Economic Corporation and Development has a significant impact on climate change adaption. Memberships of the OECD has an average score of 64%, while non-members have an average capacity of 49%. 
A measure of the level of association between economic well-being and climate change adaptation reveals that an increase in adaptive capacity will see an increase in economic well-being by 14.20%, 16.43%, 267.4%, and 43.89%, using Fixed Effect model, Random Effect model, Diff GMM estimator, and Sys GMM estimator, respectively, at 1% significance level. Using Cross-sectional Augmented Auto-regressive Distributed Lag models indicates that the effect of climate adaptation in greater in the long-run with 8.101% as against the short-run 6.192%, both at 1% significance level. Also, the effect of climate change adaptation varies across different distributions of economic well-being, with a sturdy increase from 10% at the 10th Quantile, to 54% at the 90th Quantile. 
Examination of the threshold effect of environmental regulatory policies using Panel Threshold Regression turns out a higher threshold coefficient for green incentive as compared to environmental tax. Green incentive improves adaptation by 0.548% as against 0.438% of environmental tax. The overall gains from environmental governance policies on the economic well-being stand at 0.361%.
Ending poverty is at the heart of the SDGs. No Poverty (SDG 1) aims at ending poverty in all its forms everywhere by 2030. According to the United Nations, eradicating poverty is not a task of charity; it’s an act of justice and the key to unlocking an enormous human potential, constrained by economic limitation. In the estimation of the United Nations, still, nearly half of the world’s population lives in poverty, and are in dire need of the basic necessities of life. The inability of national income to trickle down to the ordinary citizens can partly be blamed for the burgeoning gap between the rich and the poor worldwide. 
Thus, national income distribution is a front burner issue for any country that intents to end extreme poverty by 2030. This study reveals that building climate change adaptative capacities of countries contributes to income distribution and economic well-being of the masses. And in building robust climate change buffers, countries are advised to prioritize expenditures on green incentives, as it demonstrates a greater threshold effect compared to environmental taxes. 
The objectives of examining the effect of climate change adaptation on economic well-being through System Generalised Method of Moments estimator, the long-run effect of climate change adaption on economic well-being through Cross-sectionally Augmented Auto-regressive Distributed Lag model, the effect of climate change adaptation on the conditional distributions of economic well-being through Method of Moment Quantile Regression model, the threshold effect of environmental taxes and green incentive on the nexus between economic well-being and climate change adaptation through Panel Threshold Regression model, and the estimation of the moderating effect of environmental governance framework on economic well-being and its covariates through Causal Mediation Analysis, have been fully amortized, with significant contributions to the climate change debate.
To the best of my knowledge, this study contributes to the literature on climate change adaptation and economic well-being of citizens by being the first study that examines the effect of a complementary policy to environmental taxes, green incentive within the framework of Sandmo’s double-dividend hypothesis, at the global level.  Also, the study extracts a convex curve illustrating the nexus between economic well-being and climate change adaptation, with further analysis of the performance of countries in climate change adaptation along the following trajectories: Economic development, OECD membership, Regions, and Sub-regions.   
This study finds climate change adaptation capacities of countries to be significantly tied to their level of economic development. The more developed a country is, the better its climate change adaptation capacity. It is therefore imperative, that in fostering global Partnerships for the Goals (SDG 17), the global body directs efforts at fostering economic partnerships between high-income countries and low-income countries to expand the financial leverage of these low-income countries, as this will inure to the benefit of climate change adaptation.
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LEVERAGING GLOBALIZATION AND ENVIRONMENTAL TAXES FOR SUSTAINABLE ENERGY PRODUCTION
Leveraging globalization and environmental taxes for sustainable energy production

Abstract 
Research into the impact of globalization on sustainable energy has revealed the impact of globalization on green technology transfer and development, and on sustainable energy consumption. Findings of these studies reveal that globalization has a mixed impact on sustainable energy consumption, while promoting green technology transfer and development. However, a very important component of sustainable energy and a bridge between green technology innovation and sustainable energy consumption, which is sustainable energy production, has been understudied in this context. Owing to this limitation in research, not much is known about the impact of globalisation on sustainable energy production. Carbon neutrality is only achievable if countries can produce enough sustainable energy to meet local demand. Thus, this study examines the effect of globalisation on sustainable energy production. Employing System GMM, Cross-sectionally ARDL MMQR, dynamic PTR, and CMA, to regress a panel dataset of 104 countries between 1994 and 2019. The results reveal an adverse effect of globalisation on sustainable energy production in the short-run and the long-run, and across different distributions of production. However, globalization promotes production only after a certain threshold is met. The results also reveal that the implementation of robust environmental regulatory policies can reduce the adverse effects of globalisation on sustainable energy production, with environmental taxes having a comparatively higher contingent effect. This study makes a significant contribution to the literature and policy, through threshold analysis, by estimating the optimum level of globalization effect and environmental taxes that promote sustainable energy production. 

4.1. Introduction 
Global energy demand is projected to increase by 722 quadrillion Btu in 2030 (Nan et al., 2022). The danger is that this swirling demand gap is being filled by fossil-based fuels, which are major emitters of carbon dioxide (CO2). Constituting 79.7% of total greenhouse gases[footnoteRef:6]CO2 emissions have been scientifically proven to be the trigger behind recent global warming and climate change (Sefa, 2024). Currently, fossil-based energy sources (petroleum oils or gas, and coal) alone provide 90% plus of total energy consumption (Bothra et al., 2024). With the current energy mix, annual average surface temperatures will continue to rise significantly (Obsi Gemeda et al., 2023; Sefa, 2024), and the likelihood that we might miss the United Nations (UN) annual average surface temperature target of 1.50C (by 2050) is very high (Beiser-McGrath & Bernauer, 2019; IPCC, 2022a). Thus, any environmentally sensitive development pathway must encourage a sustainable energy transition (moving away from fossil-based fuels to renewable energy sources).  [6:  https://www.epa.gov/ghgemissions/overview-greenhouse-gases] 

However, the sustainable energy transition is challenging for many countries. An et al. (2023) listed technology, finance, and policy as key factors driving renewable energy development. Given the fact that many countries are lagging in development, strengthening globalisation is regarded as one of the most crucial ways to promote sustainable energy transition (Nan et al., 2023). It is for this reason that the UN Partnership for the Goals (SDG 17) encourages cooperation among member countries (Stibbe et al., 2020), in their attempt to replace traditional energy sources with renewable energy (Trinh & Chung, 2023). 
Empirically, Ghazouani (2022) studied the nexus between globalisation effect and renewable energy consumption for a panel of 15 countries over the period 1990–2018, and concluded that globalisation is driving renewable energy consumption among these countries, although the impact is heterogeneous. Using multiple econometric techniques to analyse a panel of 30 OECD member countries for the period 1970 to 2015, Gozgor et al. (2020) also, demonstrate that higher economic globalisation promotes renewable energy consumption. Additionally, the results of Yi et al. (2023) suggest that economic globalization, financial development, and economic growth significantly increase renewable energy consumption. Nevertheless, Elheddad et al. (2022) found that increased FDI leads to an increase in non-renewable energy consumption, as chief executive officers of multinational corporations prioritize profits over environmental quality. Similarly, Padhan et al. (2020) concluded that economic globalisation reduces renewable energy consumption among OECD member countries, although it found classic globalisation (overall, economic, social, political) to promote renewable energy use. 
On the globalisation effect and renewable energy development, Zhang et al. (2022) examined the relationship between globalisation and renewable energy development, and the mediating effect of the digital economy, using panel data from countries along the Belt and Road Initiative (B&R) region between 2001 and 2018, and found that globalisation promotes the development of renewable energy sources.
Although significant effort has been made by these researchers to empirically examine the impact of globalisation on renewable energy, the effect of globalisation on sustainable energy transition has not been fully explored. Synthesis of this research reveals two emerging clusters of empirical research on the phenomenon. The first group examines the impact of globalization on sustainable energy consumption (Ghazouani, 2022; Gozgor et al., 2020; Nan et al., 2023; Yi et al., 2023), and the other group focuses on globalization and renewable energy technology development (Zhang et al., 2022). However, the impact of globalization on sustainable energy production is conspicuously missing. For the net-zero transition objective to fully materialize, the internal capacity of countries to produce is imperative. Oladipupo et al. (2022) identified insufficiency of renewable energy sources as a key impediment to advancing sustainable energy transition, while examining the situation in South Africa. 
Another observation made about previous research is that, although some reveal the adverse impact of globalisation on sustainable energy transition, they failed to examine further how internal environmental regulations could be strengthened to mitigate these occurrences. Per the double dividend hypothesis, environmental taxes can promote economic efficiency and environmental protection at the same time through the substitution effect (Goulder, 1992b; Nerudová & Dobranschi, 2014b). Despite the theoretical promise of a substitution effect, not much empirical research has been done to ascertain whether this effect translates into sustainable energy production. 
To fill in these gaps in empirical research, this study offers empirical evidence of the effect of globalization on sustainable energy production and the direct and mitigating role of environmental taxes in advancing sustainable energy production.
Unlike previous studies where the impact of globalization on sustainable switch was concluded as being either positive or negative with no point of convergence, leaving policymakers with no clear direction for policy formulation, this study goes further to situate initial findings within a threshold analysis, estimating what must be done exactly in terms of policy implementation for the realisation of increase sustainable energy production through globalization and environmental taxes. The rest of the chapter is organized as follows: Section 2. literature review; Section 3. data; Section 4. empirical method; Section 5. presentation, analysis, and discussion of results; Section 5. concluding remarks.

