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ABSTRACT

Emerging economies face mounting pressure to achieve sustainable growth while advancing environmental goals —a dual challenge that has intensified amid the global shift toward a green economy. The ability to successfully navigate this transition depends not only on economic resources but also on institutional and strategic capacities. As such, national leadership quality, entrepreneurship, and technological innovation are increasingly recognised as critical drivers. However, their individual and interactive effects on green economic transformation in emerging economies remain underexplored. Motivated by this gap, this study investigates how these three factors influence the green transition across 33 emerging economies from 2006 to 2020. A composite index is developed to capture the multi-dimensional nature of the green economy, while a two-step dynamic system generalised method of moments (SYS-GMM) estimator is employed to address endogeneity concerns. The results reveal that leadership quality, entrepreneurship, and technological innovation each make significant contributions to green economic development. Notably, the effectiveness of entrepreneurship is significantly enhanced in the presence of strong leadership, underscoring the importance of policy stability, institutional trust, and effective governance. Likewise, the impact of technological innovation on green performance becomes more pronounced under high-quality leadership, suggesting that leadership plays a catalytic role in transforming innovation into tangible environmental benefits. Moreover, a three-way interaction confirms that entrepreneurship and innovation are most effective in promoting green growth, especially in the presence of strong national leadership. These findings highlight the imperative for policymakers to cultivate not only innovative and entrepreneurial ecosystems but also robust leadership structures that can align and accelerate efforts toward a resilient and inclusive green economy.
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1. INTRODUCTION
[bookmark: _Hlk204637748]
The world today is undergoing alarming environmental deterioration, driven by a range of factors including biodiversity loss, climate change, ozone depletion, and the unsustainable use of natural resources. This environmental crisis is particularly severe in developing countries, where rapid economic growth and industrialisation often result in higher levels of pollution compared to developed economies. In contrast, developed economies benefit from stricter environmental regulations and cleaner technologies that help mitigate such impacts (Liu et al., 2023). This growing environmental threat represents one of the most critical challenges facing humanity in the 21st century (Mert and Caglar, 2020).
As the atmosphere continues to degrade at a worrying pace, fundamental human needs—such as access to food, clean water, and arable land—are increasingly under pressure. This decline in environmental quality has far-reaching implications for both ecosystems and human health (Adebayo et al., 2023). A central factor in this crisis is global warming, which poses escalating risks to national development, public health, and the long-term viability of human life (Caglar et al., 2023). According to the 2018 report by the Intergovernmental Panel on Climate Change (IPCC), global temperatures have already increased by approximately 1.0°C above pre-industrial levels, with a likely range of 0.8°C to 1.2°C. If this trend continues unchecked, global warming is expected to reach 1.5°C between 2030 and 2050. The severity of this risk depends on the rate, peak, and duration of warming. Although a 2°C increase was once considered a safe threshold, the frequency of extreme weather events—such as floods, heatwaves, droughts, wildfires, and winter storms—has significantly risen over the past two decades (Kundzewicz et al., 2014). Simultaneously, the growing frequency of geophysical events, including earthquakes and volcanic eruptions, further highlights the escalating pace of environmental instability (Kundzewicz, 2016).
In parallel, global concern has intensified over rising carbon dioxide (CO2) emissions, which account for approximately 65 per cent of total greenhouse gas emissions in 2010. Over the past four decades, these emissions have more than doubled, largely due to the continued use of fossil fuels and the expansion of industrial activities. Sectorally, electricity production contributes 25 per cent, agriculture, forestry, and land use 24 per cent, industry 21 per cent, and transportation 14 per cent to total greenhouse gas emissions (Ali et al., 2021). The consequences of these emissions extend beyond environmental harm, posing serious risks to human health. Increasingly, the health-related impacts of air pollution are becoming evident. According to the World Health Organisation (WHO), nearly 80 per cent of cities exceed safe air quality levels. This means that 9 out of 10 people—approximately 92 per cent of the global population—are exposed to harmful air.
In terms of CO2 emissions in 2016, China led with 28.21 per cent, followed by the United States with 15.99 per cent, India with 6.24 per cent, Russia with 4.53 per cent, and Japan with 3.67 per cent. Although these nations are among the highest emitters, the greatest health burden has fallen on urban populations in China, India, and Pakistan, where an estimated 2.1 million deaths were linked to CO2-related pollution (Arroyo and Miguel, 2019). A related study from Harvard University revealed that areas with extreme air pollution experienced higher fatality rates during the COVID-19 pandemic (Wu et al., 2020). Chen and Lei (2018) stress that further reinforcing these concerns, the IPCC has projected that energy-related CO2 emissions could increase by 40 to 110 per cent by 2030 if current trends persist. In response, the IPCC issued a stark warning in October 2018, emphasising that catastrophic global consequences could occur by 2040 unless there is a swift transition from fossil fuels to renewable energy sources. The anticipated impacts include rising sea levels, ocean warming, unpredictable weather patterns, disease outbreaks, and decreased food production—all of which threaten key economic sectors such as agriculture, manufacturing, and international trade. Without immediate action to expand the use of renewable energy and reduce carbon emissions, future development will be unsustainable (Ullah et al., 2024).
Despite decades of economic growth powered by coal, natural gas, and oil, these resources are now depleting, driving up costs and diminishing living standards (Green and McCann, 2011). This situation calls for a strategic transition from a brown to a green economy, particularly in emerging economies, as these economies are striving to achieve sustainable development while addressing the pressing challenges of environmental degradation (Qadri et al., 2024). A green economy, initially proposed by the UK government in 1989, redefines growth by prioritising sustainability, minimising carbon emissions, and promoting efficient resource use. Such a transition is vital not only for addressing environmental degradation but also for strengthening economic resilience, ensuring energy security, adopting environmentally friendly technologies, and improving the quality of life for future generations (Rahman and Hossain, 2025). 
