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Abstract 

This study used a theoretical framework of policy diffusion to explore the influential factors to 

global renewable energy diffusion at the country level. The policy diffusion framework in this 

research consisted of four diffusion approaches: learning, competition, coercion, and citizen 

pressure. Meanwhile, some internal factors were considered, including economic status, carbon 

intensity, and political stability. The data covered 168 countries within a period of eight years 

(2009 to 2016). The analysis could be summarized into two segments. Firstly, the eight-year panel 

data was analyzed using Least Squares Dummy Variable Model (LSDV) for examining the 

correlations in the long term. The second analysis used Geographically Weighted Regression 

(GWR) to reveal the spatial distribution of local coefficients of each variable. The findings 

indicated that the learning approach, the competition approach, and the coercion approach 

positively correlated with global renewable energy diffusion, but not for the citizen pressure 

approach. Besides, economic status was positively correlated, and carbon intensity was negatively 

associated with national renewable energy adoption. In GWR analysis, the local coefficients of 

each variable were spatially clustered among regions. Therefore, it could be inferred that the spatial 

disparity of the strength of policy diffusion approaches and internal factors existed.  

 

 

 

 

 

 

 

 

Keywords: Policy Diffusion, Renewable Energy, Least Squares Dummy Variable Model,         

Geographically Weighted Regression, Geographic Information System 



‧
國

立
政 治

大

學
‧

N
a

t io
na l  Chengch i  U

niv

ers
i t

y

DOI:10.6814/NCCU202100485

iii 
 

摘要 

本研究採用政策擴散理論的架構探討影響國家層級全球再生能源擴散的因素。本研究採用

的政策擴散理論架構包含四個擴散途徑：學習、競爭、強制及公民壓力。同時也考慮三個

內部因素: 經濟狀況、碳排濃度及政治穩定度。資料涵蓋 168 個國家並橫跨 2009 到 2016

年，共有八年的年度資料。研究分析可分為二大部份。第一部份是使用八年的追蹤資料與

最小平方虛擬變數模型來檢視長期下變數間的關係。第二部份則是運用地理加權迴歸模型

揭開變數的區域係數在空間分佈的情況。研究結果指出學習途徑、競爭途徑、強制途徑及

經濟狀況與全球再生能源的擴散呈正向關係，碳排濃度則呈負向關係，公民壓力途徑與政

治穩定度的結果則不顯著。此外，根據地理迴歸模型的結果，所有變數的區域係數皆有空

間群聚的現象。因而能夠推論政策擴散途徑與內部因素的強度在空間分佈有區域間的差異。  
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1 Introduction 

1.1 Research Background and Motivation 

Due to the gradually severe climate change and to pursue sustainable growth, fossil fuel energy 

has not been considered the energy source that people can depend on permanently. Greenhouse 

gases from burning fossil fuels contributed to temperature rising, leading to the deterioration of 

the ecosystem and human society. To alleviate climate change, UNFCCC founded the Paris 

Agreement in 2015 to strengthen the global response to the threat of climate change [1]. Besides, 

energy security is another concern since fossil fuel is limited and controlled by specific nations 

despite the growing demand for energy globally [2]. Energy security is defined as "equitably 

providing available, affordable, reliable, efficient, environmentally benign, proactively governed 

and socially acceptable energy services to end-users" [3]. Based on this definition, it could be said 

that energy security covers not only the concern about the resource reservation but also the 

constitution of the energy system and its socioeconomic and environmental impacts. To avoid the 

irreversible consequence of natural deterioration and the current unreliable energy security, this is 

crucial to look for other types of energy rather than fossil fuel.  

In contrast to fossil fuel, renewable energy is the more eco-friendly choice for reserving the earth's 

environment and sustainable development [4]. Renewable energy is defined as energy generated 

with natural sources and processes that are continuously supplemented [5]. Its broader category 

includes solar, wind, biomass, geothermal, ocean, hydrogen, and hydropower. Before using fossil 

fuel, people had utilized livestock, wind, and water to run their lives. As innovation and technology 

have developed, renewable energy is easier to practice and commercialized in the modern world 

[6]. The global renewable electricity generation has increased from 1753.891 billion kWh in 1980 

to 6250.516 billion kWh in 2017 [7]. Among these, non-hydroelectric renewables contributed 

31.011 billion kWh in 1980 and 2244.441 kWh in 2017 [7]. Compared to 1980, more and more 

countries endorse renewable energy and keep improving the performance of renewable energy 

generation in recent years.  

To alleviate climate change, the international community and many countries have done several 

carbon reduction initiatives and actions introduced sequentially below. Finland became the first 

country to implement the carbon tax in 1990, and European Union set up the worldwide first 

Emission Trading System (ETS) in 2005. Until 2020, there are 61 carbon pricing initiatives in 
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implementation or under plan [8]. The Kyoto Protocol was adopted in 1997 and ratified in 2005 

for practicing the United Nations Framework Convention on Climate Change [9]. It set emission 

reduction targets on 37 industrialized countries and economies in transition and the European 

Union. Overall, these targets added up to an average 5 percent emission reduction compared to 

1990 levels over the first commitment period 2008–2012. However, the Kyoto Protocol did not 

satisfy carbon emission reduction and was generally considered an unsuccessful international 

bargain. As a substitute for Kyoto Protocol, Paris Agreement was adopted in 2015 and brings all 

nations into a common cause to undertake ambitious efforts to combat climate change and adapt 

to its effects. Its goal is to limit global warming to below 2, preferably to 1.5 degrees Celsius, 

compared to pre-industrial levels [1].  

Carbon Disclosure Project (CDP) was established in 2000 and has helped thousands of companies, 

cities, states, and regions publicly disclose environmental information [10]. With this mechanism, 

investors, purchasers, and city stakeholders can realize the risks and opportunities of the activities 

done by the companies and governments. Moreover, in 2009, International Renewable Energy 

Agency (IRENA), an intergovernmental organization, promoted renewable resources and 

technologies as the key to sustainable growth and supporting countries to transit from fossil fuels 

to renewable energies [11]. Furthermore, RE100, launched in 2014, is a global initiative bringing 

together the world's most influential businesses and driving the transition to 100% renewable 

electricity in production [12]. For example, Taiwan semiconductor company TSMC announced to 

achieve 100% renewable energy usage for its operations by 2050 [13]. Moreover, in 2020, TSMC 

and  Ørsted, a Denmark-based renewable energy enterprise, signed the world's most significant 

renewables corporate power purchase agreement to achieve its commitment to renewable energy 

usage [14]. These events show that the awareness of reducing carbon emission turns to be 

mainstream and has been pushing, directly and indirectly, the progress of renewable energy 

development because the energy sourced from the renewables is currently regarded as the main 

way out for carbon reduction. 

The renewable energy applications first became blooming in Northern and Western Europe and 

gradually spread to other regions. Nowadays, energy transitions have been ongoing worldwide. 

Take Taiwan as an example. In 2016, the Taiwan government announced a goal to generate 20 

percentage sourced renewables in the total electricity generation by 2025 [15].  The official 
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governmental document "Energy White Paper" approved in 2020 contains the projects to 

implement the energy transition and reveals that solar and wind power play critical roles in this 

transition [16]. Therefore, the Taiwan government has supported solar power and wind power 

implementation [17]. Although Taiwan is not the pioneer of applying renewables and still in the 

primary stage of the energy transition, the global wave of transitioning to renewable energy has 

influenced Taiwan.   

Global fossil CO2 emissions rose 62% between 1990 and 2019. Consequently, human-induced 

climate change is leading to cascading effects for ecosystems and human security. For example, 

due to the changing hydrological conditions, the number of people at risk of floods will increase 

to 1.6 billion by 2050 [18]. Supposing we do not take any action on controlling carbon emission 

on the current path of carbon dioxide emissions, the temperature is expected to increase by 3 to 5 

degrees Celsius by the end of the 21st century [19]. Therefore, Paris Agreement aims to limit 

temperature rise below 2°C, preferably 1.5°C. To achieve this goal, humans have to reduce global 

net human-caused carbon dioxide emissions by about 45 percent from 2010 levels by 2030, 

reaching 'net zero' around 2050. The failure of limiting warming will lead to a variety of 

consequences in 2100: 410 million people being exposed to drought and water shortages, 46 

centimeters rising sea level, species and plants loss, deteriorated ecosystem, diseases, and disasters 

from extreme climate [19]. Moreover, switching to a clean economy could lead to over 65 million 

new low-carbon jobs, higher global GDP growth, an increase in female employment and labor 

participation, and 700,000 fewer air pollution-related deaths [20]. Many reports and studies have 

been proved and proposed the ongoing cost of carbon emission and the benefit of a cleaner 

economic model. Therefore, the world should understand the price to pay if humans continue to 

operate the economic activities on fossil fuel.   

It is intriguing to examine the global transition from unconsciousness on the consequence of 

unrestricted carbon emission from fossil fuels to the belief that renewable energy plays an essential 

role in sustainable development. This change not occurs suddenly in one day but has been 

catalyzed with a bundle of tireless efforts. Climate change is an issue that reflects injustice between 

the generations and between countries with different developing levels. In other words, the long-

term and irreversible environmental damages mainly affect future generations and vulnerable 

countries, not the groups primarily responsible for the carbon emission. Because carbon emission 
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is the external cost not included in manufacturing cost by emitters or regulators, it is not easy to 

efficiently manage the emission amount. Climate change is a problem that cannot be solved by an 

individual country but requires the collaboration of many countries and industrial groups. 

Therefore, it is valuable to explore the mechanisms behind renewable energy policy adoption 

worldwide to reveal how to form a global consensus on fighting for climate change and joint efforts 

for global sustainable growth.  

1.2 Research Purpose and Questions 

The specific objective of this research was to investigate renewable energy diffusion with a 

framework of policy diffusion theory at the national level. It is essential to dig into the behind 

factors and processes of the global renewable energy diffusion because the discovery might 

contribute to promoting renewable energy policy adoption worldwide. The policy diffusion theory 

was constructed with four approaches, including learning, competition, coercion, and citizen 

pressure, to explain the adoption of a novel policy occurring in place from place. Apart from policy 

diffusion approaches, this dissertation would explore other potential factors to global renewable 

energy diffusion at the same time,  

Apart from examining the working mechanisms of renewable energy diffusion, the spatial 

perspective was also included. The world, composed of countries or regions with different 

characteristics, is too complex to be regarded as aggregate. Therefore, it was reasonable to assume 

that different policy diffusion approaches might bring different intensities to different regions. In 

other words, different areas might suit different policy diffusion approaches, better or worse. Thus, 

countries and the international community need to change strategy based on the targeted region 

when developing and promoting renewable energy. This research would detect the spatial cluster 

phenomena on the correlation between renewable electricity generation, and the intensity of the 

four policy diffusion approaches to look for the regional discrepancy. Therefore, the result could 

refer to the decision-making on the strategies for promoting renewable energy. To address the 

outlined issues and fill the gaps in the previous research, the present study was designed to address 

the following research questions: 

i. How are four policy diffusion approaches (learning, competition, coercion, and citizen 

pressure) associated with the non-hydro renewable energy generation worldwide at the 

country level?  
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ii. How do other internal factors correlate with countries' non-hydro renewable energy 

generation?  

iii. Do the intensities of local coefficients of four policy diffusion approaches and internal 

factors spatially cluster with the regions? 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Conceptual framework for the study  
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2 Literature Review 

2.1 Policy diffusion theory 

Policy diffusion indicates the process of a policy adopted by a governmental entity to another, 

including national, federal, state, or local hierarchy [21, 22]. Accordingly, the policy diffusion 

researches have explored either the scope across nations or the range inside a country. The former 

has the example of the global e-governance [23, 24], pension reform in Latin America [25], the 

influence of America on Canadian environmental regulation [26]. The latter could be exhibited by 

the instances like the Bookstart program in Taiwan [27], mothers' aid programs in the United States 

[28]. These researches scattered in all kinds of policies and aimed to find the factors and the 

approaches pushing the novel policies adopted by governmental actors. As a result, abundant 

elements and methods have been proved to explain why the policies diffuse.  