4.2. Literature Review 
Reports on environmental assessments by the United Nations’ Intergovernmental Panel on Climate Change (IPCC) have consistently highlighted the dangers of continuing increases in atmospheric concentration of CO2 and other GHGs, on biodiversity, sustainable livelihoods, and human health (IPCC, 2022). In response, the European Union, for instance, through the European Green Deal, aims to reduce CO2 emissions by 2050, through impactful green policies (Dogan, 2023). Being a phenomenon largely driven by anthropogenic activities, an economic instrument, such as environmental taxes, offers an effective way to create incentives towards sustainable behaviour (Freire-González & Ho, 2019). 
However, there is still an ongoing discussion regarding the significance of the economic impact of environmental taxes, and how their design and implementation can promote environmental protection (Freire-González & Ho, 2019). This is because how to effectively tackle anthropogenic greenhouse emissions with policy instruments like environmental taxes is a highly relevant and complicated question (Mahmood et al., 2022a). In this context, the double dividend hypothesis becomes an interesting idea for achieving environmental protection (Freire-González & Ho, 2019). Sandmo’s double dividend hypothesis refers to the notion that environmental taxes can both reduce pollution (first dividend) and reduce the overall economic costs associated with the tax system by using the revenue generated to displace other more distortionary taxes (taxes that distort labour supply and saving decisions) that slow economic growth at the same time (the second dividend) (Goulder, 1992; Nerudová & Dobranschi, 2014). This green benefit hypothesis of environmental taxes has been elaborated by Porter hypothesis (Porter, 1991). Porter hypothesis, asserts that polluting firms can benefit from environmental policies, arguing that well-designed and stringent environmental regulation induce eco-innovations at polluting firms that improve both their business and environmental performance via innovations offsets (Porter, 1991; Weiss & Anisimova, 2019). 
In literature, the nexus between environmental goals and industrial competitiveness has often been construed of as involving a trade-off between social benefits and private costs. The issue was how to balance society’s desire for environmental protection with the economic burden on industry. Framed this way, environmental improvement becomes a kind of arm-wrestling match, with one side pushing for tougher standards, and the other side trying to beat the standards back (Porter & Van Der Linde, 2017). Porter & Van Der Linde (2017) central message is that the debate on environment-competitiveness nexus has been framed incorrectly. The notion of an inevitable struggle between ecology and the economy grows out of a static view of environmental regulation, in which technology, products, processes and customer needs are fixed. In this static world, where firms have already made their cost-minimizing choices, environmental regulation inevitably raises costs and will tend to reduce the market share of domestic companies on global market. Porter Hypothesis thus presents a paradigm shift, with the view that dynamic competitiveness raises an intriguing possibility that environmental standards can trigger that may partially or more than fully offset the cost of complying with them. 
Nerudová & Dobranschi (2014b) explains that the author of the double dividend hypothesis inserts the central rationale for environmental economics – the Pigouvian theory into the real-world economics. In this particular setting, getting the right environmental taxes enters a world of pre-existing distortionary fiscal system. Therefore, in the author’s assumption the environmental levies interact with other pre-existent distortionary taxation. But at the same time the author indicates the possibility of a swap between environmental taxes and other existent ones. From here arise the concept of double dividend, meaning that environmental levies could pursue a double objective: pollution decrease and reductions of distortionary effects of pre-existent direct taxes. 
The conception is that, environmental taxes are labelled as a revenue-neutral package that does not affect the revenue level collected for the public budget. One of the most significant assertions of the author is the fact that even if environmental taxes have a revenue recycling potential, with any given method of using these revenues, pre-existing taxes increase the costs of environmental tax introduction. The author identifies two main effects of environmental taxes enactment: the tax interaction effect and the revenue recycling effect, where the former has a larger impact on overall gross costs than the latter. The enthusiasm for environmental taxes has gained much momentum pursuant to the provisions of the double dividend hypothesis, with a considerable debate as to whether the revenue-neutral substitution of environmental taxes for ordinary income taxes might offer a double dividend, that is not only improve the environment but also reduce certain costs of the tax system. A weak double dividend claims that returning tax revenues through cuts in distortionary taxes leads to cost savings relative to the case where revenues are returned lump-sum is easily defended on theoretical grounds and thankfully receives wide support from numerical simulations. The stronger versions contend that revenue-neutral swaps of environmental tax for ordinary distortionary taxes involve zero or negative gross costs (Goulder, 1992b). However, the idea of introducing costless green taxes that will not increase the burden of already existent distortionary taxes is very appealing. The first justification to enact environmental taxes is the positive sign of the environmental benefits. Even if the environmental benefits are in doubt, an environmental tax reform may be desirable (Schöb, 2013)
Several studies however disagree with the green dividend proposition (Degirmenci & Aydin, 2023; Fullerton & Metcalf, 1998; Goulder, 1992b; Nerudová & Dobranschi, 2014b). Goulder (1992) undertook analyses of the theoretical background behind the double dividend hypothesis and somehow predicts the need for complementary environmental policy instrument in order to validate the first dividend (environmental protection). Being preoccupied by environmental improvement, Goulder, (1992) considers that the double dividend hypothesis is fixated upon the second dividend (economic efficiency), because the first dividend is highly uncertain. In another research, Goulder (1998) demonstrates through his general equilibrium model that environmental taxes will increase prices on the conventional fuels industry and that those higher prices will lead to higher demand for alternative fuels through the substitution effect. However, the degree of behavioural changes depends on the availability and the price of substitutes. 
 In the view of Fullerton & Metcalf (1998), first, the validity of the double dividend hypothesis cannot logically be settled as a general matter. Second, the focus on revenue in this literature is misplaced. According to them, a well-designed reform may generate environmental benefits, and it may reduce other existing distortions, but those outcomes are entirely unrelated to whether it raises revenue. Third, policies that raise product prices through some restriction on behaviour may create scarcity rents, unless those rents are captured by the government, such policies are less efficient in ameliorating an environmental problem.  
While investigating the possibility of a double dividend when tackling carbon emissions, Nerudová & Dobranschi (2014) state that the imposition of environmental taxes faces challenges due to its regressive nature. By imposing environmental taxes and thus raising the prices of inputs, it cannot be assumed that the companies will automatically shift their production towards more environmentally friendly technologies. The effectiveness of the instrument will depend on the incidence of tax. In this context, it is imperative to distinguish between statutory incidence (the legal tax imposed on a subject: company, household, individual consumer) and economic incidence (the entity that really bears the burden of the new tax imposed). A disconnect between statutory incidence and economic incidence will not yield the needed behavioural change for the realization of the first dividend. Yet another study by Degirmenci & Aydin (2023) on the validity of the double dividend in combating unemployment and environmental degradation among selected African countries concludes that the double dividend hypothesis is not valid for African countries.  
Nevertheless, some studies have drawn conclusions in support of the environmental dividend (Freire-González, 2018; Mahmood et al., 2022; Varga et al., 2022). Freire-González (2018) reviews literature on environmental tax and the double dividend hypothesis in computational general equilibrium (CGE). CGE is a flexible and open way to model economic systems that allow practitioners to assess the impacts of different policies or external shocks over an economic system. There is some empirical literature dedicated to test the double dividend hypothesis of an environmental tax reform using CGE models. Freire-González (2018) provides a comprehensive review of this literature, including a statistical and a meta-regression analysis. 69 different simulations from 40 have been analysed. 55% of simulations have achieved a double dividend, concluding that although the environmental dividend is almost always achieved, the economic dividend still remains an ambiguous question that needs further research. 
Mahmood et al. (2022) attempts to empirically explore whether environmental charges and scientific efforts in the form of green technologies development to achieve sustainable growth work as ecological compensation to reduce environmental degradation on yearly data from 1995 to 2020 for the developed countries panel of OECD. The long-run results reveal eco-taxation improves environmental quality and economic growth, thus endorsing the double dividend hypothesis. The empirical findings of (Mahmood et al., 2022a) suggests that environmental taxes effectively work to reduce environmental externalities’ impact as an important policy intervention tool for green growth.
Varga et al. (2022) describes a micro-funded, fully forward-looking dynamic general equilibrium model with energy sectors to analyse the macroeconomic impact of climate mitigation policy in the European Union (EU). The study presents a simulation result for the transitional cost of moving toward a net-zero emissions economy in a budgetary-neutral way through regulation and environmental taxes. Findings indicates that the cost of moving toward a net-zero emissions economy can be significantly reduced when environmental taxes are recycled to reduce other distortive taxes or subsidize clean energy, confirming the first dividend.
Based on the above discussions, this study states the following hypothesis:
H1: Globalization that includes the political, social, and economic, dimensions as unit will promote sustainable switch production 
H2: Higher environmental tax revenues, as a percentage of total revenues, will increase sustainable switch production
H3: Externalities of globalisation can be reduced through the implementation of environmental taxes
H4: Green incentive complements environmental taxes in addressing the externalities of globalisation  
To confirm the above hypothesis, this study presents the following theoretical model as shown in Figure 4.1. This model first looks at the direct linkage between the globalisation effect and sustainable switch production as a component of environmental protection. Second, it proceeds to examine both the direct and mediating effects of environmental taxes and green incentives on sustainable switch production. Third and finally, it estimates the benefits of having in place a robust environmental regulatory framework. However, additional analysis is undertaken to ascertain whether, outside of the current datasets, different relationships can be established.
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Figure 4.1: Conceptual framework

4.3. Research Methodology
4.3.1. Data source
Data for our model estimation were extracted from the World Bank’s development indicators (WDI) database, KOF Swiss Economic Institute, and the Organization for Economic Cooperation and Development database. 
The study relies on a balanced panel of annual data for 104 countries across the world with data on the implementation of environmental taxes covering the period from 1994 to 2019. Data on sustainable switch production, population growth, population density, and inflation were sourced from the World Bank’s Development Indicators (WDI) and, KOF globalisation index from the KOF Swiss Economic Institute. From the Organisation for Economic Cooperation and Development (OECD) database, data on environmental taxes and green incentives were extracted.  
This is a global study that examines the globalisation effect and implementation of environmental regulatory instruments in the promotion of sustainable energy production. Based on the OECD database, there are 104 countries that have successfully implemented environmental taxes since 1994. The study uses the entire population of 104 for the analysis. 
For an indebt analysis, these countries were classified into different groups to enable better descriptive analysis. First, we classified countries into regional and sub-regional groupings. The intention is to examine issues of climate change and environmental governance policies within geographical regions. Second, the study considered membership of the prestigious OECD. The OECD is a body that promotes stronger institutions of governance among member countries. It is worth understanding how its framework is impacting the environmental policy decisions of member countries within our datasets. Finally, the study grouped countries according to their level of economic development, such as High-income, Upper-middle-income, Lower-middle-income, and Low-income countries (Jiang et al., 2022). This classification throws more insights into the level of development and the environmental protection nexus. Further regression analysis is undertaken on the latter classification, and a comparison between the aggregated and disaggregated coefficients is made. 

4.3.2. Variables and measurement 
Pursuant to the objective of adding to existing literature on globalisation effect and the sustainable energy production nexus from the perspective of effective environmental regulatory framework, this study proposed the following theoretical model:

           (4.1)


Where SSProduction is the identifier for the outcome variable, sustainable energy production; EGlobalisation, ETax, and GIncentive are the identifiers for covariates, globalisation effect, environmental taxes, and green incentive, respectively; Control is the holding identifier for all control variables, and Ԑ is the disturbance term of the regression. The i and t signify the cross-section and time series dimensions of the panel. 
The proxy for sustainable energy production is the percentage of electricity generated from renewable sources. In measuring environmental taxes, this study uses environmental taxes as a percentage of total taxes. Government expenditure on the environment as a percentage of government total expenditures is used as a measure of green incentive. With the control variables, the annual percentage change in population size is used as a measure for population growth, and the annual change in the number of people per square kilometre of land area is the proxy for population density. And consumer price index is used to measure inflation. 
The study is guided by the findings of the initial diagnostics with slope homogeneity tests, cross-sectional dependence tests, panel unit root tests, and cointegration tests, which indicate that the series have slope heterogeneity and cross-sectional dependence errors in the selection of estimation models. Following are discussions on possible models that are robust to heterogeneity and cross-sectional dependence. 
The research uses the World Bank's Development Indicator that calculates the proportion of total electricity power output that comes from renewable sources.
This study examines the overall effect of globalization on sustainable energy production using the KOF Globalization Index 2022. 
The study’s proxy for environmental taxes is based on the OECD’s estimate for environmental taxes as a percentage of total tax revenues. The characteristics of such taxes included in the database (e.g. revenue, tax base, tax rates, exemptions, etc.) are used to construct the environmentally related tax revenues with a breakdown by environmental domain: energy products (including vehicle fuels); motor vehicles and transport services; measured or estimated emissions to air and water, ozone depleting substances, certain non-point sources of water pollution, waste management and noise, as well as management of water, land, soil, forests, biodiversity, wildlife and fish stocks. 
In this study, the proxy for green incentive is expenditures on environmental protection (percentage of GDP), which is based on the International Monetary Fund (IMF)’s data. Per the IMF, components of this estimate include government spending on environmental protection research and development, pollution abatement, protection of biodiversity and landscapes, and waste management.
In this study, population growth is measured by the annual population growth rate. Based on the world development indicators, the annual population growth rate for year t is the exponential rate of growth of midyear population from year t-1 to t, expressed as a percentage. The population is based on the de facto definition of population, which counts all residents regardless of legal status or citizenship.
In this study, based on the world development indicators, population density is midyear population divided by land area in square kilometres. Population is based on the de facto definition of population, which counts all residents regardless of legal status or citizenship--except for refugees not permanently settled in the country of asylum, who are generally considered part of the population of their country of origin. Land area is a country's total area, excluding area under inland water bodies, national claims to the continental shelf, and exclusive economic zones. In most cases, the definition of inland water bodies includes major rivers and lakes.
This study measures inflation using the consumer price index from the World Bank’s Development Indicators.

Table 4.1. Variables included in the study
	Dependent Variable
	Independent Variables

	Identifier
	Definition 
	Measure Unit
	Identifier
	Definition 
	Measure Unit

	SSProduction
	Sustainable energy production
	% of electricity production from renewable sources
	EGlobalisation
	Globalisation effect 
	KOF Globalisation Index (2022)

	
	
	
	ETax
	Environmental tax 
	Environmental tax as a percentage of total tax

	
	
	
	GIncentive
	Green incentive
	Expenditure on environmental protection 

	
	
	
	GPopulation 
	Population growth
	Annual %

	
	
	
	DPopulation
	Population density
	People per sq. kilometre of land area

	
	
	
	EInflation
	Effect of inflation 
	Consumer price index

	
	
	
	
	
	




4.3.3. Diagnostics
To ascertain the slope homogeneity (or the existence of slope heterogeneity) of the dataset, the study conducted tests using a combination of Pesaran and Yamagata (2008) and the Heteroskedasticity and Autocorrelation Consistent (HAC) consistent test statistic derived by Blomquist and Westerlund (2013) models for robustness. 
The therefore tested for exogeneity of covariates in our basic model, following Born & Breitung (2016) and Wursten (2018) approach for testing for exogeneity. 

4.3.4. Estimation strategy
In line with the objectives of this study and the outcomes of regression diagnostics, this study adopts dynamic econometric models in the analysis, with a few static models for comparison. The first objective, which seeks to estimate the direct effect of globalisation on sustainable switch production, the study employs two dynamic panel models, namely, Sys GMM and Diff GMM. The second objective, which involves the long-run impact of globalisation, is estimated using the Cross-sectionally Augmented Auto-regressive Distributed Lag (CS-ARDL) estimator. Third, the Method of Moment Quantile Regression (MMQR) estimator is employed to estimate the effect of globalisation on the conditional distributions of sustainable switch production. For the fourth objective, the study employs a dynamic Panel Threshold Regression (PTR) estimator to examine the effectiveness of environmental taxes and green incentives in the promotion of sustainable switch production. Finally, the study demonstrates the benefits that implementing countries of robust environmental regulatory frameworks stand to gain in the pursuit of sustainable switch production, using a Causal Mediation Analysis (CMA) estimator. 

4.3.4.1. System Generalised Method of Moments 
The Sys GMM estimator is robust against endogeneity in panels, and good for panels with comparatively longer cross-sections.  The study’s panel has a total cross-section of 104 countries as against a time period of 26 years, and this makes Sys GMM most suitable for analysis. There are a lot of studies that have examined relationships using the Sys GMM (Mulusew & Mingyong, 2023; Sun & Chen, 2022; H. Zhou & Xu, 2022). The study presents the general Sys GMM model as follows:


(4.2)

Among them, yi,t is the explained variable, yi,t-1 is the lag term, Xit is the explanatory variable, β is the coefficient vector to be estimated, ηi represents the unobservable individual effect that does not change with time, εi,t is the random disturbance term.
Based on the variables of this study, the estimation mode is stated as follows:
(4.3)



Where, variables are as explained above.

4.3.4.2. Dynamic Common Correlated Effect (CS-ARDL)
It takes a longer time for the effect of climate change to take their toll on the natural environment. This study, therefore, examines the impact of globalisation of economies on the sustainable switch production in the long-run, through the use of the Cross-sectionally Augmented Auto-regressive Distributed Lag (CS-ARDL) estimator (Ditzen, 2021). The approach is to estimate the short-run coefficients first and then calculate the long-run coefficients.
Let  be the dependent variable and  an independent variable for unit I and time t. A standard ARDL (p, q) model is:

The CS-ARDL augments this model by including the cross-sectional averages:(4.4)

(4.5)


Where,
.
.
Based on the above analysis, this study presents the following empirical estimation model:(4.6)



Where all variables are as explained above.

