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#�  4n 9Þ%:.  †:Ê  8F�Â$ê <�3ã �V$ûG² .r:Z8&3r  9Î:W 9æ/N9® 8CG¶9š 

0ž.ÞIÞ �k:ÆGÊ 8ª<�," , /N 8F�Â$ê <�3ã �V$ûG² .r:Z  ,ÿF² (SDGs)8– 9Î:W 9æ/N �r.r9Ê  9Î:W 9æ/N D‚9æ, 4n9Ë, 

 N,��6  �¦9w  3‡@>8& %VG² D‚9æ+Ò D�GÊ &/528& .r:ZG¶  4n 9Þ9¢9š 3Ž �V<�  3�*–  /Ú3s9š D�GÊ ;ó,ÛG®�69æ G²%:. 
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FB8ÿ:W 3�Hâ9® �V:f8&3r  9Î:W 9æ/N �r.r8&  8
(��â   †8BG®$ê<�+Ò /Ú3sG²%:. 
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:k/Ö , :Æ<�,  N,��6  �r9Î9®  Gß&/8& 9®:ÊG¾9š /J8B;V%:. 9Ê8& '†)Ò <�3ã �V$ûG² .r:Z8&3r  9Î:W 9æ/N �r.r9®  
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@w:k >~9Ê*² 9ÎGÊ ��*¶9–  /K9÷G®�6 %:7çG®%:. 9Ê+Ò GÊ��G® † 9ZGÊ /N 8F�Â$ê OECD �Ã�V+Ò %V3�9’*²  ;R3‡/Ú 
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D�GÊ 9Î:W 9æ/N D‚9æ(IHC) +Ò ��3�G®8V%:. (fG² , 8Î�Ã9Î  <�:g  D‚9æ(FDI) 8–  †4v HW56(TI) 9Ê 9Î:W 9æ/N 

D‚9æ(IHC) 8– #Ï3�  ��:r  �Z  �V��8&3r  :Æ:^ Hþ�R+Ò .rInG®$ê<� �ÖCöG®8V9’,Æ, GMM(Generalized Method of 

Moments) :g R.ë9š  3�8ÿG®8B ,:�r  :Æ:^ Hþ�R+Ò ?ê:kG®8V%:. 2005 #š/ÖC† 2018 #š ¢<�  33 �r  OECD �Ã�V9® 
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Human Capital Development, Climate Change and Green Economy: A Study on Their 

Interconnected Roles in Sustainable Development 

Lijiang Wang 

Department of International and Area Studies, the Graduate School 

Pukyong National University 

Abstract 

Sustainable development has become a major challenge for countries worldwide. As the primary 

beneficiaries of sustainable development, people also serve as its strongest advocates. Human 

knowledge, skills, abilities, and experience can drive productivity that supports sustainable 

progress across economic, environmental, and social dimensions. Previous research has 

frequently highlighted the role of human capital in sustainable development. This study, however, 

demonstrates that progress toward the Sustainable Development Goals (SDGs) and human capital 

development (HCD) can advance in tandem through investments in human capital, returns, and 

educational attainment, as shown in three case analyses. Study 1 examines the impact of human 

capital investment on the green economy, while Studies 2 and 3 explore how achieving SDG 8 

and SDG 13 contributes to HCD from the perspectives of environmental sustainability, a 

sustainable economy, and an inclusive society. 

Study 1: In-depth research on sustainable development reveals that progress in the economy, 

environment, and society depends on the actions of governments, organizations, and individuals. 

Consequently, the importance of HCD in sustainable development has become increasingly clear. 

The green economy is viewed as a vital tool for achieving the SDGs. Research on HCD and the 

green economy is already a prominent topic; however, conclusions remain complex and varied 

due to differences in measuring HCD and green economic performance. To address this, our 

study established a green economic index for OECD countries using PCA and calculated human 

capital investment by considering both education and health metrics for a more comprehensive 

approach. Additionally, we examined the moderating effect of FDI and TI on the impact of IHC 

on the green economy. We further estimated the mediated moderation effect of FDI and TI using 

a Generalized Method of Moments (GMM) approach. Data were collected from 33 OECD 
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countries covering the period from 2005 to 2018. Our findings reveal a non-linear relationship 

between IHC and the green economy, with the effect shifting from negative to positive as green 

economic development progresses. Specifically, FDI positively moderates the role of IHC in 

green economy by promoting technological advancement. Advanced technology can mitigate the 

initial imbalance between investment costs and returns in the early stages of green economic 

development. This U-shaped relationship between IHC and the green economy offers insight for 

other countries aiming to develop a green economy through human capital. Governments should 

be aware that the mechanisms linking human capital to green economic development are 

complex and require cooperation across various social and economic conditions. Our study 

suggests that governments should prioritize TI. Beyond increasing public investment in 

technology, governments can also attract FDI by adjusting trade policies and fostering a stable 

investment environment. Integrating national resources is essential to promote green economic 

transformation and sustainable development. 

Study 2: Addressing the consequences of climate change is one of the greatest challenges for 

sustainable development. While greenhouse gas (GHG) emissions from human activities have 

been effectively controlled in OECD countries, GHG emissions' impacts continue to pose a threat 

�W�R�� �K�X�P�D�Q�L�W�\�¶�V�� �I�X�W�X�U�H���� �$�G�D�S�W�D�W�L�R�Q�� �D�Q�G�� �P�L�W�L�J�D�W�L�R�Q�� �V�W�U�D�W�H�J�L�H�V�� �I�R�U�� �F�O�L�P�D�W�H�� �F�K�D�Q�J�H�� �K�D�Y�H�� �J�U�D�G�X�D�O�O�\��

improved, as demonstrated by an increasing number of measures aimed at reducing climate-

related damage. However, climate change has numerous negative effects. Rising temperatures, 

pollution exposure, and the growing frequency of extreme weather events threaten human health, 

security, and infrastructure. These adverse impacts not only hinder HCD but also impose 

additional costs on it. Current research suggests several solutions, including promoting climate 

resilience, raising awareness, and encouraging behavioral change at the individual level. 

Investment and accumulation in human capital are promising approaches. Within the framework 

of sustainable development policies and climate action, these measures aim to reduce the human 

risks associated with GHG emissions, aligning with SDG 13. To achieve the SDGs, nations are 

focusing more on the role of human capital in advancing sustainable development. Moreover, 

certain policies and initiatives positively impact HCD. However, empirical analysis how does 

GHG emissions affect HCD is still limited. This study offers a new perspective for OECD 

countries, examining how governments can leverage climate challenges to stimulate HCD. We 

modeled the relationship between GHG emissions and human capital, applying the Generalized 

Method of Moments (GMM) to balanced panel data from 33 OECD countries spanning 2005 to 

2018. We also conducted the CDS and panel unit root tests to check data heterogeneity and 

stationarity, with robust tests confirming the reliability of our estimations. Our findings indicate 

that GHG emissions may drive investment in research and development (R&D) and skill training, 

while climate action can reduce pollution emissions and protect public health. These 
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developments create valuable opportunities for enhancing human capital. This conclusion 

suggests that policymakers should capitalize on the advantages of sustainable development 

policies, transforming climate challenges into opportunities to build human capital in line with 

sustainable development goals. 

Study 3: Human capital and material resources are crucial for national prosperity and 

advancement, especially in the transition to a green economy, which is essential for sustainable 

development. HCD relies heavily on government funding and supportive policies. The impact of 

HCD on the green economy has been widely discussed. OECD countries, having entered a phase 

of sustainable economic development following the industrial revolution, benefit from strong 

economies, advanced scientific and technological conditions, and well-developed human 

resources. Under the current wave of green economic development, policies related to education, 

health, labor markets, and technology can further support HCD. Green economy policies present 

significant opportunities for human capital growth, promoting employment, income, 

infrastructure, labor market systems, food security, and investments in education and healthcare. 

The process involves numerous direct and indirect factors. However, the complex mechanisms 

through which the green economy affects human capital remain underexplored. To address this 

gap, this study empirically proposes a bidirectional relationship between the green economy and 

HCD using data from OECD countries for the period 2005�±2018. We first applied baseline 

regression models to verify the relationship between the green economy and human capital. To 

account for panel data heterogeneity, we used the three-stage least squares (3SLS) approach and 

the GMM model, with the estimations passing robustness tests. We also conducted serial 

autocorrelation and overidentification tests to confirm the validity of instrumental variables. To 

explore the transmission mechanism, we introduced a mediating effect model to clarify how the 

green economy influences human capital. Our analysis reveals that (i) there is a bidirectional 

relationship between the green economy and human capital, (ii) the green economy positively 

influences HCD, and (iii) this relationship is mediated through increased demand for advanced 

technology, opportunities for high-skilled workers, and improved wage levels. Based on these 

findings, we provide several policy recommendations. 

Key words: Sustainable development, IHC, Green economy, PCA model, GMM model, 

Mediated moderation effect, Casual relationship, SEM model, Green economy, HCD 
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Chapter one. Introduction  

For a long time, HCD was overlooked. Over time, however, it has gained 

gradual and complex recognition, with its role in economic growth and 

environmental protection increasingly acknowledged. During the recent Human 

Capital Spring Meetings, 40 countries discussed the importance of human capital 

in a low-carbon economy, concluding that investment in human capital (IHC) 

should be a priority policy for a greener future to increase the sustainability, 

inclusiveness, and resilience of economies (World Bank, 2023). Although a 

comprehensive measurement standard for HCD has yet to be established, current 

assessments are primarily based on its definition and economic value. This has 

�O�H�G�� �W�R�� �G�L�Y�H�U�V�H�� �S�H�U�V�S�H�F�W�L�Y�H�V�� �R�Q�� �+�&�'�¶�V�� �U�R�O�H���� �L�Q�F�O�X�G�L�Q�J�� �L�W�V�� �U�H�O�D�W�L�R�Q�V�K�L�S�� �Z�L�W�K��

education, health, economic returns, and well-being. 

Today, HCD has become a key strategy for many countries, especially 

OECD nations. Influenced by the Industrial Revolution, the tension between 

economic activities and environmental health became apparent in OECD 

countries earlier on. Consequently, the concept of sustainable development is 

gradually spreading worldwide and gaining popular support. Within this 

framework, human capital is increasingly viewed as a catalyst for improving 

efficiency in creating a sustainable economy, ecology, and society. Although 

sustainable development is now recognized globally, the challenge of 

coordinating resources to balance economic growth, environmental enhancement, 

and human well-being remains complex. 

The impacts of GHG emissions have become increasingly evident, 

hindering development in many regions and obstructing progress toward 

sustainable development goals. In response, governments have implemented 

numerous strategies to address social and environmental issues, with the green 
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economy emerging as one of the most crucial approaches. This model seeks to 

create an inclusive economy that benefits both the environment and society. 

Recent studies have investigated the impact of human capital on the 

environment and economy, affirming its critical role in future development. 

However, less attention has been given to determining how best to foster human 

capital, particularly through empirical analysis. Additionally, these studies often 

overlook differences in sustainable development levels between countries. In 

OECD nations, modern growth has largely been achieved, and governments have 

recognized human capital's central role in sustainable development, leading to 

increased demand for its advancement. This trend is likely to stimulate HCD 

both directly and indirectly. To fully seize this opportunity, we need new 

perspectives on how to leverage existing advantages for further human capital 

growth. 

 

1.1. The significance of the thesis 

Human capital, as the term suggests, treats human beings as a form of 

capital. This concept arises from the fact that people can contribute added value 

to the economy, society, and environment through their knowledge, skills, and 

health. By enhancing these attributes�² knowledge, skills, and health�² the returns 

on human capital can be increased (Kiker, 1966). Therefore, spending in these 

areas is often considered an investment. For decades, economists have studied 

human capital extensively. Initially, nations recognized human capital as a 

crucial national asset, but unlike physical capital, the returns on IHC are harder 

to quantify in the short term (Schultz, 1961). As a result, many countries have 

historically overlooked the importance of investing in human capital. 
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However, as the global economy develops sustainably, the role of HCD in 

economic and societal growth has become increasingly significant. Research 

shows that the returns on human capital investment often exceed the costs, both 

directly and indirectly. The development of human capital drives overall 

productivity and improves production efficiency, highlighting the need for 

nations to invest in it(Goldin, 2024). In many developed, developing, and 

underdeveloped countries, however, HCD remains inadequate. On one hand, 

human capital levels are low, and on the other, investments in this area are 

inefficient. Economic development strategies should therefore vary based on a 

�F�R�X�Q�W�U�\�¶�V���V�S�H�F�L�I�L�F���F�R�Q�G�L�W�L�R�Q�V���D�Q�G���S�R�O�L�F�L�H�V�� 

Moreover, much of the research on human capital has focused on its role as 

a production factor or as a tool for driving economic growth, balancing human 

activity with environmental sustainability, and achieving sustainable 

development goals. In the global pursuit of sustainability, governments have 

strengthened their capacity and integrated strategies to meet the demand for 

environmentally friendly economic patterns. This shift presents an opportunity to 

enhance HCD, provided that states understand the value of human capital in 

areas like productivity, energy efficiency, and human well-being. Consequently, 

many policies related to HCD have emerged. 

Whether pursuing sustainable development goals or transitioning to a green 

economy, these efforts fundamentally respond to the tension between humans 

and the environment. Greenhouse gas emissions, such as carbon dioxide, have 

caused climate change, resulting in extreme weather and higher temperatures, 

which increase the risk of natural disasters and disease outbreaks. These chain 

reactions not only harm human health and degrade living environments but also 

damage infrastructure and threaten property security. From the perspective of 

HCD, climate change poses a double-edged sword. It undermines the 

foundations of human capital by exacerbating health crises and impeding 
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educational attainment. However, climate change adaptation and mitigation 

efforts have shifted state policies toward improvement in human well-being. 

Especially after the COVID-19 pandemic, there is growing global 

recognition of humanity's ability to cope with climate change. This ability relies 

not only on the collective power of all countries but also on the strength of 

individual people. 

Thus, in the context of sustainable development, human capital is a critical 

asset that requires both government support and household investment and is 

highly sensitive to policy direction. Developed countries have the opportunity to 

make significant breakthroughs in HCD with the help of supportive policies. 

Likewise, developing nations can use this opportunity to enhance their human 

capital level, ultimately promoting sustainable economic, environmental, and 

social development, creating a win-win situation. OECD countries, in particular, 

hold a research advantage in this area due to their higher levels of sustainable 

development, green economic transitions, and HCD level compared to other 

regions. 

To my knowledge, current literatures explored the HCD from two concept, 

one is human capital accumulation, another one is human capital investment. 

Previous studies have primarily emphasized the role of HCD in achieving 

sustainable development, focusing on how it affects the green economy, GHG 

emissions, and human well-being. However, little attention has been given to the 

opportunities for HCD arising from climate change adaptation and green 

economic growth. There is a complex mechanism at play, involving factors such 

as GHG emissions, green economic transitions, TI, FDI, labor markets, and 

investments in human capital. This study will explore and analyze how GHG 

emissions and the green economy stimulate HCD by leveraging opportunities for 
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sustainable development, using empirical analysis based on three case studies in 

OECD countries. 

According to the literature reviews, there are still some research gaps in 

previous literatures. Firstly, the impact mechanism of HCD on green economy is 

a complex process, because the green economy performance dependents on 

various factors. Thus, the green economy transition and growth through HCD 

still has many worthy spaces. Secondly, in order to achieve SDGs, the nation 

take actions for the economy, environment and society and combined with the 

power of government, organizations and individuals. Especially in resilience. 

The policies emphasize the importance of human well-being. Nobody explored 

the challenge and opportunity of HCD under the context of sustainable 

development. Thirdly, most research analyzed the impact of GHG emissions on 

education, health, safety of life and property, while these factors are related to 

HCD, furtherly affect the sustainable development. In empirical analysis, no 

details discussed this point. 

1.2. The objectives and hypotheses 

To clarify the nexus of HCD and sustainable development, this research 

begins by exploring the relationship between IHC, human capital index, the 

green economy, and GHG emissions. The research is divided into three parts, 

study 1 focused on the impact of HCD on green economic development for 

sustainable development. Study 2 focused on how greenhouse gases emissions 

(GHG) on HCD. Study 3 explored the stimulation of green economy on HCD 

under the context of sustainable development. 

In study 1, it analyzes the importance of investing in human capital and the 

green economy. Currently, no standardized measurement exists for the green 

economy. Therefore, I developed a green economic index to represent green 
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economy performance, considering multiple indicators. Regarding the 

connection between human capital investment and the green economy, some 

literature has demonstrated a positive relationship. However, these studies 

primarily focus on education expenditures for human capital investment while 

neglecting investments in health, which provides an incomplete view. To address 

this, I combined education and health expenditures to represent human capital 

investment. Additionally, the green economy encompasses economic, 

environmental, and social factors, making its mechanisms more complex. Each 

aspect depends on technology and capital support. Foreign Direct Investment 

inflows (FDI) also play a role as an external force influencing both human capital 

and the green economy. Furthermore, I estimated the impact of human capital 

investment on the green economy by examining the joint effect (mediated 

moderator effect) of FDI and TI. This helps answer how human capital 

investment, FDI, and TI affect the green economy. Two hypotheses are proposed: 

Hypothesis 1a: FDI positively moderates the effect of human capital 

investment on the green economy. 

Hypothesis 1b: TI mediates the relationship between FDI, human capital 

investment, and the green economy. 

In study 2, GHG emissions remains a global environmental issue that 

requires the cooperation of all nations. The rapid increase in energy consumption 

has accelerated the impacts of GHG emissions. Following the industrial 

revolution, human activities heightened the demand for natural resources, 

especially energy. Fossil fuels, being low-cost, became the primary energy 

source for industrial development. During this period, the lack of technology and 

energy efficiency led to the emission of pollutants such as CO2, methane, and 

SO2 into the atmosphere. These emissions have resulted in global warming, 

natural disasters, and extreme weather. For human life, the consequences include 
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health risks, increased disease prevalence, and threats to life and property. 

Additionally, governments face higher burdens due to the costs of disaster relief 

and infrastructure recovery. 

While the industrial revolution contributed to environmental degradation, 

rapid economic growth, industrialization, and urbanization have also played a 

role in increased GHG emissions. In response, governments have increased 

investments in education, healthcare, and infrastructure, while people have 

migrated to urban areas for better living conditions and opportunities. Higher 

incomes have strengthened the ability to invest in human capital, creating a 

positive cycle where individuals with improved skills contribute more to 

production and earn higher incomes. 

Although human activities have worsened the conflict between the economy 

and the environment, nations are shifting toward sustainable development. To 

address climate change, governments have implemented adaptation and 

mitigation policies. Climate investment, for example, encourages emission-

reducing behaviors while creating jobs. First, subsidies and investments in 

renewable energy technologies stimulate production activities powered by 

renewable energy(Caruso et al., 2023), while incentivizing businesses to develop 

related technologies and promote employment. Second, investment in 

infrastructure provides better conditions for people to adapt to climate change 

(OECD, 2024b). Third, increasing investments in research and development 

(R&D), education, healthcare, and training empowers people to mitigate climate 

change. Additionally, climate change policies promote low-emission practices in 

agriculture and transportation. 

Several studies have addressed the impact of climate change on human 

development, noting both positive and negative effects. For example, while new 

jobs may emerge in male-dominated industries, potentially widening the gender 
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gap in certain contexts (ILO, 2018), climate change presents both challenges and 

opportunities for human development. Many studies have focused on how 

climate change damages the environment and threatens human security, 

hindering the pursuit of well-being. However, there is a lack of comprehensive 

analysis that empirically examines the effects of climate change on human 

capital. This study addresses this gap by considering the human capital index to 

estimate how climate change influent development of human capital. It posits 

that climate change can be an opportunity for HCD. The following hypothesis is 

proposed: 

Hypothesis 2: Climate change may accelerate HCD in the context of 

sustainable development. 

In study 3, during the phase of green economic development, human 

development faces three major challenges: improving productivity with limited 

resources, developing renewable energy at an affordable cost, and increasing 

energy efficiency. All of these goals depend on advanced technology. Green 

economic development has also increased the demand for TI. Skilled labor is a 

key contributor to productivity improvements in the labor market (Unel, 2010). 

In wealthier countries, high-skilled workers tend to be more productive and earn 

higher incomes, as these nations provide better production environments that 

enhance efficiency(Rossi, 2022). The green economy has also led to the creation 

of new industries and jobs. Research by Jackman and Moore, (2021) shows that 

wages in green industries are higher than in non-green industries. Furthermore, 

wages have a dynamic relationship with human capital (Lartigue-Mendoza et al., 

2023), as wage growth can influence decisions on human capital investment. 

Existing literature has primarily focused on the role of human capital in 

driving green growth. This study explores the reverse relationship: how green 

economic development affects human capital, both directly and indirectly. To 
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address this, the study creates a theoretical framework to examine the 

bidirectional relationship between the green economy and human capital. The 

study further estimates this bidirectional relationship and provides a deeper 

understanding of how green economic development impacts human capital 

through various channels, such as TI, skilled labor, and wages. The findings 

address whether green economic development can stimulate changes in human 

capital and identify the transmission mechanisms at play. The following 

hypotheses are proposed: 

Hypothesis 3a: There is a bidirectional relationship between the green 

economy and human capital. 

Hypothesis 3b: The green economy affects human capital through TI. 

Hypothesis 3c: Skilled labor mediates the relationship between the green 

economy and human capital. 

Hypothesis 3d: Wages mediate the relationship between the green economy 

and human capital. 

 

1.3. The methodology for modeling and equations estimation  

This study examined HCD within the context of sustainable development, 

focusing on GHG emissions and green economic development in OECD 

countries. The dataset included 33 countries spanning the period 2005�±2018, 

based on data availability. Four sets of panel data were collected for various 

econometric analyses. The key variables included human capital, IHC, green 

economy, FDI, technological innovation (TI), skilled labor, wages, GHG 

emissions, and other explanatory variables. 
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Firstly, I calculated the green economic performance by using a principal 

component analysis (PCA) method which involved in 15 indicators.  