Various groups of researchers have worked with policy diffusion. For example, Berry and Berry 

(1990) have argued that the causes of policy diffusion could be categorized into two models: 

internal determinants models and regional diffusion models [29]. Internal determinants models 

suggested the state's political, economic, and social characteristics, and regional diffusion models 

present the influence of nearby states. The study by Newmark (2002) has concluded three models 

to capture the phenomena of policy spreading, including organizational diffusion models, 

geographic or regional diffusion models, and internal determinant models [21].  

Later on, scholars have constructed policy diffusion theory in a more systematic form. Weyland 

(2005) has classified four theoretical frameworks: external pressure, symbolic and normative 

imitation, rational learning, and cognitive heuristics [25].To explain international policy diffusion, 

Dobbin, Simmons, and Garrett (2007) have summarized four mechanisms consisting of social 

construction, coercion, competition, and learning [30]. Based on the review of policy diffusion 

models by Berry and Berry [31], Lee (2009＆2010) has used the framework combined with four 

models, including learning, competition, mandates (normative or coercive), and citizen pressure 

[23, 24].  

According to the current theoretical framework, this study chose to follow Lee (2009＆2010) and 

adopt learning, competition, coercion, and citizen pressure as the approaches of policy diffusion. 

The reason to use the framework of Lee (2009＆2010) is that the features of the listed four 
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approaches are apparent and do not overlap with each other. Besides, it is easier to define these 

four approaches' concepts than other frameworks developed by other scholars. Meanwhile, this 

study covered few selected internal factors as previous research. Therefore, the following section 

elaborates the content of the policy diffusion theory framework further. 

2.1.1 Learning approach 

The learning approach argues that policy diffusion is catalyzed as policy adopters learn from the 

pioneer after all kinds of exposure to information share from intergovernmental interactions. The 

interaction of officials would provide the chemistry to trigger the adoption of innovative policies 

by governmental entities because people and groups can spread new ideas or novel policies in the 

intergovernmental assembly and other networks [21]. When governmental representatives 

interface, innovative policies occurring in other governmental jurisdictions inspire governments 

through communication and information exchange.   

Nations refer to the exemplar's policy experiment or the experiences with consistent successful 

evidence. The members of their network and international institutions play a medium for 

promoting new policies [30]. Countries' decision to be a novel policy taker is formed by bilateral 

interaction with individual countries, especially dominant ones, or participating in international 

communities [26]. Studies of the global diffusion of renewable energy policies have considered 

learning to be one of the main approaches to analyzing the policy spreading and counting each 

nation's membership in specific organizations for operationalizing the learning approach [32, 33]. 

2.1.2 Competition approach 

The competition approach implies that competitive spirit happens among nearby governments 

since this group of governments shares similar features and problems that partially originate from 

nearby geographic locations. Pioneers and followers in close spatial proximity often share 

economic, political, and demographic characteristics or are under economic competition. As a 

result, regionally proximate states would adopt the pioneer's novel policies to reduce the political 

risk of the solution to a given problem similar to nearby states or avoid negative economic impacts 

[22, 31]. The adoption of policy might occur when adopters compete with rivals for financial 

benefits like capital or export markets [30].  
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The discussion of competition impacts on policy diffusion was discovered in multiple issues, such 

as tax rate, investment incentives, and environmental regulations. Additionally, a welfare policy 

study suggested that the probability of states' policy adoption was positively related to neighboring 

states' existing adoption. So did the relation between state benefit levels and benefit levels in 

neighboring states [28]. Besides, Stone and Madigan (2009) examined the relationship between 

competition index and municipal wireless initiative in the United States. They found that 

competition was the significant determining factor in the decision of adoption [22].   

In terms of the influence of neighboring countries or nearby states, the geographic effect has been 

reckoned with in policy diffusion studies [21, 31]. Moreover, governmental jurisdiction is 

influenced not only by those with sharing borders but also by those nearby [31]. It was found that 

the progress of policy diffusion had an evident geographic pattern that the earliest adopters were 

those countries nearby or in the same region with the policy innovator [25]. For example, a study 

claimed that the Bismarck social insurance scheme originated in German and was first adopted by 

other European countries, then spread to Chile and those proximate to Chile in Latin America [25].  

2.1.3 Coercion approach 

Coercion has been explained as external pressure, in the forms of prize and sanction to guide the 

nations to apply the new policies, usually imposed by international organizations (IOs), mainly 

indicating international financial institutions (IFIs) [25]. The shape of coercion could be either 

hard or soft [30]. The fiscal tools were exercised as conditionality, including trade, foreign direct 

investment, aid, grants, loans, or security. The soft ways were policy leadership and hegemonic 

idea. The former indicated the coordination requirement and the benefits of the specific policy 

adoption, and the latter suggested the impact of the theorized and rationalized dominant view.  

Although coercion could be presented in a rather abstract way, previous researches preferred to 

seize the idea of coercion by practical interference. For example, Alvesa et al. (2009) measured 

coercion with the volume of World Bank loans to GDP, which was interpreted as higher the loan 

more intensive is the coercion [32]. Another study of renewable policy adoption regarded the 

influence of the European Union as coercive power to its members [33]. The coercion approach 

demonstrates that policy adopters must obey the idea from higher governance and supranational 

powers or endure loss, mainly economic loss.   
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2.1.4 Citizen pressure approach 

The demands and the appeals of citizens could put pressure on policymakers through the electoral 

right, and thus citizen pressure is an internal factor to policy adoption [31].  In other words, the 

accountability based on the mechanism of election compels government jurisdictions to concern 

and react to their citizens' needs. Besides, media, especially mass media, is the channel that citizens 

access information and innovation in other governmental jurisdictions [21, 34]. As the media 

discloses and spreads news abroad, the vision of people is broadened, and the request to their 

government is simulated. Moreover, a generally popular policy with voters can magnify the 

pressure on nearby states since nearby states' voters want the same [29].   

Compared to the first three approaches, the literature on citizen pressure in policy diffusion was 

relatively scarce and blurry. However, citizen pressure should not be neglected because its content 

has been proposed in some discussions and applied as a theoretical framework in few studies [23, 

24, 27]. Moreover, the citizen pressure approach suggests the relationship between the 

government's response and its society's desire for innovation which usually implies superior 

development. The current studies used the 4-year-old below population for child reading policy 

and used the internet user population for global e-governance development to capture the citizen 

pressure approach. And it is assumed that the higher citizen pressure makes the government more 

likely to adopt novel policies because the level of citizen pressure indicates the intensity of citizens' 

demand.   

2.1.5 Internal factors  

Besides the four approaches discussed above, governmental jurisdictions are affected by their 

domestic advantages and disadvantages. A study of the state lottery in the United States noted that 

the explanation of innovation adoption should not be processed under the isolated consideration 

of regional diffusion or internal determinants [29]. When examining policy diffusion or innovation 

diffusion, the domestic or local features are as important as those external impacts. However, 

conflicting opinions exist among scholars, and there are a few different points of view. One argued 

that compared to the domestic features, external factors dominated the policy spreading [25]. The 

other proposition was that the characteristics of nations somehow decided the reactions of 

governments to the external changing. Thus they were kind of predetermined factors to the policy 

adoption [21].  
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Although internal factors were given different interpretations in previous studies with different 

explanatory angles, it is necessary to include internal factors in the policy diffusion studies. 

Various policy topics cover various internal aspects since different policies might be affected by 

different domestic or local features. Many internal determinants were once brought into the 

renewable policy diffusion field, such as GDP per capita, polity, growth in electricity consumption, 

carbon emission intensity, electricity market structure [32, 33, 35-37].    

2.2 The current studies of transnational renewable energy diffusion  

Very few researches using a framework of policy diffusion theory to discuss global renewable 

energy diffusion were found. For example, Alvesa et al. (2019) focused on exploring the factors 

and actors to renewable energy policy (REP) diffusion internationally and the difference between 

developed and developing countries under the framework of policy diffusion mechanisms 

(learning, socialization, competition, and coercion) [32]. Zhoua et al. (2019) used logit event 

history analysis and stratified Cox conditional gap time models to detect the role of coercion, 

emulation, competition, and learning on the five groups of renewable energy policies adoption in 

30 European countries [33]. 

Additionally, some other studies have discussed renewable energy diffusion without using the 

framework of policy diffusion theory. For instance, Pfeiffer and Mulder (2013) examined the 

drivers to the diffusion of non-hydro renewable energy (NHRE) technologies across 108 

developing countries [35]. Fadly and Fontes (2019) probed the geographic spillover effects on the 

intensity of adoption of NHRE technologies across 116 countries over 1980-2012 with the fixed 

effect panel approach [36]. This research mainly focused on the influence of geographic proximity. 

Baldwin et al. (2019) used directed dyadic analysis and concentrated on emulating political and 

ideological peers across 152 countries between 1991 and 2014 [37]. Table 1 summarizes the works 

of literature mentioned in this section.  

According to the current literature discussed above, here are two reasons to put extra effort into 

renewable energy diffusion research. Firstly, the application of policy diffusion models is not 

plentiful and not precise yet. The amount of literature using policy diffusion models on renewable 

energy is scarce. Moreover, the framework of policy diffusion models is different from another, 

and the differentiation among models sometimes is not distinct. For instance, socialization was 

proposed as one diffusion approach; however, its essence partially overlapped with the learning 
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approach or citizen pressure. The other reason is that the current studies do not consider the 

geographic context for the statistical modeling. Although the competition approach implies the 

spillover effect of nearby governments, the result can only explain whether the government's 

behavior is related to the performance of nearby governments. A more comprehensive spatial 

analysis of renewable energy diffusion is not proposed yet. Using geographic modeling, this study 

could exploit the spatial correlation on each diffusion approach and internal factor. 
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Table 1: Summary of literature reviews 

Authors Sample/Period Method/ Dependent variable Independent variables Finding 

Pfeiffer and  

Mulder 

(2013) 

108 developing 

countries 

1980–2010 

Two-stage estimator method 

 

Non-hydropower renewable 

generation per capita 

Hydro share, Coal production, Gas production, RE 

policy, Economic instruments, Regulatory instruments, 

Policy support, Kyoto Protocol, GDP per Capita, Growth 

in electricity consumption, Trade, FDI, ODA, Assets, 

Secondary enrollment rate, Energy mix, Polity2 

NHRE diffusion accelerated 

with economic and regulatory 

instruments, higher per capita 

income and schooling levels, 

and stable, democratic regimes. 