4.3.4.3. Method of Moments Quantile Regression
The third strategy estimates the possibility that the effects of globalisation can differ across the conditional distribution of sustainable switch production, using a robust econometric estimator, the Method of Moment Quantile Regression (MMQR) estimator (Machado & Santos Silva, 2019; Wolde-Rufael & Mulat-Weldemeskel, 2022b), the conditional quantile of a random variable QY(τ|X) can be expressed as follows. 
(4.7)



Where Yit is the dependent variable, Xit is an i.i.d. endogenous variable, “, β, , ” are parameters to be assessed, i =1 … n, denotes the individual i fixed effect, and Z is a k-vector of known components of X. Following Amegavi (2021) MM-qreg model:                                      
(4.8)



Based on the above model, this study estimates the effect of climate change on the conditional distribution of economic growth using the following model: 
(4.9)

 

Where variables are as explained earlier.

[bookmark: _Hlk202141735]4.3.4.4. Dynamic Panel Threshold Regression   
Hansen (1999)’s ‘threshold effects in non-dynamic panels’ is the most widely applied panel model with threshold effects in empirical research (Seo et al., 2019). The threshold effect in the model allows for an asymmetric effect of the exogenous variable depending on whether the threshold variable is above or below the unknown threshold. Hansen (1999) model is static, and his fixed effect estimator requires the covariates to be strongly exogenous for the estimator to be consistent. However, the strong exogeneity can be restrictive in many real applications. Thus, the model has been extended by Seo & Shin (2016)’ ‘dynamic panels with threshold effect and endogeneity’. Their model allows for the lagged outcome variables and endogenous covariates.
Seo et al. (2019) developed commands for the first-difference generalised method of moments (GMM) estimators and the associated asymptotic variance estimator proposed by Seo & Shin (2016). While the previous command computes the fixed-effect estimator and thus is not consistent under a general setting,  Seo et al. (2019) commands produce consistent and asymptotically normal estimates. This study, therefore, estimates the individual threshold effects of both environmental taxes and green incentives on the nexus between the globalisation effect and sustainable energy production, using Seo et al. (2019). The theoretical is given as follows: 
(4.10)



where yit is a scalar stochastic variable of interest, 1{.} is an indicator function, and qit is the transition variable, γ is the threshold parameter, δ1 and δ2 are the slope parameters associated with different regimes, ɛit is the error term. 
(4.11)


Where all variables are as defined above.

4.3.4.5. Causal Mediation Analysis   
A Causal Mediation Analysis then examines the effect of a robust environmental regulatory framework.
Having its roots in clinical epidemiology, causal mediation analysis, an increasingly popular method in multiple scientific disciplines in recent years. The goal of mediation analysis seeks to clarify the causal mechanisms by which an exposure affects an outcome (X. Cai et al., 2022).  A mediator is a variable that lies on the causal pathway between an exposure and outcome in the sense that the exposure affects the mediator variable, and the mediator then affects the outcome. 
In furtherance of the debate on environmental governance in the scheme of climate change and sustainable switch production, the study undertakes a regression-based causal mediation analysis of the interaction of environmental governance on the nexus between globalization effect and sustainable switch production, to demonstrate the benefits countries stand to gain from the implementation of environmental governance policies. 
Though its application is not pronounced in accounting research, estimating the mechanisms that connect covariates with the outcome variable, also known as mediation analysis (CMA), is central to a variety of social science disciplines, and most importantly, to clinical epidemiology. CMA process involves estimating two regressions
(4.12)


(4.13)



where, Yi is the outcome variable, Ti is the transition variable, Mi is the mediator, Xi is the vector of regressors, εi is the error term, α, β, γ, and ξ are coefficients to be estimated.  
In order to achieve the objective of this study, Equation (4.13) into a panel by including time as follows:(4.14)


The estimation model is then presented as follows:

where, R refers to robust environmental regulations, the rest remain as defined above. (4.15)

  
4.4. Presentation, Analysis, and Discussion of Results 
In this section the study runs and discusses results from econometric models used to execute key objectives of the study, comprising of System Method of Moments estimator, Cross-sectionally Augmented Autoregressive Distributed Lag, Method of Moment Quantile Regression, and Panel Threshold Regression.

 4.4.1. Descriptive statistics
Statistically, about 31% of global electricity production is powered by renewable energy. Few countries globally have achieved 100% of electricity production from non-fossil fuels. These countries include, Albania in Europe in 2008, 2012, 2013, 2014, and 2015, Bhutan in Asia and the Pacific Region in 1995, 1996, 1997, 1998, 1999, and 2000, the Republic of Congo in Africa in 2001, and 2002, Namibia in Africa in 2001, Paraguay in the Americas in between 2000 and 2009. In terms of exposure to the effects of globalisation, on average, 63% of the world’s economies have embraced the tenets of globalisation.
An estimated 5.9% of tax revenues come from environmental taxes (ET). On average, the total expenditures of countries on green incentives (GI) stand at 0.268% of total expenditures. Globalisation, measured by the KOF Global Index (2022), has a mean of 63.022%. The world population has been growing at an average rate of 1.2% per annum, with an average density of 181 per square kilometre of land area. These figures are contained in Table 4.2. 

Table 4.2 Descriptive statistics  
	Variable
	 Obs
	 Mean
	 Std. Dev.
	 Min
	 Max

	 SSProduction
	2704
	31.576
	33.358
	0
	100

	 EGlobalisation
	2704
	63.022
	15.677
	22.649
	91.141

	 ETax
	2704
	5.914
	5.533
	-12.143
	85.483

	 GIncentive
	2704
	.268
	.388
	-.258
	2.226

	 GPopulation
	2704
	1.243
	1.199
	-5.37
	8.118

	 DPopulation
	2704
	181.368
	668.002
	0
	7965.878

	 EInflation
	2704
	87.11
	65.704
	0
	2740.274

	Table 4.2 presents the results of the Descriptive Statistics of the variables of this study. Sustainable Energy production is measured by % of electricity production from renewable sources. KOF Globalisation Index is the proxy for Globalisation Effect, the proxy for Environmental Tax is the environmental tax revenues as a percentage of total tax revenues while total government expenditure on environmental protection is used to measure Green Incentive. Population Growth is the annual rate of population change, Population Density is the number of people per square kilometre of land area, and the Effect of Inflation is measured by Consumer Price Index.



	
	4.4.2. Sys GMM estimator results
Results from Sys GMM are as shown in Table 4.3.

Table 4.3. Sys GMM estimation results 
	 SSProduction
	 Coef.
	 St.Err.
	 t-value
	 p-value
	 [95% Conf
	 Interval]
	 Sig

	L
	.862
	.013
	64.84
	0
	.836
	.888
	***

	EGlobalisation
	-.346
	.068
	-5.06
	0
	-.48
	-.212
	***

	ETax
	.103
	.107
	0.96
	.337
	-.107
	.313
	

	GIncentive
	.915
	2.254
	0.41
	.685
	-3.504
	5.333
	

	GPopulation
	-1.258
	.798
	-1.58
	.115
	-2.822
	.306
	

	DPopulation
	-.017
	.008
	-2.09
	.037
	-.032
	-.001
	**

	EInflation
	-.047
	.005
	-9.90
	0
	-.056
	-.038
	***

	Constant
	32.78
	4.543
	7.22
	0
	23.876
	41.685
	***

	

	Mean dependent var
	31.244
	SD dependent var  
	33.204

	Number of obs  
	2600
	Chi-square  
	6495.792

	[bookmark: _Hlk200192318]Table 4.3 presents the results of System GMM of the variables of this study. Sustainable Energy production is measured by % of electricity production from renewable sources. KOF Globalisation Index is the proxy for Globalisation Effect, the proxy for Environmental Tax is the environmental tax revenues as a percentage of total tax revenues, while total government expenditure on environmental protection is used to measure Green Incentive. Population Growth is the annual rate of population change, Population Density is the number of people per square kilometre of land area, and the Effect of Inflation is measured by Consumer Price Index. Standard errors in parenthesis (*** p<.01, ** p<.05, * p<.1)




Globalisation effect has adverse on SEP at 1% significance level. For a per centage change in a country’s exposure level to globalisation effect, SEP is expected to decline by 0.349%. A percentage change in ET as percentage of total taxes will see an increase in SSP by 0.103%, and a percentage change in government expenditure on GI as a percentage of total expenditure will result in a corresponding increase in SSP by 0.915%.
The effect of the control variables on SSP are adverse. Increasing PG by 1% will see a 1.258% decline in SSP. Likewise, a unit change in PD will result in a 0.017 decline in SSP. And finally, 1% increase in EI will draw back SSP by 0.047%.

Table 4.4. Sys GMM results based on level of economic development 
	Variables 
	Parameter estimates

	
	High Income
	Upper Middle Income
	Lower Middle Income
	Low Income

	
	
	
	
	

	L.SSProduction
	0.825***
	0.869***
	0.811***
	0.807***

	
	(0.0225)
	(0.0237)
	(0.0270)
	(0.0389)

	EGlobalisation
	0.00587
	-0.312**
	-0.284*
	-0.0567

	
	(0.170)
	(0.122)
	(0.154)
	(0.215)

	ETax
	0.774**
	-0.289
	0.0289
	0.528**

	
	(0.380)
	(0.222)
	(0.0836)
	(0.233)

	GIncentive
	0.915
	-6.014*
	2.084
	-11.76

	
	(2.198)
	(3.464)
	(5.703)
	(20.43)

	GPopulation
	-2.281**
	-0.153
	3.485*
	0.109

	
	(1.005)
	(1.465)
	(2.073)
	(1.516)

	DPopulation
	-0.0169***
	-0.0253
	-0.00259
	0.00457

	
	(0.00460)
	(0.0297)
	(0.0259)
	(0.0217)

	EInflation
	-0.162***
	-0.0245***
	-0.0655***
	-0.107***

	
	(0.0406)
	(0.00434)
	(0.0167)
	(0.0247)

	Constant
	18.26*
	28.47***
	19.30**
	14.71

	
	(10.84)
	(7.774)
	(9.459)
	(9.627)

	
	
	
	
	

	Observations
	1,025
	725
	575
	275

	Number of id
	41
	29
	23
	11

	Table 4.4 presents the results of System GMM of the variables of this study, based on the level of economic development. Sustainable Energy production is measured by % of electricity production from renewable sources. KOF Globalisation Index is the proxy for Globalisation Effect, the proxy for Environmental Tax is the environmental tax revenues as a percentage of total tax revenues, while total government expenditure on environmental protection is used to measure Green Incentive. Population Growth is the annual rate of population change, Population Density is the number of people per square kilometre of land area, and the Effect of Inflation is measured by Consumer Price Index. Standard errors in parentheses (*** p<0.01, ** p<0.05, * p<0.1)




An aggregation of countries into High-income, Upper-middle-income, Lower-middle-income, and Low-income countries, as shown in Table 4.4, reveals that globalization impact differently on sustainable switch production. The effect of globalization on sustainable switch production of High-income and Low-income countries are not significant, but significant with Upper-middle-income and Lower-middle-income at 5% and 10% respectively. A unit change in globalization will result in a 0.312% decline in sustainable switch production among Upper-middle-income countries, and a 0.284% decline among Lower-middle-income countries. 
On the effect of environmental taxes, the results demonstrate that they promote sustainable switch production among High-income and Low-income countries at 5% significance level. For a percentage change in environmental taxes sustainable switch production will increase by a 0.774% and a 0.528% among High-income and Low-income countries respectively. 
The effect of inflation is a major concern for all countries, as it adversely impacts sustainable switch production across all levels of development, at 1% significant level. A percentage increases in inflation will lead to a reduction in sustainable switch production by 0.162%, 0.0245%, 0.0655%, and 0.107% among High-income, Upper-middle-income, Lower-middle-income countries, respectively.