Secondly, I applied the mediated moderation effect model to build a 

relationship between IHC, green economy, FDI and TI which includes three 

equations, and then generalized moment method (GMM) was applied to estimate 

the moderating effect of FDI for the relationship between IHC and green 

economy through the mediator of TI. 

Thirdly, to explore the bidirectional relationship and understand how the 

green economy impacts HCD, a simultaneous equation model (SEM) was used 

to develop two vector equations. Baseline regression methods and instrumental 

variable approaches were applied for estimation. Pooled OLS, random effects 

models, and fixed effects models were used to estimate the SEM equations. 

Additionally, the study conducted a comparative analysis of the results using 

both 3SLS and GMM to further investigate the two-way causal relationship 

between green economy and human capital. The transmission mechanism 

showed that the green economy stimulates HCD through TI, skilled labor, and 

wages. Moreover, I modeled three types of joint relationships: (1) green economy, 

human capital, and TI; (2) green economy, human capital, and skilled labor; and 

(3) green economy, human capital, and wages, using a mediated effect model. 

Subsequently, a fixed effects model was applied to estimate the mediating effects 

of TI, skilled labor, and wages on the relationship between the green economy 

and human capital. 

Fourthly, the impact of GHG emissions on human capital was confirmed by 

GMM method. 
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Before estimating the models, cross-sectional correlation and unit root tests 

were conducted to ensure the regression requirements were satisfied. Robustness 

tests confirmed that all the models were well-suited to the data. 

1.4. The findings of thesis 

Based on the estimation results, all hypotheses in this study have been 

confirmed. The findings and discussions are presented in Chapter 5. Some key 

findings are summarized as follows: 

Firstly, FDI can positively moderate the relationship between IHC and green 

economic development through the mediating effect of technological 

advancement in OECD countries. This finding supports hypotheses 1a and 1b, 

revealing a more complex relationship between human capital investment and 

green economic development than previous research suggested. In OECD 

countries, most FDI is concentrated in the manufacturing and services sectors, 

where skilled workers make up a significant portion of the workforce(OECD, 

1998). As an external source of capital, FDI enables technological spillover, 

allowing new technologies from foreign countries to be locally integrated, 

benefiting the host country's technological progress. FDI also affects the local 

labor force, particularly in the services sector, where technological and 

knowledge transfers among skilled workers are essential. This process aligns 

with the need for skilled labor in the green economic development of OECD 

countries. Investment in these industries accelerates sustainable development and 

economic growth, which in turn increases the demand for skilled labor. The 

prospect of higher wages for skilled workers encourages individuals and 

governments to invest in human capital (IZA, 2007). Ultimately, FDI, 

technological progress, and human capital investment work together to drive 

green economic development. 
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Secondly, there is a positive relationship between GHG emissions and the 

human capital index, consistent with hypothesis 2. In other words, this finding 

highlights an opportunity for HCD. Actions related to green and sustainable 

development emphasize the need for nations to empower people through climate 

adaptation and resilience. Specifically, investing in people working in agriculture 

and migration can be highly beneficial. Such investments can equip agricultural 

workers with new technologies, improving productivity and enabling them to 

adapt to climate risks. For migrants, government investments can provide basic 

living support and facilitate their transition into the labor force. Additionally, 

insurance serves as an effective tool to protect household IHC. 

Thirdly, this study introduces new insights into the relationship between the 

green economy and human capital within the context of sustainable development. 

It highlights the opportunity for HCD facilitated by green economic processes. 

The findings explain how improvements in green economic efficiency stimulate 

changes in human capital through TI, skilled labor, and wage growth, thereby 

confirming hypotheses 3a, 3b, 3c, and 3d. 

The green economic transition in OECD countries generates a high demand 

for TI. To develop a green economy and achieve the SDGs, OECD countries 

emphasize optimizing human capital. In addition to maintaining stable 

expenditures on education and healthcare, they focus on research and 

development (R&D) investments to drive technological advancements. Green 

growth is reflected in efficient output and energy use, both of which depend on 

advanced technology and skilled labor. Green economic policies favor increased 

R&D spending and subsidies for renewable energy technologies, which spur 

technological progress, particularly in renewable energy development. However, 

the creation of new jobs in renewable energy often leads to a mismatch between 

the supply of skilled workers and the demand from employers, requiring 

enterprises to provide training with support from national policies. This skills 
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gap remains a pressing issue for OECD countries. Governments are working to 

improve training systems to better prepare workers for these new roles. As a 

result, the demand for skilled labor rises in tandem with green economic 

development. 

Green economic development also creates more decent jobs, offering better 

working conditions and higher wages, particularly in the green industries where 

companies tend to pay more. For workers, the prospect of higher wages 

motivates them to invest in their skills. Additionally, increased income and 

improved environmental conditions provide people with more resources to invest 

in their education and overall well-being, further enhancing HCD. 

This article examines the interconnected relationship between HCD and 

sustainable development through a set of hypotheses. The overall structural 

framework is displayed in Figure 1. HCD is a key driver for achieving the SDGs, 

while the process of achieving the SDGs also stimulates HCD. This research 

supports this view through three studies focused on SDG 8 and 13. First, the 

relationship between human capital investment and green economic development 

is U-shaped. Furthermore, as the green economy develops, FDI can serve as a 

powerful tool to mitigate the initial negative effects of human capital investment 

due to time lags and enhance the long-term positive impact of human capital. 

Next, as climate change impacts intensify, mitigation policies and related 

measures supporting human development contribute positively to human capital 

growth. Finally, green economic development presents a valuable opportunity for 

human capital growth, which is stimulated through technological advancements, 

shifts in the skilled labor structure, and wage growth. In turn, this development 

of human capital becomes a driving force that further supports sustainable 

development actions. 
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Figure 1. The total structural framework of HCD and sustainable development 

  

1.5. The contribution of thesis 

This thesis investigates the nexus between HCD and achievements in 

sustainable development by examining investments in human capital, the human 

capital index, the green economy, and GHG emissions through empirical analysis. 

There are some contributions as follows: 

Firstly, nonlinear relationship between IHC and green economy. The study 

confirms a nonlinear relationship between human capital investment and the 

green economy. Additionally, Study 1 demonstrates, for the first time, the 

mediated moderation effect of FDI and TI. The findings reveal that the 

technological spillover from FDI mitigates the negative impact of the time lag in 

returns on human capital investment on green economic development in host 

countries during the initial stages. 

Secondly, revisiting the nexus between HCD and climate change. Study 2 

revisits the relationship between HCD and climate change, examining its impacts 

and mitigation strategies. The analysis reveals that climate change, when 

accompanied by appropriate strategies, can accelerate HCD. This finding 
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underscores the critical role of climate resilience measures, such as investments 

in education, health, and infrastructure, in empowering individuals and 

advancing human capital development 

Thirdly, in contrast to previous research focusing primarily on the role of 

HCD in achieving sustainable development, Study 3 analyzes HCD alongside 

current policies from a unique perspective. Drawing on UGT theory, a theoretical 

framework was developed to explore the bidirectional relationship between HCD 

and the green economy. This relationship was confirmed using various 

estimation methods. The study demonstrates that the green economy acts as a 

catalyst for HCD in OECD countries and explores its transmission mechanisms. 

Results indicate that green economic development stimulates human capital 

through increased demand for technological innovation, skilled labor, and wage 

improvements. 

Additionally, this research also contributed to the development of a green 

economic index for 33 OECD countries using the PCA model. This index 

comprehensively integrates 15 indicators, accounting for both quantitative and 

qualitative factors. 
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1.6. The summary of research direction 

After nations agreed on the common goal of sustainable development, 

governments worldwide made significant efforts to promote sustainability across 

the economy, environment, culture, and society. However, the results have been 

far from satisfactory. According to the UN's SDG tracking report, only 17% of 

the SDGs are expected to be achieved by 2030. The progress of sustainable 

development has been slow, especially after the impact of COVID-19 pandemic. 

In some areas, progress has stagnated or even regressed. 

Global development now faces tremendous challenges, and recovery will 

require considerable time. Countries worldwide are deeply concerned about the 

sustainable development of humanity, and the impact of the pandemic on human 

life and property has further underscored the urgency of these issues. In this 

context, enhancing people's ability to cope with various risks has become the key 

to sustainable development. Achieving this requires collaborative efforts from 

governments, organizations, and individuals around the world. 

Developing human capital is a critical and urgent task for every nation. 

Thus, we must expand our perspective beyond the one-dimensional role of 

human capital in sustainable development. Instead, we need to explore how 

sustainable development actions and the positive contributions of human capital 

can create a win-win scenario for both human capital and sustainable 

development. This perspective is precisely what current research often lacks.  

Under the theme of "Progress of Human Capital and the Realization of 

Sustainable Development," this study provides a comprehensive analysis from 

three key perspectives: environment, economy, and social inclusion. Study 1 

analyzed the role of human capital investment in fostering a sustainable and 

green economy. The findings emphasize the mechanisms through which 
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investing in human capital drives green economic development, particularly 

through technological progress. When combined with FDI, human capital 

investment shows even stronger positive effects on green and sustainable 

economic outcomes. Study 2 explored whether the wave of sustainable 

development influences HCD. Focusing on climate change, the most pressing 

environmental issue of our time, this study examined government measures 

aimed at establishing climate resilience and empowering people. Investments in 

education, health, infrastructure, and policy support for climate actions were 

found to indirectly accelerate HCD. Study 3 examined HCD from the perspective 

of the green economy, constructing a theoretical framework linking the green 

economy and the human capital index. The findings demonstrate that the green 

economy positively impacts HCD through mechanisms such as technological 

progress, an increase in skilled labor levels, and changes in wages. 

In summary, while environmental sustainability is a vital component of 

human development, economic and social sustainability are equally 

indispensable. This research underscores the importance of a multidimensional 

approach to sustainable development, providing valuable insights into the 

interconnected roles of human capital and the green economy. 

1.7. The structure of the thesis 

This thesis consists of five parts. Chapter 1 provides an introduction, which 

includes an overview of OECD member performance, a review of the main 

factors related to human capital, the significance of the study, objectives and 

hypotheses, the methodology for modeling and estimating equations, findings, 

and contributions. The structure of the thesis is outlined as follows: Chapter 2 

summarizes current research related to theory, methodology, and findings, and 

then formulates the hypotheses. Chapter 3 presents the methodology and data, 

detailing the modeling approaches and estimation methods used for the equations. 
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Additionally, the data description covers the sources of data and variable 

measurements. Next, Chapter 4 presents the empirical results, which include a 

basic data summary, CDS test, unit root test, and estimation results. Finally, 

Chapter 5 concludes the work and findings, along with some suggestions based 

on the results.  
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Chapter two. Overview of HCD, green economy and 

climate change 

Since the Industrial Revolution, capital has accumulated rapidly due to 

technological advancements that have boosted production efficiency, leading to 

increases in GDP, urbanization, and living standards. Today, we are experiencing 

the Fourth Industrial Revolution, marked by breakthroughs in the digital 

economy and information technology. Improvements in physical infrastructure 

and technology have laid a solid foundation for enhancing human well-being. 

Driven by sustainable development strategies, HCD now faces new challenges 

and opportunities, primarily reflected in changes in human capital investment 

and accumulation (McLean et al., 2007). In order to achieve economic growth 

and environmental protection by HCD, it is necessary to investment more 

resources into human capital (Arokiasamy et al., 2023). In terms of measuring 

human capital indicators, no uniform method exists, as measurement approaches 

vary depending on the focus of human capital research. The Penn World Table 

(PWT) project constructs a human capital index which was calculated by using 

the data of average years of schooling and the rate of return to education, 

drawing from previous literature to estimate changes in total productivity 

(Feenstra et al., 2016). The World Bank updated relevant data in 2020, 

incorporating health, schooling quantity, and schooling quality to create the 

Human Capital Index. This index highlights the future productivity returns of 

education and health, with higher scores indicating greater earning potential, 

higher income levels, and stronger social cohesion (World Bank Group, 2020). 

The OECD measures human capital using data from PISA and PIAAC surveys 

combined with average years of schooling, emphasizing the importance of 

educational quality over quantity (OECD, 2022a). The Human Capital Index 

reflects the capacity of education policy to enhance social productivity. Figure 2 

below shows the Human Capital Index (HCI) based on years of schooling and 
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returns to education for 33 OECD countries in 2018. HCI values range from 2.5 

to 4, and the relatively small differences between countries indicate a balanced 

level of HCD across OECD nations. 

Figure 2. Human capital index in 33 OECD countries, 2018 

 

Source: Completed by author based on data from PWT 9.0 

The Organization for Economic Co-operation and Development (OECD) is 

an international organization focused on shaping policies for its member 

countries and partners, and member countries include Australia, Austria, Belgium, 

Canada, the Czech Republic, Denmark, Finland, France, Germany, Greece, 

Hungary, Iceland, Ireland, Italy, Japan, Korea, Luxembourg, Mexico, the 

Netherlands, New Zealand, Norway, Poland, Portugal, the Slovak Republic, 

Spain, Sweden, Switzerland, Turkey, the United Kingdom, and the United States 

(OECD, 2002). The OECD aims to assist member countries in achieving 

sustainable development. 
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HCD remains a priority for the OECD. For many years, OECD countries 

have focused on education, public health, and improving living conditions to 

achieve sustainable development goals. Currently, they are committed to 

adapting to developments in green and sustainable economies, addressing 

climate change, and fostering inclusive societies, while maintaining leadership in 

global sustainable development. 

In 2015, the United Nations members adopted the 2030 Agenda for 

Sustainable Development, which called for actions to achieve 17 SDGs (UN, 

2015). These goals encompass areas such as the economy, environment, 

education, health, and equality, with a target for completion by 2030. Following 

the conference, member countries implemented various green and sustainable 

policies aimed at improving the environment, controlling carbon emissions, and 

promoting human development. However, achieving these goals has proven 

difficult. 

According to the UN's tracking of SDG progress, only 17% of the goals are 

likely to be achieved by 2030. For most SDGs, there is a significant gap between 

actual progress and expectations. Some targets are experiencing stagnation or 

even regression (UN, 2024). As shown in Figure 3, Goals 2 and 12 are 

particularly challenging. Improving food security, nutrition, and agricultural 

efficiency remains critical for ensuring the material conditions necessary for 

human development, yet it poses significant challenges. In 2022, many people 

continued to suffer from hunger and food insecurity, and the situation worsened. 

Agriculture is disproportionately affected by changes in the natural environment. 

The intensifying effects of climate change, coupled with disruptions caused by 

COVID-19, have severely impacted food supply and security systems, 

particularly in low- and middle-income countries (UN, 2022). The situation is 

more promising for Goal 7. Energy production and consumption are closely 

linked to both production and the environment. Sustainable development requires 
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improving energy efficiency and advancing energy systems. Efforts by various 

countries have significantly improved energy intensity, and investment in 

renewable energy infrastructure and technology has increased in recent years. 

Despite these advancements in energy development, achieving energy 

sustainability will require continued efforts to improve energy efficiency. This 

remains crucial, as most environmental problems are caused by energy 

consumption. 

Figure 3. The progress assessment for 17 SDGs in the world, 2024 

 

Source: United Nations SDG Progress report (2024). https://sdgs.un.org/goals#history 

For instance, the chief culprit of climate change is carbon emissions 

generated by fossil energy consumption. It is one of the most significant 

environmental issues worldwide, causing a deterioration in agricultural 

production conditions, extreme weather events, higher temperatures, and an 

increased risk of natural disasters, which threaten human life and livelihoods. 

These harmful conditions present not only current challenges but also potential 
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obstacles to the sustainable development of future generations. In SDG 13, 

climate actions to adapt and mitigate the consequences of extreme weather and 

high temperature have become the main environmental strategy of nations. The 

adaptation and mitigations need the cooperation of global areas in the 

responsiveness and resilience of government, financing for climate change 

through tax policies, public sector and private sector, support of global partners 

and improvement in actions efficiency through education and TIs and the 

resilience of human (Salomón, 2024). 

In response, the OECD has proposed a set of climate change mitigation and 

adaptation policies, such as the Paris Agreement and climate adaptation and 

resilience plans, particularly focusing on agriculture, food systems, ecosystems, 

and the economy (OECD, 2023). Additionally, the United Nations has 

emphasized the importance of sustainability across economic, environmental, 

and social dimensions. Consequently, the green economy model has emerged as 

a critical strategy to address the conflict between development and sustainable 

human and societal needs. The evaluation of green economy efficiency combines 

factors related to the economy, environment, energy, and cultural society, 

regardless of whether the countries are developed, developing, or 

underdeveloped (UNDESA, 2013). 

In addition to environmental sustainability, achieving a sustained economy 

and an inclusive society for future generations is also a key goal of human 

development. SDG 8 aims to build an inclusive society through a sustained 

economy, full employment, high wages, and a satisfying work environment. As a 

result, governments have recognized that a green economy is an effective 

pathway to promoting economic sustainability, environmental sustainability, and 

human well-being. 
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The transformation to a green economy necessitates close cooperation 

among various resources and national policies. Capital inputs, green economic 

policies, TI, and labor market improvements are all essential components. At the 

heart of green economic development is human capital, which promotes 

economic growth, enhances technological development, and contributes to 

overall efficiency. Therefore, understanding and strengthening human capital is 

vital for achieving SDGs in OECD countries and worldwide. 

Generally, the OECD uses educational attainment and average years of 

schooling as quantitative measures of human capital (OECD, 1998c). Figure 4 

presents statistics from OECD countries regarding educational attainment for 

individuals aged 35-44 in 2022. In most OECD countries, individuals with 

tertiary education represent the highest proportion of the total population. For 

instance, in Canada, 67.13% of people have tertiary education, while 27.74% 

hold upper secondary education, and only 5.13% have below upper secondary 

education. In Germany, the share of individuals with upper secondary education 

exceeds that of those with tertiary education, with only 16.82% having a low 

education level. In Colombia and Italy, the proportion of individuals with upper 

education remains the largest, at 35.87% and 45.05%, respectively. Following 

this, individuals with below upper secondary education outnumber those with 

tertiary education. 
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Figure 4. Educational attainment at levels of age 35-44 in OECD countries, 2022 

 

Source: Made by author based on data from OECD 

In the process of sustainable development, gender equality is also one of the 

SDGs. In OECD countries, this issue has been effectively addressed after years 

of dedicated effort. As described in Figure 5, subgraphs a, b, and c comparatively 

analyze the share of women in the population with three educational levels in 

2005 and 2022. 

For those with below upper secondary education, the share of the population 

was lower than 50 percent in most countries in 2005. However, by 2022, the 

share of the population at this educational level had nearly reached, and in many 

cases exceeded, 50 percent in most OECD countries. It is evident that Hungary 

made significant strides in narrowing gender inequality from 2005 to 2022; the 

percentage of women in this category increased from 24.25% in 2005 to 56.26% 

in 2022.  
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Regarding upper secondary education, there was little change in the share of 

women between 2005 and 2022. The percentage of the population with upper 

secondary educational attainment fluctuated slightly around the 50% mark, 

indicating significant gender equality. 

In terms of tertiary education, the share of women fluctuated more in 2005 

than in 2022, with an increase in the number of women obtaining tertiary 

education by 2022. Overall, OECD countries have demonstrated strong 

performance in promoting gender equity. 

 

Figure 5. Women�¶s educational attainment for educational level by gender of age 35-44 in 

OECD countries, 2005 and 2022 

a. The share of women in population with below upper secondary education 

 

Source: Made by author based on data from OECD 
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b. The share of women in population with upper secondary education or post-

secondary non-tertiary education 

 

Source: Made by author based on data from OECD 

 

c. The share of women in population with tertiary education 

 

Source: Made by author based on data from OECD 
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Sustainable development has an established international definition in the 

report titled Our Common Future from 1987. It emphasizes two concepts from 

the perspectives of humanity and the environment. On one hand, achieving 

sustainable development can meet the needs for food, clothing, shelter, 

transportation, and spiritual pursuits for all people, whether in developed 

countries, developing countries, or less developed areas. On the other hand, 

taking a long-term view of human development�² not only to consider the present 

life, production and environment but also to consider the future of the next 

generation�² is the true meaning of sustainability (WCED, 1987). Essentially, 

these needs depend on the consumption of natural resources. Humanity derives 

basic materials from nature. These available resources are either used directly or 

recreated through technology, forming large-scale production processes that 

ultimately provide services for humanity in industrial, agricultural, 

manufacturing, and commercial sectors. Furthermore, social and cultural 

development shapes human desires. The infinite desires of human beings, 

whether material or spiritual, require unlimited resources, which makes 

sustainability essential for human well-being. Overall, sustainable development 

(SUS) should encompass economic sustainability, environmental sustainability, 

and social sustainability. 

In response to the challenge of balancing growth and environmental 

protection while pursuing human well-being, the United Nations held a 

conference in 2012 to clarify and standardize actions to achieve sustainable 

development. This led to the establishment of the SDGs. The SDGs aim to unite 

the world in striving for human well-being to tackle global issues such as hunger, 

poverty, disease, education, and other significant challenges related to 

sustainable development, thereby helping to reduce disparities in human 

development. Currently, there are 17 SDGs that encompass various areas, 

including income inequality, food security and support, education, water, energy, 
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TI, maritime and terrestrial conservation, international cooperation, economic 

growth, and climate change. 

According to Figure 6, the SDG Transformation Center has collected data 

from 193 UN member states related to 125 SDG indicators to assess SDG 

progress and comparatively analyze scores across different regions. These 

regions are categorized into seven areas. From 2015 to 2023, positive changes 

have been observed in all regions. Specifically, the scores in Western Europe, 

Central Asia, Latin America, and the Caribbean are higher than the world 

average, while the scores in East and South Asia and the Middle East and North 

Africa are close to the world average. However, development in Oceania and 

Sub-Saharan Africa remains significantly lower than in other regions. Notably, 

OECD countries have the highest scores, well above the average, indicating that 

they are far ahead in the pursuit of sustainable development. 