Fadly and 

Fontes 

(2019) 

116 countries 

1980–2012  

A fixed-effect panel approach 

 

Non-hydro renewable 

electricity production per 

capita 

Population, GDP per capita, CO2 emission per capita, 

Electric power consumption growth rate, Fossil fuel 

energy consumption, Kyoto protocol ratification, 

Adoption of RE policies and measures, DIRE 1, DIRE 2, 

Trade Index 1, Trade Index 2 

The geographic spillover effect 

worked on the intensity of the 

adoption of renewable energy 

technologies.  

Alvesa et al. 

(2019) 

194 countries 

2005–2015  

The Poisson regression model 

(PRM) 

 

The number of policies 

adopted 

Democracy score, Green party presence, Carbon 

emissions, Energy exporter, Percentage share of the 

fossil sector, Electricity market structure, *Learning: 

Member of the Global Wind Energy Council/Member of 

the European Union, *Socialization: Kyoto 

Protocol/Greenpeace representation/Average number of 

REPs of neighbor countries /Percentage of internet users, 

*Competition: Trade /2008 Crisis, *Coercion: World 

Bank loans 

Socialization and learning 

positively affected international 

policy diffusion in developing 

countries, while domestic 

factors played a significant role 

in developed countries. 

Zhoua et al. 

(2019) 

30 European 

countries  

1990–2012 

Logit event history analysis 

Stratified & Cox conditional 

gap time models 

 

Adoption of a particular type 

of renewable policy 

instrument 

*Coercion: EU membership/EU candidacy, *Emulation: 

Average number of policies adopted by all neighboring 

countries, *Competition: Average number of policies 

adopted by five competitors, *Learning: Total 

membership number of environmental and energy IGOs, 

Carbon intensity, Sulfur oxide, GDP per capita, 

Federalism, Proportional representation, Energy 

dependence, Population 

Initial renewable energy policy 

adoptions were mainly driven 

by coercive power, competition 

pressure, and policy learning, 

while subsequent policy 

evolution was more heavily 

influenced by coercion and 

regional emulation. 

Baldwin et 

al. (2019) 

152 countries  

1991-2015 

Dyadic methodology 

 

Dyadic FIT/Quota adoption 

Diff in FF rents % GDP, Diff in % RE, Diff in polity 

score, Diff. in Exec.Ideo., Aid flow, Diff in wealth, 

Neighbors, Polity score, Quota /FIT adoption, Growth in 

GDP, GDP from trade, Population growth 

Countries tended to emulate the 

policies of their political peers. 

Different policies may diffuse 

via different emulation patterns. 
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3 Material and Methodology 

The study was designed to answer the following question: How the four policy diffusion 

approaches correlate with the renewable energy diffusion worldwide at the country level? We 

investigated this question by constructing and administering a theoretical framework using policy 

diffusion theory. It included panel data analysis with a fixed-effect model and cross-sectional data 

with spatial analysis. The seven independent variables were the learning approach, the competition 

approach, the coercion approach, the citizen pressure approach, economic status, carbon intensity, 

and political stability. The dependent variable was the non-hydro renewable electricity percentage 

of total electricity generation (NHRE ratio). Table 2 summarizes the operationalization and the 

source for each variable. 

3.1 Variable construction 

3.1.1 Dependent variable 

Non-hydro renewable electricity percentage of total electricity generation (NHRE ratio) was the 

operationalized variable for measuring renewable energy policy adoption efficiency. Previous 

studies used both the count of adopted renewable energy (RE) policies and the intensity of RE 

generation as a dependent variable for discussing RE diffusion. However, compared to the number 

of adopted policies, the performance of renewable energy generation better captures the reality of 

renewable energy development. Furthermore, the intensity of RE generation can evaluate the 

progress of implementing renewable energy. By contrast, adopting related policies not equals 

achieving the effect of the guidelines. Therefore, this research chose the intensity of non-hydro 

renewables electricity generation instead of using the adoption of specific RE policy or the number 

of the RE policy adopted to measure the performance of nations' RE policies.  

We used the US Energy Information Administration (EIA) dataset, which contained data across 

230 countries from 1980 to 2017. However, this dataset did not record values every year for many 

countries, and thus it suffers from the problem of missing values. The renewable electricity 

generation in this research consisted of multiple renewables, including wind, solar, tide, wave, 

geothermal, biomass, and waste. Hydroelectricity was not included because it has been regarded 

as not sustainable for its permanent and large-scale environmental damages to the surrounding 

ecology [38]. Therefore, some current studies also excluded hydroelectricity for defining 

renewables.  
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After combing the data of all variables and excluding the countries without complete data during 

the selected period, this research eventually covers 168 countries and territories over the year from 

2009 to 2016 (see Appendix 1). According to country codes in the ISO standard list (ISO 3166-1) 

kept by the United Nations in 2016, there were 249 countries. The list contains 193 UN members, 

two UN observer states, two states with partial recognition, 45 inhabited dependent territories, six 

uninhabited territories, and Antarctica. Thus, this study covers almost 70% of countries and 

territories globally, with the calculation excluding uninhabited regions and Antarctica. However, 

there were some missing values, especially in eastern Africa. The data did not include some 

countries, such as Ethiopia, Somalia, Eritrea, Yemen, Syria, Venezuela, Cuba, North Korea, and 

Pupa New Guinea. Although these countries were not the critical countries to international RE 

development, the absence of these countries might still cause biased results, especially for spatial 

analysis.  

3.1.2 Independent variables 

This research applied the theoretical framework of policy diffusion that gathered up learning, 

competition, coercion, and citizen pressure as the four approaches to shape policy adoption. These 

four diffusion approaches were proxied respectively by the intergovernmental organization index, 

the average NHRE ratio of nearby countries, the ratio of dependence on export, and the voice and 

accountability index. 

3.1.2.1 Learning approach: intergovernmental organization (IGO) index  

In this study, we constructed an IGO index to stand for the learning approach. The learning 

approach is defined as joining an international organization, conference, and other platforms where 

actors can communicate and interact. It is expected that nations learn from pioneer nations in a 

network then adopt novel policies. With more related organizations a country participates in, the 

effect and motivation of learning to the country are more decisive. Therefore, the learning approach 

has been operationalized by counting the number of memberships in related organizations for each 

analyzed subject in previous research.  

Following previous research, this IGO index's formation was based on calculating the nation's 

membership in 16 intergovernmental organizations devoted to clean energy, climate change, and 

other environmental protection (see Appendix 2). The membership data were collected from 

websites, reports, and documents of the listed organizations. Also, the listed 16 intergovernmental 
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organizations were separated into two subgroups, simply depending on whether its mission is to 

promote renewable energy implementation and carbon reduction. The membership in institutions 

directly related to renewable energy and carbon reduction was scored with one point, but the 

membership in the rest institutions was achieved with 0.5 points. The idea of giving a different 

score to two subgroups was better to capture the different intensities of influence of two subgroups. 

After the calculation, each country had a final score in each year.  

Besides, the reason to include a regional intergovernmental organization, European Union, should 

also be specified. Based on the investigation of this research, it was found that European Union 

has devoted itself to carbon reduction, and other regional intergovernmental organizations have 

not. Therefore, although European Union is a regional organization, it should still be included to 

promote renewable energy when other regional intergovernmental organizations focus on the 

related issues minor.  

H1: IGO index positively correlates with the NHRE ratio. 

3.1.2.2 Competition approach: average NHRE ratio of nearby countries 

In this research, the competition approach was crystalized with the average NHRE ratio of nearby 

countries. With the countries' minds of competition, geographic proximity has an impact on policy 

adoption. Therefore, governments tend to adopt the policies practiced by nearby countries or 

countries with similar cultural and political contexts. The performance of nearby countries is 

supposed to stimulate the action of the observed government. Therefore, it was expected that the 

higher the average NHRE ratio of nearby countries, the more severe the competition pressure on 

the experimental country.  

United Nations Statistics Division divides the world into 22 geographic subgroups with an average 

of about 11 countries in each [39]. Thus, a country has ten nearby countries in its region. Moreover, 

after testing the value of the average of 168 countries' average competitors' NHRE ratio from two 

competitors to 20 competitors, this research found that maximum and minimum happened when it 

was set as six and 16 competitors. As a result, this research explored the global renewable energy 

diffusion under the assumption that countries regard six, ten, and 16 nearby countries as 

competitors simultaneously. The calculation was based on the dataset of the US Energy 

Information Administration (EIA). 
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H2: Average competitors' NHRE ratio positively correlates with the NHRE ratio.   

3.1.2.3 Coercion approach: the ratio of dependence on export 

The ratio of dependence on export was the measurement for the coercion approach in the study. 

According to the previous research, coercion is usually executed by the powerful upper institution 

or disguised as conditional aid and donation from countries or institutions. However, neither is 

there a global agent and institution that can force nations to commit to renewable energy 

implementation, nor could we access the dataset of aid and donation of renewable energy plans for 

each analyzed country. Hence, we searched for alternatives then decided to use the ratio of 

dependence on export to measure the coercion approach. The connection between the coercion 

approach and export is that some countries have proposed the initiative, CBAM, to regulate 

imported goods to force the exporting countries to reduce carbon emission. Besides, more and 

more people, customers, and investors are concerned about the company's social responsibility.   

Carbon Border Adjustment Mechanism (CBAM), also known as carbon tariff, was proposed by 

former French president Jacques Chirac in 2007 to eliminate climate dumping from those countries 

not respecting the Kyoto Protocol and not limited carbon emission. To protect the goods already 

bearing carbon tax and urge carbon policies in countries not limiting emission, carbon tariff could 

add taxes on imported goods that do not meet the international carbon emission standard in 

production [40]. The effect of carbon tariffs to avoid carbon leakage and reduce global carbon 

emission has been approved by modeling simulations [41-43]. Besides, the United States House 

of Representatives once passed The American Clean Energy and Security Act 2009, including the 

carbon tariff, but the act was not proposed to United States Senate [42]. Furthermore, in December 

2019, European Union approved Green Deal revealing that CBAM should be programmed by June 

2021 [44].  

Apart from governments' efforts, there are civil actions from nongovernmental organizations and 

individuals to press manufacturers and producers to manage carbon emission. Carbon Disclosure 

Project since 2000 and RE 100 since 2014 are two well-known initiatives gathering public 

awareness to urge industries and firms, especially international enterprises and manufacturers in 

the global supply chain, to take actions on carbon reduction. These two initiatives first started in 

western countries, especially the United States and EU, where they have a dominant import share 

of the globe. Although tax or sanction for carbon emission on imported goods has not been 
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executed in any country, it has formed pressures on the exporting sector in countries by the 

possibility of losing competitiveness if the carbon emission amount from manufacturing cannot 

meet the regulation. Exporting countries are supposed to have been influenced by the potential 

implementation of the carbon tax and the growing global civil concern to the responsibility of 

industries. Accordingly, the ratio of dependence on export was not a perfect but accepted proxy 

for the coercion approach. The global data was extracted from World Bank, and the data of Taiwan 

is from the Ministry of Finance, ROC. 