After the above results, it is necessary to further examine the impact globalization might have on sustainable switch production outside the range within the current dataset, by plotting a graph. The Qfit graph so established reveals a convex relationship amid sustainable switch production and globalization effect, as illustrated by Figure 4.2. Although the relationship between sustainable switch production and globalization effect is negative, there is a threshold beyond which it becomes positive. Per Figure 4.2, this threshold is 82%, after which the effect of globalization becomes neutral, and subsequently positive.  
[image: ]
Figure 4.2 Globalisation and sustainable energy production

The relationship between environmental taxes and sustainable switch production was also predicted using a graph. When it comes to environmental taxes as instrument for the promotion of sustainable energy production, it will require countries to upscale the implementation of environmental taxes to the level where total revenues generated from environmental taxes exceeds 60% of total tax revenues for each fiscal year, as shown in Figure 4.3. Below this threshold, environmental taxes will only cause a decline in sustainable energy production. 
. 
[image: ]
Figure 4.3 Environmental taxes and sustainable switch production

4.4.3. CS-ARDL estimator results 
The second objective is to estimate the short-run and long-run effects of globalization on SSP. The impact of globalization effect is adverse and significant both in the short-run and in the long-run at 5% significance level. From Table 4.4, a percentage change in globalization effect, SSP is expected to decline by 0.317% in the short-run and 0.469% in the long-run

Table 4.5. CS-ARDL estimator results 
	 SSProduction
	 Coef.
	 Std.Err.
	 z
	 P>z
	 [95%Conf.
	 Interval]

	SR

	L.SSProduction
	    0.132
	    0.016
	    8.400
	    0.000
	    0.101
	    0.163

	EGlobalisation
	   -0.317
	    0.143
	   -2.210
	    0.027
	   -0.597
	   -0.036

	ETax
	 -204.505
	  203.065
	   -1.010
	    0.314
	 -602.505
	  193.496

	GIncentive
	   14.680
	   14.214
	    1.030
	    0.302
	  -13.179
	   42.540

	LR.

	lr_EGlobalis~n
	   -0.469
	    0.199
	   -2.360
	    0.018
	   -0.859
	   -0.079

	lr_ETax
	 -210.615
	  208.927
	   -1.010
	    0.313
	 -620.103
	  198.874

	lr_GIncentive
	   22.744
	   22.346
	    1.020
	    0.309
	  -21.053
	   66.541

	

	Table 4.5 presents the results of CS-ARDL of the variables of this study. Sustainable Energy production is measured by % of electricity production from renewable sources. KOF Globalisation Index is the proxy for Globalisation Effect, the proxy for Environmental Tax is the environmental tax revenues as a percentage of total tax revenues, while total government expenditure on environmental protection is used to measure Green Incentive. Population Growth is the annual rate of population change, Population Density is the number of people per square kilometre of land area, and the Effect of Inflation is measured by Consumer Price Index



4.4.4. MMQR estimator results 
In fulfilment of the third objective, the study examines the effect of globalization on the conditional distributions of SSP. Table 4.6 gives a summary of these distributions. GE has adverse impact on SSP at all quantiles at 1% significance level. At the 20th quantile of SSP, this adverse effect of GE is estimated to be 0.224%, which increases to 0.289% at the 40th quantile, a further increase to 0.435% at the 60th quantile and at the 80th quantiles it rises to 0.667%.

Table 4.6. MMQR estimator results 
	
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)

	VARIABLES
	location
	scale
	qtile__2
	qtile__4
	qtile__6
	qtile__8

	
	
	
	
	
	
	

	EGlobalisation
	-0.430***
	-0.201**
	-0.224***
	-0.286***
	-0.435***
	-0.667***

	
	(0.0909)
	(0.0834)
	(0.0481)
	(0.0511)
	(0.0930)
	(0.181)

	ETax
	0.0767
	-0.163
	0.244***
	0.194**
	0.0721
	-0.116

	
	(0.157)
	(0.144)
	(0.0833)
	(0.0877)
	(0.160)
	(0.314)

	GIncentive
	-8.221***
	-7.727***
	-0.311
	-2.681**
	-8.436***
	-17.34***

	
	(2.239)
	(2.055)
	(1.183)
	(1.262)
	(2.297)
	(4.457)

	GPopulation
	0.761
	0.217
	0.539
	0.605
	0.767
	1.017

	
	(0.953)
	(0.874)
	(0.507)
	(0.533)
	(0.974)
	(1.910)

	DPopulation
	-0.00536***
	-0.00288***
	-0.00242***
	-0.00330***
	-0.00544***
	-0.00876***

	
	(0.000500)
	(0.000459)
	(0.000263)
	(0.000286)
	(0.000518)
	(0.000991)

	EInflation
	-0.0589
	0.0263
	-0.0858***
	-0.0778***
	-0.0582
	-0.0280

	
	(0.0400)
	(0.0367)
	(0.0213)
	(0.0224)
	(0.0409)
	(0.0801)

	Constant
	65.56***
	39.76***
	24.86***
	37.06***
	66.67***
	112.5***

	
	(5.305)
	(4.869)
	(2.747)
	(3.079)
	(5.526)
	(10.33)

	
	
	
	
	
	
	

	Observations
	2,704
	2,704
	2,704
	2,704
	2,704
	2,704

	Table 4.6 presents the results of MMQR of the variables of this study. Sustainable Energy production is measured by % of electricity production from renewable sources. KOF Globalisation Index is the proxy for Globalisation Effect, the proxy for Environmental Tax is the environmental tax revenues as a percentage of total tax revenues, while total government expenditure on environmental protection is used to measure Green Incentive. Population Growth is the annual rate of population change, Population Density is the number of people per square kilometre of land area, and the Effect of Inflation is measured by Consumer Price Index. Standard errors in parentheses (*** p<0.01, ** p<0.05, * p<0.1)





4.4.5. PTR estimator results 
The results of the Panel Threshold Regression reveal a strong threshold effect of both environmental taxes and green incentive on the nexus between sustainable switch and its covariates at 1% significance level, with taxes having a higher coefficient of 1.793% as against that of green incentive of 0.102%. Table 4.7 gives a summary of the results. Thus, in combating the adverse effect of globalization, economies need to place greater emphases on ET.

Table 4.7. PTR estimator results 
	
	Environmental tax
	Green incentive 

	SSProduction 
	 Coefficient
	 Std. err.
	 z
	P>z
	 Coefficient
	 Std. err.
	 z
	P>z

	Lag_y_b 
	    0.831
	    0.008
	   98.040
	    0.000
	    0.965
	    0.005
	  180.200
	    0.000

	EGlobalisation_b 
	    0.052
	    0.032
	    1.660
	    0.097
	    0.201
	    0.015
	   13.100
	    0.000

	GPopulation_b 
	    3.859
	    0.202
	   19.150
	    0.000
	   -1.575
	    0.173
	   -9.120
	    0.000

	DPopulation_b 
	    0.008
	    0.002
	    3.810
	    0.000
	   -0.036
	    0.004
	   -9.720
	    0.000

	EInflation_b 
	   -0.014
	    0.012
	   -1.120
	    0.264
	   -0.030
	    0.003
	   -8.880
	    0.000

	cons_d 
	   -0.484
	    1.608
	   -0.300
	    0.764
	  -12.057
	    2.128
	   -5.670
	    0.000

	Lag_y_d 
	   -0.200
	    0.006
	  -35.840
	    0.000
	   -0.322
	    0.004
	  -75.540
	    0.000

	EGlobalisation_d 
	    0.726
	    0.025
	   28.690
	    0.000
	    0.489
	    0.036
	   13.670
	    0.000

	GPopulation_d 
	   -3.138
	    0.247
	  -12.720
	    0.000
	    2.269
	    0.177
	   12.830
	    0.000

	DPopulation_d 
	   -0.004
	    0.000
	  -13.590
	    0.000
	    0.048
	    0.002
	   23.090
	    0.000

	EInflation_d 
	   -0.333
	    0.009
	  -36.040
	    0.000
	   -0.211
	    0.004
	  -49.200
	    0.000

	r 
	    1.793
	    0.368
	    4.880
	    0.000
	    0.102
	    0.011
	    9.650
	    0.000

	
	
	
	
	
	
	
	
	

	Table 4.7 presents the results of PTR of the variables of this study. Sustainable Energy production is measured by % of electricity production from renewable sources. KOF Globalisation Index is the proxy for Globalisation Effect, the proxy for Environmental Tax is the environmental tax revenues as a percentage of total tax revenues, while total government expenditure on environmental protection is used to measure Green Incentive. Population Growth is the annual rate of population change, Population Density is the number of people per square kilometre of land area, and the Effect of Inflation is measured by Consumer Price Index



The moderating effect of ET and GI turns the adverse GE on SSP into a positive effect at both lower and higher level of sustainable switch production. With ET as the threshold variable, a percentage change in exposure of an economy to the GE will result in 0.052% increase in SSP at 5% significance level at lower quantiles and a 0.726% increase in SSP at 5% significance at higher level of production.

4.4.6. CMA estimator results
The results of investigation into the causal mediation analysis of strong environmental governance framework on the nexus between globalization effect and sustainable switch – production is shown in Table 4.8.
Table 4.8. CMA estimator results 
	Variables 
	y1 

	cde
	-0.387***

	
	(0.0610)

	nie
	-0.0310*

	
	(0.0167)

	te
	-0.418***

	
	(0.0588)

	cde:controlled direct effect, nie:natural indirect effect, te:total effect



[bookmark: _Hlk132034783]Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1


The indirect effect (nie) refers to the effect of the treatment on the outcome that goes through the mediator (X. Cai et al., 2022). In this outcome, the effect of the mediator on globalization effect is -0.0310 at 10% significance level. 

4.4.7. Discussion 
The estimated alpha of Bailey et al. (2019) CSD test divulges strong cross-sectional dependence among countries, thus signaling the imperative of Partnership for the Goals (SDG 17), and for the advancement of sustainable development. However, the results of the System GMM estimator, CS-ARDL estimator, and MM-qreg estimator, indicate that globalization does not necessarily promote sustainable energy production, at least not within the range of current datasets. This impact is same throughout all quantiles of sustainable energy production, with a comparative greater effect in the long run. Situating this finding within a threshold analysis reveals a threshold for the promotion of green behavior. Leveraging the impact of globalization for the promotion of sustainable energy production requires an attainment of a threshold in the globalization process. Based on a Qfit predicted graph in Figure 4.2, this threshold will require a mean exposure level of 82% of countries to the global community. Thus, the effect of globalization on a country needs to exceed 82% threshold before it can promote sustainable energy production, below which the impact will be rather adverse. This confirms the first hypothesis (H1) of this study. 
In previous studies  (Y. Chen & Zhang, 2023; Gozgor et al., 2020; Nan et al., 2023; Padhan et al., 2020; Yi et al., 2023), similar conclusions were reached by the researchers. For instance, Padhan et al. (2020) which examined the impact of classic globalization on sustainable energy from the perspective of consumption, concluded that globalization does promote renewable energy consumption, while Yi et al. (2023) found economic globalization to promote sustainable energy consumption. Similarly, Chen & Zhang (2023) examined the impact of financial globalization and investment in renewable energy in China, their results reveal a favorable influence of financial globalization on investment in renewables. In Gozgor et al. (2020), after examining the impact of economic globalization on sustainable energy among OECD countries concluded that, higher globalization promotes sustainable energy.  Nan et al. (2023) made a comparative analysis of the impact between economic globalization and classic globalization on renewable energy, and concluded that, compared with economic globalization, the roles of political and social dimensions of globalization in promoting renewable energy development worldwide are more pronounced.
With environmental regulations, the direct effect of both environmental taxes and green incentive have been found to promote sustainable energy production, based on Sys GMM results, which confirms the second hypothesis (H2). If this finding is analysed alongside Figure 4.3, it will mean that, for environmental tax to yield its optimum impact on sustainable energy production, total revenues from the implementation of environmental taxes must exceed 60% of total government tax revenues in each fiscal year.  In literature, the introduction of environmental taxes ignites substitution effect given the high cost of fossil energy, which will increase demand for sustainable energy (Goulder, 2013), which this study finding confirms. Other studies however, have obtained mixed outcomes on the impact of environmental taxes. One such studies is Depren et al. (2023), which found environmental taxes on energy to have a mainly decreasing impact in Iceland, a mixed impact in Denmark, Finland, Norway, and Sweden based on quantiles. In the case of Bashir et al. (2022), Quantile Regression and FMOLS results of suggest, environmental regulations rather impede renewable energy within OECD countries. 
In terms of mediation analysis, results from Seo et al. (2019) PTR estimator, and Causal Mediation Analysis reveal that environmental regulations are a sure way to mitigate the externalities of globalization in the promotion of sustainable energy production. First, results of a PTR estimator indicate that both environmental tax and green incentive as environmental regulatory instruments have mitigation effect on globalization, with environmental taxes have a greater contingent effect of 1.789% compared to 0.102% of green incentive. These outcomes validate the third hypothesis (H3). Second, the Causal Mediation Analysis show that countries with robust environmental regulations are able to reduce externalities of globalization by 0.031%, a confirmation of the fourth hypothesis (H4).  
Given the revelations that this study provides, it is imperative for policymakers to consider the role of globalization in a larger context when designing policies related to renewable energy transition, especially being proactive in policy formulation, considering actualizing the various components of globalization, towards the attainment of the required threshold in sustainable energy production (Ghazouani, 2022). It is equally significant that for the promotion of sustainable energy production that policymakers adopt a comprehensive approach to the implementation of environmental taxes, and substituting economic taxes with environmental taxes towards achieving a threshold of 60% of total tax revenues. If possible, current rates should be reviewed upwards, as this has been found to promote sustainable energy (Depren et al., 2023). 