  



 

30 

 

Figure 6. The score of SDG index in the world from 2015 to 2023 

 

Source: Sustainable development report in 2024, p16 (SDGTC, 2024) 

It is self-evident that production and household activities are the root causes 

of various burdens on the planet (Chu et al., 2017). Three endowments�² natural 

resources, human capital, and physical capital�² are crucial factors for production. 

However, there are limited conditions to consider. The finiteness of resources and 

the limited capacity of environmental regulation require humanity to consume 

and discharge at a balanced level to achieve long-term, sustainable development. 

This can be summarized in one word: sustainability. In the production process, if 

the input factors are dominated by renewable resources, it will be sustainable in 

the future. Additionally, with the support of advanced technology, a sustainable 
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outcome may emerge even when non-renewable input factors are utilized, thanks 

to TI (Klaassen and Opschoor, 1991). 

It is clear that energy is a crucial power source for national development and 

people's lives. The challenge lies in ensuring sustainable energy support while 

minimizing the environmental impact of energy use, which relates to SDG 7. A 

common problem is that the cost of developing renewable energy is much higher 

than that of non-renewable energy. In most countries worldwide, non-renewable 

energy remains the primary energy source, and many modes of production and 

lifestyles depend on fossil fuels. Even electricity generation is still dominated by 

coal. However, the situation in OECD countries is better. According to statistics, 

the world average proportion of renewable energy consumption in 2020 was 

19.77 percent. Half of the OECD countries have a higher level than the world 

average. 

Figure 7 illustrates the situation of renewable energy consumption in OECD 

countries from 2005 to 2020. Iceland has the highest value, exceeding 80 percent. 

Norway follows closely with a consumption rate of 61.29 percent in 2020, while 

Sweden's rate is 58.40 percent for the same year. Denmark has made the most 

progress in renewable energy consumption, with the proportion increasing by 

23.58 percentage points, from 16.12 percent in 2005 to 39.7 percent in 2020. 

Meanwhile, Iceland continues to have the highest proportion of renewable 

energy use, which is growing rapidly in recent years. Estonia also saw a 

significant increase of 21.1 percentage points, rising from 18.9 percent in 2005 to 

40 percent in 2020, which is much higher than in most OECD countries. 
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Figure 7. The share of renewable energy consumption in total energy consumption (%) 

OECD countries, 2005-2020 

Source: calculated and made by author based on data from World Development 

Indicators (WDI) 

 

In reality, there is still a long way to go to achieve sustainable development. 

Energy is a basic production power, whereas improving efficiency is key in the 

face of limited natural resources, human capital, and physical capital. Advanced 

technology contributes to high efficiency, further stimulating sustainable 

development, especially in developed countries. A study that explored the 

importance of the relationship between sustainable development and TI, based on 

empirical analysis of 75 countries with different income levels, found that TI 

plays a significant role in promoting sustainable human development, economic 

development, and environmental health in wealthy countries (Omri, 2020). 

Additionally, the greater the number of patents, the stronger the incentive effect. 
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Accordingly, technological progress related to environmental development 

is a powerful tool for promoting sustainable development. Several methods exist 

to measure TI, with the number of patents being a commonly used metric in 

research(Ahmad et al., 2023). Table 1 describes the patented inventions under 

different conditions in OECD countries in 2020. A significant gap exists among 

these countries. For the total number of patents, the top 15 countries are the 

United States, Germany, France, the United Kingdom, Switzerland, Italy, the 

Netherlands, Canada, Sweden, Israel, Austria, Finland, Denmark, Belgium, and 

Spain, all of which have more than one thousand patents. Meanwhile, there is a 

considerable gap between the United States and Germany compared to the rest of 

the total. The United States leads with the most patents, totaling 53,195, followed 

by Germany with 24,262. France ranks third with 8,879 patents in 2020, while 

Costa Rica has only 6 patents. 

Regarding the number of patents in environmental technology, the United 

States accounts for the largest proportion with 5,771 patents, while Germany 

follows with 2,457. The remaining OECD countries have fewer than 878 patents, 

and some countries have only a few patents related to environmental technology. 

In terms of the share of patents in environmental technology relative to the total 

number of patents, Slovakia has the highest percentage at 92 percent, with 31 

patents, 28 of which are related to environmental technologies. Colombia has 68 

percent of its patents related to environmental technology, totaling 39 patents 

with 26 specifically in this area. Additionally, Finland, the United Kingdom, 

Spain, the Netherlands, Denmark, and Belgium each have more than one 

thousand patents, with over 14 percent of their patents related to environmental 

technology.   
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Table 1. TI in OECD countries, 2020 

Country Patents in environmental 

technology 

Total 

patents 

% of patents in environmental 

technology 

United States 5771 53195 11% 

Germany 2457 24262 10% 

France 878 8880 10% 

United 

Kingdom 

805 5486 15% 

Netherlands 525 3844 14% 

Sweden 401 3506 11% 

Canada 376 3629 10% 

Italy 372 4069 9% 

Switzerland 345 4497 8% 

Finland 262 1531 17% 

Denmark 180 1344 13% 

Belgium 172 1341 13% 



 

35 

 

Spain 166 1194 14% 

Poland 146 368 40% 

Norway 142 575 25% 

Austria 121 1651 7% 

Israel 114 1689 7% 

Czech 

Republic 

69 207 33% 

Turkey 64 410 16% 

Luxembourg 53 280 19% 

Mexico 50 92 54% 

Ireland 36 771 5% 

Slovakia 28 31 92% 

Colombia 26 39 68% 

Greece 21 111 19% 

Slovenia 19 84 23% 
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Portugal 17 167 10% 

Hungary 13 111 12% 

Lithuania 6 30 20% 

Latvia 4 19 21% 

Estonia 2 30 7% 

Costa Rica 1 6 16% 

Iceland 1 23 4% 

Source: collected and calculated by author based on the data from World Intellectual 

Property Organization (WIPO) 

In addition to technological advances and efficiency improvements, human 

perceptions of sustainability are equally important because the understanding of 

sustainable development guides human behavior. In light of the reality that 

human beings often act unscrupulously in their demand for resources, causing an 

imbalance between resource consumption and the capacity of the environment to 

regulate itself, some intellectuals began to recognize the problem of 

environmental degradation after the 20th century. They started to promote and 

advocate for environmental protection through published works (Stephen et al., 

2000). 

The issue of food safety, exacerbated by environmental pollution, has 

garnered significant attention. As a result, more researchers have focused on the 
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environmental consequences of human actions. By the end of the 20th century, 

awareness of sustainable development had risen to the international stage, 

leading many countries to cooperate in addressing the contradictions of uneven 

global environmental and economic development (UN, 1992). This marked the 

first time that the goals and purposes of sustainable development were articulated 

and shared on a global scale. 

In the study of HCD, climate change, and sustainable development, the 

focus is primarily on indicators related to HCD, the achievement process of 

SDGs, foreign direct investment (FDI), technological innovation (TI), and 

greenhouse gas (GHG) emissions. OECD countries are advantageous as research 

subjects due to their proactive approach to sustainable development. Following 

the steps outlined by the United Nations, OECD countries have studied and 

formulated strategies and programs tailored to their national conditions after the 

international recognition of sustainable development pathways, demonstrating 

their strong emphasis on this goal. 

From the perspective of human capital, the human capital index in OECD 

countries fluctuates between 2.5 and 4.0, indicating a balanced level of HCD 

across the region. In terms of education, the proportion of people with tertiary 

education is the highest in most OECD countries. Regarding gender equality, the 

ratio of males to females across all education levels�² below upper secondary, 

upper secondary, and tertiary�² is close to 50%, reflecting significant gender 

balance. Moreover, OECD countries exhibit a high overall level of human capital, 

with gender inequality narrowing from 2005 to 2018. 

Compared to initial human capital investment (IHC), educational 

investment increased significantly from 2005 to 2020, and health expenditure 

also rose between 2000 and 2021. These trends underscore the progression of 

human capital development in OECD countries. Additionally, OECD countries 
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achieve the highest scores on the sustainable development index, far exceeding 

the global average, which indicates their leadership in pursuing sustainable 

development.  

2.1. The nexus of IHC, human capital and SUS 

Human capital comprises the knowledge, skills, and health that individuals 

accumulate throughout their lives, enabling them to realize their potential as 

productive members of society (World Bank, 2018). Human capital can be 

divided into general and specific types. General skills and knowledge are 

required in most jobs, while specialized fields demand specific skills (Hippe et 

al., 2015). From the perspective of skill development, investment in basic 

education is essential for acquiring general skills, while specific skills are 

typically developed through practical experience and specialized training. 

Human capital is a powerful catalyst for sustainable development. With the 

growing awareness of sustainability, HCD has received increasing attention, 

especially concerning SDG4, which focuses on improving educational quality. 

Enhancing education benefits to both human life and the environment which can 

reduce carbon emissions. Human capital's impact on carbon emissions transitions 

from positive to negative over time, and it also has a moderating effect in leading 

carbon-emitting countries. This occurs because the interaction between human 

capital and industrial value-added, as well as human capital and income, 

contributes to a reduction in carbon emissions (Payab et al., 2023). 

Thus, IHC is one of the most critical components for fostering economic, 

social, and environmental development. Moreover, investing in higher education 

supports dynamic HCD in the long term (O. O. Adejumo et al., 2021), because 

sustainable human capital growth stimulates employment. On an individual level, 

investing in education and health enables people to attain better opportunities, 
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work, and higher incomes. On a societal level, IHC enhances productivity and 

energy efficiency. High-quality labor can embrace innovation, create knowledge 

spillovers, and adapt to sustainable practices more effectively. OECD countries 

has always paid attention to educational development. As the Figure 8 descripted, 

the investment of education in OECD countries increased significantly from 

2005 to 2020. There is a big difference between countries. The investment in 

education is more than 100 billion US dollars in France, Germany, United 

Kingdom and United States. Among of them, the highest proportion of IHC is 

United States.  

Figure 8. The comparison of educational expenditure in 2005 and 2018, 33 OECD 

countries 

 

Source: completed by author based on data from OECD dataset 

IHC is one of the key factors affecting the green economy. According to the 

United Nations Environment Programme's report "Towards a Green Economy: 

Pathways to Sustainable Development and Poverty Eradication," IHC is a 

favorable condition for the green economy and serves as a complementary 
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investment. The report concludes that a green economy can be built by 

reallocating government spending and boosting human capital and technology-

intensive industries (Fang et al., 2022). And increasing human capital investment 

can help to improve the infrastructure, then towards a green economy by 

stimulating the green TI  (Wang et al., 2022).  However, IHC's importance is 

often overlooked in development. There are two main reasons for this: First, 

investing in human capital requires significant financial resources, and low levels 

of economic development severely limit a country's ability to make such 

investments. Many developing countries face enormous pressure to invest in 

human capital due to large populations. Second, the social return on IHC is 

difficult to quantify. For example, investing in education has a long payback 

period, and the eventual economic value created is hard to track and measure. 

The IHC should include health expenditure, as health is essential for human 

well-being. Good health ensures that individuals can live and work productively 

within society. For both governments and individuals, health investment 

generates significant economic returns, with long-lasting effects. However, 

development in health-related projects remains insufficient. In middle- and high-

income countries, the primary source of health expenditure comes from 

government revenues. Conversely, in low-income regions, individuals often bear 

the cost of healthcare themselves, supplemented by limited external aid funds 

(WHO, 2021). Therefore, it is crucial for governments to maintain proactive 

public health policies to help people build resilience, which is vital for 

sustainable human development.  

As shown in Figure 9, OECD countries have increased their health 

expenditure from 2000 to 2021. In 2019, the rise in health expenditure became 

particularly pronounced due to the COVID-19 pandemic. Evidently, diseases not 

only cause significant harm to human health and threaten lives but also place a 

substantial burden on national finances. The prevention and control of diseases 
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serve as a critical reminder for humanity: both countries and individuals must 

focus on building the capacity to manage natural threats, thereby mitigating the 

adverse impacts of such events on human society 

Figure 9. The comparison of current health expenditure, % of GDP in 2000 and 2021, 33 

OECD countries 

 

Source: completed by author based on data from World Health Organization 

In addition, IHC brings substantial benefits to society and the economy. It 

makes people more productive, flexible, and innovative by enhancing their skills, 

health, and knowledge (World Bank, 2018). With improved human capital, 

people can rapidly adapt to new technologies and ideas, increasing production 

efficiency and reducing environmental pollution. As a result, IHC promotes 

human capital, attracts talent, and provides a better working environment, 

helping to reduce talent loss and contributing to the green economy. Nations are 

increasingly investing in human capital to meet the challenges of sustainable 

development (National BFP, 2021), not only in education and health but also in 

water, the environment, and social development. Figure 10 shows the trend of 

human capital investment in OECD countries. Most countries show trend of 
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rising volatility which indicated that OECD countries still concentrate on the 

HCD these years. 

 

Figure 10. The IHC in 33 OECD countries, 2005-2018 

 

Source: Made and calculated by author based on the data from OECD and WHO 

 

Relying solely on government investment to promote sustainable 

development is overly simplistic and can lead to significant financial strain. 
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Therefore, leveraging external capital is also an effective approach. On one hand, 

foreign capital helps stimulate the local economy by providing financial 

resources and equipment. On the other hand, FDI introduces new technologies 

and valuable knowledge (Ali et al., 2023). The integration of new and existing 

knowledge and skills plays a crucial role in advancing sustainable development.  

OECD countries are well aware of these benefits. In Figure 11, the 

percentage of FDI inward in GDP of total OECD countries has reached the world 

level, and it even exceed the world level after 2012. 

Figure 11. The percentage of FDI inward in GDP in total OECD countries, 1990-2024 

 

Source: Completed by author based on the data from UNCTAD 

OECD countries account for a significant proportion of the world's total 

FDI stocks. Figure 12 shows the percentage of inward FDI in the total world FDI 

for 2024 among the 38 OECD countries. There is a notable difference between 

the United States and other OECD countries. The United States holds the highest 

share, accounting for 26.09%. The United Kingdom ranks second, with 6.21%, 

followed by the Netherlands at 5.45%. Other countries with relatively high 
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proportions include Australia (1.64%), Canada (3.39%), France (2.06%), 

Germany (2.30%), Ireland (2.87%), Luxembourg (2.41%), Mexico (1.58%), 

Spain (1.83%), and Switzerland (2.31%). 

Figure 12. The percentage of FDI inward in total world, 38 OECD countries, 2024 

 

Source: Completed by author based on the data from UNCTAD 

Besides, Moreover, the structure of FDI inflows can significantly impact 

sustainable development. According to research, FDI can have both a pollution 

haven effect and a pollution halo effect. The "pollution haven" effect refers to 

FDI increasing pollution in host countries due to lower environmental standards, 

which attracts pollution-intensive industries and technologies. This phenomenon 

often occurs in developing countries. In contrast, the "pollution halo" effect 

describes a scenario where FDI is directed toward low-pollution industries in 

host countries. At the same time, it introduces advanced technologies and capital, 

helping to reduce local carbon emissions and promote green technologies. This 

effect is more commonly observed in developed countries (Benzerrouk et al., 

2021). OECD countries not only account for the largest share of global FDI 
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inflows but also attract FDI primarily into the tertiary sector, which generates 

lower carbon emissions compared to the secondary sector. As shown in Figure 13, 

in 2022, the largest share of inward FDI in OECD countries was directed toward 

services other than financial and insurance activities, as well as financial and 

insurance activities. Additionally, some FDI flowed into the manufacturing sector, 

with a smaller portion directed toward other sectors. 

 

Figure 13. The FDI inward by sector in OECD countries in 2022 

 

Source: OECD FDI statistics database. https://www.oecd.org/en/topics/foreign-direct-

investment-fdi.html 

  

Accordingly, the achievement of SDGs benefits from the FDI inwards. 

Because it must rely on TI, not just the addition of technology (Ibrahim, 2023). 

Innovation can shift labor demand (Ortiz and Salas, 2020), encouraging 

households and governments to invest more in skills development. Households 

aim for higher incomes by improving skills, while governments implement 

positive fiscal policies to boost the economy and address environmental issues 

https://www.oecd.org/en/topics/foreign-direct-investment-fdi.html
https://www.oecd.org/en/topics/foreign-direct-investment-fdi.html
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through human capital investment (Shao et al., 2014). This rising demand for 

human capital creates opportunities for further development. Cultural 

sustainability, which seeks to preserve cultural heritage and traditions, also plays 

a role in promoting human well-being (Järvelä, 2023). Growing up in a rich 

�F�X�O�W�X�U�D�O���F�R�Q�W�H�[�W���L�V���E�H�Q�H�I�L�F�L�D�O���W�R���F�K�L�O�G�U�H�Q�¶�V���S�K�\�V�L�F�D�O���D�Q�G���S�V�\�F�K�R�O�R�J�L�F�D�O���K�H�D�O�W�K��(Ali, 

2016). 

Despite the significant commitment to HCD in OECD countries, challenges 

remain. Statistics show that spending on human capital in most OECD countries 

experienced volatile growth between 2005 and 2018. Greece, however, saw a 

decline in government expenditure on human capital starting in 2005, due in part 

to its gradually shrinking population. 

To sum up, FDI plays a critical role in increasing human capital stocks in 

host countries, thereby improving productivity and driving economic 

development (Dexter et al., 2013). IHC can also accelerate TI, which in turn 

helps shape the structure of human capital. Based on the interaction between FDI, 

TI, IHC and green economy, this study aims to investigate the joint impact of 

FDI and TI on IHC and green economy through a robust research methodology. 

Currently, there are few studies that analyze the connection between human 

capital and the green economy (Cheng et al., 2020; Liu et al., 2022; Ngo et al., 

2022; Zhang et al., 2021). However, two significant issues arise. First, human 

capital and IHC are often conflated in research, though they are distinct concepts 

with different definitions and influencing factors. Second, IHC is often measured 

solely by education expenditure, which is an incomplete approach. The skills and 

knowledge are largely the result of investment which has been proved. In 

addition to education, investments in health and international migration for 

improved job opportunities are key components of IHC (Schultz, 1961). Human 

capital refers to the knowledge, skills, and health that individuals accumulate 
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throughout their lives, enabling them to contribute meaningfully to society 

(World Bank, 2018). As its name suggests, IHC is focused on these same aspects, 

with health expenditure being a crucial part of the investment process (Chang 

and Ying, 2006). Many studies on IHC and the green economy often overlook 

health investment. The limitations of IHC in terms of payback and returns also 

lead to inadequate government action. Additionally, although a few studies 

analyzed the health expenditure in health or education and green economy, the 

indicator to represent for the human capital index is single. Therefore, 

comprehensive empirical analysis is essential to advance research on this field. 

Thus, this section aims to explore FDI, TI, IHC and the green economy 

applying a mediated moderation model. While previous studies have analyzed 

the nexus between FDI, TI, the green economy, and IHC, no existing research 

has examined the nexus of FDI, TI, green economy and IHC by using mediated 

moderating method. Additionally, health is often overlooked in analyzing the 

relationship between IHC and the green economy. This study will completely 

evaluate the value of human capital investment and green economic performance 

to estimate the relationship between them. 

 

2.2. The nexus of climate change, green economy, human capital and 

SUS 

Understanding of Earth's changing climate dates back to the early 19th 

century. To explain why Earth is warm, physicist Joseph Fourier collected 

extensive data and concluded that gases in the atmosphere absorb heat, helping 

maintain Earth's temperature (Baptiste, 2009). Later, American scientists 

identified water vapor and carbon dioxide as the primary heat-absorbing 

substances, suggesting that, over time, they could lead to a global temperature 



 

48 

 

increase. More recently, Irish physicist John Tyndall discovered that in addition 

to carbon dioxide, methane and volatile hydrocarbons also trap heat. Most of 

these heat-trapping gases are produced by burning fossil fuels. By monitoring 

and measuring these gases, scientists have been alarmed to find that greenhouse 

gases are causing global temperatures to rise faster than nature can regulate, 

posing a serious threat to humanity if unchecked. Gradually, climate change has 

been clearly defined as long-term and large-scale shifts in temperatures and 

weather patterns (UNDP, 2023). Greenhouse gas (GHG) emissions include eight 

key gases: CO2, methane (CH4), hydrofluorocarbons (HFCs), nitrous oxide 

(N2O), chlorofluorocarbons (CFCs), sulfur hexafluoride (SF6), perfluorocarbons 

(PFCs), and nitrogen trifluoride (NF3). 

Global warming caused by GHG emissions is increasingly affecting human 

capital. Extreme weather directly impacts human health. The World Health 

Organization (WHO) reports that GHG emissions is causing illness and death in 

numerous ways. Additionally, the negative effects of GHG emissions on 

agriculture and water supplies directly hinder people's access to adequate 

nutrition (Caruso et al., 2023). Higher temperatures can also lower educational 

performance and reduce teacher attendance, which may ultimately hinder 

educational attainment in certain contexts (Garg et al., 2017). Over time, this 

leads to a decline in the quality of human capital. 

The damage to the Earth and its inhabitants caused by changing seasons has 

been observed worldwide. Adapting to and mitigating seasonal changes is a 

challenge for individuals, countries, and the global community. To address this, it 

is essential for individuals to recognize and understand the hazards of GHG 

emissions and then cultivate environmentally conscious habits. HCD plays a key 

role in optimizing individual behavior (World Bank Group, 2023). Education 

helps people change their mindset and behavior, enabling them to make informed 

decisions when facing environmental challenges. Additional education related to 
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pro-climate outcomes has been shown to strengthen environmental beliefs, 

improve behavior, and increase preferences for environmental protection in 

European countries, even with just one additional year of education (Angrist et 

al., 2023). Furthermore, more educated individuals are better equipped to 

understand and comply with a country's environmentally friendly policies, 

fostering pro-climate outcomes (World Bank Group, 2023). Retraining also 

facilitates the transition of labor from traditional industries to the new climate 

economy, with workers moving into the renewable energy sector and other low-

carbon industries (World bank group, 2020). As studies have shown, economic 

activities and policy implementation have less negative impact on environmental 

quality and human well-being in countries with high human capital indices (Zhu, 

2022). As a result, these countries find it easier to control carbon emissions and 

achieve sustainable development goals. 