H3: Ratio of dependence on export positively correlates with the NHRE ratio. 

3.1.2.4 Citizen pressure approach: the voice and accountability indicator 

The voice and accountability indicator in The Worldwide Governance Indicators was the proxy to 

capture the spirit of citizen pressure. Citizen pressure is an internal approach to deliver people's 

demands and appeals to impact governmental decision-making. This indicator captures 

perceptions of the extent to which a country's citizens can participate in selecting their government, 

freedom of expression, freedom of association, and free media [45]. In other words, the openness 

to the rights of expression and civic engagement could be presented by this indicator. Although 

people's preference for energy sources and awareness of environmental issues are formed with 

personal context and experience, and many stakeholders are involved in energy transition, the 

endorsement of clean energy has risen worldwide. The expression right and media freedom play a 

role in delivering information and opinion from all kinds of parties and groups.  

Besides, existing literature noted that novel policies in other countries would stimulate citizens' 

expectation of adopting the same policies because novel policies imply progress and better 

livelihood. For example, suppose citizens can access diverse energy issues, freely express their 

perspectives, and own a tunnel to monitor government. In that case, it is expected that the citizens 

would prefer to adopt renewable energy. The voice and accountability indicator could measure the 

citizen-government interaction in this research. The hand has been updated annually since 2002, 

and its score ranges from approximately -2.5 to 2.5. The higher score indicates that citizens' 

express freedom and accountability to the government perform better.   

H4: Voice and accountability indicator positively correlates with the NHRE ratio. 
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3.1.3 Internal factors 

3.1.3.1 Economic status  

Socioeconomic factors are essential when observing environmental and technological change [46]. 

In this study, GDP per capita was the factor to measure the economic status of nations.  The nation's 

income level plays a vital role in all aspects of a nation, including policy adoption, especially 

policy requiring innovative technology. Besides, GDP per capita is used to measure the economic 

development in a country and is recognized as an internal factor positively correlated with 

renewable energy adoption [35, 36]. Renewable energy policy implementations need technologies 

and funds, not only knowledge and governmental capacity.  

Because of the importance of the economic situation to novel policy adoption, it was necessary to 

include GDP per capita in this research to consider access to technologies and funds. However, 

there was a trivial technical concern about the adjustment of GDP to be clarified. Purchasing power 

parity (PPP) is an approach to remove the national price level's impact on the unadjusted gross 

domestic product (GDP) among all countries. Therefore, the GDP adjusted by PPP can lead to a 

more appropriate comparison. Thus, PPP $ of GDP per capita was applied to measure the economic 

status, and the data was from International Monetary Fund (IMF). 

H5: Economic status positively correlates with the NHRE ratio. 

3.1.3.2 Carbon intensity  

Carbon intensity was represented by carbon emission per GDP, demonstrating the price of 

economic achievement in terms of carbon emission. The carbon emission level is one of the 

prevalent factors that is kept in renewable energy diffusion research. Although its correlation with 

renewable energy development is not consistent among previous analyses, the CO2 emission level 

is still a significant indicator of renewable implementation [33, 36, 47, 48]. In the earlier literature, 

carbon emission level is measured chiefly by two forms. One is carbon emission per capita, and 

the other one is carbon emission per GDP. This research prefers the latter to the former since 

carbon emission raising mainly results from economic activities, not demographic change.  

As a result, this research used carbon emission (kg) per PPP $ of GDP to detect production's carbon 

emission intensity. In other words, it was a measurement of the characteristic of the nation's 

industries in terms of carbon emission. Supposedly, countries with an industrial structure with 

higher carbon intensity face more substantial pressure to adjust their production process. And one 
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way of adjustment is to reduce carbon emission by transiting to renewable energy. The global data 

was from World Bank, and carbon emissions in Taiwan and PPP $ of Taiwan's GDP were from 

the Bureau of Energy, ROC, and International Monetary Fund (IMF).  

H6: Carbon intensity positively correlates with the NHRE ratio. 

3.1.3.3 Political stability 

This study used the political stability and absence of violence/terrorism indicator to demonstrate 

political stability. Polity stability is necessary for sustainable growth and investment inflow to 

renewable energy markets for countries [49, 50]. For example, a study identified that solar power 

investment in North Africa was obstructed because of the investors' concern of three risks: 

regulatory, political, and force majeure [51].  Besides, the administrative performance could be 

shaped by political stability because officers might prioritize their interests and the policy 

contiguity is weak when turmoil is here [52].  Institutional strength positively impacts 

environmental quality, public education quality, and economic growth [53, 54].  

Renewable energy implementation is the type of policy that requires long-term input and needs 

decades to allocating and bring outcome. Stable political status is helpful to adopt renewable 

energy policies and construct related infrastructures. Therefore, it was necessary to consider 

political stability in this research. The political stability and absence of violence/terrorism indicator 

measured perceptions of the likelihood of political instability and politically motivated violence, 

including terrorism [45]. This indicator is in The Worldwide Governance Indicators from World 

Bank and has been updated annually since 2002. Its score ranges from approximately -2.5 to 2.5. 

A higher score suggests that the polity is more stable.  

H7: Political stability indicator positively correlates with the NHRE ratio. 
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Table 2: Operationalization and source for each variable 

Variable Operationalization Source 

NHRE ratio The percentage of non-hydro 

renewable electricity generation in 

total electricity generation 

US Environmental Information 

Agency 

Learning 

approach 

The number of memberships in the 

16 listed intergovernmental 

organizations 

16 IGOs' website (Author's 

calculation) 

Competition 

approach 

The average of the six, ten, 16 

nearest countries' NHRE ratio 

US Environmental Information 

Agency (Author's calculation) 

Coercion 

approach 

The percentage of export value in 

gross domestic product 

World Bank / Ministry of Finance, 

ROC. 

Citizen pressure 

approach 

The voice and accountability 

indicator 

Worldwide Governance Indicators 

from World Bank 

Economic status GDP per capita (PPP $) International Monetary Fund 

Carbon intensity Carbon emission (kg) per GDP 

(PPP $) 

World Bank / Bureau of Energy, 

ROC / International Monetary Fund 

Political stability The political stability and absence 

of violence/terrorism indicator 

Worldwide Governance Indicators 

from World Bank 

 

3.2 Statistical Method 

3.2.1 Fixed Effect Model: Least Squares Dummy Variable Model (LSDV) 

The fixed-effect model is a preferred model to process panel data since it can simultaneously 

capture the cross-sectional and time-series in panel data [55]. By contrast, Ordinary Least Squares 

(OLS) probably cannot deals with panel data properly for suffering from result inefficiency. The 

fixed-effect model assumes that the similarity is diminutive in population, and hence the individual 

differences among all observed objects in the population are included as samples. Based on the 

assumption, this model embodies individual discrepancies in individual structure by respective 

intercepts but the same slope and constant variance across individuals [56]. Take this research as 

an example. The fixed-effect model allows every country to have its intercept to consider the 

unique feature of the country. As a result, the country is presented with a dummy variable in 

operation, and thus fixed effect model is also known as Least Squares Dummy Variable Model 

(LSDV).  

The panel data in this research was for analyzing renewable energy diffusion approaches under the 

long-term period. According to the discussion above, the data was processed Least Squares 

Dummy Variable Model (LSDV) to adjust individual differences among countries. Equation (1) 
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interprets the operation of the LSDV model for the goal of this research. Compared to the Ordinary 

Least Squares (OLS), the LSDV model included variables g1-g135 which were group dummy 

variables to eliminate the impacts generated by the omitted variables sourced from the countries' 

differences. The LSDV model was performed using STATA 15.0.    

Yi = β0 + β1X1i + β2X2i + β3X3i + β4X4i + β5X5i + β6X6i + β7X7i + u1g1 + u2g2 + …… + u135g135 + εi 

(1) 

Y: NHRE ratio, X1: Learning, X2: Competition, X3: Coercion, X4: Citizen pressure, 

X5: Economic status, X6: Carbon intensity, X7: Political stability, g1-g135: The group dummies 

3.2.2 Geographically Weighted Regression (GWR) 

The methods of previous research on renewable energy policy diffusion and renewable energy 

development focused on global statistics instead of local statistics. The nature of global statistics 

is that the value of every statistic is sole [57]. Its result is processed under consideration of the 

average situation of all observed subjects and is interpreted with each experimental subject sharing 

sole value. Local statistics, by contrast, generates tailored statistics for each experimental subject. 

To put it another way, local statistics will be different and mirror the characteristics of a location 

as the observed location changes.  Besides, local statistics have advantages that global statistics do 

not have. For example, mapping statistics and processing with geographical information systems 

could be done with local statistics but not with global statistics [27]. With a geographic information 

system, data accompanied by spatially location information can be transformed into the formation 

of a map to probe the spatial distribution of data [58]. Geographically Weighted Regression (GWR) 

is the spatial regression that can capture the spatial location consideration and provide local 

statistics.   

One purpose of this research was to explore the different intensity of the correlations between 

global renewable energy diffusion and theorized policy diffusion approaches among regions. With 

Geographically Weighted Regression (GWR), the spatial heterogeneity of the intensity of the 

correlation between renewable energy policy performance and policy diffusion approaches could 

be brought out. For instance, whether the magnitudes of the coefficient of the learning approach 

are different in Europe and Asia? And are the intensity-categorized coefficients spatially clustered? 

With Geographically Weighted Regression (GWR), it was assumed that the countries in a specific 
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bandwidth would influence the observed country. And the influence of each country in the 

bandwidth was weighted based on its distance to the observed country. In other words, the nearer 

country was given a more significant weighting. As a result, the values of coefficients would 

fluctuate when the observed country was different.    

In this research, Geographically Weighted Regression (GWR) was used to regress the cross-

sectional data of the year 2016. The model specification was noted below as equation (2). GWR 

gave different weighting on the influence of other countries depending on their distance to the 

observed country. Therefore, each explanatory variable would have local coefficients for each 

country instead of the sole global coefficient. After cartographic work, continuous spatial 

heterogeneity and regional disparity were expected to be revealed. The application ArcGIS 10.2 

operated GWR models in the present study.   

Yi = β0(ui,vi) + β1(ui,vi)X1i + β2(ui,vi)X2i + β3(ui,vi) X3i + β4(ui,vi) X4i + β5(ui,vi)X5i + β6(ui,vi)X6i + 

β7(ui,vi)X7i + εi    (2) 

Y: NHRE ratio, X1: Learning, X2: Competition, X3: Coercion, X4: Citizen pressure,  

X5: Economic status, X6: Carbon intensity, X7: Political stability,  

(ui,vi): The geographical coordinates  
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4 Result and Discussion 

Table 3 below presents the descriptive statistics of variables in 2009, 2016, the time interval from 

2009 to 2016, and the average value of the study time interval. The mean of NHRE ratio was 

higher in 2016 than in 2009, which means that renewable energy performance was generally 

getting better globally. However, the maximum NHRE ratio not occurred in 2016, which suggested 

that the NHRE ratio fluctuated because the growth of total electricity generation was more 

significant than the growth of non-hydro electricity generation. In 2016, the minimum was 0%, 

and the maximum was almost 64% for non-hydro renewable electricity generation proportion. 