Entrepreneurship plays a pivotal role in advancing this transition. York and Venkataraman (2010) argue that entrepreneurship can be a solution rather than a cause of environmental degradation. They propose a model where entrepreneurial innovation complements regulation, corporate social responsibility, and activism in addressing ecological issues. Omri (2018) views entrepreneurship as a powerful tool for producing sustainable goods and services and launching ventures aligned with social and environmental goals. Similarly, Shepherd and Batzel (2011) suggest that entrepreneurship can support ecosystem preservation, better agricultural practices, water conservation, and improved environmental quality. Vasilescu et al. (2023) further highlight that entrepreneurship not only creates jobs and stimulates economic activity but also addresses environmental challenges. Philip et al. (2021) emphasise that entrepreneurship contributes to social responsibility and economic development. When harnessed wisely, this can reduce inequality and public spending. He et al. (2020) argue that entrepreneurs must look beyond short-term gains and integrate sustainable development into their long-term strategies by emphasising environmental stewardship.
Youssef et al. (2018) note that entrepreneurs are increasingly aware of the market potential for environmentally friendly products. These initiatives often meet untapped demand at higher margins. In developed countries, green labelling has proven effective, and this practice is now spreading to developing economies. A new wave of entrepreneurs, supported by emerging technologies, is seizing these niche opportunities. Within their businesses, these entrepreneurs strive to align economic, environmental, and social goals, enhancing competitiveness through sustainable practices (Dhahri et al., 2021). Linnenluecke and Griffiths (2010) argue that green business practices are essential for the effective implementation of environmental policies. Without such internal alignment, broader sustainability initiatives may fail.
In addition to entrepreneurship, technological innovation plays a crucial role in the green economy. Although it can sometimes contribute to environmental degradation, it also offers promising solutions for reducing emissions and increasing resource efficiency. Examples include renewable energy technologies, electric vehicles, and circular economy models. These innovations are driven by government policy, market demand, and societal pressure, all of which stimulate green economic growth (Khan et al., 2025). As highlighted by Siriram (2022), advanced technologies are reshaping resource management and conservation. According to Schumpeter’s theory of innovation, technological progress boosts productivity and drives green economic efficiency (Cheng et al., 2024). It does this by enhancing resource utilisation and improving total factor productivity. Liu and Dong (2021) argue that technological innovation helps break resource constraints, further strengthening green economy performance. Cao et al. (2021) further contended that enhanced efficiency reduces production costs, thereby stimulating consumer demand. Conversely, this can also lead to the “rebound effect,” where resource use increases. Furthermore, when innovation is still in its early stages, businesses may adopt “brown technologies” or engage in “pseudo-innovation” that prioritises scale over sustainability. In the financial sector, innovation can sometimes exacerbate bubbles instead of fostering green investment.
Apart from that, national leadership plays a decisive role in supporting the transition to the green economy. Leadership fosters sustainable organisational growth by emphasising environmental, social, and governance (ESG) goals (Ak et al., 2025). Leadership is not static—it evolves in response to changing circumstances and reflects both present realities and future aspirations (Colville and Murphy, 2006; Abbas, 2024). A responsible and visionary leader looks beyond profits to create systems that include all stakeholders and reduce environmental harm. Uddin et al. (2011) emphasise that leadership across all levels is essential for developing strategies to address global warming. Manufacturers now adopt advanced technologies to minimise environmental impacts, and their ability to meet sustainability standards depends on internal and external factors (Shiferaw et al., 2025). Building a culture of environmental responsibility requires alignment with organisational capabilities (Khan et al., 2024). A transformative shift in business structures is needed to support sustainability (Attanasio et al., 2022). According to Tseng et al. (2022), stakeholder and shareholder engagement is essential for integrating the three pillars of sustainability—economic, social, and environmental—thereby improving both responsibility and business performance. Through sustainability reports, companies can communicate their non-financial impact and influence critical policy decisions.
As such, this study attempts to provide several important contributions to the literature on green economic development. Even though previous research has often examined technological innovation, entrepreneurship, or governance separately, limited attention has been given to the role of national leadership quality, particularly in combination with entrepreneurship and technological innovation. This study addresses that gap by exploring how these three factors, both individually and through their interaction, influence green economic outcomes in emerging economies. By incorporating interaction terms among national leadership quality, entrepreneurship, and technological innovation, the present study provides new insights into the synergistic effects that drive the green transition, offering a more nuanced understanding than studies that focus on isolated determinants. In addition, we develop a novel green economy index by integrating environmental, economic, social, and technological innovation to capture the multi-dimensional nature of green economic growth, which goes beyond conventional environmental or economic proxies. This index enables a more accurate and policy-relevant measurement of green transition progress. Furthermore, our study extends the neoclassical Solow growth model to include sustainability-oriented drivers, offering a solid theoretical foundation for analysing long-term green growth dynamics. Finally, we apply the system generalised method of moments (SYS-GMM) estimator to a balanced panel of 33 emerging economies from 2006 to 2020. This robust dynamic panel approach helps control for endogeneity, omitted variable bias, and country-specific effects, which ensures greater reliability of the empirical results.
The remainder of this paper is structured as follows. Section 2 discusses the empirical model, data and econometric estimation strategies. Section 3 presents and discusses the findings of the present study. Lastly, the conclusion and policy recommendations are presented in Section 4.