From the perspective of sustainable development, environmental 

degradation to some extent stimulates the awakening of human environmental 

awareness. Countries around the world have taken significant steps to address the 

adverse effects of GHG emissions. The OECD has advocated for global 

cooperation to adapt to and mitigate climate change. The goal of achieving 

climate neutrality is aimed at reducing greenhouse gas emissions and mitigating 

their impact on HCD. Policies related to reducing greenhouse gas emissions may 

benefit both the economy and public health, lowering the overall cost of 

controlling carbon emissions (Patz et al., 2014). Ultimately, these efforts 

contribute to sustainable development. 

According to the statistics shown in Figure 14, between 2005 and 2018, the 

following countries consistently ranked among the top ten OECD nations in 

terms of total greenhouse gas emissions: the United States, Japan, Germany, 

Canada, the United Kingdom, Mexico, Australia, South Korea, France, and 

Turkey. The United States emitted the highest amount of greenhouse gases, 
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followed by Japan. During this period, emissions in the United States decreased 

from 6.74 Gt to 6.13 Gt, and in Japan from 1.29 Gt to 1.20 Gt. Notably, the 

United Kingdom's emissions fell significantly from 676.88 Mt in 2005 to 453.98 

Mt in 2018, marking the most substantial reduction among all OECD countries.  
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Figure 14. The total GHG gases emissions in OECD countries, 2005-2018 

   

Source: Climate Watch Historical GHG Emissions. 2022. Washington, DC: World 

Resources Institute. https://www.climatewatchdata.org/ghg-emissions 

 

Although the control of GHG emissions in OECD countries has not been 

entirely effective, the carbon intensity per unit of GDP has improved globally. As 

shown in Figure 15, GHG emissions per unit of GDP are highest in Poland, 

followed by the Czech Republic and Australia. However, there has been a 

noticeable slowdown in emissions from 2005 to 2018. This is partly due to 

�3�R�O�D�Q�G�¶�V���U�D�S�L�G���*�'�3���J�U�R�Z�W�K���G�X�U�L�Q�J���W�K�H�V�H���\�H�D�U�V�����Z�K�L�F�K���K�D�V���O�H�G���W�R���D���I�D�V�W�H�U���L�Q�F�U�H�D�V�H��

in GHG emissions compared to other OECD countries. In Poland, the largest 

share of GDP comes from services, followed by industry, with relatively weaker 

high-tech production. The lack of dynamism in HCD is likely to affect both 

economic and environmental sustainability. The overuse of temporary contracts 

has hindered productivity, and as a result, workers' rights and interests cannot be 

adequately protected. Furthermore, this makes it difficult to establish a stable and 

well-regulated labor market in Poland (OECD, 2016) 

  

https://www.climatewatchdata.org/ghg-emissions
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Figure 15. The all GHG gases emissions per GDP in OECD countries, 2005-2018   

   

Source: Climate Watch Historical GHG Emissions. 2022. Washington, DC: World 

Resources Institute. https://www.climatewatchdata.org/ghg-emissions 

When it comes to environmental efficiency, OECD countries are at the 

forefront, as they have lower GHG emissions per unit of GDP. In 2018, Turkey 

had the highest GHG emissions among OECD countries at 646.40 Mt, which is 

still lower than in many other countries worldwide. This is largely due to 

proactive environmental protection measures and a focus on human well-being. 

On the one hand, economic development in most OECD countries benefited 

early from the industrial revolution, which brought the conflict between the 

environment and economic growth into sharp focus. On the other hand, capital 

accumulation led to the development of social and cultural ideologies that 

promoted attention to economic, environmental, and human sustainable 

development. 

There is an agreed goal that the global areas take action to control the global 

warming to 2o C at the UNFCCC climate-change summit in 2011 (UNCTAD, 

2011). Accordingly, the governmental policies gradually shift to green and low 

carbon to improve the energy efficiency. In the next time, to adapt to and 

mitigate climate change, many countries view green growth as a crucial strategy 

(Antal et al., 2016). Since carbon dioxide is the largest contributor to greenhouse 

https://www.climatewatchdata.org/ghg-emissions


 

53 

 

gas emissions, the green growth strategy plays a key role in controlling these 

emissions.  

Although climate change has had many direct and indirect negative impacts 

on human life, including health, education, and well-being, climate action can 

�V�W�U�H�Q�J�W�K�H�Q�� �S�H�R�S�O�H�¶�V�� �F�D�S�D�F�L�W�\�� �W�R�� �D�G�D�S�W�� �D�Q�G�� �P�L�W�L�J�D�W�H�� �W�K�H�V�H�� �U�L�V�N�V���� �(�V�S�H�F�L�D�O�O�\�� �L�Q��

countries with stronger capital and environmental awareness, positive climate 

policies can not only help control GHG emissions but also accelerate HCD. As 

the OECD emphasizes, improving production and energy efficiency is a common 

strategy for member countries, achieved through HCD and investments in R&D. 

We summarized three issues about the research of climate change and 

development in human capital based on the previous literatures. First, much of 

the analysis has been quantitative, lacking empirical studies. Second, the focus 

has often been on specific fields such as health, education, and employment, with 

one-sided indicators that do not fully capture the complexity of the human capital 

index. Lastly, there is a need for a broader analysis of climate change from a 

sustainable development perspective. 

In this study, we empirically explore the relationship between GHG 

emissions and HCD in OECD countries, considering sustainability. Our 

contributions are as follows: (1) confirming the impact of GHG emissions on 

HCD in OECD countries using econometric methods; (2) enriching the body of 

research on climate change and HCD; and (3) discussing the direct impact of 

climate change, as well as adaptation and mitigation actions, on sustainable 

human well-being from a sustainable development perspective. 

  



 

54 

 

2.3. The nexus of green economy, human capital, IHC and SUS 

The consequences of environmental degradation following the 18th-century 

industrial revolution were alarming, leading to the realization there are many 

ways to develop, and human damage to the environment is irreversible. As the 

awareness of sustainable development grew, experts explored a pathway called 

"green growth," which advocated the joint development in economy, 

environment while reducing inequality and poverty.  

In the first issue of The Road to Rio+20, the United Nations Conference on 

Trade and Development (UNCTAD, 2016), Secretary-General Supachai 

Panitchpakdi emphasized that a green economy is a vital component of 

sustainable development (Sachs et al., 2011). In 2011, the United Nations 

Environment Programme (UNEP) provided a simple definition of the green 

economy, describing it as low-carbon, resource-efficient, and socially inclusive 

(UNEP, 2011). By 2012, governments worldwide declared the green economy a 

decisive tool for sustainable development (UNDESA, 2013). OECD countries 

have been pioneers in promoting the green economy. As early as 2009, the 

OECD initiated a sustainable development pattern by uniting nations, including 

Australia, Austria, Canada, Chile, Belgium, Denmark, France, Finland, and many 

others, to draft the Green Growth Declaration (OECD, 2019). In May 2011, the 

OECD announced its green economic strategy and encouraged other countries to 

support green economic development. Today, 47 countries from around the world 

have joined the declaration, as the OECD continues to assert that sustainable 

development is a common goal and challenge for every nation. 

As seen from the green economy's definition, measuring the green economy 

should incorporate both quantitative and qualitative components. Most current 

research selects variables related to the green economy from three main 

categories: economy, energy consumption, and environment. Many important 
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human well-being factors, such as health, education, income equality, and gender 

equality, are often excluded. Improving human well-being and social equity is 

crucial, and it is a core characteristic of green growth. Thus, a more 

comprehensive measurement of the green economy is needed. The principal 

component analysis (PCA) method offers advantages over other approaches, as it 

uses multiple components to create a composite index. It excels in aggregating 

various variables into a few factors, without limitation by parameters, by 

utilizing the concept of dimensionality reduction. The aggregated factors reflect 

the information and internal relationships of the original variables while 

minimizing data loss. 

Human capital is a key determinant of sustainability and productivity (p�laus 

and Jacobs, 2011), promoting human, economic, and social well-being (OECD, 

1998b). In 1992, 178 countries formed a global partnership to work toward 

sustainable development, aiming to improve human life while protecting the 

environment (UNSD, 1992). Achieving sustainable development depends on 

improvements in productivity and energy efficiency, both closely tied to human 

capital. Regarding productivity, human capital is essential as a main factor in 

production. Education and training equip individuals with the knowledge and 

skills needed to enhance productivity growth (OECD, 2011). 

Further education and training yield significant benefits in increasing labor 

proficiency. Data show a correlation between higher education levels and 

increased employment rates. Between 2005 and 2018 in OECD countries, the 

employment rate for individuals with tertiary education exceeded 67%, while 

those with upper secondary and post-secondary non-tertiary education surpassed 

51%. Conversely, individuals with less than upper secondary education had the 

lowest employment rate, at 41%. Higher education levels provide more job 

opportunities, leading to greater salary potential. Labor market regulations also 
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impact productivity, as evidence suggests (Henrekson, 2020). Loosening labor 

market regulations tends to promote productivity growth. 

Regarding energy efficiency, economic growth typically leads to increased 

activity, resulting in a rapid rise in the demand for natural resources, particularly 

energy consumption. Fossil fuels are widely recognized as significant 

contributors to environmental degradation, emitting numerous pollutants. To 

mitigate pollution, promoting changes in energy consumption patterns while 

enhancing energy efficiency is a key strategy. Many studies have highlighted the 

benefits of TI in improving energy efficiency (Pan et al., 2019). 

Human capital also plays a significant role in fostering new institutions for 

economic development and improving labor efficiency (Prasetyo et al., 2020). In 

a modern business environment, enterprises are required to innovate and raise 

productivity, thereby increasing competitiveness. From the labor perspective, the 

quality of human capital is determined by skills, education, and health. Higher 

level of human development leads to greater labor efficiency and higher income 

potential. Additionally, HCD is closely linked to environmental protection, as 

�H�G�X�F�D�W�L�R�Q�� �L�Q�I�O�X�H�Q�F�H�V�� �S�H�R�S�O�H�¶�V�� �D�Z�D�U�H�Q�H�V�V�� �D�Q�G�� �D�E�L�O�L�W�\�� �W�R�� �D�G�R�S�W�� �Q�H�Z�� �H�Q�H�U�J�\��

technologies (Khan, 2020). Especially for high education, it has a positive role in 

greening and sustainable future in economy, society and environment. On the one 

hand, people can increase the sustainable development awareness through 

climate education. Individuals not only need to reduce the pollution behaviors, 

but also support the environmental protection actions of government, 

organization, even other people. On the other hand, higher education can 

accelerate the innovation in green technologies and supply the sustainable 

scheme through knowledge exchange (Soto, 2024). 

Extensive literature has discussed the challenge of reconciling economic 

growth with environmental protection. With growing calls for green economic 
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recovery, countries are placing greater emphasis on human resources following 

the COVID-19 pandemic. The World Economic Report highlights that skilled 

labor is essential for facilitating the transition to a green economy (WGEO, 

2020), underscoring the critical role of human capital in its development. 

Numerous studies demonstrate that human capital can drive green economic 

development (Guo, 2021; Petrusha et al., 2019; Wang et al., 2021). The level and 

quality of human capital positively influence economic growth (Altinok, 2007). 

Workers who undergo education and training are more productive than those 

without, and higher education enables workers to better understand new 

technologies and ideas. This enhances communication and knowledge exchange 

in workplaces with highly skilled workers, fostering technological advancement. 

Moreover, human capital plays an indispensable role in environmental 

protection. Several points illustrate its importance: (1) individuals with higher 

levels of education are more conscious of reducing pollution in their daily lives; 

(2) the application of renewable energy relies heavily on highly skilled labor; and 

(3) advanced technology is essential for improving energy consumption 

efficiency, emphasizing the need for the continuous development of human 

capital. From the perspective of sustainable development, the ultimate goal is to 

enhance economic efficiency and material wealth growth through a policy 

framework that also prioritizes societal and environmental consequences. 

Sustainability encompasses considerations for future generations' well-being. 

The green economy, as a pivotal strategy, fosters conditions conducive to human 

well-being. HCD empowers individuals to pursue improved quality of life, 

fostering positive social relationships, health, security, and freedom (Healy et al., 

2000). Given the unique role of people in production and the indispensable 

nature of human capital in economic and social development, research on human 

capital has been extensively discussed for decades. As the concept of 

sustainability deepens, further exploration of the value of human capital remains 

a worthy endeavor for continuous expansion and deepening. 
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In the context of the green economic transition, the question of whether the 

development of human capital can be enhanced to better promote human well-

being remains relevant and requires further study and discussion. Previous 

research has primarily focused on the role of human capital in green economic 

development, often neglecting the significance of the green economic transition 

for HCD. This study filled this gap and examined the causal relationship between 

the green economy and human capital, and analyzing the transmission 

mechanisms between them using data from 33 OECD countries between 2005 

and 2018. 

Initially, we computed a green economy index using PCA based on the 

OECD's definition. Following this, we developed a theoretical framework before 

proceeding with empirical analysis. While the existing literature has mainly 

demonstrated a one-way relationship from human capital to the green economy, 

there has been limited empirical analysis of how the green economy impacts 

human capital. To address this, we employed a Simultaneous Equation Model 

(SEM) to estimate the bidirectional relationship between the green economy and 

human capital. Additionally, we explored the transmission mechanisms by 

applying a mediating effect model. 

This study contributes to the literature in several ways. First, we conducted 

an original analysis of the transmission mechanism from the green economy to 

human capital, building on previous research to develop a theoretical framework. 

Second, we estimated the bidirectional relationship between human capital and 

the green economy using the SEM. Third, we used the mediating effect model to 

empirically demonstrate how the green economy influences human capital 

through factors such as TI, skilled labor, and wages. Finally, for constructing the 

green economy index, we considered both quantitative and qualitative factors, 

establishing the green economy index for 33 OECD countries. 
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Chapter three. Literature review  and hypotheses 

After understood the background of HCD and sustainable development, this 

research collected a quantity of literatures to know the previous achievement, 

relative methodology, theoretical framework and findings. And then there are 

still many research gaps in current research for the relationship between HCD 

and sustainable development. Moreover, this part raised three kinds of questions 

and integrated relative documents into three sectors. (1) The nexus of investing 

in human capital, FDI, technological progress and green economic development; 

(2) The nexus of GHG emissions and HCD; (3) The nexus of green economy, 

technological progress, labor skill level, change in wages and HCD. There are 

some summaries as follows: 

 

3.1. Study 1: HCD and green economy 

3.1.1. Performance measurement of the green economy 

According to the procession of literatures, there are various approaches to 

represent and calculate the green economy. Most of them prefer to establish a 

new green economic index by different indicator. Some researchers build a green 

economy index using the non-radial model (NDDF) (Liu et al., 2022). Jiahuey et 

al. (2019) focused on the chemical industry of China and establish the green 

economic index by NDDF in 1980-2013 which combined capital, labor, energy, 

GDP and carbon emissions. One study applied the similar approach, whereas 

adds real GDP into the process of calculation, and wastewater emissions and 

industrial sulfur monoxide (SO) were regarded as undesirable output (Lin and 

Zhu, 2019). In addition, different undesirable outputs were applied to calculate 

the GEI Jia et al., 2022). For the radial distance function (DDF) which is a 
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second model gaining traction globally to establish the green economic index. 

Another research tried to conducted an evaluation of the green economic 

performance indicator of countries by DDF and Malmquist (Jin et al., 2022). 

The Slack-Based Method (SBM) is also a calculation model to evaluate 

green economic efficiency (Jiahuey et al., 2019; Zhang et al., 2021). However, 

different studies differ in the selection of indicators. For instance, they output 

different desirable variables (Bi et al., 2019). For the green economic efficiency 

of equipment manufacturing industry, SBM model was applied with data 2010-

2015. The R&D is a main factor for green economic efficiency. A study 

considered this from the number, equivalent full-time, internal and external  (Li 

et al., 2020). (Shuai et al., 2020) and (Wu et al., 2021) constructed a green 

economic efficiency index using super-DEA also was applied to construct the 

GEI. This way can help to improve the in-depth ranking. 

Some studies evaluated the green growth indicator using regression methods 

based on the definition of the green economy (Ahmed et al., 2022; Ngo et al., 

2022; Sohag et al., 2019). A new method of calculating the growth of the green 

economy was created (Song et al., 2019). The degree of green economic 

development can be represented using the actual output and growth rate of green 

GDP. Green GDP considers factors like natural resource depletion, 

environmental pollution, and the positive contributions of natural resources and 

the environment, while remaining aligned with traditional GDP. Each relevant 

indicator is quantified to produce final values, which are then incorporated into 

the green GDP calculation formula. Furthermore, two levels of indicators were 

considered for GEI construction. The first level includes environmental quality, 

energy consumption, and economic growth, while second level indicators are the 

intensity of pollutant emissions per unit GDP, energy consumption per unit GDP, 

and per capita GDP (He et al., 2019). (Yang et al., 2022) applied a 

multidimensional index system with five dimensions to calculate the green 
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economic development in China 2011-2019. Chaaben et al. (2024) considered 

the role of green economy in sustainable development constructing a EEPSE 

green economy index by quintuple Helix Innovation Model with 42 indicators. 

This index based on economy, policy, society, education and environmental 

factors in Kingdom from 2015 to 2020 which is helpful for the assessment of the 

achievement of the Sustainable Development goals. 

3.1.2. IHC, green economy, FDI and TI  

The current studies related to IHC and green economy proved a linear and U 

shape relationship. Most results show a positive effect between them. Liu et al. 

(2022) estimated the correlation of IHC and green growth by a Light GBM 

machine learning (ML) algorithm which collected data of 281 prefecture-level 

cities from 2011 to 2019 in China. It confirmed that a U-shape connection exists 

between IHC and the green economy in China (Liu et al., 2022). IHC may 

inhabit the green economy at the early period, whereas it improved the green 

economic efficiency when the IHC level exceed specific threshold. There is also 

a linear relationship. Four kinds of regression models: Seemingly Unrelated 

regressions (SUR), Ordinary Least Squares (OLS), the Generalized Method of 

Moments (GMM), and Three Stage Least Squares (3SLS) were applied to prove 

this idea. The study employed unbalanced panel data from 36 countries from 

1996 to 2014, and revealed that human capital and education expenditure 

positively affected green growth (Ngo et al., 2022). A study collected the data of 

the Belt and Road Initiative (BRI) countries in 2008-2018 to evaluate the role of 

public expense in R&D during the development of green economy. Findings 

showed that education expenditure expanded by 1%, and the performance of the 

green economy improved by 7.5% in the BRI region (Zhang et al., 2021) which 

indicated IHC driver green growth. Moreover, some literatures took account per 

capita education to represent for human capital investment. Cheng et al. (2020) 

�X�V�H�G�� �W�K�H�� �S�U�R�Y�L�Q�F�H�V�¶�� �S�H�U�� �F�D�S�L�W�D�� �H�G�X�F�D�W�L�R�Q�� �H�[�S�H�Q�G�L�W�X�U�H�� �W�R�� �P�H�D�V�X�U�H�� �,�+�& and took 
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IHC as a mediating variable for the relationship between natural resources and 

green economy. This study explored the nexus of natural resources abundance 

and green economic growth index and analyzed how does natural resources 

affect green economic development through human capital investment, 

technology, opening, industrial structure and degree of government intervention 

in China 2003-2016. The finding accepted the positive role of IHC and indicated 

that the natural resources may squeeze the positive role of human capital 

investment at green economic development in China. Another study Yumei et al. 

(2022) applied GMM method to estimate the relationship between human capital 

investment on education and R&D and sustainable green economic development 

in BRI countries from 2010 to 2018. The result significantly suggested that 

human capital investment benefit to green economy.  

IHC positively influences the connection between resource industry 

dependency and the green economy. Policies related to IHC benefit the green 

transition by stimulating rapid growth in green sectors that demand significant 

human capital. This occurs as governments focus more on industries related to 

environmental improvement, particularly in the development and consumption of 

renewable energy, which generates numerous new green job (Tong et al., 2020).  

All technologies and innovations depend on human cognition, making IHC 

closely connected with technological innovation (TI). Alawamleh et al. (2019) 

suggested that there was a bilateral relationship between human capital 

investment and innovation. IHC helps individuals establish a comparative 

advantage through four external factors: habilitation, training opportunities, 

power distance, and entrepreneurship. Additionally, research focusing on R&D 

human capital highlights the critical role of R&D education and skills in 

fostering innovation. Garcia Martinez et al. (2017) found that investing in R&D 

education and skills significantly enhances innovation capabilities. 
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Another important factor is the combination of human capital with foreign 

investment, which amplifies TI due to FDI spillovers. Hu (2021) investigated the 

determinants of TI in BRIC countries using panel data from 1990 to 2017 and 

cointegration methods. This study revealed the combined effect of imported 

knowledge spillovers, FDI knowledge spillovers, and human capital levels on 

technological progress, demonstrating that IHC strengthens innovation capacity.  

The returns of IHC to economic efficiency and environmental governance 

indicate that it is a fundamental driver of the green economy through its impact 

on TI (Blundell et al., 1999). Alawamleh investigated the relationship between 

IHC and TI, and showed that IHC positively affected TI by continually providing 

innovative and creative human capital output (Alawamleh et al., 2019). 

Moreover, TI and green economy exists a closed connection. Liu and Dong, 

(2021) demonstrate how neighboring cities can leverage TI to foster green 

economic development. Similarly, Li et al. (2021) emphasize the pivotal role of 

TI in strengthening China's digital economy and its green economic development. 