4.5. Concluding Remarks and Recommendations
Initial diagnostics were done to determine the suitability of econometric models for panel data analysis. Along this trajectory, a number of tests were conducted including slope homogeneity test, and exogeneity test. With slope homogeneity test, the study employed (Hashem Pesaran & Yamagata, 2008b) and (Blomquist & Westerlund, 2013) test statistics. Both test results reveal the existence of heterogeneity. The results on exogeneity using Bias-corrected LM-based test indicates the existence of serial correlation. 
Given this backdrop, the study selected dynamic models to execute the objectives. Parameter estimates from the Arellano-Bover/Blundell-Bond estimator, reveals that globalization has an adverse association with sustainable switch production at 1% significance level. A 1% increase in exposure of an economy to the effects of globalization will result in a 0.35% decline in sustainable energy production. In terms of the effect of globalization over time, estimates from Cross-sectionally Augmented Auto-regressive Distributed Lag estimator indicates globalization has adverse effect on sustainable energy production both in the short-run and in the long-run. In the short-run sustainable energy production is expected to decline by 0.32% given a 1% increase in exposure to globalization. And in the long-run, sustainable switch production will decline by 0.47% for a one percentage increase in globalization. Using the MM-qreg Estimator, reveals that the adverse effect of globalization on sustainable switch production cuts across all quantiles in an ascending order. When the study examines the comparative threshold effect of environmental tax and green incentive, environmental taxes have a higher effect of 1.79% as against that of green incentive of 0.1%. The presence of these moderators changes the adverse effect of globalization into positive.  
The essence of the United Nations’ Partnerships for the Goals (SDG 17), which seeks to strengthen the means of implementation and revitalize the global partnerships for sustainable development, is the diffusion of sustainable ideas and technology through globalization. However, globalization effect currently has been found to have an adverse effect on sustainable energy production, putting at risk Affordable and Clean Energy (SDG 7)’s Target 7.5, to expand infrastructure and upgrade technology for supplying modern and sustainable energy services for all in developing countries, in particular least developed countries, small island developing states and landlock developing countries, in accordance with their respective programs of support. Conscious efforts must be made to integrate less developed economies into the global space to enable them partake in the green benefits it brings. 
Also, governments can adopt as a policy instrument, environmental taxes that targets trade and investment activities that do not inure to the benefit of sustainable energy production, and deploy the proceeds to improve education, awareness-raising, and human and institutional capacity on climate change mitigation, adaptation, impact education, and early warning (SDG 13), through the implementation of comprehensive green incentive policy. 
It is empirically evident that globalization effect in its current state exerts significant adverse impact on sustainable energy production. Though globalization may benefit sustainable energy production after the realization of a certain threshold in globalization, there is the need for countries to subject global synergies through the lens of a strong environmental regulatory framework, to curtail the adverse effect it has on the attainment of the first dividend. 
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CONCLUSION

Conclusion

5.1 introduction 
Chapter Five is the last chapter of this thesis, and presents the concluding remarks on the essays in chapters two, three, and four, highlighting contributions of this thesis to the global climate change discourse, and the implication of key findings for environmental protection, economic efficiency, design of environmental governance policy frameworks globally, and most importantly, how these findings inure to the attainment of the United Nations Sustainable Development Goals (SDGs).  The ending of this chapter points to some limitations of the findings in this thesis, and avenues for future research.

5.2 Overview
The biggest challenge to the survival of humanity today is anthropogenic greenhouse gas induced climate change, considered by experts as a ticking time-bomb waiting to explode. There have been several significant events in recent times that have heightened the urgent need for action to mitigate greenhouse gas emissions, adapt to the impact of climate change, and transition to a more sustainable economy. For example, events such as the constant heatwaves across the globe, the 2020 wildfires in Australia and the western United States that burnt millions of hectares of land, hurricanes and tropical storms causing widespread devastation in the Caribbean, the United States, and now in the East Africa region, recent flooding, rising sea levels due to the melting of the Arctic Sea ice, are all linked to climate change. The whole world is on edge looking for environmental regulatory frameworks that will promote green behaviours without harming economic growth. This thesis contributes to this discussion by examining how environmental taxes and green incentive can be deployed to achieve environmental protection and economic efficiency. This final chapter offers overall concluding remarks for each of the three core preceding chapters of this thesis. 

6.2 Summary and Public Policy Implications 
Chapter Two marks the beginning of the analysis of global net-zero transition and the SDGs. This first core chapter undertakes an empirical analysis of the impact of climate change on economic growth trajectories of countries. An extension is made to further examine the mediating effect of environmental taxes and green incentive. Giving the devastating effect of climate change on every aspect of life, the question of how this impact economic growth has become very important (Petrović, 2023). However, there is still uncertainties regarding the possible bearing of climate change on economic growth owing to rather limited research and lack of empirical evidence (Duan et al., 2022b). Though the double dividend hypothesis states that the introduction of environmental taxes impacts positively on economic growth, empirical studies have failed to reach convergence on the impact of environmental taxes on growth. While some researchers (Duan et al., 2022a; Khurshid et al., 2022) find the impact of climate change on economic growth to be negative other researchers are indifferent or have found the effect of climate change to be positive (Petrović, 2023b; Y. Zhao & Liu, 2023). The issue of convergence is very important for direction and policy formulation. Thus, this study comes in handy to provide empirical evidence on the effect of climate change on economic growth.
For this purpose, the study took a global dataset of 104 countries across all regions of the world with data on the implementation of environmental taxes, between 1994-2019 Initial regression diagnostics were done on the basic model to determine the right parametric model that will yield robust estimates, by conducting slope homogeneity test, and exogeneity test. The study then proceeds to analyse data using Sys GMM estimator, PMG model (or CS-ARDL), MMQR estimator, PTR model, and CMA estimator. Estimates from these models reveals a negative effect of climate change on economic growth in the short-run and in the long-run across difference distributions of growth. Furthermore, the implementation of strong environmental regulations reduces the adverse effect of climate change on economic growth, with green incentive having a greater contingent effect compared to that of environmental taxes.
Thus, to achieve SDG 8, which seeks to promote “sustained, inclusive and sustainable economic growth, full and productive employment and decent work for all”, governments need to prioritize the implementation of green incentive (persuasive instrument) given its greater mitigating effect on climate change, as compared to environmental taxes (punitive instrument). Governments need to upscale awareness creation, and rewarding pro-environmental behaviours. Another significant finding is that the implementation of environmental taxes does not in itself promote economic growth as proposed by the double dividend hypothesis. To achieve economic growth, the revenues generated from the introduction of environmental taxes must exceed 30% of total tax revenue in each fiscal year.
Climate change mitigation alone is not enough in safeguarding our wellbeing, and must be done alongside adaptation. In fact, research has revealed that, climate change has a long-term negative effect on economic development and productivity growth, in places with limited capacity for adaptation (Liu, 2023). Thus, Chapter Three continues from Chapter II by examining economic wellbeing as another dimension of economic efficiency (within the provisions of the double dividend hypothesis), and how this phenomenon is impacted by the distributional effect of climate change adaptation. Further analysis is made on both the direct and indirect effect of environmental regulatory policy instruments in the promotion of wellbeing. Employing Sys Arellano-Bover/Blundell-Bond estimator, Cross-sectionally Augmented Auto-regressive Distributed Lag, Method of Moment Quantile Regression, Panel Threshold Regression, and Causal Mediation Analysis, to regress a panel dataset of 104 countries across the world over the period 1994-2019. A measure of the level of association between economic wellbeing and climate change adaptation reveals that an increase in adaptive capacity will see an increase in economic wellbeing both in the short-run and in the long-run and across all quantiles of economic wellbeing. this finding supports the view that climate change adaptation built on institutional quality and good governance promotes wellbeing. Examination of both the direct and indirect effect of environmental regulatory policies on economic wellbeing reveal that both instruments promote wellbeing. Although, causal mediation effect of robust environmental regulatory policies promotes economic wellbeing through improvement in climate change adaptation, green incentive turns out a higher contingent effect on adaptation compared to environmental taxes. The impact of green incentive highlights the importance of persuasion in climate action (SDG 13). 
Policy wise, this study reveals that building climate change adaptative capacities of countries around institutional quality and good governance reduces inequalities and promote economic wellbeing of the citizenry. In addition, in building robust climate change buffers, countries are advised to increase expenditures on climate change awareness creation and incentivizing positive behaviours, as green incentive is found to have comparatively greater contingent effect on climate change adaptation. 
Chapter Four focuses on the environmental protection and environmental regulatory policies. The only way to contain anthropogenic greenhouse gas emissions within preindustrial levels is to sustainable switch, by increasing the production of energy products from carbon-neutral sources at the rate capable of meeting the ever-increasing global energy demands. However, not every country is economically endowed or technologically advanced. Therefore, achieving sustainable switch will require carrying the rest of the world along via cross-border green investment and diffusion of green technology innovations from the advanced countries to developing countries through participation in the global economy.  Although no study has investigated the impact of globalization on sustainable energy production, those that have examined the impact of globalization on other aspects sustainable switch presented mix findings. This study thus looks at how globalization can be leveraged upon for sustainable energy production. With double dividend as the theoretical framework, the study examines the substitution effect of environmental taxes, and green incentive can complement environmental taxes to boost sustainable energy output. Employing Arellano-Bover/Blundell-Bond estimator, Cross-sectionally Augmented Auto-regressive Distributed Lag estimator, Method of Moment Quantile Regression estimator, Panel Threshold Regression estimator, and Causal Mediation Analysis, to regress a panel dataset of one hundred and four countries over a twenty-six-year period between1994-2019. The results reveal that globalization does not promote sustainable energy production until a certain level of participation in the global economy is attained.  Until a country achieves an 83% participation in globalization, this window of opportunity does not promote sustainable energy production. The results also reveal that implementation of strong environmental regulatory framework has ability to reduce the adverse effect of globalization on sustainable switch production, with environmental taxes having a higher contingent effect compared to green incentive. However, for environmental taxes to be able to address the externalities associated with globalization and promote sustainable energy production, revenues generated from the implementation taxes must exceed 60% of total tax revenues for each fiscal year.  
The essence of the United Nations’ Partnerships for the Goals (SDG 17), which seeks to strengthen the means of implementation and revitalize the global partnerships for sustainable development, is the diffusion of sustainable ideas and technology through globalization. However, globalization has been found to have an adverse effect on sustainable energy production based on current global average, putting at risk Affordable and Clean Energy (SDG 7)’s Target 7.5, to expand infrastructure and upgrade technology for supplying modern and sustainable energy services for all in developing countries, in particular least developed countries, small island developing states and landlock developing countries, in accordance with their respective programs of support. 
Overcoming this challenge will require governments to fully embrace globalization, in their governance architecture. In addition, global institutions should be at the forefront in facilitating global financial and technological inclusion between and among countries. In terms of fiscal policy, environmental taxes should be the triumph card, supplanting distortionary economic taxes for an impactful green substitution effect. This should be accompanied by an improve education, awareness-raising, through the implementation of comprehensive green incentive policy. 
Overall, this thesis makes a number of significant and unique contributions to the body of literature on climate change mitigation, climate change adaptation, and sustainable energy production from a global perspective. In chapter two, first, using average annual surface temperature as a measure of climate change, this study provides empirical evidence on the adverse impact of climate change on economic growth, from a multi-regression approach, consisting of both static and dynamic models. This analysis is supplemented by Qfit estimated curve, which reveals a continuous adverse effect of climate change on economic growth regardless of the level of activity. The use of the entire study population in the analysis eliminates the challenge of representativeness associated with sampling. Also, the challenge of model induced biases is reduced with the application of mix econometric models, which allows the study to identify common trend regardless of model type. In the end, the study provides robust findings which demonstrate beyond all doubt that climate change impacts economic growth adversely.  
Second, as one of the few studies that examines the impact of climate change adaptation on economic wellbeing, the employs University of Notre Dame Global Adaptation Index as a measure of climate change adaptation, and illustrates how improvement in institutional quality and good governance reduces inequalities and snowballs economic wellbeing. 
Third, using ETH Zurich KOF Globalization Index as a proxy for globalization effect, this study demonstrates that globalization based on current average exposure levels, does not promote sustainable energy production. Further analysis reveals that there is a minimum exposure level to the global economy to achieve sustainable energy production. 
Fourth, results reveal that to achieve economic growth (economic efficiency) via environmental taxes, environmental tax revenues generated per each fiscal year must exceed 30% of total tax revenues accruing to government. Anything below this target will shrink economic growth. On environmental protection, analysis reveals that for environmental taxes to promote sustainable energy production in the midst of globalization, a 60% of total revenues in each fiscal year must come from environmental taxes. These findings are significant for the reconceptualization of the double dividend hypothesis, to the extent that the mere introduction of environmental taxes does not lead to the expected dividends. To achieve both economic dividend and the environmental dividend is contingent on the level of activity. 
Fifth, the study demonstrates that green incentive is a suitable complementary policy instrument to environmental taxes in climate change mitigation and adaption. Results obtained from the study models reveal that green incentive has greater contingent effect on both mitigation and adaptation, indicating the superiority of persuasion (green incentive) over punishment (environmental taxes) in climate action (SDG 13).  
Sixth and finally, an alternative model is proposed for the double-dividend hypothesis in Figure 5.1


[image: ]

Figure 5.1 Modified double-dividend hypothesis

The proposed modified double-dividend hypothesis highlights equal importance of green incentive in the promotion of environmental protection and economic efficiency, and examines these relationships in the short-run and in the long-run.

5.4 Limitation of the Study 
This thesis acknowledges some inherent limitations. First, these essays adopt a global setting, because global warming and climate change are global phenomena (Bhat et al., 2022a), however lack of data on some countries constrained the study population size to 104 countries. Albeit the extensive regression diagnostics coupled with the application of robust estimators, lack of proper record keeping culture on environmental activities of countries resulted in gaps in some of the datasets, which may weaken the strength of the estimates generated by these models and conclusions drawn thereof.
These limitations notwithstanding, the findings of this thesis are revealing and informing on issues of environmental regulatory policies and sustainable development within the framework of the United Nations Sustainable Development Goals. 