2. METHODOLOGY 

2.1	Empirical model
This study examines how national leadership, entrepreneurship, and technological innovation contribute to shaping the green economy transition in emerging economies. To do so, we adapt the neoclassical Solow’s growth model to develop a baseline model for green economic development as presented in Equation (1):

                                                        

where ln represents the natural logarithm and  is the error term while  and  is the country- and time-specific effects, respectively.  denotes green economy, while  represents the one-period lag of the green economy. , , and  represent the national leadership quality, entrepreneurship, and technological innovation, respectively, which are the core explanatory variables in the present study. However, population growth  and capital stock  are the control variables as governed in Solow’s growth theory.  
[bookmark: _Hlk205790879]Following Tang and Lim (2024) and Tang (2023), we construct a composite index for the national leadership quality by integrating four governance and institutional factors, such as (i) control of corruption, (ii) political stability, (iii) government effectiveness, and (iv) voice and accountability, using the principal component analysis (PCA) method. Likewise, the entrepreneurship index is constructed by integrating (i) new business density, (ii) the share of self-employed population of total employment, and (iii) the number of new businesses registered, as suggested by Desai (2011). Finally, we use the patent index developed by Sarkodie et al. (2023) to measure the level of technological innovation. Although the concept of a green economy is widely recognised, selecting indicators that effectively measure its level remains a major challenge in empirical studies of this nature. In the present study, we measure the green economy by incorporating four major aspects, namely the environmental, economic, social, and technological innovations, also highlighted by Sarkodie et al. (2023). The PCA method is used to integrate these indicators into a single composite index for the green economy.[footnoteRef:1]   [1:  To conserve space, the detailed indicators of each aspect are not reported here but available upon request.] 