(Mensah et al., 2019) offer valuable insights, indicating that technology in 

transportation has facilitated green growth in OECD countries, while its impact 

on Oceania's green economic development has been mixed. This underscores the 

complex relationship between technology and green growth across different 

regions.  Nosheen et al. (2021) proved that TI in energy-related has a positive 

effect on green growth, whereas some technologies related to transport and 

production of climate change may hinder the green growth. Because renewable 

energy programs have more return on green economy, especially in the power of 

transport transforming from high pollution energy to winder power, electricity 

and biofuels. In a study, the result found that the TI of local provinces and local 

green growth have a positive correlation in China (Cao et al., 2022). A point was 

proved that TI is positively associated with the green economy by the GMM  

(Jiaman Li et al., 2022). Li et al. (2021) pointed out that TI is a vital way to 
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develop the efficiency level of the green economy by building a digital economy 

�L�Q�G�H�[���� �D�V�� �Z�H�O�O�� �D�V�� �D�� �J�U�H�H�Q�� �H�F�R�Q�R�P�\�� �L�Q�G�H�[���� �Z�L�W�K�� �D�� �G�D�W�D�V�H�W�� �R�I�� �&�K�L�Q�D�¶�V�� �������� �F�L�W�L�H�V��

during 2011 to 2018. A study indicated that a non-linear relationship exists 

between TI and green economy in OECD countries. The result reveals that TI 

promote green economy progress only when the economic level is below the 

threshold value. Otherwise, the effect is insignificant (Wang et al., 2021). To sum, 

the effect of TI on the green economy is positive in OECD countries (Mensah et 

al., 2019). In China, research analyzed the main factors of green economic 

volatility, and concluded that TI could weaken this volatility by integrating 

financial development and TI (Cao et al., 2021). For regional green growth, TI 

also plays a positive role (Guo et al., 2017). The reason why the effect of IHC on 

the green economy is realized through TI, improving the human capital level and 

optimizing production efficiency. On the one hand, IHC plays a role in better 

education and training for individual, so that people become more competitive 

than other labors with lower level of education and training. It is also easier to 

earn more and have a better life. On the other hand, employers need higher-level 

labor to improve productivity. Furtherly, it can empower the enterprise. As for 

the economic growth, high-level labor and strong companies both are better input 

factors which can deal with complex problems to TI progress and productivity 

improvement. 

In addition, there is a nexus for FDI and TI. Some research proves that FDI 

positively affects TI (Choi et al., 2022; Gong et al., 2008; Li, 2023). From the 

point of enterprise, a study related to Vietnamese enterprises explored the impact 

of FDI enterprises on local technologies. The finding displayed that the type, size, 

and industry of FDI enterprises all have a positive effect on the innovation forms 

(Hoang et al., 2021). Moreover, China�¶s manufacturing enterprises also show this 

characteristic. Nevertheless, it is more obvious in enterprises with high 

productivity, capital-intensity, no-coastal, export and non-state-owned (Wen, 

2022). Moreover, foreign firms are crucial for local economic growth through 
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technological transform which was proved by using empirical analysis with the 

data of Kenya 2001-2014 (Osano et al., 2016). With the effect of a global FDI 

network, the core economy shows a higher technological development (Sultana 

et al., 2020). Loukil (2016) took account for a panel data related to FDI and TI 

from 54 developing countries which found a non-linear relationship exists 

between FDI and TI. Besides, Li et al. (2021) estimated the bidirectional 

relationship of FDI and TI by using panel dynamic OLS method in 30 OECD 

countries from 1999 to 2018. The result emphasized that FDI contributed to TI 

through knowledge transformation. Technologies are a kind of intangible asset. It 

is also an opportunity to grasp and use the knowledge and technology brought by 

FDI and integrate it with local resources host countries.  

Some studies found that FDI is crucial in developing the green economy. A 

report from UNCTAD asserted that FDI could help fill the financing gap during 

the transition to a green economy for host countries (UNCTAD, 2016). The 

current research shows an inconsistent result for the impact of FDI on green 

economic development. In Nigeria, FDI contributes to the sustainable 

development through green growth, even in the short run by analyzing the case 

of Nigeria (Adejumo and Asongu, 2019). In China, FDI is a crucial factor to 

driver green growth. Wu et al. (2021) analyzed the mechanism how FDI act on 

green economic efficiency by GMM method. The finding shown that FDI 

improved the green economic efficiency through advanced technology. Yue et al. 

(2016) established a green economic efficiency index by using slacks-based 

measure directional distance function (SBMDDF) for 104 Chinese cities, and 

then they estimated the relationship between FDI and green economic efficiency. 

Finally, the study revealed that there is different from the cities in green 

economic development level and FDI rose the green economic efficiency. 

Besides, a study analyzed the nexus of FDI and green economic growth, and 

improved FDI showed a significant impact on the green economy in South Asian 

economies (Quang et al., 2022). Nevertheless, a negative relationship exists. 
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Phung et al. (2023) applied GMM model to estimate the nexus of FDI and green 

economic growth in Southeast Asia from 2000 to 2018 and proved FDI help to 

green economy. Economic policies priorities related to FDI attracted more FDI 

into host countries, furtherly faster the plan of green jobs transformation which 

has a positive effect on green economic development. Xu and Li (2021) explored 

the nexus of FDI and green productivity with a panel data in BRIC and non-

BRIC countries1991-2014. A threshold effect exists in developing countries that 

FDI may hinder green economic development at the early period, whereas the 

positive role will occur when the TI achieved a high level. Chai et al. (2021) 

analyzed the influencing mechanism of FDI on green economy in China. They 

concluded that FDI may hinder the green economic development in western 

areas in China. 

Although FDI has no direct relationship with IHC, there is still a positive 

relationship between FDI and human capital accumulation. Emako et al. (2023) 

analyzed the effect of FDI on human capital based on the data of 16 developing 

countries from 2005 to 2018 which indicated that the FDI inflowing into the host 

nation was invested on industry, manufacturing and other sectors to increase the 

demand of human capital. This process may stimulate the investment of 

government and household to skill improvement. Because higher skill may earn 

more in these industries. Besides, a foreign investor in host countries can make 

incentive investments in human capital(Checchi et al., 2007). The reason is that a 

good human capital environment can attract more foreign investors for host 

countries. There is a possible technology spillover from FDI will  help integrate 

the new technology to the local industries and promote the knowledge 

communication between foreign and domestic skilled labors. Furthermore, FDI 

may generate a positive role in green growth through technology. 
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3.1.3. Research gaps and hypothesis construction 

Through the analysis related to the relationship between FDI, IHC, green 

economy and TI, we concluded that the improvement of productivity relied on 

the increased in human capital investment for individuals and employers, thus 

the return of investment creates more economic and environment benefit to 

promote the green economy. FDI has an indirectly nexus with IHC, because high 

level of human capital significantly attracts investors. Meanwhile, FDI is also a 

crucial capital resource for green economy. There are so many papers discussed 

the topic related to HCD, green economy, FDI and technology, whereas current 

research ignored there is still a problem for some countries which try to achieve 

green transition by investing in human capital, because the negative effect of 

human capital investment on green economy at the early time. Actually, the 

interaction of elements has always been complex, while FDI, as a kind of foreign 

capital, not only can be used as an instrument to develop productivity, but also 

can bring technological fusion for host countries. This study trys to prove 

whether the joint effect of FDI and TI is effective to accelerate the positive 

relationship between human capital investment and green economy. 

Thus, we suppose that FDI will stronger the relationship between IHC and 

the green economy through technological progress. Whether FDI or IHC, one of 

their roles is to provide financial support. But one more important point is to 

improve technology. Accordingly, we gave the following hypotheses:  

1a: FDI stronger the positive effect of IHC on the green economy. 

1b: The mediated moderating effect of FDI and TI paly a positive role in the 

nexus of IHC and the green economy. 
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3.2. Study 2: Climate change and HCD 

3.2.1. Climate change consequence, adaptation, mitigation and HCD 

There has been considerable research exploring and analyzing the nexus 

between human capital and climate change. Most studies have focused on the 

impact of human capital on climate change through a combination of theoretical 

and empirical approaches. Nevertheless, climate change also significantly affects 

human capital, with many analyses concentrating on its negative implications for 

health, education, and overall human well-being. 

Thermal extremes and extreme weather events caused by GHG emissions 

have both increased the risk of injury, illness, and death (Mcmichael and Haines, 

1997). This is particularly acute in vulnerable regions, where there is a lower 

capacity to cope with risks associated with infectious diseases, reduced food 

yields, and nutritional deficiencies (Mcmichael and Lindgren, 2011). Climate 

change has exacerbated disparities in nutritional status due to its effects on food 

production, trade, and availability in various regions (Salm et al., 2021). Tirado 

et al. (2013) indicated that climate change undermines food and nutrition security, 

hindering efforts to reduce hunger and promote nutrition. It has even disrupted 

the global food system. The situation became more complex following the 

COVID-19 pandemic (Xu et al., 2022). 

Some studies have empirically analyzed the impact of greenhouse gas 

(GHG) emissions on health. Gavurova et al. (2021) selected 27 European 

countries to examine the relationship between GHG emissions and disability-

adjusted life years through regression analysis. The findings indicated that GHG 

emissions have varying effects on the reduction of human health potential. Given 

the dominance of CO2 as a greenhouse gas, reducing its emissions is crucial for 

health benefits. While humans can temporarily cope with damage from these 
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gases, prolonged exposure can result in varying degrees of harm to the body. 

This conclusion was supported by Naiyer and Abbas (2022), who summarized 

the different mechanisms of action for CO2, ozone, methane, 

chlorofluorocarbons, nitrous oxide, and total GHG emissions, enhancing our 

understanding of their harmful effects on health. Furthermore, (Tan et al., 2022)  

confirmed that CO2 emissions harm public health through rising temperatures in 

China, although the spillover effects of CO2 did not exacerbate consequences in 

different provinces. From a gender perspective, (Abbas et al., 2023) focused on 

the agriculture, transportation, and manufacturing sectors in South Asian 

countries, using a panel data approach with an Autoregressive Distributed Lag 

(ARDL) model to explore the negative impacts of GHG emissions on human life 

expectancy. The results revealed that the impact of greenhouse gases on men's 

life expectancy is significantly worse than that on women's. 

Moreover, one of the consequences of climate change is rising temperatures. 

Many studies suggest that temperature has a significant connection with 

educational outcomes. Alberto et al. (2021) confirmed the causal relationship 

between temperature and the study time of both college and high school students 

using data from 2004 to 2017. They found that extreme temperatures may hinder 

HCD by negatively affecting student attendance and motivation for self-study. 

The physical discomfort of heat can distract and diminish high school students' 

attention, memory, and study motivation. Furthermore, Park (2017) analyzed 

major U.S. public schools to assess the impact of temperature on educational 

attainment, concluding that students exposed to high temperatures may reduce 

their performance by up to 15% during high-stakes exams. 

For individuals, total population, and states, the consequences of climate 

change also present security issues related to human well-being (Adger, 2010). 

Standard measures of well-being include happiness and eudaimonic well-being. 

Sheehan (2021) advocated that extreme weather events caused by climate change 
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have severely damaged human well-being since 2020, highlighting the necessity 

of building health resilience to address the dangers of climate change. From this 

perspective, pursuing human well-being requires protecting both human life and 

the environment in which people live (Lamb and Steinberger 2017). Thus, 

mitigation projects are urgent and necessitate a systematic research approach. 

In today's advocacy for sustainable development, the ways in which climate 

change affects the economy, environment, and human life have become 

increasingly complex. Consequently, we need a multi-faceted analysis to cope 

with and mitigate this damage. While the consequences of climate change are 

negative for the Earth, the measures for climate adaptation and mitigation can 

benefit human development. 

Climate change continually compels humanity to respond to the climate 

crisis, emphasizing the importance of investing in both physical and human 

capital, which has facilitated HCD to some extent. Climate change has also 

driven advancements in smart agriculture. This study by Fanzo et al. (2018) 

analyzed the connection between climate change and the food supply chain to 

identify the necessities and benefits of a climate-smart and nutrition-sensitive 

food system. 

3.2.2. Research gaps and hypothesis construction 

From the previous literature, we can understand the impact of climate 

change on HCD from two perspectives. Firstly, the consequences of climate 

change threaten human security and well-being. Specifically, extreme weather 

events directly endanger human safety. Secondly, climate change negatively 

affects food production and supply, increasing difficulties in nutrient intake and 

leading to malnutrition, particularly in impoverished regions and underdeveloped 

countries. Thirdly, hazardous gas emissions, natural disasters, and lack of 
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nutrition all heighten the risk of illness. Fourthly, rising temperatures may 

weaken motivation to study, reduce willpower, and impair cognitive abilities, 

which can increase absenteeism and decrease academic achievement. These 

circumstances damage health, education, and future well-being, all of which are 

closely related to job opportunities, skill enhancement, and income potential. 

Ultimately, these factors are detrimental to HCD. 

Nevertheless, these articles pay more attention to the consequences of 

climate change, while the climate change adaption and mitigation may indirectly 

help human development. This perspective is rarely mentioned. Regarding 

adaptation and mitigation policies for climate change, resilient systems that 

involve humans, the economy, and ecosystems can strengthen people's ability to 

withstand risks associated with climate change. Additionally, climate-smart food 

systems also serve as favorable products of climate adaptation. These systems 

benefit education and health, ultimately supporting HCD.  

In summarizing, there would be a close relationship between climate change 

and human capital. Education and health factors cannot completely represent the 

level of human capital. Human capital index, as a comprehensive index related to 

human capital, can more comprehensively represent the level of human capital. 

However, research on the direct relationship between climate change and human 

capital index is lacking. In order to answer the question how does climate change 

affect HCD, we propose the following hypothesis: 

Hypothesis 2: climate change can stimulate the development of human 

capital in OECD countries. 
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3.3. Study 3: Green economy and HCD 

3.3.1. Green economy to human capital 

The human capital Previous studies have analyzed the impact of green 

economic policies on labor output and the labor market. (John et al., 2022) 

concluded that green economic policies stimulate environmental sustainability 

and contribute to the greening of the labor market. Additionally, tax incentives 

associated with green economic policies have a positive effect on productivity in 

the mining industry, as demonstrated by (Zhang et al., 2021). The green 

economic policy encourages enterprises shift from high pollution intensity to low 

pollution intensity, provide more green jobs and help workers acquire the ability 

to take up green jobs. At the same time, it will reduce the burden of enterprises in 

environmental protection, thereby, paying more attention to TI and staff skills 

training. Ultimately, it is conducive to the optimization of human capital. 

Nonetheless, green economic policy also hurts labor productivity and cost of 

employment (Bowen, 2012). When the supply of skilled labor falls short of 

meeting the demands of green economic development, hindrances may arise. 

Moreover, the restructuring of industries prompted by the green economic 

transition can increase employment costs in high-energy consumption and high-

pollution sectors, as workers require retraining through "Learning by Doing" 

initiatives. According to the report (OECD, 2017), a balanced perspective on the 

relationship between the green economy and the labor market is necessary. 

Positive outcomes for both the economy and the environment are contingent 

upon effective government implementation, which can generate numerous new 

job opportunities while simultaneously facilitating skill enhancements for 

traditional workers to adapt to evolving job demands. Hence, blind pursuit of 

green economy will not only fail to achieve green transformation, but also hinder 

the transformation of the current labor force structure, which is not beneficial to 

the development of human capital. 
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Green labor market can provide more green jobs which means decent, 

lightly polluted, higher wage works. The job creation is particularly evident in 

the development of renewable energy. The renewable energy sector, being labor-

intensive in the short term, significantly contributes to job creation. Blyth et al. 

(2014) indicated that the employment impact of renewable energy and energy 

efficiency varies based on capital investment. Investments in efficiency stimulate 

economic development, leading to job creation, as demonstrated by(Molina et al., 

2013). Furthermore, Bulavskaya et al. (2018) established a relationship between 

GDP, renewable electricity, employment, investment, prices, trade, and tax 

revenue in the Netherlands, predicting that the transition to renewable energy 

would generate more new jobs by 2030. This is followed by the fact that new 

jobs require more human capital (Sooriyaarachchi et al., 2015). Not only that, 

green jobs raise the dimension of human capital in educational level, work 

experience and job-training (Consoli et al., 2016). To some extent, the 

development of human capital has been promoted by the integration and 

redistribution of personnel structure in the industry, as well as the provision of 

more training and learning opportunities to cope with the talent pool needed for 

development. Current literatures mentioned labor and jobs which are relative to 

human capital closely, whereas there is a lack of targeted and in-depth research 

on the impact of green economy on human capital. 

Building on previous literature, this study boldly extends existing 

perspectives as follows: At the current stage, the impact of the green economy on 

human capital is primarily reflected in two aspects: To support both economic 

growth and environmental goals within a green economy framework, 

governments issue policies guiding enterprises toward greener development 

paths, which influence the structure of the labor market. The demand for new 

skills in green economy job creation also encourages companies to retrain and 

transition workers, helping them move from current roles to new ones. This 

transition relies on long-term planning and targeted training. Adapting to labor 
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market adjustments and changes in workforce skill levels due to the green 

economy presents a significant challenge for HCD. 

3.3.2. Green economy, TI, skilled labor, wage change and human capital 

According to the definition outlined in the (UNEP, 2011) report, a green 

economy is typically characterized by low carbon emissions, high resource 

efficiency, and an inclusive society. Its goals include improving education, health, 

and overall welfare while protecting the ecology and environment. These 

objectives are closely linked to Human Capital Development (HCD), as 

emphasized by Healy and Sylvain (2000). Meanwhile, many developed countries 

have adopted modern growth patterns. The pressures of economic growth and 

environmental protection have increased the demand for technology, skilled labor, 

and other resources, further accelerating HCD (Hippe et al., 2015). 

Productivity improvement requires the infusion of technology, labor market 

resources, and other input factors such as equipment and wages. Additionally, 

increases in energy efficiency often result from efforts by human capital to 

mitigate environmental degradation, as evidenced by studies conducted by 

(Edziah et al., 2021; Han et al., 2024; Salim et al., 2017; Yao et al., 2019). 

Cammeraat et al. (2021) underscore the positive impacts of technological 

innovation (TI), organizational capital, and human capital endowment on labor 

productivity. TI has also contributed to steady increases in energy efficiency in 

both the short and long term (Chen et al., 2021; Pan et al., 2019; Sun et al., 2021; 

Zafar et al., 2021). Zhang and Fu (2022) highlight TI as a significant catalyst for 

enhancing energy efficiency. 

From an input-output perspective, Yu (2020) concluded that while 

technology alone may not significantly impact productivity, the outputs resulting 

from TI substantially improve efficiency in China. Similarly, Wang and Wang 
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(2020) demonstrate that TI positively influences energy efficiency, although a 

negative effect was observed in central regions. Moreover, green innovation, 

which benefits both firms and customers, positively impacts labor productivity, 

as noted by Woo et al. (2014). Within the green economy model, the demand for 

TI and high-quality workers to optimize energy use stimulates the renewal of 

human capital (Wang, 2023). 

The labor market affects productivity and the environment through three 

key factors: skilled labor, labor market regulations, and job creation. Regarding 

skilled labor, Mike and Mawejje (2020) suggest that it positively correlates with 

productivity, with high school-educated labor benefiting small firms and 

university-educated labor benefiting young firms. Skill development through 

education and training, as emphasized by Sala and Silva (2013), particularly 

boosts productivity growth in older and larger companies. High-skilled workers 

produce more output (Helble et al., 2019). Regarding labor market regulation, 

Henrekson (2020) argues that less-regulated labor markets enhance productivity 

improvement, particularly in hiring and firing practices. 

Labor market institutions also play a significant role in job creation and 

productivity growth. In the context of a green economy, renewable energy 

consumption and development are critical to improving energy efficiency and 

creating jobs. Bell (2012) highlighted that efforts to improve energy consumption 

structures and efficiency generate new quality jobs, particularly in the renewable 

energy sector. These jobs contribute significantly to productivity growth. HCD 

ensures a efficient supply of skilled labor and facilitates knowledge spillovers, 

�P�H�H�W�L�Q�J���W�K�H���U�H�Q�H�Z�D�E�O�H���H�Q�H�U�J�\���V�H�F�W�R�U�¶�V���G�H�P�D�Q�G���I�R�U���V�S�H�F�L�D�O�L�]�H�G���W�D�O�H�Q�W�����$�G�G�U�H�V�V�L�Q�J��

the shortage of skilled workers further promotes the development of human 

capital. 
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Equipment and wages also contribute significantly to productivity. Herrerias 

and Orts (2012) emphasized the importance of equipment investment in 

enhancing productivity, noting that tools like robots, software, and ICT 

significantly improve labor productivity (Almeida et al., 2023). Wage growth 

motivates workers, fosters TI, and enhances work enthusiasm (Kong et al., 2020). 

Higher wages also encourage personal investment in skills and education, 

enabling individuals to pursue better job opportunities. Additionally, providing a 

supportive work environment�² including adequate facilities, safe workplaces, 

and employee welfare�² promotes labor productivity growth and addresses 

employees' needs. 

Green economic policies strengthen the link between human capital and the 

green economy. Such policies include political support for transitioning to a 

green economy and measures to accelerate green economic development. As 

highlighted by OECD o� 2018a), environmental regulations can sometimes drive 

economic growth. To achieve a green economy, it is essential to reduce pollution, 

promote productivity, adopt green technologies, and encourage the use of green 

products across industries. These objectives depend on TI, resource integration 

within labor markets, and capital investment. The process of green economic 

development further stimulates demand for HCD. 

We hypothesize that the green economy has a causal relationship with HCD 

through three primary transmission mechanisms: TI, skilled labor, and wages. 

a. The mediating role of TI 

Most current research focuses on the importance of advanced technologies 

for green growth, with only a few studies highlighting how the green economy 

also drives technological innovation (TI). However, precisely because of the 

critical role of TI in green and sustainable development, promoting sustainable 
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technologies has become an indispensable step in green development strategies. 