According to the quantile maps of the NHRE ratio in 2009 and 2016 (see Figure 2), the spatial 

distribution pattern did not change much. Northern and western Europe had a higher NHRE ratio, 

and Africa and Asia generally had a poor NHRE ratio in both years. 

The mean of the learning approach had increased from 6.42 in 2009 to 7.25 in 2016. Countries' 

membership of related organizations had grown. Figure 3 exhibits the spatial distribution of the 

learning approach. The most distinct change was that the learning approach performance of most 

countries in Africa got rusty in 2016 compared to other countries. Compared to 2009, the means 

of all three competition approaches increased in 2016. It could be inferred that the NHRE ratio of 

neighboring countries was getting better, and thus the strength of the competition approach on the 

observed countries was more muscular as time went by. In the light of Figures 4 to 6, the 

distribution patterns of the competition approach under different competitor amounts were highly 

similar. Competition pressure became higher generally worldwide, especially in Eastern Europe.  

The means of the coercion approach were similar in 2009 and 2016. The coercion approach was 

measured with the ratio of dependence on export. This measurement could be higher than 100% 

because of the omission of the adjustment by import. The value of coercion was not necessarily 

growing but fluctuating with time since the export and GDP were ever-changing. Its distributions 

were roughly similar between 2009 and 2016, but the magnitude of coercion got relatively more 

minor in Africa (see Figure 7). As to the last policy diffusion approach, the means of the citizen 

pressure approach were alike in 2009 and 2016. In the light of Figure 8, the distribution pattern 

did not change obviously between years. Citizen pressure was more substantial in Northern 

America and Europe but weaker in Africa and Asia. 
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The mean of economic status had risen from 17,742 PPP$ per capita in 2009 to 20,787 PPP$ per 

capita in 2016. On the basis of Figure 9, economic statuses were enhanced widely, and their values 

floated because of economic unsteady and price fluctuation. The quantile distributions were similar 

between two years, only that very few countries had a dramatic downturn, for instance, Libya 

suffering from political turmoil and civil war since 2011. Moreover, compared to 2009, carbon 

intensity was lower in 2016, implying that human economic activity was efficient in carbon 

emissions. One unit of economic output produced less carbon emission in 2016 than in 2019. 

Carbon intensity was roughly higher in Asia, and its distributions were similar between 2009 and 

2016 (see Figure 10). Lastly, the means of political stability were close between 2009 and 2016. 

Figure 11 suggests that polity was generally less stable in 2016 than in 2009. Still, the pattern of 

quantile distribution did not change much. The politic was most settled in Northern and Western 

Europe and least steady in Northern and Middle Africa.
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Table 3: Descriptive statistics of the variables 

 2009 (Obs= 168) 2016 (Obs=168) 

Variable Min Max Mean Std. Dev. Min Max Mean Std. Dev. 

NHRE ratio 0.000 31.092 3.347 6.290 0.000 63.900 8.021 11.898 

Learning approach 0.000 11.500 6.420 1.977 0.000 13.000 7.250 2.303 

Competition approach  

(six competitors) 
0.004 15.653 3.346 3.800 0.063 31.141 8.240 8.385 

Competition approach 

(ten competitors) 
0.011 13.490 3.112 3.206 0.469 29.298 7.675 7.099 

Competition approach 

(16 competitors) 
0.098 11.224 2.928 2.491 0.596 23.287 7.512 5.758 

Coercion approach 0.103 190.845 39.829 28.148 5.867 213.036 40.962 30.129 

Citizen pressure approach -2.173 1.555 -0.039 0.976 -2.171 1.665 0.000 0.954 

Economic Status 520 127921 17742 19566 832 111757 20787 20932 

Carbon intensity 0.035 1.114 0.255 0.173 0.027 0.900 0.220 0.145 

Political stability -2.713 1.460 -0.066 0.968 -2.671 1.519 -0.046 0.928 

 2009-2016 (Obs= 1344) The average of 8 years (Obs=168) 

Variable Min Max Mean Std. Dev. Min Max Mean Std. Dev. 

NHRE ratio 0.000 69.299 5.519 9.138 0.000 50.596 5.519 8.538 

Learning approach 0.000 13.000 6.910 2.238 0.000 12.688 6.910 2.199 

Competition approach  

(six competitors) 
0.004 31.141 5.680 6.468 0.040 24.333 5.680 6.029 

Competition approach 

(ten competitors) 
0.011 29.298 5.278 5.570 0.142 21.160 5.278 5.172 

Competition approach 

(16 competitors) 
0.098 23.287 5.111 4.579 0.325 17.095 5.111 4.154 

Coercion approach 0.099 221.610 43.046 30.825 7.986 203.722 43.046 30.325 

Citizen pressure approach -2.259 1.738 -0.021 0.964 -2.178 1.659 -0.021 0.959 

Economic Status 521 169699 19776 21960 658 136684 19776 21679 

Carbon intensity 0.014 1.435 0.236 0.161 0.025 1.010 0.236 0.155 

Political stability -2.810 1.525 -0.052 0.942 -2.597 1.392 -0.052 0.916 
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a) The year 2009 

b) The year 2016 

c) The average value of eight years 

Figure 2: Quantile map of the NHRE ratio 
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a) The year 2009 

b) The year 2016 

c) The average value of eight years 

Figure 3: Quantile map of the learning approach 
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a) The year 2009 

b) The year 2016 

c) The average value of eight years  

Figure 4: Quantile map of the competition approach (six competitors) 
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a) The year 2009 

b) The year 2016 

c) The average value of eight years  

Figure 5: Quantile map of the competition approach (ten competitors) 
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a) The year 2009 

b) The year 2016 

c) The average value of eight years 

Figure 6: Quantile map of the competition approach (16 competitors) 
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a) The year 2009 

b) The year 2016 

 
c) The average value of eight years 

Figure 7: Quantile map of the coercion approach 
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a) The year 2009 

b) The year 2016 

 
c) The average value of eight years 

Figure 8: Quantile map of the citizen pressure approach 
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a) The year 2009 

b) The year 2016 

 
c) The average value of eight years 

Figure 9: Quantile map of economic status 
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a) The year 2009 

b) The year 2016 

 
c) The average value of eight years 

Figure 10: Quantile map of carbon intensity 
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a) The year 2009 

b) The year 2016 

 
c) The average value of eight years 

Figure 11: Quantile map of political stability 
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For the spatial analysis with Geographically Weighted Regression, it is required to find the cross-

sectional data representing the time interval from 2009 to 2016. To mitigate the changes among 

years from 2009 to 2016 and bring the representative situation of these eight years, we calculated 

the average values using data of the time interval in this study. The quantile maps based on the 

average value are displayed from Figure 2 c) to Figure 11 c). As shown in the quantile maps, the 

spatial distributions were similar to 2009 and 2016. The result indicates that the spatial 

distributions of the average value were consistent with 2009 and 2016; this time interval's average 

value did not distort the nature of the spatial distribution. Therefore, this study applied the average 

value of the eight years as the representative for the spatial analysis.  

Moreover, Figure 12 demonstrates Box plots a) to j) to examine the difference among countries 

and distinguish the outliers. NHRE ratio was generally higher in Europe and lower in Central and 

Western Asia and Africa. According to the box plot a), there were 20 upper outliers for NHRE 

ratio: five in Central America, one in South America, five in Northern Europe, three in Southern 

Europe, two in Western Europe, two in Eastern Africa, one in Southern Africa, and one in Oceania. 

The top three countries were Denmark: 50.6%, Nicaragua: 35.2%, and Kenya:31.6%. Thus, 

although the NHRE ratio was generally higher in Europe, the countries with the highest value were 

not all European countries. 

The learning approach was higher in Europe and not had a prominent lower cluster. The box plot 

b) suggests 17 upper outliers and five lower outliers. There were three in Eastern Europe for upper 

outliers, five in Northern Europe, two in Southern Europe, four in western Europe, two in Eastern 

Asia, and one in Oceania. As to lower outliers, three in Asia, one in South America, and one in 

Oceania. Finland, Sweden, and Germany occupied the first three places with the same score of 

12.7. The countries and territories with the least score were Taiwan: 0, Aruba: 0, Hong Kong: 0.5, 

Macau: 0.5, and Nauru: 3.1.  

In the light of Figure 4 to Figure 6, the spatial distributions of the competition approach with 

different numbers of competitors were consistent for the average value of eight years. In other 

words, the number of competitors did not change the result of spatial distribution. The average 

value was higher in North and Central America, Northern and Western Europe, and lower in 

Western and Central Africa and Asia. The competition approaches considering six, ten, and 16 

competitors respectively had nine, 13, and four outliers (see the box plot c) – e)). For the 
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competition approach considering six competitors, six outliers located in Central America, two 

outliers located in Northern Europe, and one outlier located in Western Europe. About outliers of 

the competition approach with ten competitors, one in Northern America, two in Central America, 

five in Northern Europe, three in Western Europe, and two in Oceania. As to outliers of the 

competition approach with 16 competitors, three were in Northern Europe, and one was in Western 

Europe. Although the spatial distributions with four classes were similar among the three 

competition approaches, the outlier countries differed. The first four places were Mexico: 24.3%, 

Honduras: 22.7%, Norway: 21.3%, Costa Rica: 21.1% for the competition approach with six 

competitors; Iceland:21.2%, Ireland:20.3%, United Kingdom:20.2%, and France: 19.6% for the 

competition approach with ten competitors; United Kingdom: 17.1%, Ireland:17.1%, France: 

16.3%, and Iceland: 16.2% for the competition approach with 16 competitors.  

Based on map c) in Figure 7, the coercion approach was lower in Central and South Asia and 

America. Besides, the box plot f) suggests five upper outliers: Hong Kong: 204%, 

Luxembourg:193%, Singapore: 190%, Malta: 155%, and Ireland: 108%. The map c) in Figure 8 

shows that citizen pressure was higher in Europe and North America and was lower in Central and 

Western Asia and North and Central Africa. No outlier for the citizen pressure. Countries with the 

highest scores are all located in Europe: Norway, Sweden, Switzerland, Luxembourg, and 

Denmark. Meanwhile, Turkmenistan, Uzbekistan, Equatorial Guinea, Saudi Arabia, and Sudan 

had the lowest scores.  

Map c) in Figure 9 displays that economic status was lowest in Africa and South and Central Asia. 