	Apart from the direct impact, we also extended our analysis to examine the indirect (or moderating) roles of national leadership and entrepreneurship in explaining the green economy transition in emerging economies. To estimate these relationships, we attempt to augment our green economic model by accommodating three interacting variables, namely (), (), and (). The augmented models are expressed below:

         
                                 


                   

         
                             

However, given the interdependent nature of national leadership quality, entrepreneurship, and technological innovation within the green economy models, their individual impacts cannot be directly interpreted. To address this complexity, we computed the marginal impacts of these interrelated variables by applying partial differentiation, as illustrated in the following equations.

                   
                                                                                        


Assuming that the above-mentioned marginal impacts—Equations (5) to (7)—are positive and statistically significant, this implies that both national leadership and entrepreneurship play crucial roles in shaping the technological innovation landscape and accelerating the transition towards a green economy.         
[bookmark: _Hlk205783977]The balanced panel data of 33 emerging economies from 2006 to 2020 are used in this study (see Appendix 1), depending on data availability. Our datasets are obtained mainly from World Development Indicators (WDI), Worldwide Governance Indicators (WGI) and Sarkodie et al. (2023). The summary of descriptive statistics is provided in Table 1.
   
Table 1: Summary of descriptive statistics
	Variables
	Unit of measurement
	Mean
	SD
	Min
	Max

	
	Green economy index
	0.979
	0.542
	–1.809
	1.901

	
	Quality of national leadership index
	1.040
	0.360
	–0.322
	1.794

	
	Entrepreneurship index
	0.847
	0.646
	–0.061
	2.467

	
	Technological innovation index
	1.411
	0.024
	1.386
	1.747

	
	Capital stock (constant 2015 US$)
	24.084
	1.500
	20.902
	27.401

	
	% of population growth
	–2.855
	0.227
	–3.816
	–1.928




3. EMPIRICAL RESULTS AND DISCUSSIONS

Given that our green economy models are dynamic, relying on static panel estimation methods—fixed or random effects—can lead to biased and inconsistent estimation results due to potential endogeneity issues. Therefore, the dynamic panel GMM estimator is employed due to its strength in addressing endogeneity issues and producing robust results. Nonetheless, the GMM estimator is classified into two types, namely the FD GMM estimator, introduced by Arellano and Bond (1991), and the SYS-GMM estimator, extended by Blundell and Bond (1998). The Monte Carlo simulation results of Blundell and Bond (2000) reveal that the FD-GMM estimator becomes less efficient when the series is persistent, and especially when the estimated coefficient for the lagged dependent variable is large and approaches unity. Under such conditions, the SYS-GMM estimator proves to be more robust and reliable. To determine the most appropriate estimator, this study adopts the strategy proposed by Bond (2002) and later refined by Tang et al. (2021), as summarised in Figure 1. 
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Figure 1: Summary of dynamic panel GMM estimator selection procedure
Source: Modified from Tang et al. (2021)
This essentially involves using three different approaches, namely the Ordinary Least Squares (OLS), the Fixed Effect (FE), and the FD-GMM estimators, using Bond (2002) as our reference. If the FD-GMM is an efficient estimator, the size of the estimated coefficient for  should fall between the estimates of OLS and FE because the former is biased upward while the latter is biased downward, as attested by Nickell (1981). However, if such is not the case, the SYS-GMM estimator would be the preferable option. The estimation results and diagnostic tests for selecting the estimator are presented in Table 2.