Academic research emphasizes the need for governments to prioritize 

technological transitions through green policies (Söderholm, 2020). 

Maiti (2022) examined relative indicators of the green economy using panel 

�G�D�W�D�� �I�U�R�P�� ������ �F�R�X�Q�W�U�L�H�V�� �V�S�D�Q�Q�L�Q�J�� ���������� �W�R�� ������������ �7�K�H�V�H�� �L�Q�G�L�F�D�W�R�U�V�� �L�Q�F�O�X�G�H�G�� �&�2�w��

productivity, renewable energy supply, and the strength of environmental policies. 

�7�K�H�� �I�L�Q�G�L�Q�J�V�� �U�H�Y�H�D�O�H�G�� �W�K�D�W�� �E�R�W�K�� �&�2�w�� �S�U�R�G�X�F�W�L�Y�L�W�\�� �D�Q�G�� �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �S�R�O�L�F�\��

strength positively influence environmental-related TI. In contrast, renewable 

energy supply showed no significant impact on TI, likely because some 

renewable energy technologies and access methods are not entirely 

environmentally friendly. The impact of green TI also varies across regions, with 

weaker effects observed in certain areas. Furthermore, Yang et al. (2022) 

analyzed the relationship between the green economy, globalization, and TI using 

panel data from 30 Chinese provinces between 2011 and 2019. Their findings 

assert that green economic development positively influences TI in China. 

TI is also closely linked to Human Capital Development (HCD). Firstly, TI 

can positively drive HCD. This relationship was confirmed by Qureshi et al. 

(2020), who used a Quantile-on-Quantile (QQ) approach to examine advanced 

countries. The boost provided by technology to human capital is also reflected in 

its contributions to education, which indirectly trigger HCD (Manzano Pérez et 

al., 2023). Specifically, technological progress has broadened the channels 

through which students acquire knowledge, providing more opportunities and 

tools to enhance their learning. TI helps individuals integrate information 

effectively. 

For general workers, TI facilitates the matching of skills with appropriate 

jobs, making it easier to find well-paying positions. For the unemployed, multi-

channel employment information enables quicker access to new job opportunities. 
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For enterprises, innovations in human resource management improve efficiency. 

Additionally, advancements in teaching tools positively influence education 

quality. Digital innovation has emerged as a significant driver of education and 

HCD (Sangtani et al., 2022). The learning environment has shifted from 

traditional methods to digital modes, offering numerous advantages for educators 

and students (Raja et al., 2018). For example, digital learning provides an 

improved user experience and enhances efficiency in grading and feedback. 

Moreover, the rise of online courses has eliminated regional, temporal, and skill-

level barriers, enabling more adaptive learning during emergencies. 

Human capital policies play a crucial role in fostering innovation, with 

direct investment in research and development emerging as a viable strategy 

(Reenen, 2021). Given that undergraduate and postgraduate students are poised 

to drive future patent contributions, investing in their education promises 

significant returns. Furthermore, TI has been a core element of every industrial 

revolution, reshaping productivity and employment landscapes. Sima (2020) 

highlights how technological advancements necessitate workforce adjustments, 

leading to both job creation and displacement. Bernhard (2018) adds that while 

new production methods generate employment opportunities, they also present 

challenges for individuals who struggle to adapt to evolving job requirements. 

�,�Q�� �F�R�Q�F�O�X�V�L�R�Q���� �W�K�H�� �J�U�H�H�Q�� �H�F�R�Q�R�P�L�F�� �P�R�G�H�O�¶�V�� �L�Q�F�U�H�D�V�L�Q�J�� �U�H�O�L�D�Q�F�H�� �R�Q�� �7�,����

coupled with the shortage of skilled personnel caused by development, will drive 

significant changes in human capital. 

b. The mediating role of skilled labor 

In the context of the green economy, the availability of skilled labor is 

crucial. Green policies may reshape the labor market and influence Human 

Capital Development (HCD) by altering the structure of labor demand. The 
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green transition has led to the emergence of new jobs requiring novel skills, 

while some traditional occupations may be eliminated or phased out. The 

European Commission reported on the impact of the green transition on the labor 

market (EU, 2022), categorizing jobs into "white," "green," and "brown." White 

jobs, such as those in construction and wholesale and retail services, generate 

lower carbon emissions and account for 75% of employment. Green jobs focus 

on reducing environmental pollution, while brown jobs are associated with high-

pollution activities. Green transition policies have increased the demand for 

green jobs, which, in turn, has shifted skill requirements. The development of the 

green economy has heightened the demand for skilled workers across various 

sectors, as highlighted in the Skills for a Green Economy report (HM 

government, 2011). Li et al. (2023) explored the relationship between the green 

transition, technological innovation (TI), and employment rates in R&D in China 

from 2009 to 2019. Their findings revealed that higher levels of green economic 

development correlated with increased R&D employment rates. However, the 

impact of the green economy on skilled labor in R&D showed regional 

differences, with a more pronounced positive effect in eastern and southeastern 

areas of China. 

The growth of new industries and technologies driven by the green 

transition necessitates support through skills and education policies. These 

industries demand a new cadre of skilled workers, while changes in industrial 

structure require workers to adapt by upgrading their skills to match job content. 

This, in turn, indirectly stimulates HCD (ILO, 2014).  A report suggested that 

green policies may reshape the labor market by creating new jobs, often 

accompanied by an increase in the demand for skilled labor (OECD, 2017a). In 

general, local labor forces struggle to meet the demands of high-level job 

creation, leading green economic development to promote labor migration (CGD, 

2024). During the green transition, a significant number of jobs are reallocated, 

particularly in developed countries. Green jobs have proliferated rapidly, 
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requiring more talent specialized in green sectors. To address the imbalance 

between labor supply and demand for specialized human capital, governments 

have implemented training programs to help migrants adapt to local job markets 

and contribute to regional development quickly (ION, 2023). 

From the point of HCD, EBRD (2023) underscores the importance of skill 

enhancement for facilitating green economic development. Comprehensive skill 

training programs and upskilling initiatives are essential components of HCD 

within the green economy context. Linkedln (2022) identifies the shortage of 

laborers with green skills as a significant challenge for many countries 

undergoing this transition. A lack of a standardized definition for green skills 

further complicates effective skill development. Additionally, skilled labor 

migration can influence human capital outcomes. The quality of migrants is often 

challenging to control for receiving countries. Whether migrants are highly 

skilled or low-skilled, an oversupply in the local labor market can lead to wage 

compression, negatively impacting the human capital index (Grebeniyk et al., 

2021). Addressing these challenges requires concerted efforts to enhance HCD. 

 

The European Commission also acknowledges the positive impact of the 

green economy on skill levels (Barbara et al., 2023). NBER (2024) explored the 

return of skills to human capital, emphasizing higher-order skills such as social 

and decision-making abilities. Workers with social and task productivity skills 

typically enjoy higher returns and are preferred by firms due to their ability to 

make decisions and solve problems. These workers are more likely to search for 

well-paying jobs and earn higher wages. 

From the perspective of returns on education, the improvement of skills and 

experience can enhance educational outcomes, thereby raising the human capital 
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index (OECD, 2015a). This highlights the critical role of education and skill 

development in advancing human capital within the green economy framework. 

c. The mediating role of wage 

The green economy can directly and indirectly influence wage and income 

changes across various sectors. Green policies that promote investment and 

financing in low-carbon and environmentally friendly projects have created more 

employment opportunities, providing new ways for individuals to earn income. 

Additionally, livelihood-related activities offer higher-return opportunities for 

many people. Green growth has facilitated migration from poorer to wealthier 

areas, allowing migrants to enjoy better living conditions, higher incomes, and 

more convenient access to work  (World Bank, 2014). The green economy also 

has a substantial impact on wages. It requires a skilled workforce, compelling 

workers to acquire specialized skills distinct from those needed in general labor. 

Jackman and Moore (2021) examined wage levels in green versus non-green 

industries and discovered that wage is higher in green sectors. Current research 

indicates a 4% wage premium for possessing green skills in the workforce 

(EBRD, 2023). Kousar et al. (2023) analyzed the relationship between the green 

economy, traditional economy, poverty, income inequality, and environmental 

protection in South Asia from 2000 to 2018 using various regression approaches. 

Their study demonstrated that green GDP, representing green growth, has 

positively reduced poverty and increased incomes through the creation of green 

jobs. 

Green policies related to decarbonization influence wages and incomes 

through mechanisms like carbon taxes, with green industries having a greater 

impact than non-green industries. This is because transitioning from traditional 

practices to environmentally friendly modes alter production processes, 

technologies, demand for goods and services, macroeconomic conditions, and 
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trade structures. These changes directly affect job categories, labor demand, and 

job content. However, in regions with high carbon taxes, household incomes may 

be negatively affected (OECD, 2018a).  

The green economy not only boosts wages but also reallocates human 

capital into specialized "green" sectors. For example, industries such as offshore 

wind, solar energy, and energy efficiency are creating numerous high-quality 

jobs in regions like New Jersey. With favorable conditions for transitioning 

workers, individuals can secure stable jobs with higher earnings and access new 

opportunities, fostering innovation and the development of new technologies 

(Tammy, 2022). Whereas wage growth may have a positive role in human capital 

investment (Lartigue-Mendoza et al., 2023). Hu (2021) explored the relationship 

between wage income and human capital inequality in China from 1996 to 2018, 

finding that increases in initial income exacerbate human capital inequality. 

In summary, wage and income dynamics play a significant role in Human 

Capital Development (HCD) during the green economic transition. Wage growth 

not only improves individual earnings but also stimulates investment in 

education, skills, and innovation, ultimately supporting sustainable economic 

development. 

3.3.3. Research gaps, proposed theories, and hypothesis construction 

The green economic policy fosters green growth while also influencing key 

production factors such as technology, labor, and capital. While existing 

literature has analyzed the connection between the green economy and concepts 

related to human capital (such as technology, the labor market, and productivity), 

no study has explored the role of the green economic development in shaping 

human capital, leaving a gap in theoretical understanding and mechanism. 

Drawing from prior research, we constructed a theoretical framework and 
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subsequently examined the bidirectional relationship between human capital and 

the green economy. Finally, through empirical analysis, we demonstrated how 

the green economy stimulates and advances the development of human capital 

via TI, skilled labor, and wage.  

The theoretical framework outlining the relationship between the green 

economy and human capital is presented in Figure 16. There is a two-way causal 

relationship between the green economy and human capital. On the one hand, 

human capital is a primary driver of green economic development, supplying 

skilled, healthy, and knowledgeable labor. This, in turn, contributes to total 

output and energy efficiency through TI, helping to balance economic growth 

with environmental sustainability. On the other hand, developing a green 

economic model necessitates integrating total production growth with 

environmental protection. Each industry must improve production and energy 

efficiency through advanced technology, a more skilled workforce, and other 

incentives. Thus, as the demand for TI and skilled labor increases, government 

policies must support and guide HCD. Additionally, the green economy fosters 

wage increases in green industries, which further stimulates HCD. Moreover, this 

study explored the process deeply and answered two questions: what is the 

causality relationship between green economy and human capital? and what is 

the transmission mechanism between them? Finally, the research suppose four 

hypotheses as follows: 

Hypothesis 3a: There exists a bidirectional relationship between the green 

economy and human capital. 

Hypothesis 3b: The green economy affects human capital through TI.   

Hypothesis 3c: The skilled labor plays a mediation role in the relationship 

between green economy and human capital. 
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Hypothesis 3d: There is a mediating effect of wage between the green 

economy and human capital. 

 

Figure 16. The theoretical framework of study 3 

 

Source: completed by author 
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Chapter four. Empirical  model and data 

This part descripted the theoretical methods and data sources for three 

sectors. The panel data includes 33 OECD countries from 2005 to 2018. In order 

to confirm the nexus of HCD, climate change and green economy by empirical 

method, a variety of econometric methods are involved here. Before the 

functional relation estimation with a short panel data, it is necessary to check the 

cross-sectional heterogeneity, and then test the stationary by panel unit root test 

according to the CSD result. When the panel data all are stationary, we can 

continue to estimate the model equations. The details will be presented in the 

following sections. 

4.1. Study 1: The effect of IHC on green economy 

This part estimated the joint effect of FDI and TI for the investing in human 

capita and green economy. There is no data of green economic index, thus this 

part calculated a green economy index only for 33 OECD countries. Finally, 

there are two parts here. Firstly, PCA approach was applied to establish the green 

economy index. Secondly, GMM method was applied to estimate the mediated 

moderation equations one by one. 

4.1.1. Construction of GEI 

a. PCA Approach 

For the analysis of multicomponent, PCA method has non-parametric 

characteristics (Shlens, 2005). It is more comprehensive to map the N-

dimensional eigenvalues of the original variables from simple by using the 

concept of dimensionality reduction. The K-dimension in a linear combination 

with the method of orthogonal decomposition created a set of new variables to 
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show the characteristics of the data (Asbahi et al., 2019). The created component 

removed the multicollinearity, so that it ensures the robust result. Then, 

combining with the result of variance contribution rate, the variance eigenvalues, 

and a scree plot identified the main variables. The purpose of PCA is to 

transform variables with multiple indicators into a limited number of composite 

indicators while ensuring minimal loss of the original information. (Shlens, 

2005). PCA is a popular methos to construct a new index and applied widely in 

environmental quality, water quality, investment (Tripathi et al., 2019; Broby et 

al., 2022). 

The vector matrix with n indicators can be expressed as: 
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Combining the matrix, the equation of eigenvectors is: 
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k is the appropriate number of principal components; �! represents for the 

variance contribution rate which is the proportion of original information 

represented in the selected principal component (Asbahi et al., 2019): �é�Ü
L

���ƒ�”���:�;�Ü�;. In the PCA analysis, Y1 shows the largest variance contribution, and 

then decreases in order. Finally, the weighted mean method is used to calculate 

the index value based on the eigenvalue Yij. 

b. Results of GEI 

To compute the green economy index, this study employs cross-sectional 

data on a year-by-year basis from 2005 to 2018. and the following solution steps 

are undertaken. 

(1) Data Standardization 

There are many variables involved in this analysis and the data span is large, 

so the units are inconsistent. It is easy to lead to deviation of empirical results, so 

it is necessary to standardize the data. Normalizing all objectives and variables to 

one unit is desirable when applying PCA (Wold et al., 1987). This step ensures 

that the mean of all arrays is 0, and the standard deviation is 1 through Z-score 

standardization, eliminating the adverse effects caused by strange samples. The 

regression estimation of variable relationships is accelerated as a result. The 

equation of Z-Score shown as follow: 

�<
F �O�?�K�N�A�Ü�Ý
L �:�: �Ü�Ý
F �/�A�=�J�Ü�;���Ü�Ü 
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Where Z-score is the new value of variables after standardization. X means 

the original value of sample, Mean is the average of X, �Ü is standard deviation of 

X. �E represents for the index (15 index). �F represents for the countries (j=1, 2, 3, 

�������«���������� 

(2) Correlation Matrix 

Pearson Correlation Analysis is used to determine the correlation between 

variables as the results demonstrate that the correlation of variables is over 50%, 

meeting the conditions for PCA. 

(3) Calculating Eigenvalues, the Cumulative Value, and the Cumulative 

Proportion of Eigenvalues 

Once the correlation amongst variables is evaluated, the subsequent step 

involves the computation of eigenvalues, as well as the corresponding 

cumulative value and cumulative proportion of these eigenvalues. 

(4) Eigenvalue Screen Plots 

The statistical data obtained from section 1.2.3 is utilized to generate the 

respective eigenvalue scree plots. The specifics of these plots can be made 

available upon request. Figure 17 a-n shown the result of screen plots. 

Figure 17 a-n. The result of screen plot from 2005 to 2018 
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(5) Finding the Principal Components 

The determination of the number of components combines the criteria of the 

eigenvalue, screen plot, and the cumulative proportion of the eigenvalue based 

on the results of the previous steps. The results show that the eigenvalue of the 

first four principal components is more significant than one; the screen plots 

indicate that the eigenvalues of the first four principal components are higher 

than the means of eigenvalues from 2005 to 2015. Thus, the first four 

eigenvalues should be retained. In addition, the first three eigenvalues were 

saved in 2016, 2017, and 2018 by the same criteria. 

(6) Saving the Principal Component Score Sequence 

�7�R���J�H�Q�H�U�D�W�H���W�K�H���J�U�H�H�Q���H�F�R�Q�R�P�\���L�Q�G�L�F�D�W�R�U�V�¶���U�H�V�X�O�W�V���I�R�U���������F�R�X�Q�W�U�L�H�V���V�S�D�Q�Q�L�Q�J��

from 2005 to 2018, one must perform a weighted summation of the principal 

�F�R�P�S�R�Q�H�Q�W�V�¶�� �V�F�R�U�H�� �V�H�U�L�H�V���� �7�K�H�� �Z�H�L�J�K�W�V�� �D�U�H�� �G�H�W�H�U�P�L�Q�H�G�� �E�\�� �W�K�H�� �S�U�R�S�R�U�W�L�R�Q�� �R�I��

variance and cumulative proportion of variance results of each principal 

component, which are obtained in step 1.2.3. 

Figure 18 a-z6. The result of GEI by 33 countries 
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o. 

 

 

p. 

 

 

- 0.283 
- 0.296 

- 0.308 - 0.311 
- 0.297 

- 0.328 - 0.319 

- 0.267 
- 0.284 

- 0.268 

- 0.303 
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Ireland

- 0.140 
- 0.123 - 0.118 - 0.129 

- 0.154 
- 0.127 

- 0.157 
- 0.123 

- 0.196 
- 0.229 
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q. 

 

 

r. 

 

 

- 0.093 - 0.090 
- 0.098 

- 0.086 
- 0.097 

- 0.121 

- 0.106 
- 0.113 

- 0.163 
- 0.156 

- 0.140 

- 0.074 
- 0.061 

- 0.045 

-0.180

-0.160

-0.140

-0.120

-0.100

-0.080

-0.060

-0.040
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0.000
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Italy

- 0.037 

- 0.096 

- 0.175 

- 0.222 

- 0.175 

0.029 

- 0.074 

- 0.150 
- 0.165 

- 0.146 
- 0.159 

- 0.263 - 0.264 

- 0.231 
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s. 

 

 

t. 

 

 

- 0.029 
- 0.042 

- 0.078 

- 0.123 
- 0.136 

- 0.039 

- 0.107 
- 0.117 

- 0.143 
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-0.250

-0.200

-0.150

-0.100
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Lithuania

0.115 

0.047 
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0.009 
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u. 

 

 

v. 

 

 

0.065 

0.125 

0.230 

0.393 
0.424 

0.365 

0.443 
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Mexico

- 0.231 - 0.236 
- 0.249 - 0.256 

- 0.219 - 0.221 
- 0.241 

- 0.180 - 0.186 - 0.177 
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w. 

 

 

x. 

 

 

- 0.471 

- 0.530 
- 0.554 

- 0.581 
- 0.531 - 0.516 

- 0.562 - 0.550 - 0.546 - 0.544 

- 0.482 
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0.349 

0.474 0.482 
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0.000

0.100

0.200

0.300

0.400
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y. 

 

 

z. 

 

 

- 0.220 
- 0.250 

- 0.266 - 0.266 
- 0.288 

- 0.251 - 0.249 
- 0.267 - 0.262 - 0.260 

- 0.224 

- 0.329 
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- 0.335 
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Portugal

- 0.030 - 0.031 
- 0.015 

0.034 

- 0.029 

- 0.047 - 0.048 - 0.043 

0.010 

- 0.010 
- 0.020 

0.086 
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z1. 

 

 

z2. 

 

 

- 0.164 

- 0.131 
- 0.140 

- 0.078 

- 0.162 

- 0.117 

- 0.066 

- 0.010 

- 0.028 
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Slovenia

- 0.102 - 0.107 

- 0.090 

- 0.117 
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- 0.166 
- 0.176 
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-0.060

-0.040

-0.020
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z3. 

 

 

z4. 

 

 

- 0.460 
- 0.502 

- 0.547 - 0.552 - 0.533 
- 0.510 
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- 0.492 - 0.511 
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z5. 

 

 

z6. 

 

  

- 0.220 

- 0.082 

0.047 0.025 
0.099 

- 0.065 

0.078 0.082 0.047 
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c. Data source 

In order to confirm the hypothesis by an empirical analysis, this study 

collected four sets of panel data from 2005 to 2018 in 33 OECD countries. 

OECD organization includes 37 member countries. Nevertheless, this study 

involved a large number of variables and data, data collection was greatly limited, 

and 33 member states were finally selected as the research object. They are 

Austria, Belgium, Canada, Colombia, Costa Rica, Czech Republic, Denmark, 

Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Israel, 

Italy, Latvia, Lithuania, Luxembourg, Mexico, Netherlands, Norway, Poland, 

Portugal, Slovak Republic, Slovenia, Spain, Sweden, Switzerland, Turkey, 

United Kingdom, United States. The dataset includes 5 groups. 

Data definitions and sources related to construction of green economy index 

is displayed in Table 2. To compute the GEI, we chosen 15 variables based on 

current literature selection criteria and the green economic definition. The 

common points to calculate GEI based on production factors and environment. 

Input or output variables usually involved in capital, labor, energy, GDP, and 

other possesses. Environmental problems often were regarded as undesired 

output variables, such as SO, CO2, and wastewater (Jia et al., 2022; Jiahuey et al., 

2019; Jin et al., 2022; Lin and Zhu, 2019; Zhang et al., 2021). This research used 

GHG emissions to represent the environmental effect, which is broad and 

representative. Further, the role of sectoral GHG emissions considered to 

�S�U�R�P�R�W�H���W�K�H���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���Y�D�U�L�D�E�O�H�����,�W�¶�V���G�L�I�I�H�U�H�Q�W���I�U�R�P���W�K�H���S�D�V�W�����R�X�U���P�R�G�H�O��added 

the factors which contribute to human well-being, such as income and gender 

equality, and human capital investment. Because the human capital is an 

indispensable input factors for human well-being (Healy et al., 2000). Human 

capital investment can empower people for the strengthen of working 

competence and the awareness of sustainable development (OECD, 2001). 