The upper outliers were Qatar, Macau, Luxembourg, Singapore, Baker Island, and the United Arab 

Emirates (see the box plot h)). Figure 10 - map c) shows that carbon intensity was higher in Central 

Asia and lower in Western and Middle Africa. There were 13 upper outliers: two in Africa, six in 

Asia, four in Europe, and one in Oceania. The first five places were Turkmenistan, Mongolia, 

South Africa, Kazakhstan, and China. Lastly, political stability was better in Northern and Western 

Europe and Northern America. It was worse in South and Western Asia, Northern, Western and 

Middle Africa (see map c) in Figure 11). Luxembourg, New Zealand, and Switzerland were the 

most politically stable countries, and Pakistan, Afghanistan, Sudan were the least settled.  
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a) Non-hydro renewable electricity ratio 

 
b) Learning approach 

 
c) Competition approach (six competitors) 

 
d) Competition approach (ten competitors) 

Figure 12: Box plots of the variables (1/3) 
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e) Competition approach (16 competitors) 

 
f) Coercion approach 

 
g) Citizen pressure approach 

 
h) Economic Status 

Figure 12: Box plots of the variables (2/3) 
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i) Carbon intensity 

 
j) Political stability 

Figure 12: Box plots of the variables (3/3) 

 

4.1 Output of LSDV 

This research analyzed the panel data with pooled OLS models and LSDV models under the 

condition that the competition approach respectively considered six, ten, and 16 nearest countries 

as competitors. The likelihood ratio tests (F-test) of three LSDV models resulted in probability > 

F = 0.000. Because the null hypothesis of the F-test was rejected for all three LSDV models, fixed 

effect models were favored over OLS models. As shown in Table 4, LSDV models performed 

better than OLS models since adjusting R-squareds were higher, and AICs were lower with LSDV 

models.  

According to the results of LSDV models, the learning approach, the competition approach, and 

the coercion approach significantly positively correlated with the NHRE ratio, given any number 

of competitors. By contrast, carbon intensity significantly negatively correlated with the NHRE 

ratio under three different competitor amounts. Besides, there was a significant positive correlation 

between economic status and NHRE ratio when the number of country's competitors was six and 
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16. Thus, three LSDV models considering different competitor amounts brought highly similar 

outcomes. Therefore, it could be inferred that the competition approach is genuinely working.  

 

Table 4: Output of Pooled OLS & LSDV (The Year 2009-2016) 

 Pooled OLS 2009-16 LSDV 2009-16 

Number of 

Competitor 
N=6 N=10 N=16 N=6 N=10 N=16 

Learning 

approach 
0.511*** 0.601*** 0.582*** 0.762*** 0.823*** 0.701*** 

Competition 

approach 
0.520*** 0.482*** 0.571*** 0.591*** 0.643*** 0.731*** 

Coercion 

approach 
0.009 0.011 0.009 0.055*** 0.054*** 0.042** 

Citizen pressure 

approach 
1.696*** 1.850*** 1.769*** -0.191 -0.379 -0.430 

Economic status -0.003 -0.006 0.052 0.481* 0.432 0.494* 

Carbon intensity -6.590*** -6.961*** -6.919*** -6.726*** -6.905*** -5.843** 

Political stability -0.001 -0.054 -0.154 0.153 -0.039 -0.010 

Intercept 0.264 0.059 -0.229 -2.666 -3.667 -3.163 

R-squared 0.336 0.298 0.288 0.910 0.908 0.909 

Adj R-squared 0.332 0.294 0.285 0.896 0.894 0.896 

AIC 9227 9302 9319 6878 6902 6888 

The likelihood 

ratio tests 

(Prob>F) 

   0 0 0 

*p < .05   ** p < .01   *** p < 0.001 

 

Four policy diffusion approaches  

According to the statistics of the learning approach, it suggests that owing one more membership 

in related IGO increased 0.76, 0.82, or 0.7 percentage in NHRE ratio (p < 0.001), depending on 

competitor amount in the competition approach (6, 10, and 16, respectively). The finding lends 

some credence to the hypothesis that the learning approach positively correlates with renewable 

energy  performance [32, 33]. This finding also implies that the learning approach has a positive 

impact on global renewable energy diffusion. Countries would adopt the new policy after learning 
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from other members and influenced by intergovernmental organizations. The intergovernmental 

institution plays a role as information deliverers and knowledge consultants to latecomers. 

Countries can access the know-how and assistance through active participation in 

intergovernmental interflow.  

As to the competition approach, the result tells that one additional percent in the average of six, 

ten, or 16 nearest countries' NHRE ratio would increase by 0.59, 0.64, or 0.73 percent in the NHRE 

ratio of the observed countries (p < 0.001). Therefore, it is reasonable that the competition 

approach could achieve an increased NHRE ratio. The positive relation indicates that the fear of 

lag behind and the awareness of nearby countries' actions might keep countries improving non-

hydro renewable electricity generation progress. This finding echoes those of previous 

observational studies [33, 36]. The action and performance of nearby countries could generate the 

momentum of adopting renewable energy and create healthy competition.  

The coercion approach positively correlated with renewable energy performance. One percent 

raised in the ratio of dependence on export led to a 0.055, 0.054, or 0.042 percent increase in the 

NHRE ratio (p < 0.001 or p <0.01). The finding is in contradiction with that of the empirical studies 

discussed above [35, 37]. This result could be explained by that the threat of potential extra 

producing cost in the future might suppress countries to deploy preparation for developing 

renewable energy. The possible reason that the correlation was not significantly and positively 

correlated in previous studies is its operationalization. Previous studies used the loan from World 

Bank and EU membership as the coercion approach, which fulfilled the spirit of coercion approach, 

but the data was not delicate enough. For instance, the data of the World Bank loan was a general 

loan, not the loan related to renewable energy only.  

The correlation between the citizen pressure approach and the NHRE ratio was negative and not 

statistically significant. The additional one score in the voice and accountability indicator would 

make a 0.19, 0.38, or 0.43 percentage decrease in the NHRE ratio. Thus, the result does not favor 

the original hypothesis that the citizen pressure approach positively correlates with the NHRE ratio. 

On the contrary, the result proposes that citizen pressure presumably negatively impacts renewable 

energy policy diffusion worldwide. The answer probably implies that a higher degree of 

accountability and expression freedom might make public consensus harder to achieve. Thus, the 

government encounters more problems in adopting a renewable energy policy. Besides, it could 
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also be explained that the positive correlation between the NHRE ratio and the citizen pressure 

approach might exist when the value of citizen pressure is within a threshold but might turn to be 

harmful beyond some point.    

Internal factors 

Economic status was correlated with the NHRE ratio when the number of competitors was six and 

16 (p < 0.05). The original coefficient was too small to be displayed. Therefore, the coefficient of 

economic status in Table 4 was the actual coefficient multiplied by 10,000. The interpretation 

turned to be based on the new unit: 10,000 international dollars in GDP per capita. An additional 

10,000 international dollars in GDP per capita would increase 0.48 or 0.49 percentage in the NHRE 

ratio. The result is in substantial agreement with Pfeiffer and Mulder (2013) and Fadly and Fontes 

(2019). Thus, it is possible to ascertain the importance of domestic economic capacity on 

international renewable energy adoption. It would be challenging to apply renewable energy 

policies and new technologies which require long-term deployment with money and advanced 

techniques if countries are not equipped with a satisfying economic condition or even suffer from 

basic demands.  

Carbon intensity was negatively correlated with the NHRE ratio. One additional carbon emission 

(kg) per PPP $ of GDP decreased 6.7, 6.9 or 5.8 percentage in NHRE ratio (p < 0.001 or p < 0.01). 

This result is opposed to the original hypothesis based on previous studies [32, 36].On the contrary, 

it speculated that industrial structures with higher carbon intensity might make it more difficult to 

achieve energy transition by countries. Economic structure with higher carbon intensity hindered 

the progress of renewable energy development because the economic structure relies on fossil fuel 

more or requires more energy. And the dependence on fossil fuel or less efficient production is the 

obstacle to the energy transition since the risk, and the opposition of the energy transition might 

be higher.  

Lastly, political stability was not statistically significantly correlated with the NHRE ratio, and the 

directions of correlation were inconsistent among the three LSDV models. This inconsistency and 

insignificance probably resulted from the value of the political stability indicator was constructed 

by ranking. It was expected that political stability was an essential factor to support the novel 

policy adoption, especially for policies requiring long-term input. However, this study did not get 
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the evidence for the hypothesis. Therefore, the association between political stability and the 

NHRE ratio remains unknown. 

4.2 Output of GWR 

A geographically weighted regression model can process cross-sectional data but not panel data. 

However, there were eight years in the dataset, and any single year cannot represent other years. 

Thus, this study rebuilt the data and calculated the average values with data from 2009 to 2016. 

The purpose of building the average value is to represent the general situation of these eight years. 

Therefore, this research used the average value of eight years as the representative data for 

operating spatial analysis. Table 5 demonstrates that the output of OLS models and GWR models.  

AIC and Adj R-squared were close between OLS models and GWR models. It indicates that the 

explanatory powers of these two models in this research were not different. Although OLS models 

and GWR models' performances are similar, GWR models' outcome still has the advantage to 

visualize data and provide further regional disparity analysis.  

As shown in Table 5, in all three GWR models, the learning approach, the competition approach, 

and the citizen pressure approach positively correlated with the NHHR ratio for all observed 

countries. By contrast, carbon intensity was negatively associated with the NHRE ratio no matter 

how many competitors were included. However, the local coefficients of the coercion approach, 

economic status, and political stability were positive in most countries but negative in other 

countries. For each variable, the results were generally consistent among three GWR models. The 

different number of competitors did not make the result of GWR change. The competition 

approach was working not only with LSDV models but also with GWR models.  

Although the change of competitor amount affected the value of the competition approach's local 

coefficients and other independent variables, the spatial distribution patterns of local coefficients 

by quantile grouping were almost similar among the three GWR models. This finding implies that 

clusters of the coefficients' intensity of variables and spatial heterogeneity were existing and did 

not change when the number of competitors was altered. On the basis of the quantile maps of local 

coefficients from the output of GWR models, the following would discuss the geographic 

distribution of local coefficients for each independent variable. Because the GWR model with six 

competitors brought the highest adjusted R-squared lowest AIC among three GWR models, the 

spatial analysis would be mainly based on the outcome of the GWR model with six competitors. 
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These local coefficients were categorized by magnitude into four groups with the natural break 

method. 

Four policy diffusion approaches 

The geographic distributions of local coefficients by quantile grouping were similar among three 

different GWR models for the learning approach. It could be distinguished that the local 

coefficients were clustered depending on the location from Figure 13. The map shows that the 

local coefficients of the learning approach were highest in Asia, Austria, and New Zealand but 

lowest in Northern, Central, and Southern America. The value of the learning approach was highest 

in Europe (see Figure 3). However, the highest class of local coefficients clustered in Asia. This 

finding suggests that a higher score learning approach score doesn't need to equal the higher effect 

of promoting non-hydro renewable electricity generation.  

Figure 14 suggests that the local coefficients of the competition approach were geographically 

clustered as well. Eastern and Southeastern Asia, and Austria and New Zealand had the lowest 

local coefficients. By contrast, the strength of correlation between the NHRE ratio of observed 

countries and that of nearby countries was highest in Northern, Central, South America, and 

Western Africa. Therefore, it could be inferred that the NHRE ratio of nearby countries positively 

impacted observed countries for adopting non-hydro renewable energy. Besides, the spatial 

distribution of the value of the competition approach (see Figure 4) and the spatial distribution of 

local coefficients were not consistent. The disparity demonstrates the impact of the competition 

approach was not always coupled with the value of the competition approach. 