Table 2: Estimation results of OLS, FE, and FD-GMM
	Variables
	OLS
	FE
	FD-GMM

	
	0.308***
(0.033)
	0.296***
(0.025)
	–0.507***
(0.106)

	
	–0.020***
(0.007)
	0.235**
(0.108)
	–0.038
(0.138)

	
	–0.064
(0.045)
	0.057
(0.120)
	0.100
(0.083)

	
	0.070**
(0.030)
	–0.017
(0.088)
	0.226*
(0.120)

	
	0.053***
(0.016)
	0.553***
(0.083)
	0.284**
(0.144)

	
	1.327***
(0.201)
	2.325***
(0.437)
	2.405***
(0.545)

	Constant
	–1.494***
(0.824)
	–8.454***
(2.842)
	–

	Diagnostic tests
	
	
	

	Wald test
	–
	–
	383.34
[0.000]

	AR(1) test
	–
	–
	–3.86
(0.000)

	AR(2) test
	–
	–
	0.87
(0.383)

	Sargan-Hansen test
	–
	–
	2.94
(0.230)


Note: *** p < 0.01, ** p < 0.05, and p < 0.1. The parentheses (.) and [.] indicate robust standard errors and p-values, respectively. OLS is the Pooled Ordinary Least Squares, FE is the Fixed Effect (within estimator), and FD-GMM is the First Difference GMM.

We find that our results indicate a reasonably good fit between the data and the specified models, as confirmed by a statistically significant Wald test. Furthermore, the Arellano-Bond test reveals no evidence of second-order autocorrelation, suggesting that the error structure is correctly specified. Both the OLS and FE estimations yield coefficients of 0.308 and 0.296, respectively, for the lagged dependent variable—figures that align with theoretical expectations and imply a stable, positive relationship over time. In contrast, the FD-GMM estimation produces a substantially negative coefficient of –0.507, which falls outside the plausible theoretical range. This anomaly is likely due to weak instrument bias, a well-documented issue in the presence of highly persistent variables. To address this, the SYS-GMM estimator is employed. By incorporating additional moment conditions in both levels and first differences, SYS-GMM enhances instrument strength and improves estimation reliability. In light of this, we select the SYS-GMM estimator as the most appropriate framework for estimating the green economy model.
Subsequently, we estimate four versions of the green economy models using the SYS-GMM estimator, with the results presented in Table 3. Model 1 serves as the baseline model. Prior to interpreting the coefficient estimates, we first evaluate several diagnostic tests to ensure the validity and robustness of the estimation procedure. Encouragingly, the diagnostic outcomes are satisfactory. The Wald test is statistically significant at the 1 per cent level across all model specifications, confirming overall model fit. Additionally, the Sargan-Hansen test results are not significant at any conventional level, thereby supporting the validity of the instruments used.
Following the recommendation by Roodman (2009), the number of instruments employed (IVs = 23) is maintained below the number of cross-sectional units (N = 33), effectively avoiding the problem of instrument proliferation. Moreover, the Arellano-Bond test confirms the presence of AR(1), which is expected in differenced panels, but finds no evidence of AR(2), further validating the dynamic model specification. Collectively, these diagnostic tests provide strong empirical support for the robustness of the SYS-GMM estimation, allowing for a reliable interpretation of the estimated effects of the explanatory variables on the green economy.
                                                                  
Table 3: Results of system GMM estimation
	Variables
	Model 1
	Model 2
	Model 3
	Model 4

	

	0.639***
(0.047)
	1.014***
(0.142)
	0.676***
(0.038)
	1.017***
(0.143)

	

	–0.016**
(0.006)
	–0.002
(0.0416)
	–0.013**
(0.007)
	–0.002
(0.041)

	
	0.047
(0.038)
	–0.061
(0.236)
	0.066*
(0.039)
	–0.051
(0.234)

	

	0.097**
(0.048)
	–4.315**
(1.668)
	–3.407*
(1.954)
	–4.182***
(1.578)

	

	2.062***
(0.645)
	0.019
(1.375)
	–0.022
(1.061)
	–1.209
(1.620)

	