5.5 Avenues for Future Research
Descriptive statistics reveals that Mauritania in West Africa, has the highest success rate in the implementation of environmental taxes using environmental taxes as a percentage of total taxes revenues as the metric. Situating this observation within the context that success in the implementation of environmental governance policies is tied to the level of development ignites a certain level of curiosity, and the need for a country level idiographic study to unearth the idiosyncrasies of Mauritania’s success story.
Although, the third essay reveals globalization effect on environmental protection to be adverse, descriptive statistics identifies an exposure threshold to attain for the effect of globalization to inure to the benefit of sustainable switch production. There will be the need for further research to understand why global average is far below this threshold. 
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Appendices 

Appendix I: Chapter Two descriptive statistics based on level of development 
	[bookmark: _Hlk133677270]High-income Countries 

	
	
	
	
	
	

	Variables 
	Observations 
	Mean 
	Std. Dev. 
	Min 
	Max 

	GEconomic
	1,066
	2.863703    
	3.218242  
	-14.83861   
	25.17625

	CChange
	1,066
	1.070972        
	.6641555      
	-.794  
	2.928

	ETax
	1,066
	6.74089       
	2.792336          
	0
	15.39453

	GIncentive
	1,066
	.5643032       
	.4218221
	-.258461   
	2.226476

	GPopulation 
	1,066
	.5571399     
	.8430253  
	-3.847671  
	5.321517

	DPopulation
	1,066
	321.3559       
	1039.871          
	0
	7965.878

	
	
	
	
	
	

	Upper-middle-income Countries 

	
	
	
	
	
	

	Variables 
	Observations 
	Mean 
	Std. Dev. 
	Min 
	Max 

	GEconomic
	754    
	4.184208    
	7.623619  
	-14.11538    
	149.973

	CChange
	754    
	.7972493    
	.5254685      
	-.477      
	2.713

	ETax
	754    
	4.739055    
	4.709887  
	-12.14273   
	19.43241

	GIncentive
	754         
	.12969    
	.2604314          
	0
	1.596735

	GPopulation 
	754    
	1.101721    
	1.069072  
	-2.170699   
	4.654917

	DPopulation
	754
	84.90527
	113.6913    
	0
	623.503

	
	
	
	
	
	

	Lower-middle-income Countries 

	
	
	
	
	
	

	Variables 
	Observations 
	Mean 
	Std. Dev. 
	Min 
	Max 

	GEconomic
	598    
	4.158511     
	3.71788      
	-22.9   
	18.36085

	CChange
	598      
	.86801    
	.5071106      
	-.424      
	2.739

	ETax
	598      
	5.357945     
	8.32793          
	0
	85.48292

	GIncentive
	598        
	.037265    
	.1027135          
	0
	.7759332

	GPopulation 
	598     
	1.80292    
	.8861209  
	-1.050921   
	3.437563

	DPopulation
	598     
	98.9385    
	107.6246   
	1.473709   
	459.5797

	
	
	
	
	
	

	Low-income Countries 

	
	
	
	
	
	

	Variables 
	Observations 
	Mean 
	Std. Dev. 
	Min 
	Max 

	GEconomic
	286    
	5.149271    
	5.733762  
	-50.24807   
	35.22408

	CChange
	286          
	.7995839    
	.4071316          
	0
	1.754

	ETax
	286      
	7.095702    
	7.002995          
	0
	29.00037

	GIncentive
	286      
	.0097751    
	.0485713          
	0
	.4614006

	GPopulation 
	286     
	2.99814    
	.8736138   
	-5.37022   
	8.117946

	DPopulation
	286    
	86.25486    
	108.0305    
	5.38521   
	511.8337


[bookmark: _Hlk133712976]For explanation on identifiers, refer to Table 2.1


Appendix II: Chapter Two descriptive statistics based on OECD membership
	[bookmark: _Hlk133679701]OECD-member Countries 

	
	
	
	
	
	

	Variables 
	Observations 
	Mean 
	Std. Dev. 
	Min 
	Max 

	GEconomic
	988    
	2.812904    
	3.044091  
	-14.83861   
	25.17625

	CChange
	988    
	1.063062    
	.6644385      
	-.794      
	2.928

	ETax
	988    
	6.966908    
	2.788518  
	-12.14273   
	18.96285

	GIncentive
	988    
	.5490167    
	.4031142   
	-.258461   
	1.779062

	GPopulation 
	988    
	.5982383    
	.7906047  
	-2.258464    
	2.89096

	DPopulation
	988       
	125.8863    
	127.4719          
	0
	530.3773

	
	
	
	
	
	

	OECD-candidate Countries 

	
	
	
	
	
	

	Variables 
	Observations 
	Mean 
	Std. Dev. 
	Min 
	Max 

	GEconomic
	156    
	2.892114    
	4.064679  
	-14.11538   
	12.30837

	CChange
	156    
	.9479167    
	.5947456      
	-.415      
	2.321

	ETax
	156      
	7.076553    
	3.391781          
	0
	15.82586

	GIncentive
	156      
	.3353853    
	.3677828          
	0
	1.208753

	GPopulation 
	156         
	.2729004    
	1.012205
	-3.847671
	1.875951

	DPopulation
	156    
	49.66988    
	31.05418    
	12.5709     
	99.038

	
	
	
	
	
	

	Non-OECD-member Countries 

	
	
	
	
	
	

	Variables 
	Observations 
	Mean 
	Std. Dev. 
	Min 
	Max 

	GEconomic
	1,560    
	4.446643    
	6.235131  
	-50.24807    
	149.973

	CChange
	1,560    
	.8284314    
	.5039219      
	-.424      
	2.739

	ETax
	1,560       
	5.131545    
	6.749634          
	0
	85.48292

	GIncentive
	1,560      
	.0831186    
	.2443133          
	0
	2.226476

	GPopulation 
	1,560    
	1.747815    
	1.176521   
	-5.37022   
	8.117946

	DPopulation
	1,560       
	229.6756    
	870.2091          
	0
	7965.878

	
	
	
	
	
	


For explanation on identifiers, refer to Table 2.1








Appendix III: Chapter Two descriptive statistics based on regions
	Europe Region 

	
	
	
	
	
	

	Variables 
	Observations 
	Mean 
	Std. Dev. 
	Min 
	Max 

	GEconomic
	884    
	2.602258    
	3.654443      
	-22.9   
	25.17625

	CChange
	884    
	1.189331    
	.6868134      
	-.794      
	2.711

	ETax
	884       
	6.517894    
	2.982017          
	0
	13.97365

	GIncentive
	884    
	.5940472    
	.3804822   
	-.258461   
	1.779062

	GPopulation 
	884    
	.1769683    
	.7555688  
	-3.847671    
	2.89096

	DPopulation
	884       
	116.8277    
	99.75832          
	0
	515.1433

	
	
	
	
	
	

	Americas Region

	
	
	
	
	
	

	Variables 
	Observations 
	Mean 
	Std. Dev. 
	Min 
	Max 

	GEconomic
	572    
	3.271138    
	3.254403  
	-10.89448   
	18.28661

	CChange
	572    
	.7077815    
	.4074465      
	-.477      
	2.928

	ETax
	572       
	5.789406    
	4.723593  
	-12.14273
	19.43241

	GIncentive
	572        
	.076182    
	.2220063          
	0
	2.226476

	GPopulation 
	572    
	1.288143     
	.611072  
	-1.768331   
	2.867354

	DPopulation
	572    
	77.55324    
	86.78633   
	3.234663   
	311.4648

	
	
	
	
	
	

	Asia and the Pacific Region

	
	
	
	
	
	

	Variables 
	Observations 
	Mean 
	Std. Dev. 
	Min 
	Max 

	GEconomic
	390    
	4.841064     
	3.49142  
	-7.634035   
	18.36085

	CChange
	390    
	.7292436     
	.475045      
	-.424      
	2.739

	ETax
	390        
	3.662274    
	4.125073          
	0
	19.4036

	GIncentive
	390      
	.1458778     
	.321841          
	0
	1.374211

	GPopulation 
	390     
	1.24877    
	.7811195  
	-1.474533   
	5.321517

	DPopulation
	390     
	595.923    
	1653.778   
	1.473709   
	7965.878

	
	
	
	
	
	

	Africa Region 

	
	
	
	
	
	

	Variables 
	Observations 
	Mean 
	Std. Dev. 
	Min 
	Max 

	GEconomic
	650      
	5.006323    
	8.407452
	-50.24807    
	149.973

	CChange
	650    
	.8051462       
	.4582      
	-.418      
	2.713

	ETax
	650      
	6.304398    
	8.711919          
	0
	85.48292

	GIncentive
	650      
	.0573571    
	.1837842          
	0
	1.596735

	GPopulation 
	650       
	2.604048    
	.9571021   
	-5.37022
	8.117946

	DPopulation
	650    
	87.76275    
	132.2201   
	1.933494    
	623.503

	
	
	
	
	
	

	Near East Region 

	
	
	
	
	
	

	Variables 
	Observations 
	Mean 
	Std. Dev. 
	Min 
	Max 

	GEconomic
	208    
	4.103219    
	3.669288      
	-12.6   
	19.68127

	CChange
	208    
	1.089245    
	.5642823      
	-.408      
	2.584

	ETax
	208      
	6.696892    
	4.250023          
	0
	16.97757

	GIncentive
	208      
	.2957947     
	.430918          
	0
	1.882977

	GPopulation 
	208    
	1.381318    
	.7794931   
	-2.06204   
	3.931356

	DPopulation
	208    
	256.3754    
	405.6995   
	5.503699   
	1575.194

	
	
	
	
	
	


For explanation on identifiers, refer to Table 2.1


[bookmark: _Hlk133707633]Appendix IV: Chapter Three descriptive statistics based on level of development 
	High-income Countries 

	
	
	
	
	
	

	Variables 
	Observations 
	Mean 
	Std. Dev. 
	Min 
	Max 

	WBEconomic
	1,066         
	18.74812    
	16.42647          
	0  
	56.4

	CAdaptation
	1,066      
	.6211615    
	.1639938          
	0
	.7509136

	ETax
	1,066        
	6.74089    
	2.792336          
	0
	15.39453

	GIncentive
	1,066      
	.5643032    
	.4218221   
	-.258461
	2.226476

	GPopulation 
	1,066      
	.5571399    
	.8430253  
	-3.847671
	5.321517

	DPopulation
	1,066      
	321.3559    
	1039.871          
	0
	7965.878

	
	
	
	
	
	

	Upper-middle-income Countries 

	
	
	
	
	
	

	Variables 
	Observations 
	Mean 
	Std. Dev. 
	Min 
	Max 

	WBEconomic
	754          
	23.62347    
	23.61325          
	0
	64.8

	CAdaptation
	754      
	.5546835    
	.1162656          
	0
	.6520009

	ETax
	754       
	4.739055    
	4.709887  
	-12.14273
	19.43241

	GIncentive
	754        
	.12969    
	.2604314          
	0
	1.596735

	GPopulation 
	754    
	1.101721    
	1.069072  
	-2.170699   
	4.654917

	DPopulation
	754       
	84.90527    
	113.6913          
	0
	623.503

	
	
	
	
	
	

	Lower-middle-income Countries 

	
	
	
	
	
	

	Variables 
	Observations 
	Mean 
	Std. Dev. 
	Min 
	Max 

	WBEconomic
	598          
	13.54716     
	20.3936          
	0
	61.6

	CAdaptation
	598       
	.4908201     
	.110424          
	0
	.6211861

	ETax
	598      
	5.357945     
	8.32793          
	0
	85.48292

	GIncentive
	598        
	.037265    
	.1027135          
	0
	.7759332

	GPopulation 
	598     
	1.80292    
	.8861209  
	-1.050921   
	3.437563

	DPopulation
	598     
	98.9385    
	107.6246   
	1.473709   
	459.5797

	
	
	
	
	
	

	Low-income Countries 

	
	
	
	
	
	

	Variables 
	Observations 
	Mean 
	Std. Dev. 
	Min 
	Max 

	WBEconomic
	286           
	8.144056     
	17.0913          
	0
	65.8

	CAdaptation
	286       
	.3910552    
	.0907171          
	0
	.4844553

	ETax
	286      
	7.095702    
	7.002995          
	0
	29.00037

	GIncentive
	286       
	.0097751    
	.0485713          
	0
	.4614006

	GPopulation 
	286     
	2.99814    
	.8736138   
	-5.37022   
	8.117946

	DPopulation
	286    
	86.25486    
	108.0305    
	5.38521   
	511.8337


For explanation on identifiers, refer to Table 3.1

Appendix V: Chapter Three descriptive statistics based on OECD membership 
	OECD-member Countries 

	
	
	
	
	
	

	Variables 
	Observations 
	Mean 
	Std. Dev. 
	Min 
	Max 

	WBEconomic
	988         
	22.19848    
	17.32637          
	0  
	58.7

	CAdaptation
	988      
	.6370337    
	.1336126          
	0
	.7509136

	ETax
	988    
	6.966908    
	2.788518  
	-12.14273   
	18.96285

	GIncentive
	988    
	.5490167    
	.4031142   
	-.258461   
	1.779062

	GPopulation 
	988    
	.5982383    
	.7906047  
	-2.258464    
	2.89096

	DPopulation
	988       
	125.8863    
	127.4719          
	0
	530.3773

	
	
	
	
	
	

	OECD-candidate Countries 

	
	
	
	
	
	

	Variables 
	Observations 
	Mean 
	Std. Dev. 
	Min 
	Max 

	WBEconomic
	156          
	31.48013    
	21.64007          
	0
	59.9

	CAdaptation
	156      
	.5682819     
	.117006          
	0
	.6349976

	ETax
	156      
	7.076553    
	3.391781          
	0
	15.82586

	GIncentive
	156      
	.3353853    
	.3677828          
	0
	1.208753

	GPopulation 
	156    
	.2729004    
	1.012205  
	-3.847671   
	1.875951

	DPopulation
	156    
	49.66988    
	31.05418    
	12.5709     
	99.038

	
	