Figure 15 indicates that local coefficients of the coercion approach were geographically clustered, 

which implies that different regions responded to the external intervention in various degrees of 

sensitiveness. The outcome shows that the impact of the coercion approach could be positive or 

negative. The coercion approach creates the most decisive positive influence in Northern, Central, 

and South America but was most negatively influential in Eastern and Southern Africa, Asia, 

Australia, and New Zealand. The different direction of local coefficients is the evidence for spatial 

heterogeneity. The spatial distribution patterns of the coercion approach and its local coefficient 

were very different.   
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As shown in Figure 16, all observed countries were grouped into few apparent clusters by the local 

coefficients of the citizen pressure approach. The finding reveals that the strength of the citizen 

pressure approach was most robust in Eastern and Southeastern Asia and Australia and New 

Zealand, but weakest in South Africa and Northern, Central and South America. Like the previous 

three policy diffusion approaches, the spatial distribution patterns of the citizen approach and its 

local coefficient were very different. The value of the citizen pressure approach was highest in 

Europe, but the local coefficients were largest in Eastern and Southeastern Asia and Australia, and 

New Zealand. 

Internal factors 

As to economic status, Figure 17 exhibits its local coefficients were negative in America but were 

positive in the rest of the observed countries. The intensity of its local coefficients was negative in 

Northern, Central, and Southern America. Still, it was most positive in Eastern, Middle, and 

Sothern Africa, Southeastern Asia, and Austria and New Zealand. The different direction of local 

coefficients implies that the impact of economic status had spatial heterogeneity. Interestingly, the 

local coefficients were unfavorable or less favorable in the wealthier regions, such as Northern 

America and Northern and Western Europe; but were more positive in the more impoverished 

areas, such as Africa and Southeastern Asia.  

Figure 18 shows that the geographic distributions of local coefficients of carbon intensity were 

consistent in three GWR models. The finding depicts that carbon intensity had the most substantial 

negative influence in Northern, Central, and South America but had a most negligible negative 

effect in Europe, Northern Africa, and Western and Central Asia. The spatial distribution of the 

carbon intensity and its local coefficient shared no same pattern. Therefore, there is no clear clue 

for exploring the spatial distribution trend between value and local coefficient of carbon intensity.   

Lastly, from Figure 19, political stability was like economic status; its local coefficients had 

different directions. The impact of political stability was negative in four countries: Tonga, Samoa, 

the United States, and Mexico, but was positive in the rest of the observed countries. Its impact 

was most positive in Western Africa and few countries in Europe. Due to using a natural break for 

grouping, the group with the most damaging effect of political stability contains very few countries 

and not distinct on maps. Although the political stability was less stable in Africa (see Figure 11), 

the impact of political stability was most positive in Africa.  
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According to the quantile maps, it is distinctive that these local coefficients were clustered 

geographically based on magnitudes. Table 6 summarizes the local coefficients with four classes 

by region. The region marked with class one had the highest local coefficients, and the part kept 

with class four had the lowest local coefficients. The local coefficients were generally positive, 

only were negative with class 3 and class 4 of coercion approach and class 4 of economic status.  

These local coefficients were inferred to be the intensity of the policy diffusion approaches. The 

powers of different policy diffusion approaches could not be compared with each other. In other 

words, it could not be interpreted that one approach is more or less practical than the other. Instead, 

the interpretation could be made based on comparing countries or regions with one policy diffusion 

approach or internal factor. In line with Table 6, the intensities of the four approaches vary with 

areas but not with the same pattern, which indicated that the different regions were sensitive better 

to the different approaches. On the other hand, policymakers should think about regional 

characteristics when choosing a strategy to promote renewable energy and adopt related policies.  
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Table 5: Output of OLS & GWR (The average value of 8 years) 

 

OLS  GWR 

Number of Competitor N=6 N=10 N=16 N=6 N=10 N=16 

    Min Max Min Max Min Max 

Learning approach 0.483 0.575 0.574 0.155 0.656 0.341 0.663 0.358 0.677 

Competition approach 0.494*** 0.430** 0.490** 0.380 0.583 0.417 0.528 0.420 0.592 

Coercion approach 0.006 0.008 0.007 -0.006 0.032 -0.006 0.038 -0.007 0.036 

Citizen pressure approach 1.896* 2.111* 2.070* 1.816 2.032 1.943 2.243 1.912 2.119 

Economic Status -0.018 -0.022 0.032 -0.083 0.084 -0.139 0.095 -0.084 0.162 

Carbon Intensity -6.146 -6.558 -6.706 -8.51 -4.998 -9.491 -5.240 -9.800 -5.457 

Political stability -0.033 -0.059 -0.155 -0.264 0.247 -0.306 0.222 -0.417 0.023 

Intercept 0.643 0.571 0.314 0.375 1.851 0.222 1.603 -0.033 1.029 

R-squared 0.344 0.304 0.291 0.364 0.319 0.306 

Adj R-squared 0.315 0.273 0.260 0.319 0.271 0.257 

AIC 1142 1152 1155 1145 1156 1160 

*p < .05   ** p < .01   *** p < 0.001 
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Six competitors 

Ten competitors 

16 competitors 

Figure 13: Quantile maps of local coefficients of the learning approach from GWR 
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Six competitors 

Ten competitors 

16 competitors 

Figure 14: Quantile maps of local coefficients of the competition approach from GWR 
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 Six competitors 

 
Ten competitors 

 
16 competitors 

Figure 15: Quantile maps of local coefficients of the coercion approach from GWR 
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Six competitors 

 
Ten competitors 

 
16 competitors 

Figure 16: Quantile maps of local coefficients of the citizen pressure approach from GWR 
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Six competitors  

 
Ten competitors 

 
16 competitors 

Figure 17: Quantile maps of local coefficients of economic status from GWR 
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Six competitors 

 
Ten competitors 

 
16 competitors 

Figure 18: Quantile maps of local coefficients of carbon intensity from GWR 
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Six competitors 

 
Ten competitors 

 
16 competitors 

Figure 19: Quantile maps of local coefficients of political stability from GWR 
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Table 6: The summary of the intensity of local coefficients for each independent variable across regions 

Region America Europe Africa Asia  

Sub-region N C S N W S E N W E S M W C S E SE A&N 

Learning 

approach 
4 4 4 3 3 3 2 2-3 3 2 2 2 2 1 1 1 1 1 

Competition 

approach 
1 1 1 2 2 2 2 2-3 1-2 3 3 2-3 3 3 3-4 4 4 4 

Coercion 

approach 
1 1 1 3 3 2-3 3 3 2-3 4 4 3-4 4 4 4 4 4 4 

Citizen pressure 

approach 
4 4 4 1 2 2 2 2 3 3 3 3 2 2 2 1 1 1 

Economic status 4 4 4 3 3 3 3 2 1-2 1 1 1-2 2 2 2 2 1 1 

Carbon intensity 4 4 4 1 1 1 1 1-2 2-3 2 2-3 2 1 1 1-2 2 2 3 

Political stability 3 3 3 2 2 1-2 2 1-2 1 2 2 2 3 3 3 3 3 3 

1: Class with the highest value | 4: Class with the lowest value  

N: Northern | C: Central | S: Southern | W: Western | E: Eastern | M: Middle | SE: Southeastern | A&N: Australia and New Zealand 

Class 3 & 4 in coercion approach and class 4 in economic status were negative. 
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5 Conclusion and Implication  

To sum up, the present study is a preliminary exploration of the factors affecting global renewable 

energy diffusion, and its relevance to spatial analysis can also be seen. With LSDV models, a 

notable finding is that the learning approach, the competition approach, and the coercion approach 

were positively correlated with global non-hydro renewable energy adoption. Besides, economic 

status was positively correlated, and carbon intensity was negatively associated with nations’ non-

hydro renewable electricity generation. However, this study did not bring statistical evidence for 

the impacts of the citizen pressure approach and political stability. The result indicates that global 

renewable energy was promoted by the learning approach, the competition approach, and the 

coercion approach, but perhaps be hindered by citizen pressure for the long term.  

The result reveals the process of promoting renewable energy worldwide during the time interval 

from 2009 to 2016. Firstly, countries adopted renewable energy by joining intergovernmental 

organizations and learning from other actors. Secondly, the spirit of competition provoked the 

nation’s renewable electricity generation. Governments have to respond to the actions of nearby 

countries to avoid falling behind. Thirdly, the coercive power from the globalized economic model 

and international supply chain forced countries to develop renewable energy. Lastly, to deploy 

renewable energy, well developed economic status was crucial as renewable energy is a significant 

construction project. In short, for accelerating renewable energy generation, making good use of 

the learning approach, the competition approach, and the coercion approach will be the feasible 

measurement.  

On the other hand, a chief finding, brought by spatial analysis, is that the clustering effect of 

magnitudes of all local coefficients could be observed for all four policy diffusion approaches and 

internal factors. The learning approach was more efficient in most of Africa, Asia, Austria, and 

New Zealand. The competition approach and the coercion approach were more efficient in 

America and Europe. The effectiveness was higher in Europe, Asia, Austria, and New Zealand for 

the citizen pressure. Besides, it was more influential in Africa, Asia, Austria, and New Zealand for 

economic status. Carbon intensity was the most harmful in the whole of America. Political stability 

was more potent in Europe and Africa. The spatial clustering of the power of each policy approach 

can be reasoned that nearby nations' similar socioeconomic or geographic characteristics might be 
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attributed to an equivalent level of sensitiveness to each policy diffusion of nearby countries. But 

it remains undefined what are those shared national features related to the regional disparity.  

Besides, the directions of local coefficients were different among countries for the coercion 

approach, economic status, and political stability. The outcome explains that the spatial 

heterogeneity occurred in the impact of factors on renewable energy adoption. An approach or 

factor had a beneficial effect on some parts of the world but caused a hindering influence on the 

other parts of the world. For example, for increasing non-hydro renewable electricity, the coercion 

approach was helpful in America, few countries in Europe and Africa, but was harmful in the rest 

of the world.  By contrast, economic status negatively affects America’s NHRE but was benign in 

other parts of the world. Moreover, factors’ value and the magnitude of its local coefficients were 

inconsistent in spatial distribution with quantile maps. For example, the score of the learning 

approach was higher in Europe than in Africa, but the influence of the learning approach was more 

effective in Africa than in Europe.  

The finding of this study is the cornerstone for designing a strategy for promoting renewable 

energy. The NHRE ratio was more inferior in Africa and Asia. For Africa, enhancing the learning 

approach, economic status, and political stability should be prioritized because these three factors 

were generally more efficient in most Africa. Therefore, the governments in Africa should actively 

become members of related intergovernmental organizations, increase national income, and 

stabilize domestic polity to accelerate renewable energy development. In Asia, especially Western, 

Central, and South Asia, the more efficient approaches were the learning approach, the citizen 

pressure approach, and Economic status. Accordingly, countries in Asia should participate in 

related intergovernmental organizations, improve the national economy, and enhance civic 

participation in public affairs and governmental accountability.  