	0.041**
(0.017)
	–4.234**
(1.682)
	0.033**
(0.017)
	–4.113***
(1.583)

	

	_
	3.800**
(1.478)
	_
	_

	
	_
	_
	2.468*
(1.366)
	_

	
	_
	_
	_
	2.622***
(0.987)

	Constant
	–1.745**
(0.932)
	5.150*
(3.097)
	1.185
(1.501)
	6.733*
(3.552)

	Diagnostic tests
	
	
	
	

	Wald test 
	48993.79***
[0.000]
	738.24***
[0.000]
	52725.11***
[0.000]
	803.46***
[0.000]

	AR(1) test 
	–4.29***
[0.000]
	–4.06***
[0.000]
	–4.36***
[0.000]
	–4.07***
[0.000]

	AR(2) test
	1.07
[0.284]
	0.87
[0.386]
	1.15
[0.249]
	0.95
[0.340]

	Sargan-Hansen test
	11.86
[0.105]
	4.80
[0.569]
	11.00
[0.090]
	4.47
[0.613]

	Time dummies
	Yes
	Yes
	Yes
	Yes

	
	495
	495
	495
	495

	Group (N)
	33
	33
	33
	33

	No. of Instruments
	23
	23
	23
	23


Note: *** p < 0.01, ** p < 0.05, and * p <0.1. The parentheses (.) and [.] indicate the robust standard errors and p-values, respectively. 

	Next, we turn to the discussion of our baseline model results. Overall, the findings reveal that the leadership quality, entrepreneurship, and technological innovations each exert a positive and statistically significant influence on the green economy in emerging countries. This sheds light on the importance of these factors in advancing the green economy transition. Our results are consistent with previous studies such as Kihombo et al. (2021) and Ahmad et al. (2020), who emphasised the role of technological innovation in reducing environmental footprint, particularly within emerging economies. The evidence suggests that technological innovation enhances eco-efficiency and promotes green growth, thus serving a dual role—fostering economic expansion while safeguarding the environment (Ketchoua et al., 2024). Similarly, our findings attest that entrepreneurship also emerges as a positive driver of the green economy, although the impact is relatively low. This result reinforces the increasingly recognised view that entrepreneurship is not a source of environmental degradation, but rather a key part of the solution. Entrepreneurships today are increasingly at the forefront of addressing climate change, tackling social challenges, and fostering sustainable development (York and Venkataraman, 2010). As noted by He et al. (2020), entrepreneurial activities can play a vital role in protecting the ecosystem, improving sustainable agriculture, curbing deforestation, improving access to clean water, and preserving biodiversity. These results together suggest that fostering innovation and entrepreneurial activities may be critical pathways toward achieving a more sustainable and inclusive green economy.
Equally important, we find that the success of emerging countries in transitioning toward a green economy is closely associated with the quality of national leadership. Effective leadership plays a pivotal role in reducing environmental degradation and promoting sustainable development, particularly within the context of developing economies. As Ahmad et al. (2020) argue, the success of any sustainability initiative often depends on the calibre of leadership—especially when it is inclusive and environmentally conscious. Leaders who adopt inclusive and forward-looking approaches tend to deliver better sustainability outcomes compared to those who do not. The underlying idea is that strong national leadership can accelerate the green transition by formulating, adopting, and championing effective environmental policies. Such policies not only protect the environment but also encourage socially responsible and sustainable business practices. For example, the implementation of environmental regulations can directly influence firms’ production decisions, prompting innovation that enhances product quality, lowers production costs, and improves resource efficiency. This perspective is consistent with the Porter hypothesis, which posits that well-designed environmental policies can enhance productivity and competitiveness (Porter and Linde, 1995). Empirical evidence by Wang et al. (2019) supports this hypothesis, demonstrating that environmental regulations—when maintained within an optimal range of regulatory stringency—can positively contribute to green productivity growth.
Switching to the interaction models (e.g., Model 2, Model 3, and Model 4), we found that all the interaction variables are positive and statistically significant at the conventional significance level. These findings show that entrepreneurship, technological innovation, and national leadership quality variables all together significantly accelerate the transition towards a green economy. To further unpack this dynamic, we calculate the marginal impacts of entrepreneurship and technological innovation on the green economy at different levels of national leadership quality, specifically at its minimum, mean, and maximum value. These findings are presented in Table 4.                          