	
	
	
	

	Non-OECD-member Countries 

	
	
	
	
	
	

	Variables 
	Observations 
	Mean 
	Std. Dev. 
	Min 
	Max 

	WBEconomic
	1,560          
	13.70833    
	20.56719          
	0
	65.8

	CAdaptation
	1,560      
	.4921158    
	.1402714          
	0
	.6732508

	ETax
	1,560      
	5.131545    
	6.749634          
	0
	85.48292

	GIncentive
	1,560       
	.0831186    
	.2443133          
	0
	2.226476

	GPopulation 
	1,560    
	1.747815    
	1.176521   
	-5.37022   
	8.117946

	DPopulation
	1,560       
	229.6756    
	870.2091          
	0
	7965.878

	
	
	
	
	
	


For explanation on identifiers, refer to Table 3.1




Appendix VI: Chapter Three descriptive statistics based on regions
	Europe Region 

	
	
	
	
	
	

	Variables 
	Observations 
	Mean 
	Std. Dev. 
	Min 
	Max 

	WBEconomic
	884          
	19.87059    
	15.41675          
	0
	41.3

	CAdaptation
	884       
	.6122847    
	.1702049          
	0
	.7509136

	ETax
	884       
	6.517894    
	2.982017          
	0
	13.97365

	GIncentive
	884    
	.5940472    
	.3804822   
	-.258461   
	1.779062

	GPopulation 
	884    
	.1769683    
	.7555688  
	-3.847671    
	2.89096

	DPopulation
	884       
	116.8277    
	99.75832          
	0
	515.1433

	
	
	
	
	
	

	Americas Region

	
	
	
	
	
	

	Variables 
	Observations 
	Mean 
	Std. Dev. 
	Min 
	Max 

	WBEconomic
	572          
	31.70402    
	23.67955          
	0
	61.6

	CAdaptation
	572      
	.5604932    
	.1213757          
	0
	.7010144

	ETax
	572    
	5.789406    
	4.723593  
	-12.14273   
	19.43241

	GIncentive
	572       
	.076182    
	.2220063          
	0
	2.226476

	GPopulation 
	572    
	1.288143     
	.611072  
	-1.768331   
	2.867354

	DPopulation
	572   
	77.55324    
	86.78633   
	3.234663   
	311.4648

	
	
	
	
	
	

	Asia and the Pacific Region

	
	
	
	
	
	

	Variables 
	Observations 
	Mean 
	Std. Dev. 
	Min 
	Max 

	WBEconomic
	390           
	10.43487    
	17.16147          
	0
	49.1

	CAdaptation
	390      
	.5439757    
	.1284075          
	0
	.6905713

	ETax
	390        
	3.662274    
	4.125073          
	0
	19.4036

	GIncentive
	390      
	.1458778     
	.321841          
	0
	1.374211

	GPopulation 
	390     
	1.24877    
	.7811195  
	-1.474533   
	5.321517

	DPopulation
	390     
	595.923    
	1653.778   
	1.473709   
	7965.878

	
	
	
	
	
	

	Africa Region 

	
	
	
	
	
	

	Variables 
	Observations 
	Mean 
	Std. Dev. 
	Min 
	Max 

	WBEconomic
	650           
	7.403846    
	16.90901          
	0
	65.8

	CAdaptation
	650       
	.4406069    
	.1082229          
	0
	.5907802

	ETax
	650      
	6.304398    
	8.711919          
	0
	85.48292

	GIncentive
	650       
	.0573571    
	.1837842          
	0
	1.596735

	GPopulation 
	650    
	2.604048    
	.9571021   
	-5.37022   
	8.117946

	DPopulation
	650    
	87.76275    
	132.2201   
	1.933494    
	623.503

	
	
	
	
	
	

	Near East Region 

	
	
	
	
	
	

	Variables 
	Observations 
	Mean 
	Std. Dev. 
	Min 
	Max 

	WBEconomic
	208          
	17.52692    
	17.96743          
	0
	42.9

	CAdaptation
	208      
	.6025725    
	.1265082          
	0
	.6882861

	ETax
	208     
	6.696892    
	4.250023          
	0  
	16.97757

	GIncentive
	208       
	.2957947     
	.430918          
	0
	1.882977

	GPopulation 
	208    
	1.381318    
	.7794931   
	-2.06204   
	3.931356

	DPopulation
	208    
	256.3754    
	405.6995   
	5.503699   
	1575.194

	
	
	
	
	
	


For explanation on identifiers, refer to Table 3.1


Appendix VII: Chapter Four descriptive statistics based on level of development
	High-income Countries 

	
	
	
	
	
	

	Variables 
	Observations 
	Mean 
	Std. Dev. 
	Min 
	Max 

	SSProduction
	1,066       
	23.38844    
	29.31888          
	0
	99.98838

	Eglobalization
	1,066    
	77.12055    
	9.489964   
	47.01601   
	91.14088

	ETax
	1,066        
	6.74089    
	2.792336          
	0
	15.39453

	GIncentive
	1,066      
	.5643032    
	.4218221   
	-.258461
	2.226476

	GPopulation 
	1,066       
	.5571399    
	.8430253  
	-3.847671
	5.321517

	DPopulation
	1,066       
	321.3559    
	1039.871          
	0
	7965.878

	EInflation
	1,066        
	88.70948     
	24.1501          
	0
	202.922

	
	
	
	
	
	

	Upper-middle-income Countries 

	
	
	
	
	
	

	Variables 
	Observations 
	Mean 
	Std. Dev. 
	Min 
	Max 

	SSProduction
	754           
	35.55491    
	34.34579          
	0
	100

	Eglobalization
	754    
	59.67122    
	9.824301   
	33.20713   
	81.44238

	ETax
	754    
	4.739055    
	4.709887  
	-12.14273   
	19.43241

	GIncentive
	754        
	.12969    
	.2604314          
	0
	1.596735

	GPopulation 
	754    
	1.101721    
	1.069072  
	-2.170699   
	4.654917

	DPopulation
	754       
	84.90527    
	113.6913          
	0
	623.503

	EInflation
	754      
	83.28797    
	109.1983          
	0
	2740.274

	
	
	
	
	
	

	Lower-middle-income Countries 

	
	
	
	
	
	

	Variables 
	Observations 
	Mean 
	Std. Dev. 
	Min 
	Max 

	SSProduction
	598              
	32.899    
	31.24385          
	0
	100

	Eglobalization
	598    
	52.46326    
	10.04535   
	22.64856   
	74.74827

	ETax
	598       
	5.357945     
	8.32793          
	0
	85.48292

	GIncentive
	598        
	.037265    
	.1027135          
	0
	.7759332

	GPopulation 
	598     
	1.80292    
	.8861209  
	-1.050921   
	3.437563

	DPopulation
	598     
	98.9385    
	107.6246   
	1.473709   
	459.5797

	EInflation
	598       
	89.24191    
	45.72208          
	0
	288.5728

	
	
	
	
	
	

	Low-income Countries 

	
	
	
	
	
	

	Variables 
	Observations 
	Mean 
	Std. Dev. 
	Min 
	Max 

	SSProduction
	286       
	48.84104     
	39.8084          
	0
	99.94985

	Eglobalization
	286    
	41.38239     
	7.14608   
	25.86232   
	53.75441

	ETax
	286       
	7.095702    
	7.002995          
	0
	29.00037

	GIncentive
	286      
	.0097751    
	.0485713          
	0
	.4614006

	GPopulation 
	286     
	2.99814    
	.8736138   
	-5.37022   
	8.117946

	DPopulation
	286    
	86.25486    
	108.0305    
	5.38521   
	511.8337

	EInflation
	286      
	86.77164    
	53.11988          
	0
	418.3443


For explanation on identifiers, refer to Table 4.1


Appendix VIII: Chapter Four descriptive statistics based on OECD membership
	OECD-member Countries 

	
	
	
	
	
	

	Variables 
	Observations 
	Mean 
	Std. Dev. 
	Min 
	Max 

	SSProduction
	988       
	25.96759    
	29.68519          
	0
	99.98838

	Eglobalization
	988    
	77.24862    
	9.397662   
	46.60682   
	91.14088

	ETax
	988    
	6.966908    
	2.788518  
	-12.14273   
	18.96285

	GIncentive
	988    
	.5490167    
	.4031142   
	-.258461   
	1.779062

	GPopulation 
	988    
	.5982383    
	.7906047  
	-2.258464    
	2.89096

	DPopulation
	988     
	125.8863    
	127.4719          
	0  
	530.3773

	EInflation
	988    
	90.08048    
	22.39964   
	.6894004   
	234.4371

	
	
	
	
	
	

	OECD-candidate Countries 

	
	
	
	
	
	

	Variables 
	Observations 
	Mean 
	Std. Dev. 
	Min 
	Max 

	SSProduction
	156       
	40.14971    
	30.29517          
	0
	95.40534

	Eglobalization
	156    
	66.66407    
	8.782853   
	47.01601   
	81.65167

	ETax
	156      
	7.076553    
	3.391781          
	0
	15.82586

	GIncentive
	156      
	.3353853    
	.3677828          
	0
	1.208753

	GPopulation 
	156    
	.2729004    
	1.012205  
	-3.847671   
	1.875951

	DPopulation
	156    
	49.66988    
	31.05418    
	12.5709     
	99.038

	EInflation
	156      
	69.74149    
	44.01585          
	0
	167.3979

	
	
	
	
	
	

	Non-OECD-member Countries 

	
	
	
	
	
	

	Variables 
	Observations 
	Mean 
	Std. Dev. 
	Min 
	Max 

	SSProduction
	1,560            
	34.27134    
	35.29369          
	0
	100

	Eglobalization
	1,560    
	53.64728    
	12.04208   
	22.64856   
	84.36018

	ETax
	1,560      
	5.131545    
	6.749634          
	0
	85.48292

	GIncentive
	1,560       
	.0831186    
	.2443133          
	0
	2.226476

	GPopulation 
	1,560      
	1.747815    
	1.176521   
	-5.37022
	8.117946

	DPopulation
	1,560       
	229.6756    
	870.2091          
	0
	7965.878

	EInflation
	1,560       
	86.96641    
	83.29913          
	0
	2740.274


For explanation on identifiers, refer to Table 4.1




Appendix IX: Chapter Four descriptive statistics based on regions
	Europe Region 

	
	
	
	
	
	

	Variables 
	Observations 
	Mean 
	Std. Dev. 
	Min 
	Max 

	SSProduction
	884          
	25.72123    
	29.80491          
	0  
	100

	Eglobalization
	884    
	76.47799    
	11.28774   
	40.27461   
	91.14088

	ETax
	884      
	6.517894    
	2.982017          
	0
	13.97365

	GIncentive
	884    
	.5940472    
	.3804822   
	-.258461   
	1.779062

	GPopulation 
	884    
	.1769683    
	.7555688  
	-3.847671    
	2.89096

	DPopulation
	884      
	116.8277    
	99.75832          
	0
	515.1433

	EInflation
	884      
	85.33231    
	31.08155          
	0
	281.6586

	
	
	
	
	
	

	Americas Region

	
	
	
	
	
	

	Variables 
	Observations 
	Mean 
	Std. Dev. 
	Min 
	Max 

	SSProduction
	572            
	43.73981    
	32.87729          
	0
	100

	Eglobalization
	572    
	61.54472    
	9.164091     
	39.039   
	84.47874

	ETax
	572    
	5.789406    
	4.723593  
	-12.14273   
	19.43241

	GIncentive
	572      
	.076182    
	.2220063          
	0  
	2.226476

	GPopulation 
	572    
	1.288143     
	.611072  
	-1.768331   
	2.867354

	DPopulation
	572    
	77.55324    
	86.78633   
	3.234663   
	311.4648

	EInflation
	572     
	85.77557    
	122.7133          
	0  
	2740.274

	
	
	
	
	
	

	Asia and the Pacific Region

	
	
	
	
	
	

	Variables 
	Observations 
	Mean 
	Std. Dev. 
	Min 
	Max 

	SSProduction
	390  
	23.87164    
	28.90643          
	0
	100

	Eglobalization
	390    
	61.27133    
	14.91819   
	22.64856   
	84.36018

	ETax
	390        
	3.662274    
	4.125073          
	0
	19.4036

	GIncentive
	390      
	.1458778     
	.321841          
	0
	1.374211

	GPopulation 
	390     
	1.24877    
	.7811195  
	-1.474533   
	5.321517

	DPopulation
	390     
	595.923    
	1653.778   
	1.473709   
	7965.878

	EInflation
	390      
	91.64176    
	29.80507          
	0
	195.7629

	
	
	
	
	
	

	Africa Region 

	
	
	
	
	
	

	Variables 
	Observations 
	Mean 
	Std. Dev. 
	Min 
	Max 

	SSProduction
	650            
	41.26487    
	38.04146          
	0
	100

	Eglobalization
	650     
	46.2849    
	9.132966   
	25.86232   
	72.04652

	ETax
	650       
	6.304398    
	8.711919          
	0
	85.48292

	GIncentive
	650       
	.0573571    
	.1837842          
	0
	1.596735

	GPopulation 
	650    
	2.604048    
	.9571021   
	-5.37022   
	8.117946

	DPopulation
	650    
	87.76275    
	132.2201   
	1.933494    
	623.503

	EInflation
	650      
	86.84737    
	48.18929          
	0
	418.3443

	
	