According to the definition of human well-being, it includes quality of life, 
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health, social relationships, security, and freedom (Colin et al., 2005). Gender 

inequality is a common problem in the world. The World Bank data shows, there 

are 50% females of total number of females participate in the labor market, while 

males are up to 60%. Inequality in labor participation ultimately leads to 

inequality in income. 

Table 2. Indicators related to construction of green economic index 

Variable Measurement Unit Source 

Economic level 
Gross domestic product (PPP converted, 

Current prices) 

Billion US 

dollars 
OECD data 

Building Sector GHG GHG building per GDP 
tCO2e/million 

$GDP 

Climate Watch 

(CAIT) 

Electricity and Heat 

Sector GHG 
GHG electricity and heat per GDP 

tCO2e/million 

$GDP 

Climate Watch 

(CAIT) 

Manufacturing and 

Construction GHG 

GHG manufacturing and construction 

per GDP 

tCO2e/million 

$GDP 

Climate Watch 

(CAIT) 

Transport GHG GHG transport per GDP 
tCO2e/million 

$GDP 

Climate Watch 

(CAIT) 

Waste GHG GHG waste per GDP 
tCO2e/million 

$GDP 

Climate Watch 

(CAIT) 

GHG Level GHG per capita 
tCO2e per 

capita 

Climate Watch 

(CAIT) 
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Energy The final total energy consumption TJ WDI and IEA 

Capital Gross fixed capital formation (GFCF) 
Billion US 

dollars 
OECE data 

Foreign Direct 

Investment 
FDI inward stock 

Billion US 

dollars 
UNCTAD 

TI 
The number of patents in environmental 

technological 
Unit 

WIPO statistics 

database 

Income Equality GINI coefficient  WDI 

Gender Equality 

Female labor force participation 

rate/male labor force participation 

rate*100 

 WDI 

IHC in Education 
Adjusted savings: education 

expenditure 

Billion US 

dollars 
OECD data 

IHC in Health Current health expenditure 
Billion US 

dollars 

World Health 

Organization 

Opening 
Foreign direct investment, net outflows 

(% of GDP) 
Per cent WDI 

GEI Green economy performance index  
Calculated by 

author 

IHC The sum of IHC in education and health 
Billion US Calculated by 
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dollars author based on 

the data 

Population 
Population density (per sq. km of land 

area) 

Per sq. km of 

land area 
WDI 

Energy Structure 
Renewable energy consumption (% of 

total final energy consumption) 
Per cent WDI 

Life Expectancy Life expectancy at birth, total (years) Years WDI 

 

4.1.2. Econometric model 

Endogenous theory 

This sector examines the IHC and green economic development, 

highlighting the combined roles of FDI and technology. The endogenous growth 

theory clearly explains the influence mechanism (Romer, 1989), as it emphasizes 

that economic output is determined by changes in the model itself, which 

includes various input factors.  

 

�; 
L �B�:�.�Ò�á�' �Ò�á�<�Ò�á�- �Ò�á�: �;                                                    (3) 
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Where �;  is total output, �.�Ò is labor physical skills (eye-hand coordination 

skill), �' �Òis educational skills (schooling), �<�Òis experience of previous jobs, �- �Ò 

is total capital, �: ��is other input factors related to product activities. 

(Jones, 2019) extent the Romer�¶s growth research and illustrate the model 

as follow: 

 

�;�ç 
L �#�-�ç                                                                               (4) 

 

Where �# is a productivity parameter, and �-�ç is physical capital related to 

total output. 

Combining the above model, the total production output equation can be 

expressed as 

 

�;�ç 
L �ò�4 
E�#�-�ç
E�: �ç
E�Ì �ç                                                   (5) 

Where �: �ç represents for the other control variables related to �;�ç, �Ì �ç is error 

term. 

The impact of human capital investment on economic growth doesn�¶t show 

up right away, because the human capital return to production exists a time lag. 

Accordingly, we assume there is a non-linear relationship between them. Next, 
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let�¶s put the main variables into the equation (6) based on the theoretical 

foundation, so the model equation was descripted as  

 

�;�Ü�ç
L �ò�4 
E�#�6�ç�- 
E�#�5�ç�- �6 
E�Ì �Ü�ç                                      (6) 

 

4.1.3. Mediated moderator model 

Mediated moderator model means there is extra mediating variable (�/ �Ø) 

and moderating variable (�/ �â) in the model for X and Y. This study (Ye et al., 

2013) explained the relevant concepts of mediated moderator model.  

The existence of both moderating and mediating effects in a relationship is 

due to the fact that the factors acting on the relationship may be more complex. 

Mediating effect emphasizes the process relating the impact of independent 

variable on dependent variable, whereas moderating effect guides the function 

between X and Y changed with the change in moderator (Morgan-lopez and 

Mackinnon, 2006). When a model includes a mediating variable and moderating 

variable and the moderating effect was affected by mediator at the same time, it 

means the mediated moderator exists. Many literatures have created model to 

verify the interconnections between variables in empirical analysis and 

nonempirical research. The mediated moderator model equations are as below: 

 

�; 
L���#�4 
E�=�5�: 
E�=�6�/ �4 
E�=�7�/ �â�: 
E�Ý�5                         (7) 
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�/ �Ø
L���$�4 
E�>�5�: 
E�>�6�/ �4 
E�>�7�/ �â�: 
E�Ý�6                       (8) 

 

�; 
L���%�4 
E�?�5�: 
E�?�6�/ �4 
E�?�7�/ �â�: 
E�?�8�/ �Ø
E�Ý�7          (9) 

 

�; 
L���&�4 
E�@�5�: 
E�@�6�/ �4 
E�@�7�/ �â�: 
E�@�8�/ �Ø
E

�@�9�/ �Ø�/ �â 
E�Ý�8                                                                        (10) 

 

Where �=�5�á�=�6�á�>�5�á�>�6�á���?�5�á�?�6�á�?�8�á�@�5�á�@�6�á�@�8  is coefficient of corresponding 

variables respectively; �#�4�á�$�4�á�%�4�á�&�4 is constant of equation (7), (8), (9), (10) 

respectively;  �Ý�5, �Ý�6, �Ý�7 �Ý�8 is error term of equations respectively; �=�7 is the 

coefficient through the regression of �;  on �/ �â�:  adjusted for �/ �â���=�J�@���: ; �>�7 is the 

coefficient through the regression of �/ �Ø on �/ �â�:  adjusted for �/ �â���=�J�@���: ; �?�7 is the 

coefficient through the regression of �;  on �/ �â�:  adjusted for �/ �â�á�: ���=�J�@���/ �Ø; �@�7 is 

the coefficient through the regression of �;  on �/ �â�:  adjusted for 

�/ �â�á�: �á�/ �Ø���=�J�@���/ �Ø�/ �â; �@�9 is the coefficient through the regression of �;  on �/ �Ø�/ �â 

adjusted for �/ �â�á�: �á�/ �Ø���=�J�@���/ �â�: .  
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For the estimation of mediated moderator, the causal steps approach also is 

a popular way. The first step that we need to ensure the significance of 

coefficient �=�7 in equation (7) which means the moderating effect exists. The path 

of moderating effect model was shown in Figure 19. If the condition was met, 

the estimation process can continue.  

Figure 19. The path of moderating effect 

 

 

  



 

121 

 

Figure 20 shows the path of general mediated moderator effect. In the 

general mediated moderator model, we just need to estimate the variable �/ �â�:  

affects Y through the mediation variable �/ �Ø, because there is only one path. Thus, 

the relative coefficient �>�7�á�?�8 of �/ �â�: , �/ �Ø in equation (8) and (9) is significant 

which can prove the mediated moderator effect exists.  

 

Figure 20. The path of general mediated moderator effect 
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As for the mixed model, there is three cases. First one is the moderator �/ �â 

contribute to the effect of X and �/ �Ø, and then caused the change of Y. It occurs 

when the coefficient  �>�7�á�@�8 is significant in equation (8) and (10). Figure 21 

descripts the path clearly. 

 

Figure 21. The moderating effect, �=�7 
M�r�á�>�7 
M�r ��  �@�8 
M�r 
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Second one is the moderator �/ �â contribute to the effect of �/ �Ø on Y, and 

then moderated the impact of X on Y. It occurs when the coefficient�>�5�á�@�9 is 

significant in equation (8) and (10). The path of effect is shown in Figure 22. 

 

Figure 22. The moderating effect, �=�7 
M�r�á�>�5 
M�r ��  �@�9 
M�r 

 

 

Final case is that these two paths exist simultaneously when the coefficient 

�>�7�á�@�9 is significant in equation (8) and (10). As Figure 23 shown, there are two 

kinds of moderating effect at the same time.  
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Figure 23. The moderating effect, �=�7 
M�r�á�>�7 
M�r ��  �@�9 
M�r 

 

 

There are many studies that have explained and illustrated this approach in 

detail  (Morgan-lopez and Mackinnon, 2006) and (Ye et al., 2013). Based on the 

above concept, the equations of the mediated moderation model are as follows: 

 

�; 
L �Û�4 
E�Û�5�: 
E�Û�6�: �6 
E�Û�7�7 
E�Û�8�:�7 
E�ó�5               (11) 

 

�9 
L �Ù�4 
E�Ù�5�: 
E�Ù�6�7 
E�Ù�7�:�7 
E�ó�6                          (12) 
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�; 
L �Ú�4 
E�Ú�5�: 
E�Ú�6�: �6 
E�Ú�7�7 
E�Ú�8�:�7 
E�Ú�9�9 
E�0 
E�ó�7(13)   

Where U represents for a moderating variable; W represents for a mediating 

variable; and XU represents for an interaction of X and U. For Equation (11), 

�Û�5,���Û�6 and �Û�7 is the regression coefficient of relative variable; ����  is dependent 

variable determined by �: �á�: �6�á�7�á�:�7. In Equation (12),��  is dependent variable 

which determined by �: �á�7�á�:�7 ; �Ù�5 , �Ù�6and �Ù�7  represent for the regression 

coefficient of relative variables. As for Equation (13), �Ú�5, �Ú�6, �Ú�7and �Ú�8 is the 

regression coefficient. �ó�5, �ó�6 and �ó�7 are the error terms of Equations (11), (12) 

and (13). 

This study aims to examine the mediated moderating effect of FDI and TI 

on the nexus of IHC and GEI. Hence, the equations can be transformed into (14), 

(15), and (16). 

 

�)�'�+�Ü�ç
L �Û�4 
E�Û�5�.�0�+�*�%�Ü�ç
E�Û�6�+�*�%�6�Ü�ç����
E

�Û�7�.�0�(�&�+�Ü�ç
E�Û�8�(���������&�+�*�%�Ü�ç
E�ó�5�Ü�ç                              (14)�� 

 

�.�0�6�+�Ü�ç
L �Ù�4 
E�Ù�5�.�0�+�*�%�Ü�ç
E�Ù�6�.�0�(�&�+�Ü�ç
E

�Ù�7�(�&�+�*�%�Ü�ç
E�ó�6�Ü�ç����������������������������                                               (15) 
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�)�'�+�Ü�ç
L �Ú�4 
E�Ú�5�.�0�+�*�%�Ü�ç
E�Ú�6�+�*�%�6�Ü�ç
E

�Ú�7�.�0�(�&�+�Ü�ç
E�Ú�8�(�&�+�*�%�Ü�ç
E�Ú�9�.�0�6�+�Ü�ç
E

�Ú�: �.�0�)�&�2�Ü�ç
E�Ú�; �.�0�6�(�'�%�Ü�ç
E�Ú�<�.�0�2�&�Ü�ç
E�Ú�=�1�2�Ü�ç
E

�Ú�5�4�'�5�Ü�ç
E�ó�7�Ü�ç                                                                      (16) 

 

Where FDIHC means the interaction of FDI and IHC; the square of IHC is 

added to represent the non-linear relationship between IHC and GEI. 

Additionally, GDP signify gross domestic product, TFEC is total final energy 

consumption, PD is population density, OP is opening, and ES is energy structure. 

The mediated moderator effect is presented by the coefficients of �Ù�7 and �Ú�9. 

The null hypothesis for the condition is �*�4�ã���Ù�7�Ú�9 
L �r. If the null hypothesis is 

rejected, �Ù�7 and �Ú�9 are significant. This reveals that the mediated moderator 

effect is significant. 

4.1.4. Estimation approach: GMM model 

According to the literature review, the generalized moment method (GMM) 

is applied widely in econometrics analysis for dynamic panel data. This method 

is more flexible in model specification for linear and non-linear. According to the 

criteria of system-GMM and difference-GMM, the difference-GMM was applied 

in this study (Blundell et al., 1998; Bond et al., 2001). Numerous studies applied 

the GMM method to estimate a model with unknown parameters (Butoyi et al., 

2022). It has no requirement for probability distribution (Mátyás, 1999). It relies 

on some moment conditions, so instrumental variables (IV) are proper way for 

GMM. Thus, it can be applied in more cases whether the data is long or short 
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panel, balanced or unbalanced panel, homogenous or heterogenous panel, at the 

meanwhile, it did not require the data with strong distribution (Hall, 2009). The 

IV must be uncorrelated with the error term of the equation. Besides, it is more 

flexible than general linear regression. Because instrumental variables are 

inserted to improve the moment conditions. Thus, it is better to adjust the 

unbiased and inconsistent problem when the endogeneity exists. 

The model of GMM is descripted as follow: 

 

�U�Ü�ç
L �ò�U�Ü�ç�?�5 
E�Ú�4�á�Ü
E�Ú�ë�: �Ü�ç
E�ä�Ü�ç                               (17) 

Where �U is dependent variable; �:  represent explanatory variables; �Ú�4 is 

constant; �ä is error term; �T
L �s�á�t�á�u�á�å �J (n is the number of explanatory 

variable); �E is the number of cross-section and �P is time. 

4.1.5. Data source 

In order to analyze the nexus of IHC, FDI, TI and green economy, this study 

collected a group of data from various channels including eight variables. Among 

of them, FDI and TI both are core power awarding to green economy. FDI 

represents a crucial external international force, while TI serves as a driving 

force. The FDI flowing into host countries may has a significant influence on the 

local economic and environmental development because of the spillover effect. 

Therefore, this study considered the inwards. In terms of TI, scholars usually use 

the number of patents to represent the level of TI, which involves various aspects. 

This study focused on the green and sustainability. Not only should we seek 

economic development, but also environmental improvement is particularly 

important. Advanced science and technology are important means to help reduce 
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environmental degradation. Therefore, in order to highlight the role of 

technology in the green economy and human capital investment, only patents 

related to the environment were selected for the TI data. For IHC, it usually was 

represented by educational expenditure in most literatures, whereas health is one 

of the most factors for human capital. So, investment in health should also be 

included in the category of IHC. In this study, we will take account the sum of 

investment in education and health to represent for IHC. The variable description 

was displayed in Table 3. 

Table 3. Variable description 

Variable Measurement Unit Source 

Green economy index Green economic performance  
Calculated by 

author 

Human capital 

investment 

The sum of current expenditure in 

education and health 

billion US 

dollars 

Calculated by 

author based on 

the data from 

WDI and WHO 

Foreign Direct 

Investment 
FDI inward stock 

billion US 

dollars 
UNCTAD 

TI 
The number of patents in environmental 

technological 
 

WIPO statistics 

database 

Economic level 
Gross domestic product (PPP converted, 

Current prices) 

billion US 

dollars 
OECD data 
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Energy consumption The final total energy consumption TJ WDI and IEA 

Population 
Population density (people per sq. km 

of land area) 

per sq. km of 

land area 
WDI 

Opening 
Foreign direct investment, net outflows 

(% of GDP) 
 WDI 

Energy Structure 
Renewable energy consumption (% of 

total final energy consumption) 
 WDI 

 

4.2. Study 2: The effect of climate change on HCD 

4.2.1. Conceptual framework 

Unified Growth Theory (UGT) 

The Unified Growth Theory (UGT) encompasses three regimes, each 

created during different periods and focused on distinct factors of economic 

development (Oded et al., 1998). The Malthusian Epoch posits a positive 

relationship between income levels and population growth. In this theory, people 

obtain resources from nature to sustain their lives, transform them into 

productive power, and return that power to labor. The income derived from labor 

is then redistributed to humans in the form of wages. The greater the availability 

of natural resources, the faster the population grows, which is viewed as a natural 

outcome (Thomas, 1798). 
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During the Malthusian Epoch, the main focus was on population change, 

driven by temporary increases in per capita income. This theory assumed no 

changes in technology or available land, meaning that living standards remained 

stable. Education during this period was closely linked to religion and policy 

(Galor et al., 2004). 

The next regime is the post-Malthusian period, which emerged after the 

Industrial Revolution. In this era, TI became a central driver of economic growth. 

On the one hand, per capita income increased rapidly, allowing households to 

allocate more resources to raising their children. On the other hand, productivity 

improvements resulting from TI allowed for the reallocation of resources, 

enabling more investment in improving the quality of children (Galor et al., 

1999). This period saw rapid advances in HCD. 

After the Second Industrial Revolution, despite a decline in population 

growth, overall economic output continued to rise. TI contributed to HCD, and 

the subsequent improvements in the economy, technology, and society triggered 

a transition to sustainable economic growth. In this environment, population 

growth rates slowed, while the average level of education increased significantly. 

The UGT framework describes the joint evolution of the economy with various 

factors, including technology, education, resources, and population (Oded, 2005). 

 

�<�C�ç�A�ç�N�ç�L�ç�=
�»

�P
L �r                                                                 (18) 
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Where each factor changes over time t. �C is technological process; �A is 

education level of labors; �N is available resources per capita; �L is population. 

(Galor et al., 2004) described how, after the Second Industrial Revolution, 

production shifted to industrial, skill-intensive processes. As a result, the rapid 

pace of economic growth created higher demands for both technology and labor 

skills. The fast circulation and operation of international trade markets required 

more efficient production models. Against this backdrop, economic development 

accelerated TI, which in turn increased the demand for human capital. 

The UGT system takes into account the different stages of economic 

development for developed countries, developing countries, and less-developed 

regions. OECD countries, having achieved rapid economic development due to 

the Industrial Revolution, are now in a stage of sustainable economic growth, 

characterized by a high demand for TI, a greater need for skilled labor, and 

significant IHC. From a sustainability perspective, the model related to human 

capital production can be described as follows (Fryer, 2016): 

 

�;�Ü
L �B�:�A�Ü�á�C�Ü�á�G�Ü�;                                                                (19) 

 

Where �;�Ü represents the output of human capital, �A�Ü represents the factors 

related to education, �C�Ü represents the factors related to technology, and �G�Ü is 

other input factors related to HCD. 
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4.2.2. Model specification 

In order to prove the impact of climate change on HCD, this paper modeled 

as follow: 

 

�* �%�Ü�á�ç 
L �ò
E�.�0�)�*�) �Ü�á�ç
E�Ú�5�.�0�(�&�+�Ü�á�ç
E

�Ú�6�.�0�*�'�#�Ü�á�ç
E�Ú�7�.�0�)�&�2�Ü�á�ç
E�Ú�8�7�0�'�/�2�Ü�á�ç
E

�Ú�9�.�0�.�' �Ü�á�ç
E�Ð�Ü�á�ç                                                                  (20) 

 

Where �E means different country; �P means time; �¼ is constant; 

�Ú�5�á�Ú�6�á�Ú�7�á�Ú�8�á�Ú�9 are coefficient of variable respectively. �Ð is error term. LN 

represent for the logarithmic form of variables. The variables are expressed in the 

following form.  

GHG: total greenhouse gases emissions (Mt CO2) 

HC: human capital index 

FDI: foreign direct investment inward stock (Billion US dollars) 

HEA: current health expenditure (Billion US dollars) 

GDP: gross domestic production (Billion US dollars) 

UNEMP: unemployment rate of total labor force (Percentage) 
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LE: total life expectancy at birth (Years) 

LNGHG is dependent variable; main independent variable is HC. LNFDI, 

LNHEA, LNGDP, UNEMP and LNLE are control variables. 

This paper intends to estimation the dynamic relationship between GHG 

gases emissions and human capital index based on a panel data with 33 cross-

sections over the period of 13 years.  

Combined with this study, the estimation model with GHG gases and 

human capital index can be transformed from the equation (20): 

 

�* �%�Ü�ç
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E�Ú�4�á�Ü
E�Ú�5�.�0�)�*�) �Ü�ç
E

�Ú�6�.�0�(�&�+�Ü�ç
E�Ú�7�.�0�*�'�#�Ü�ç
E�Ú�8�.�0�)�&�2�Ü�ç
E

�Ú�9�7�0�'�/�2�Ü�ç
E�Ú�: �.�0�.�' �Ü�ç
E�ä�Ü�ç                                    (21) 

 

4.2.3. Methodology 

a. CSD test 

In the econometrics research, a cross-sectional dependence (CSD) is a 

common problem in panel data analysis. Especially, when the data covers several 

countries only over a few years, it may exist the heteroscedasticity in cross-

section or time series during the regression analysis, accordingly the 

consequence may create an error of results (Basak et al., 2018; Sarafidis et al., 
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2010).  This study collected the panel data with a big N and small T which span 

33 countries and 14 years. So, the heterogenous panel model can be shown as 

 

 �U�Ü�ç
L �Ú�T�Ü�ç
E�ä�Ü
E�Ý�Ü�ç          (22) 

 

(�E � ���������������������«�,�����W��� ���������������«�7�����������������������������«�������������� 

Where �U�Ü�ç ,�T�Ü�çand �ó�Ü�ç are K×1 vector of individual (country) at time t. �;�Ü�ä
L

�:�U�Ü�5�á�U�Ü�6�á�å �U�Ü�Í), �: �Ü�ä
L �:�T�Ü�5�á�T�Ü�6�á�å �T�Ü�Í), �ó�Ü�ä
L �:�Ý�Ü�5�á�Ý�Ü�6�á�å �Ý�Ü�Í). The matrix of vector 

can be �; 
L �:�;�5�ä�á�;�6�ä�á�å �á�;�Â�ä), �: 
L �:�:�5�ä�á�: �6�ä�á�å �á�: �Â�ä�;, �Ý
L �:�Ý�5�ä�á�Ý�6�ä�á�å �á�Ý�Â�ä�; and �ä�Ü
L

�:�ä�5�á�ä�6�á�å �á�ä�Â�;.  