Table 4: Results of the marginal impact analysis
	
	Minimum
	Mean
	Maximum

	

	Marginal impacts of entrepreneurship
	–4.469**
(1.773)
	–1.011**
(0.449)
	5.144***
(1.978)

	

	Marginal impacts of technological innovation
	–0.819
(1.474)
	2.546***
(0.625)
	4.405***
(1.543)

	

	Marginal impacts of technological innovation
	
	
	

	
	–1.157
(1.606)
	–1.927
(1.820)
	–3.299
(2.244)

	
	–1.378
(1.665)
	1.105
(1.183)
	5.527***
(1.811)

	
	–1.500
(1.699)
	2.780**
(1.209)
	10.402***
(3.432)


Note: *** and ** indicate statistical significance at the 1 and 5 per cent level, respectively. (.) represent the recalculated standard errors for marginal impacts, derived using the formula suggested by Aiken and West (1991).

Our marginal analysis results show a compelling narrative about the critical role of national leadership in shaping the outcomes of entrepreneurship in accelerating the green economy transition. For countries with weak leadership quality , we find that entrepreneurship tends to hinder the green economy. Specifically, a 1 per cent increase in entrepreneurial activity is associated with a –4.469 per cent decline in the green economy. This suggests that in the absence of effective governance, businesses may prioritise short-term gains at the expense of environmental goals. Even under average leadership , the effect remains negative (–1.011 per cent), indicating that moderate governance is also insufficient to align entrepreneurial efforts with sustainability targets. However, the situation changes dramatically in countries with strong leadership . Here, a 1 per cent increase in entrepreneurship, on average, leads to a nearly 5.144 per cent increase in the green economy. This sharp contrast underscores the essential role of robust national leadership in designing policies, incentives, and regulatory frameworks that direct the entrepreneurial effort toward environmentally sustainable outcomes.
Besides, in the context where national leadership is particularly weak, technological innovation is found to be statistically insignificant, indicating no discernible effect on the green economy. This suggests that in the absence of effective leadership, technological advancements alone may be insufficient to drive meaningful environmental progress. However, the impact of technological innovation on the green economy becomes both positive and statistically significant—ranging from 2.546 to 4.405 per cent—in countries characterised by average to strong national leadership. This finding showcases that effective leadership can unlock the transformative potential of innovation, turning it into a powerful force for supporting the green economy transition. 
Moving further to deepen our analysis, we explore the three-way interaction between variables——resulting in nine plausible outcomes across different levels of national leadership quality and entrepreneurship. Our findings suggest that technological innovation alone does not automatically foster a green economy transition. Its effectiveness relies greatly on the broader institutional context, specifically the presence of strong leadership and a vibrant entrepreneurial sector. In an environment where leadership is weak, even high levels of entrepreneurship fail to amplify the benefits of technological innovation. This shows the foundational role of effective leadership as a prerequisite for progressing. Conversely, when leadership reaches an average level, whereas entrepreneurship is high, our results show that technological innovation corresponds to a 5.527 per cent increase in green economic performance. Likewise, under strong leadership combined with moderate entrepreneurship, technological innovation contributes to approximately a 2.780 per cent improvement. The most powerful impact occurs when both leadership and entrepreneurship are strong under this condition, a 1 per cent rise in technological innovation results in a remarkable 10.402 per cent increase in green economic performance. These findings clearly show that the transformative power of technological innovation is fully realised only when supported by capable national leadership and an active entrepreneurial ecosystem, particularly in the context of emerging economies striving towards a green economy.  