The findings contribute to the field's understanding of policy diffusion approaches acting on 

worldwide renewable energy adoption. They will allow us to study the spread of innovative policy 

and also be applied to improve global renewable energy generation. In general, this study is helpful 

to enhance the framework of the impacting factors to renewable energy adoption and particularly 

to design strategies for promoting renewable energy. On a more specific basis, this research could 

reinforce the proposition that each policy diffusion approach's effectiveness varies as the region is 

different and systematizes the framework of factors to the diffusion of renewable energy. The four 
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approaches could be applied as practical strategies to arouse renewable energy development 

globally. The results based on GWR explain that the regional influence existed in global renewable 

energy policy diffusion, and thus considering regional context is necessary for renewable energy 

promotion. Finally, we hope to throw some light on several issues or pave the way to new research 

projects that will help consolidate policy diffusion. 

Although the present study has yielded theoretical and practical implications, its design is not 

without flaws. Firstly, this research did not cover every country and used a short time series. Short-

time intervals limited the visualization of changing trends in the long term, and missing data in 

some countries restricted the accuracy of outcomes explored by spatial analysis. Particularly 

challenging is the necessity to keep the specific data quality that can maintain the length of research 

time and amount of observed countries. The data structure in this study was formed under 

consideration to losing a segment of time interval and partial countries to hold accepted quality for 

both aspects. This limitation probably made results reflect only partial facts.  

In addition, the operationalization of policy diffusion approaches could be improved by better 

design with more delicate data. For instance, the listed intergovernmental organizations did not 

include some critical related institutions, such as International Renewable Energy Agency 

(IRENA), since this research cannot access the participating year of its members. This problem 

would lead to bias in calculating the intergovernmental organization index, the proxy of the 

learning approach. Moreover, GWR models used the average value of 2009 to 2016, which is a 

way to measure the general situation during these eight years. However, this way would also lead 

to distorted data. For example, the difference in NHRE ratio among countries had grown by year, 

but the difference was more negligible with the average value. Finally, the outcome of GWR 

models is primary and exploratory. For example, GWR models indicated the spatial heterogeneity 

and regional difference but cannot explain what made them happen. Therefore, the spatial cluster 

phenomenon of the factors' intensity needs further studies to dig into the behind causes of the 

spatial disparity.    

It is hoped that future studies will yield richer data to improve our understanding of renewable 

energy diffusion. Much more also needs to be known about factors influencing governmental 

jurisdiction to adopt renewable energy policy, an innovative policy requiring advanced 

technologies. Besides, future investigations should consider focusing on the spatial aspect for a 
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better understanding of regional disparity. This study should provide a descriptive basis for future 

research. Finally, there is a continuing need for an adequate theoretical basis for the practical 

application of renewable energy policy diffusion. With more studies working on the global 

renewable energy diffusion, the world can better understand how to promote renewable energy. If 

the world can achieve sufficient renewable energy, it is promising that humans can maintain 

economic development and sustainability at the same time.   
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Appendix 

Appendix 1: The list of observed countries 

No. Country Continent Region 

1 Burundi Africa Eastern Africa 

2 Comoros Africa Eastern Africa 

3 Kenya Africa Eastern Africa 

4 Madagascar Africa Eastern Africa 

5 Malawi Africa Eastern Africa 

6 Mauritius Africa Eastern Africa 

7 Mozambique Africa Eastern Africa 

8 Rwanda Africa Eastern Africa 

9 Seychelles Africa Eastern Africa 

10 Tanzania Africa Eastern Africa 

11 Uganda Africa Eastern Africa 

12 Zambia Africa Eastern Africa 

13 Zimbabwe Africa Eastern Africa 

14 Angola Africa Middle Africa 

15 Cameroon Africa Middle Africa 

16 Central African Republic Africa Middle Africa 

17 Chad Africa Middle Africa 

18 Democratic Republic of the Congo Africa Middle Africa 

19 Equatorial Guinea Africa Middle Africa 

20 Gabon Africa Middle Africa 

21 Republic of Congo Africa Middle Africa 

22 Algeria Africa Northern Africa 

23 Egypt Africa Northern Africa 

24 Libya Africa Northern Africa 

25 Morocco Africa Northern Africa 

26 Sudan Africa Northern Africa 

27 Tunisia Africa Northern Africa 

28 Botswana Africa Southern Africa 

29 Lesotho Africa Southern Africa 

30 Namibia Africa Southern Africa 

31 South Africa Africa Southern Africa 

32 Swaziland Africa Southern Africa 

33 Benin Africa Western Africa 

34 Burkina Faso Africa Western Africa 

35 Côte d'Ivoire Africa Western Africa 

36 Cape Verde Africa Western Africa 

37 Gambia Africa Western Africa 

38 Ghana Africa Western Africa 
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No. Country Continent Region 

39 Guinea Africa Western Africa 

40 Guinea-Bissau Africa Western Africa 

41 Liberia Africa Western Africa 

42 Mali Africa Western Africa 

43 Mauritania Africa Western Africa 

44 Niger Africa Western Africa 

45 Nigeria Africa Western Africa 

46 Senegal Africa Western Africa 

47 Sierra Leone Africa Western Africa 

48 Togo Africa Western Africa 

49 Kazakhstan Asia Central Asia 

50 Tajikistan Asia Central Asia 

51 Turkmenistan Asia Central Asia 

52 Uzbekistan Asia Central Asia 

53 China Asia Eastern Asia 

54 Hong Kong Asia Eastern Asia 

55 Japan Asia Eastern Asia 

56 Macao Asia Eastern Asia 

57 Mongolia Asia Eastern Asia 

58 South Korea Asia Eastern Asia 

59 Taiwan Asia Eastern Asia 

60 Brunei Asia South-Eastern Asia 

61 Cambodia Asia South-Eastern Asia 

62 Indonesia Asia South-Eastern Asia 

63 Laos Asia South-Eastern Asia 

64 Malaysia Asia South-Eastern Asia 

65 Myanmar Asia South-Eastern Asia 

66 Philippines Asia South-Eastern Asia 

67 Singapore Asia South-Eastern Asia 

68 Thailand Asia South-Eastern Asia 

69 Vietnam Asia South-Eastern Asia 

70 Afghanistan Asia Southern Asia 

71 Bangladesh Asia Southern Asia 

72 Bhutan Asia Southern Asia 

73 India Asia Southern Asia 

74 Iran Asia Southern Asia 

75 Maldives Asia Southern Asia 

76 Nepal Asia Southern Asia 

77 Pakistan Asia Southern Asia 

78 Sri Lanka Asia Southern Asia 

79 Armenia Asia Western Asia 

80 Azerbaijan Asia Western Asia 
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No. Country Continent Region 

81 Bahrain Asia Western Asia 

82 Cyprus Asia Western Asia 

83 Georgia Asia Western Asia 

84 Iraq Asia Western Asia 

85 Israel Asia Western Asia 

86 Jordan Asia Western Asia 

87 Kuwait Asia Western Asia 

88 Kyrgyzstan Asia Western Asia 

89 Lebanon Asia Western Asia 

90 Oman Asia Western Asia 

91 Qatar Asia Western Asia 

92 Saudi Arabia Asia Western Asia 

93 Turkey Asia Western Asia 

94 United Arab Emirates Asia Western Asia 

95 Belarus Europe Eastern Europe 

96 Bulgaria Europe Eastern Europe 

97 Czech Republic Europe Eastern Europe 

98 Hungary Europe Eastern Europe 

99 Moldova Europe Eastern Europe 

100 Poland Europe Eastern Europe 

101 Romania Europe Eastern Europe 

102 Russia Europe Eastern Europe 

103 Slovakia Europe Eastern Europe 

104 Ukraine Europe Eastern Europe 

105 Denmark Europe Northern Europe 

106 Estonia Europe Northern Europe 

107 Finland Europe Northern Europe 

108 Iceland Europe Northern Europe 

109 Ireland Europe Northern Europe 

110 Latvia Europe Northern Europe 

111 Lithuania Europe Northern Europe 

112 Norway Europe Northern Europe 

113 Sweden Europe Northern Europe 

114 United Kingdom Europe Northern Europe 

115 Albania Europe Southern Europe 

116 Bosnia and Herzegovina Europe Southern Europe 

117 Croatia Europe Southern Europe 

118 Greece Europe Southern Europe 

119 Italy Europe Southern Europe 

120 Malta Europe Southern Europe 

121 Montenegro Europe Southern Europe 

122 Portugal Europe Southern Europe 
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123 Serbia Europe Southern Europe 

124 Slovenia Europe Southern Europe 

125 Spain Europe Southern Europe 

126 Austria Europe Western Europe 

127 Belgium Europe Western Europe 

128 France Europe Western Europe 

129 Germany Europe Western Europe 

130 Luxembourg Europe Western Europe 

131 Netherlands Europe Western Europe 

132 Switzerland Europe Western Europe 

133 Antigua and Barbuda North America Caribbean 

134 Bahamas North America Caribbean 

135 Barbados North America Caribbean 

136 Dominica North America Caribbean 

137 Dominican Republic North America Caribbean 

138 Grenada North America Caribbean 

139 Haiti North America Caribbean 

140 Jamaica North America Caribbean 

141 Saint Kitts and Nevis North America Caribbean 

142 Belize North America Central America 

143 Costa Rica North America Central America 

144 El Salvador North America Central America 

145 Guatemala North America Central America 

146 Honduras North America Central America 

147 Mexico North America Central America 

148 Nicaragua North America Central America 

149 Panama North America Central America 

150 Canada North America Northern America 

151 United States North America Northern America 

152 Australia Oceania Australia and New Zealand 

153 New Zealand Oceania Australia and New Zealand 

154 Kiribati Oceania Micronesia 

155 Nauru Oceania Micronesia 

156 Samoa Oceania Polynesia 

157 Tonga Oceania Polynesia 

158 Aruba South America Caribbean 

159 Argentina South America South America 

160 Bolivia South America South America 

161 Brazil South America South America 

162 Chile South America South America 

163 Colombia South America South America 

164 Ecuador South America South America 



‧
國

立
政 治

大

學
‧

N
a

t io
na l  Chengch i  U

niv

ers
i t

y

DOI:10.6814/NCCU202100485

68 
 

No. Country Continent Region 

165 Guyana South America South America 

166 Paraguay South America South America 

167 Peru South America South America 

168 Uruguay South America South America 
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Appendix 2: The list of 16 intergovernmental organizations 

No. Organization Member Score 

1 Clean Energy Ministerial 27 1 

2 Energy Charter Conference (ECC) 55 1 

3 European Union 27 1 

4 Global Environment Facility 184 1 

5 Global Green Growth Institute (GGGI) 36 1 

6 International Energy Agency 30 1 

7 International Institute for Applied Systems Analysis (IIASA) 24 1 

8 The Organisation for Economic Co-operation and Development (OECD) 37 1 

9 United Nations Environment Program (UNEP) 122 1 

10 United Nations Framework Convention on Climate Change (UNFCCC) 197 1 

11 United Nations Industrial Development Organization (UNIDO) 170 1 

12 World Bank 189 1 

13 Food and Agriculture Organization of the United Nations 195 0.5 

14 
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem 

Services (IPBES) 
124 0.5 

15 International Seabed Authority 168 0.5 

16 World Meteorological Organization (WMO) 193 0.5 

 