	
	
	
	

	Near East Region 

	
	
	
	
	
	

	Variables 
	Observations 
	Mean 
	Std. Dev. 
	Min 
	Max 

	SSProduction
	208       
	7.181616    
	9.612268          
	0
	42.94133

	Eglobalization
	208    
	65.48014    
	9.148581   
	34.24117   
	82.83624

	ETax
	208       
	6.696892    
	4.250023          
	0
	16.97757

	GIncentive
	208       
	.2957947     
	.430918          
	0
	1.882977

	GPopulation 
	208    
	1.381318    
	.7794931   
	-2.06204   
	3.931356

	DPopulation
	208    
	256.3754    
	405.6995   
	5.503699   
	1575.194

	EInflation
	208      
	90.665    
	41.13049   
	.6894004   
	288.5728


For explanation on identifiers, refer to Table 4.1

Appendix X Chapter Two Slope homogeneity test results                                                                  
	Delta
	Statistic
	P-value

	        Pesaran & Yamagata (2008), delta
	26.599           
	0.000

	        Pesaran & Yamagata (2008), adjusted delta
	31.116           
	0.000

	HAC
	
	

	        Blomquist & Westerlund (2013), HAC
	25.551           
	0.000

	        Blomquist & Westerlund (2013), adjusted HAC
	29.889           
	0.000


         

Appendix XI Chapter Two Cross section dependence results  
	 Variable 
	CD-test
	p-value
	Av. joint T
	Mean ρ
	Mean abs (ρ)

	EconGrowth
	66.253     
	0.000         
	26.00
	0.18       
	0.26     

	ClimCh 
	136.55     
	0.000        
	26.00      
	0.37       
	0.38     

	EnviTax
	9.853      
	0.000        
	26.00      
	0.03       
	0.38     

	GreenInc
	48.058     
	0.000         
	26.00      
	0.13       
	0.19     

	PopGrowth
	15.979     
	0.000         
	26.00      
	0.04       
	0.42     

	PopDense
	217.611    
	0.000         
	26.00      
	0.58       
	0.91     




CD-test with AMG and CCEMG estimates 
	Test:
	CD-Statistic
	P-value

	           Pesaran (2015), using AMG estimates
	2.194
	0.028

	           Pesaran (2015), CCEMG estimates
	3.572
	0.000


         

Appendix XII Chapter Two Panel unit root test results 
	Model
	Test 
	GEconomic
	CChange
	ETax
	GIncentive

	
	
	
	
	
	

	Levin-Lin-Chu
	Unadjusted t
	-35.1592
	-41.4248
	-20.3795
	-18.6503

	
	Adjusted t
	-13.1254
	-16.3641
	0.8063
	15.9802

	
	p-value 
	0.0000
	0.0000
	0.7900
	1.0000

	Harris-Tzavalis
	Statistic
	0.1101
	0.0428
	0.6501
	0.4281

	
	z
	-37.4814
	-41.5355
	-4.9435
	-18.3175

	
	p-value
	0.0000
	0.0000
	0.0000
	0.0000

	Breitung
	Statistic
	-18.0836
	-20.0816
	0.5232
	0.5958

	
	p-value
	0.0000
	0.0000
	0.6996
	0.7244

	Im-Pesaran-Shin
	t-bar
	-3.3869
	-4.3793
	-3.0263
	-3.3532

	
	t-tilde-bar
	-2.7679
	-3.2467
	-2.4010
	-2.5610

	
	Z-t-tilde-bar
	-9.3455  
	-12.6590
	-6.8068
	-7.9139

	
	p-value
	0.0000
	0.0000
	0.0000
	0.0000

	
	
	
	
	
	



Appendix XIII Chapter Two Panel cointegration test results
	
	
	Statistic 
	p-value 

	
	
	
	

	Kao test
	Modified Dickey-Fuller t
	-21.6314
	0.0000

	
	Dickey-Fuller t
	-20.9740
	0.0000

	
	Augmented Dickey-Fuller t
	-13.8772
	0.0000

	
	Unadjusted modified Dickey-Fuller t
	-40.5554
	0.0000

	
	Unadjusted Dickey-Fuller t
	-25.4828
	0.0000

	Pedroni 
	Modified Phillips-Perron t
	-3.9482
	0.0000

	
	Phillips-Perron t
	-23.5427
	0.0000

	
	Augmented Dickey-Fuller t
	-23.1606
	0.0000

	Westerlund test
	Variance ratio
	-4.4154
	0.0000

	
	
	
	


                 

Appendix XIV Chapter Two Bias-correlated LM-based test results 
	Lags/order
	Variable 
	Q (p) – stat (p – value)
	LM (k) – stat (p – value)
	N         maxT
	Balance?

	1
	ue_residuals_1
	2.59               (0.107)
	1.61                 (0.107)
	104       26
	Balanced 

	2
	ue_residuals_1
	2.69               (0.261)
	1.55                 (0.122)
	104       26
	Balanced 

	3
	ue_residuals_1
	7.18               (0.066) 
	1.38                 (0.169)
	104       26
	Balanced 


Notes: Under Ho, Q (p) ~ chi2 (p); under Ho, LM (k) ~ N (0,1)

Appendix XV. Chapter Three Slope homogeneity test results
	(Hashem Pesaran & Yamagata, 2008)
	(Blomquist & Westerlund, 2013)

	
         Delta          p-value
         13.576           0.000
 adj.    15.881         0.000

	
         Delta          p-value
         30.388           0.000
 adj.    35.547         0.000




Appendix XVI. Chapter Three Weak CSD test results
	Variables 
	CD
	
	CDw
	
	CDw+
	
	CD*
	

	
	Statistic 
	p-value
	Statistic 
	p-value
	Statistic 
	p-value
	Statistic 
	p-value

	D.WBEconomic
	6.18
	0.000
	-0.47
	0.636
	3816.18
	0.000
	2.10
	0.036

	L.WBEconomic
	59.37
	0.000
	-1.06
	0.289
	5340.39
	0.000
	6.46
	0.000

	CAdaptation
	364.27
	0.000
	-3.27
	0.001
	26656.04
	0.000
	-1.67
	0.095

	ETax
	9.85
	0.000
	-2.47
	0.013
	9952.92
	0.000
	7.04
	0.000

	GIncentive
	48.06
	0.000
	-1.29
	0.199
	4637.51
	0.000
	0.50
	0.619

	
	
	
	
	
	
	
	
	

	0.5 <= alpha < 1 implies strong cross-sectional dependence

CD:        Pesaran (2015, 2021)
CDw:     Juodis, Reese (2021)
CDw+:   CDw with power enhancement from Fan et. al. (2015)
CD*:      Pesaran, Xie (2021) with 4 PC(s)






Appendix XVII. Chapter Three Panel unit root test results
	Estimator 
	Panel Unit Root test (MW)
	Panel Unit Root test (CIPS)

	
	Without trend
	With trend
	Without trend
	With trend

	Variable 
	Lags 
	chi_sq
	p-value 
	chi_sq
	p-value 
	Zt-bar
	p-value
	Zt-bar
	p-value

	WBEconomic
	0
	2152.021
	0.000
	1910.539
	0.000
	-29.535
	0.000
	-25.833
	0.000

	
	1
	936.522
	0.000
	851.793
	0.000
	-19.289
	0.000
	-14.855
	0.000

	
	2
	753.006
	0.000
	419.469
	0.000
	-10.279
	0.000
	-5.552
	0.000

	CAdaptation
	0
	136.319
	1.000
	0.000
	1.000
	-3.988
	0.000
	0.392
	0.652

	
	1
	211.682
	0.416
	199.855
	0.645
	-3.651
	0.000
	1.675
	0.953

	
	2
	201.255
	0.619
	194.021
	0.748
	-2.038
	0.021
	4.681
	1.000

	ETax
	0
	585.693
	0.000
	555.756
	0.000
	-1.479
	0.070
	-2.215
	0.013

	
	1
	204.697
	0.552
	189.146
	0.821
	2.145
	0.984
	1.390
	0.918

	
	2
	239.418
	0.067
	206.230
	0.522
	2.321
	0.990
	1.697
	0.955

	GIncentive 
	0
	1371.409
	0.000
	1164.001
	0.000
	4.828
	 1.000 
	4.987
	1.000

	
	1
	300.049
	0.000
	268.603
	0.003
	9.642
	 1.000 
	9.470
	1.000

	
	2
	196.226
	0.711
	147.019
	1.000
	12.158
	 1.000 
	12.860
	1.000


H0: all series are non-stationary; H1: at least one series in the panel is stationary

Appendix XVIII. Chapter Three Panel cointegration (Kao) test results 
------------------------------------------------------------------------------
                                                                Statistic              p-value
------------------------------------------------------------------------------
 Modified Dickey–Fuller t                          -9.7486            0.0000
 Dickey–Fuller t                                        -19.3948            0.0000
 Augmented Dickey–Fuller t                      -3.6653            0.0001
 Unadjusted modified Dickey–Fuller t     -63.0353            0.0000
 Unadjusted Dickey–Fuller t                    -39.3023             0.0000
------------------------------------------------------------------------------




Appendix XIX. Chapter Three Exogeneity test results
	
	Lag 
	Q(p)-stat
	p-value
	Order 
	LM(k)-stat
	p-value

	
	
	
	
	
	
	

	ue_residuals_1
	1
	5.00
	0.025
	1
	2.24
	0.025

	ue_residuals_1
	2
	30.16
	0.000
	2
	5.44
	0.000

	ue_residuals_1
	3
	50.46
	0.000
	3
	3.97
	0.000

	Notes:
	Under H0, Q(p) ~ chi2(p); 




Appendix XX. Chapter Four Slope homogeneity test
	Pesaran & Yamagata (2008)
	
	
	Blomquist & Westerlund (2013)

	
	Delta 
	p-value 
	
	
	
	HAC 
	p-value 

	
	26.548
	00
	
	
	
	24.420
	00

	adj
	29.539
	00
	
	
	adj
	27.172
	00

	
	
	
	
	
	
	
	



                                 
 H0: slope coefficients are homogenous

Appendix XXI. Chapter Four Cross-Sectional Dependence Test
	[bookmark: _Hlk132677465]Estimation of Cross-Sectional Exponent (alpha)
	Testing for weak CSD

	variable 
	alpha 
	Std. Err
	(95% Conf Interval)
	CD
	CDw
	CDw+
	CD*

	D.SSProd.
	.9842556
	.157872
	.6748322
	1.293679
	255.35 (0.000)
	-1.00 (0.319)
	18704.04 (0.000)
	13.60 (0.000)

	L.SSProd.
	.9522673
	.2471886
	.4677866
	1.436748
	227.69 (0.000) 
	-0.40 (0.685)
	16725.60 (0.000)
	72.55 (0.000)

	EGlobalisation
	1.004211
	.0553472
	.8957326
	1.112689
	330.21 (0.000)
	-1.59 (0.112)
	24878.83 (0.000)
	4.64 (0.000)

	ETax
	.9214931
	.071087
	.7821652
	1.060821
	9.85 (0.000)
	-1.74 (0.081)
	9953.65 (0.000)
	7.04 (0.000)

	GIncentive
	.8459807
	.0527383
	.7426155
	.9493459
	48.06 (0.000)
	0.31 (0.757)
	4639.11 (0.000)
	0.50 (0.619)

	0.5 <= alpha < 1 implies strong cross-sectional dependence.

	p-values in parenthesis



Appendix XXII. Chapter Four Stationarity test
	Variable
	Levin-Lin-Chu unit-root test
	Harris-Tzavalis unit-root test

	
	Test 
	Statistic  
	p-value 
	Test 
	Statistic 
	p-value 

	SSProduction
	Adjusted t*
	3.8718
	0.9999
	rho
	1.5034
	0.9336

	EGlobalisation
	Adjusted t*
	-15.6421
	0.0000
	rho
	3.5741
	0.9998

	ETaxt
	Adjusted t*
	1.0477
	0.8526
	rho
	-10.5634
	0.0000

	GIncentive
	Adjusted t*
	10.9541
	1.0000
	rho
	-22.7182
	0.0000

	
	Ho: Panels contain unit roots
	Ho: Panels contain unit roots

	
	Ha: Panels are stationary
	Ha: Panels are stationary



Appendix XXIII Chapter Four Cointegration test
	Kao test for cointegration
	Statistic
	p-value 

	
	
	

	Modified Dickey-Fuller t
	-0.1463
	0.4418

	Dickey-Fuller t
	2.6070
	0.0046

	Augmented Dickey-Fuller t
	1.7211
	0.0426

	Unadjusted modified Dickey-Fuller t
	-0.8870
	0.1875

	Unadjusted Dickey-Fuller t
	2.0622
	0.0196

	               Ho: No cointegration

	               Ha: All panels are cointegrated



Appendix XXIV Chapter Four Bias-correlated LM-based test results 
	Lags/order
	Variable 
	Q (p) – stat (p – value)
	LM (k) – stat (p – value)
	N         maxT
	Balance?

	1
	ue_residuals_1
	74.05               (0.000)
	8.60                 (0.000)
	104       26
	Balanced 

	2
	ue_residuals_1
	82.50               (0.000)
	8.00                 (0.000)
	104       26
	Balanced 

	3
	ue_residuals_1
	90.29               (0.000) 
	6.53                 (0.000)
	104       26
	Balanced 


Notes: Under Ho, Q (p) ~ chi2 (p); under Ho, LM (k) ~ N (0,1)
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