4. CONCLUSION AND POLICY RECOMMENDATIONS

In the context of emerging economies, a growing body of applied research has addressed the dual challenge of curbing environmental degradation while promoting green growth. The present study offers a fresh contribution by examining the pivotal roles of national leadership quality, entrepreneurship, and technological innovation, along with the interaction effects among these factors in advancing green economy transition. We construct a comprehensive green economy index that integrates environmental, economic, social, and technological innovation better to capture the multi-dimensional nature of the green economy, using a balanced panel dataset of 33 emerging economies from 2006 to 2020. To ensure robust empirical analysis, the SYS-GMM estimator is applied. Our findings reveal that national leadership quality, entrepreneurship, and technological innovation play a significant and mutually reinforcing role in accelerating the transition toward a green economy.
These findings carry important policy implications. First, the strong association between technological innovation and green economy transition underlines the urgent need for emerging economies to prioritise the development, diffusion, and adoption of green technologies. This includes fostering innovation ecosystems that support research and development (R&D), incentivising private-sector participation through tax credits, grants, and concessional finance, and strengthening regulatory frameworks that reduce investment risks and encourage long-term sustainable strategies. Public-private partnerships and closer collaboration between academia, industry, and government can further ensure that innovations are not only technologically sound but also commercially viable and socially inclusive. The green economy transition is unlikely to gain traction if new technologies remain locked in laboratories or constrained by weak diffusion mechanisms.
Second, our empirical evidence supports the view that entrepreneurship plays a central role in driving environmentally sustainable practices and the green economy. Entrepreneurs, particularly those operating in renewable energy, waste management, and green manufacturing, are often the first to translate policy intentions into real economic activity. To unlock this potential, governments must create an enabling environment that reduces bureaucratic and financial barriers, enhances access to capital for environmentally responsible start-ups, and provides capacity-building initiatives that promote sustainable business literacy. Policies that support inclusive entrepreneurship, especially for women and youth, can also promote broader participation in the green economy. Moreover, facilitating innovation clusters and entrepreneurial ecosystems that link small enterprises to larger firms, research institutions, and global markets can catalyse the development of green solutions that are both scalable and impactful.
Third, the findings reaffirm that leadership quality and institutional effectiveness are indispensable for guiding the green transition. Strong national leadership not only sets the vision and direction for sustainable development but also ensures policy consistency, credibility, and enforcement. Countries with higher levels of institutional quality—reflected in transparency, policy stability, low corruption, and efficient public service delivery—are better positioned to implement environmental regulations and promote green investment. Strengthening governance structures, improving regulatory coherence, and embedding green growth principles into national development planning are thus essential steps. Governments should lead by example, signalling their commitment through budgetary allocations, green procurement policies, and investment in low-carbon infrastructure. Such actions build public trust and investor confidence, two elements that are vital for a sustained transition.
Taken together, the empirical evidence presented in this study provides a compelling case for integrated policy action. The green economy is not driven by technological innovation, entrepreneurship, or governance in isolation, but rather by the dynamic interplay among them. A holistic approach that nurtures all three dimensions simultaneously is more likely to yield transformative outcomes. As global environmental commitments such as the Paris Agreement place increasing pressure on countries to decarbonise their economies, emerging economies have both the opportunity and responsibility to craft development pathways that are inclusive, resilient, and sustainable. This study offers actionable insights to help governments and development partners strengthen institutional capacities, catalyse green innovation, and cultivate entrepreneurial dynamism as levers of green transformation. By doing so, the path toward net-zero emissions and long-term sustainability can become not only attainable but a source of competitive advantage and shared prosperity.
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Appendix 1: List of emerging countries under investigation
	Countries
	Countries
	Countries

	Algeria
	India
	Poland

	Argentina
	Jamaica
	Romania

	Armenia
	Jordan
	Russia

	Azerbaijan
	Kazakhstan
	Saudi Arabia

	Belarus
	Malaysia
	South Africa

	Bosnia and Herzegovina
	Mexico
	Sri Lanka

	Brazil
	Moldova
	Tunisia

	Bulgaria
	Mongolia
	Turkey

	Egypt
	Morocco
	Ukraine

	Georgia
	Pakistan
	Uzbekistan

	Hungary
	Peru
	Zambia




2

image1.png
OLS, FE, and FD-GMM
estimators

Fall between
OLS and FE

Otherwise

SYS-GMM
estimator

FD-GMM
estimator

Diagnostic tests
(Wald, Autocorrelation, and
Sargan tests)