�; 
L 
f

�U�5�5 �U�5�6 �å �U�5�Í
�U�6�5 �U�6�6 �å �U�6�Í
�­ �­ �å �­

�U�Â�á�5 �U�Â�á�6 �å �U�Â�á�Í


j 

 

�: 
L 
f

�T�5�5 �T�5�6 �å �T�5�Í
�T�6�5 �T�6�6 �å �T�6�Í
�­ �­ �å �­

�T�Â�á�5 �T�Â�á�6 �å �T�Â�á�Í
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Finally, the matrix notation is as follow: 

 

 �; 
L �Ú�:
E�ä�Ü
E���Ý (23) 

 

The cross-section dependence can be expressed as 

�' 
k�Ý�Ü�á�Í �+�ä�Ü�á�T�Ü�5�á�T�Ü�6�á�å �T�Ü�Í
o
M�r. 

the expressions are as follow: 

�*�4 �÷�8�Ü�Ý
L �8�Ý�Ü
L �?�K�N
k�ä�Ü�ç�á�ä�Ý�ç
o
L �r���:�E
M�F�;                  

�*�5�ã���8�Ü�Ý
L �8�Ý�Ü
L �r���á�O�K�I�A�:�E
M�F�;                          

 

b. A second generation of unit root test 

When conducted a regression analysis, the time series must be stationary to 

ensure the reliability of result. More complicated situations are often encountered 

that the time series model may include a stochastic trend function. Thus, we 

�G�R�Q�¶�W�� �W�H�O�O�� �D�W�� �D�� �J�O�D�Q�F�H�� �Z�K�H�W�K�H�U�� �W�K�H�� �Y�D�U�L�D�E�O�H�� �L�V�� �V�W�D�W�L�R�Q�D�U�\�� �R�U�� �Q�R�W�� �D�W�� �W�K�L�V�� �V�W�H�S����

Moreover, the regression method can extract the trend and the residual to analyze 

if the residual of time series is stationary. The panel unit root test means to check 
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whether the stochastic trend exists or not. If the panel data present cross-sectional 

dependence, the second generation of unit root method is more propriate here. 

Model of Pesaran shown as: 

�¿�U�Ü�ç
L �:�s
F�é�Ü�;�U�Ü�ç�?�5 
E�:�s
F �é�Ü�;�Ù�Ü
E�Ý�Ü�ç                 (24) 

Where �E
L �s�á�t�á�u�á�å�á�u�u, �P
L �t�r�r�w�á�t�r�r�x�á�t�r�r�y�á�å �á�t�r�s�z. �¿�U�Ü�ç
L �U�Ü�ç
F

�U�Ü�á�ç�?�5. This method intends to check �s
F �é�Ü
L �r or not. The null hypothesis is 

�é�Ü
L �s for all research countries. If the null hypothesis is rejected, the panel data 

is stationary. 

c. Variable measurement 

This study includes seven variables. The dependent variable is human 

capital index (HC) which is measures by years of schooling and returns to 

education from database PWT 9.0. The independent variable is climate change 

which is measured by GHG emissions. The way these variables are measured has 

been adopted in numerous studies. In addition, there are five control variables 

selected from the previous literatures related to human capital. 

The life expectancy plays a crucial role for HCD. The improvement is 

caused by the economic growth and investment in R&D, at the meanwhile, the 

increase in life expectancy may return to the healthcare of a nation for a long run 

(Greening, 2023). 

4.2.4. Data source 

In Table 4, the data in group D involved in seven variables which is 

collected to clarify the relationship between climate change and human capital in 

OECD countries. 
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Table 4. Definitions and sources of variables (d) 

 

Variables Measures Unit Source 

HC 

Human capital 

Human capital index, based on 

years of schooling and returns to 

education 

 

Penn World Table, 

version 10.01 

GHG 

Greenhouse gases 

emissions 

Total greenhouse gases 

emissions excluding LUCF 
MTCO2e 

Climate Watch 

(CAIT) 

GDP 

Gross domestic 

product 
Gross Domestic Production 

Billion US 

dollars 
OECD data 

HEA 

Health 

expenditure 
Current health expenditure 

Billion US 

dollars 

World Health 

Organization 

FDI 

Foreign direct 

investment 
FDI inward stock 

Billion US 

dollars 
UNCTAD 

LE Life expectancy Total life expectancy at birth Years WDI 

UNEMP 

Unemployment 

Unemployment, total (% of total 

labor force) (modeled ILO 

estimate) 

Percentage World Bank 

 

4.3. Study 3: The effect of green economy on HCD 
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4.3.1. Causal relationship analysis 

For the study of bidirectional relationship between variables, it is necessary 

to establish at least two equation model. The variable in one equation is 

explanatory variable, whereas it is also dependent variable in another equation at 

the meanwhile. Moreover, it will result in the correlation between explanatory 

variable and error term. Finally, it may cause the bias of estimation result. The 

SEM can solve the problem. The greatest advantage for SEM is the ability to 

solve the endogeneity in causal relationship. At the same time, combining the 

different variable into one system or one structural equation (Zellner et al., 1962). 

In SEM equations, variables are separated to endogenous variables and 

exogenous variables. Besides, lagged endogenous variables was used to represent 

for the dynamic relationship of variables. In general, endogenous variable and 

lagged endogenous variable also have a joint name: predetermined variables. 

They are only explanatory variables. The SEM structure consists of different 

functions of other endogenous variables, predetermined variables and error terms. 

The structural matrix can be expressed as 

 

�$�; 
E�#�: 
L �'                                                                     (25) 

 

�:�$�#�;
k�Ò�Ñ
o
L �'                                                                      (26) 

The matrix for every variable is: 
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�ò�6�5 �ò�6�6 �ò�6�7 �å �ò�6�à
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�' 
L

�é�5�5 �é�5�6 �é�5�7 �å �é�5�à
�é�6�5 �é�6�6 �é�6�7 �å �é�6�à
�é�7�5 �é�7�6 �é�7�7 �å �é�7�à
�­ �­ �­ �­ �­

�é�á�5 �é�á�6 �é�á�7 �å �é�á�à

 

To explore the causal relationships between the green economy and human 

capital, we employ a simultaneous equation model in our study. Numerous 

studies have demonstrated that it is a superior method for analyzing two-way 

causal relationships. This model not only integrates both types of relationships 

into a unified framework for investigation but also mitigates the interactive 

influences between variables in the two equations. Therefore, by combining the 

simultaneous equation model with the theoretical framework between the green 

economy and human capital, we can formulate the following equations: 

 

�)�'�+
L �ò�5�4
E�Ú�5�5�*�%
E�Ú�5�6�(�&�+
E�Ú�5�7�*�'�# 
E

�Ú�5�8�)�&�2
E�Ú�5�9�%�1�6 
E�Ú�5�:�6�(�'�%
E�Ý�5                         (27) 
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�*�%
L �ò�6�4
E�Ú�6�5�)�'�+
E�Ú�6�6�(�&�+
E�Ú�6�7�*�'�# 
E

�Ú�6�8�)�&�2
E�Ú�6�9�7�0�'�/ 
E�Ý�6                                           (28) 

 

Equation (27) includes the index of the green economy (GEI), human 

capital (HC), FDI, health expenditure (HEA), GDP, CO2 emissions, and total 

final energy consumption (TFEC). Equation (28) additionally incorporates the 

unemployment rate (UNEM). Here, �¼ represents a constant related to the 

equations; qg denotes the coefficients of variables, and qj signifies the random 

error terms. 

In this section, we employed four distinct methods to estimate equations (27) 

and (28). The baseline models, such as OLS and Fixed Effects models, derive 

results through general linear regression, with R2 indicating the goodness of fit 

between the data and the model. However, we encountered an endogeneity issue 

wherein the causal relationships among key variables could lead to mutual 

influence or the omission of pertinent variables, thereby biasing the estimators. 

To address this concern, we utilized the Generalized Method of Moments (GMM) 

and the Three-Stage Least Squares (3SLS) to estimate simultaneous equations. 

Both GMM and 3SLS employ instrumental variable methods to mitigate bias. To 

validate the instrumental variables, we conducted Sargan-Hansen test for over-

identification restrictions. Additionally, we conducted serial autocorrelation tests 

and robust tests to gauge the model's reliability and the accuracy of the 

estimation results. 
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4.3.2. Mediating effect model 

The mediation effect model is a common approach used to explore the 

mechanisms between variables. This method is widely applied in psychology, 

economics, environmental studies, and social analysis. 

Chung et al. (2022) investigated the relationship among parental perceptions of 

COVID-19, parenting, and parent-child relationships based on surveys of 258 

parents in Singapore using the mediation effect model. The findings indicated 

that harsh parenting negatively affects the parent-child relationship by increasing 

parenting stress during the COVID-19 pandemic. Moreover, the study suggested 

that the adverse impacts of the pandemic may heighten the risk of potential child 

abuse. 

TI served as a mediating variable in the relationship between the digital 

economy and high-quality economic development (Ding et al., 2022). This 

research analyzed data from 30 Chinese provinces from 2011 to 2019 to estimate 

the influence of the digital economy on high-quality economic development. The 

results revealed that the positive impact exhibited heterogeneity across the 

eastern, central, and western regions of China. Additionally, advancements in 

technology provided a more effective transmission pathway for developing a 

high-quality economy. 

Yang et al. (2022) explored the transmission mechanism of digital 

technology on carbon emissions using the mediation effect model in China. They 

found that digital technology and carbon emissions exhibit a U-shaped 

relationship: carbon emissions increase in the early stages of technological 

adoption but begin to decline after a certain point, particularly in the central and 

western regions. Furthermore, digital technology influences carbon emissions 



 

143 

 

through three channels: technological improvement, industrial structural 

promotion, and energy efficiency. 

In the process of analyzing the relationship between dependent variable Y 

and independent variable X, a mediated variable M often introduced to estimate 

the mechanism by which the independent variable affects dependent variable. 

This indicates that the independent variable affects the dependent variable 

through the mediating variable. Thus, there are two paths in the relationship 

between X and Y with M. One path is the direct effect where X affects Y directly 

after accounting for the mediating variable M. Another one is the indirect effect 

where X play a role at Y by affecting the M. There is also a total effect that X 

affects Y without mediating variable M, as illustrated in Figure 24 and Figure 25. 

The path diagram is as follows: 

 

Figure 24. The path of total effect for X and Y 
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Figure 25. The path of direct and indirect effect for X and Y 

 

In the path diagrams, �? �N�A�L�N�A�O�A�J�P�O for the coefficient of total effect; �=and 

�> represent for the coefficient of mediating effect; and �?�" is the coefficient of 

direct effect. The relative equations like below: 

 

�; 
L �ò�4 
E�?�:
E�ë�5                                                                (29) 

 

�/ 
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�; 
L �Û�4 
E�?�ñ�: 
E�>�/ 
E�ë�7                                                (31) 

Where �ò�4�á�Ú�4�á�Û�4 are constant and �ë�5�á�ë�6�á�ë�7 are error term of equations. 

The mediating effect equivalent to indirect effect, so ab represents the value 

of mediating effect. To verify the mediating effect, the causal steps approach is a 

simple and common way in empirical estimation. First step is testing the 

significance of coefficient c. Second step is to confirm the significance of 

coefficient a and b. The final step is to check the significance of coefficient �?�ñ. 

There are three kinds of interpretations regarding the mediating effect result. If 

coefficients a and b are both significant in equations, it indicates that the 

mediating role exists in the relationship between X and Y. Additionally, if the 

coefficient  �?�ñ is insignificant, it suggests a complete mediating effect, whereas if 

�?�ñ is significant, it indicates a partial mediating effect. 

We hypothesize that the causal relationship between the green economy and 

human capital occurs through three primary channels. Consequently, we 

analyzed the transition mechanism using a mediating effect model with three 

mediating variables: TI, skilled labor, and wage. We employed the methodology 

described by (Wen et al., 2014), which recommends a step-by-step approach. The 

model equations are presented as follows: 

 

�*�%
L �=�5�)�'�+
E�: 
E�ó�5                                                     (32) 

 

The mediating effect model for TI: 
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 �6�+
L �>�5�)�'�+
E�: 
E�ó�6                                                       (33) 
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The mediating effect model for labor skilled labor (LA): 

�.�# 
L �>�6�)�'�+
E�: 
E�Ü�6                                                       (35) 
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The mediating effect model for wage (WAGE): 

�9�#�)�' 
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Where a, b, c, d are the coefficients; X represents the control variables (FDI, 

HEA, GDP and UNEM). The ���ó, �Ü and �à are error term, while TI, LA and WAGE 

are the TI, skilled labor and wage rate respectively. Figure 26 shows the 

methodological framework. 

Figure 26. Methodological framework 
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4.3.3. Variable measurement 

Dependent and independent variables 

Generally, the index for the green economy is represented by various 

metrics, including green GDP, green economic efficiency, green total factor 

productivity, and green economic index. The calculations for these metrics 

typically employ methods such as the Directional Distance Function (DDF) 

model, the Non-radial Directional Distance Function (NDDF) model, the Slack-

Based Method (SBM), PCA, super-efficiency Data Envelopment Analysis (DEA), 

and regression methods, which vary depending on the specific definitions of the 

green economy. In our study, we utilized the PCA model to compute the green 

economic index using data from 15 variables, following the methodologies 

outlined in previous studies by (Asbahi et al., 2019) and (Wang et al., 2023). The 

formula used is as follows: 

 

�)�'�+
L �:�é�5 �Û�;�5�Ý
E�é�6 �Û�;�6�Ý
E�®
E�é�Þ�Û�;�Þ�Ý�;�� 

�:�é�5 
E�é�6 
E�®�é�Þ�;                                                         (39) 

 

Where Y represents variance contribution, �! signifies variance contribution 

rate, and k denotes the number of selected principal components. The values of Y, 

�!, and k are derived from the results of the PCA examination. 

Mediating variables 
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The three mediating variables in our study are TI, skilled labor, and wage. 

TI can be gauged by total patent output or investment in research and 

development (Liu and Dong, 2021; Wei et al., 2023). Hence, we utilized gross 

domestic expenditures on R&D as a proxy for TI. Generally, labor skills are 

associated with the qualifications necessary for meeting work objectives. Labor 

skill levels are influenced by the educational attainment of workers (OECD, 

1998b). Due to issues with data availability, we used the employment rate of 

individuals with upper secondary or post-secondary non-tertiary education from 

OECD data to represent skilled labor. Regarding wage, we utilized data on 

annual average wage from OECD statistics to represent the wage variable. 

 Control variables 

To ensure the integrity of the model, four control variables are incorporated: 

FDI, health expenditure (HEA), total GDP, and unemployment according to the 

previous research. 

4.3.4. Data source 

The data for causal relationship between human capital and green economy 

includes eight variables (green economy, human capital, FDI, GDP, health 

expenditure, carbon emissions, energy consumption and unemployment). Human 

capital (HC) is represented by the human capital index, Table 5 provides detailed 

information on data measurement, units, and sources. All variables are expressed 

in the form of natural logarithms, except for those that are indices. The green 

economy is an independent variable following the results obtained in the 

previous step. Human capital is a dependent variable being assessed through 

�Y�D�U�L�R�X�V�� �P�H�W�K�R�G�V���� �,�Q�� �R�X�U�� �V�W�X�G�\���� �Z�H�� �K�D�Y�H�� �D�G�R�S�W�H�G�� �D�� �Q�R�Y�H�O�� �L�Q�G�H�[�� �F�D�O�O�H�G�� �³�\�H�D�U�V�� �R�I��

�V�F�K�R�R�O�L�Q�J���´�� �L�Q�W�U�R�G�X�F�H�G�� �E�\�� �W�K�H�� �2�(�&�'���� �Z�K�L�F�K�� �H�Y�D�O�X�D�W�H�V�� �W�K�H�� �K�X�P�D�Q�� �F�D�S�L�W�D�O�� �L�Q�G�H�[��
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from a macroeconomic perspective. Because this index considers factors such as 

education quality and productivity (Égert et al., 2022). 

Table 5. Definitions and sources of variables 

Variable Definitions Unit Source 

GEI Green economic performance  Calculated by author 

HC 
Human capital index, based on years of schooling 

and returns to education 
 

Penn World Table, 

version 10.01 

UNEMP 
Unemployment, total (% of total labor force) 

(modeled ILO estimate) 
% World Bank 

LNGDP Gross Domestic Production 
US 

dollars 
OECD 

LNFDI FDI inward stock 
US 

dollars 
UNCTAD 

LNHEA Current health expenditure 
US 

dollars 

World Health 

Organization 

LNCO2 Total carbon emissions excluding LUCF MTCO2e Climate Watch (CAIT) 

LNEC Total final energy consumption TJ OECD 

Group C is an extension of Group B which involved in 11 variables. Three 

mediating variables are added. The three mediating variables in our study are TI, 
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skilled labor, and wage. TI can be gauged by total patent output or investment in 

research and development (Liu and Dong, 2021). Hence, we utilized gross 

domestic expenditures on R&D as a proxy for TI. Generally, labor skills are 

associated with the qualifications necessary for meeting work objectives. Labor 

skill levels are influenced by the educational attainment of workers (OECD, 

1998b). Due to issues with data availability, we used the employment rate of 

individuals with upper secondary or post-secondary non-tertiary education from 

OECD data to represent skilled labor. Regarding wage, we utilized data on 

annual average wage from OECD statistics to represent the wage variable. Table 

6 shows detailed definition and source of all variables for Group C. 

Table 6. Definitions and sources of variables 

variables   measures Unit Source 

Green economic 

index 
GEI Calculated by author   Calculated by author 

Human capital HC 

Human capital index, 

based on years of 

schooling and returns to 

education 

  
Penn World Table, 

version 10.01 

Gross domestic 

product 
GDP 

Gross Domestic 

Production 

Billion US 

dollars 
OECD data 

Health 

expenditure 
HEAL 

Current health 

expenditure 

Billion US 

dollars 

World Health 

Organization 

TI TI 
Research and 

Percentage 
UNESCO Institute 
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development expenditure 

(% of GDP) 

for Statistics (UIS) 

Skilled labor LA 

employment rate by 

Upper secondary or post-

secondary non-tertiary 

education 

Percentage OECD data 

Wage WG Annual average wage US dollars OECD statistic 

Foreign direct 

investment 
FDI FDI inward stock 

Billion US 

dollars 
UNCTAD 

Carbon emissions CO2 
Total carbon emissions 

Excluding LUCF 
MTCO2e 

Climate Watch 

(CAIT) 

Energy 

consumption 
EC 

Total final energy 

consumption 
TJ OECD data 

Unemployment UNEMP 

Unemployment, total (% 

of total labor force) 

(modeled ILO estimate) 

Percentage world bank 
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Chapter five. Empirical results 

5.1. Empirical  results of Study 1 

This study presents the estimation results for the relationship between IHC 

and the green economy. For the estimation method, a stepwise regression 

approach is commonly used in most studies to estimate mediated moderation 

equations. Figure 27 illustrates the detailed estimation procedure. In this process, 

�Û�8 must be significant to confirm the presence of a moderating effect. Once this 

is established, it is necessary to examine �Ù�7���=�J�@���Ú�9. If both are significant, the 

estimation proceeds to the next step. The coefficient �Ú�8 determines whether a full 

mediating effect exists. 

Figure 27. Estimation Procedure of the Mediated Moderation Model 

 

Source: Completed by author. 

5.1.1. Data description 

Due to data collection constraints, we considered 33 OECD countries in this 

study. The data description is provided in Table 7, which includes nine variables 

along with their mean, median, maximum, minimum, standard deviation, 

skewness, kurtosis, and the number of observations. A total of 462 observations 

were analyzed. For most variables, there is a significant difference between the 
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maximum and minimum values, resulting in a large standard deviation. The 

skewness and kurtosis values indicate that the distribution of the variables varies 

across the dataset. 

Table 7. Data description 

 GEI IHC FDI TI GDP TFEC OP PD ES 

Mean 0.00 196.7282 322.22 362.24 1224.1 3697882 5.47 125.13 21.03 

Median -0.12 46.61 155.59 87.50 340.62 949204.40 2.12 101.52 15.78 

Maximum 3.11 4358.42 1996.78 5771.00 20527.16 66680894.00 138.20 511.78 80.71 

Minimum -0.7 1.33 4.69 0.01 11.07 78480.81 -42.28 2.96 1.35 

Std. Dev. 0.61 585.94 391.07 884.33 2847.19 10128769.00 13.75 112.67 16.37 

Skewness 3.56 5.29 1.78 4.02 4.84 5.09 3.60 1.55 1.48 

Kurtosis 17.95 31.24 6.00 19.80 27.39 28.36 27.14 5.20 5.12 

Observations 462 462 462 462 462 462 462 462 462 

Source: Completed by the author based on the collected data. 

5.1.2. Augmented dickey-Fuller (ADF) test 

In the process of regression analysis, During the regression analysis process, 

it is essential for the time series to be stationary, as this is a necessary 

precondition. Therefore, this study applied the ADF (Augmented Dickey-Fuller) 
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test to each time series. The ADF test assumes the null hypothesis that a unit root 

exists. If the null hypothesis is rejected, it indicates the absence of a unit root, 

meaning the time series is stationary. Table 8 shows that most p-values for the 

variables are smaller than 0.01, while the p-value for LNTFEC is smaller than 

0.05. In summary, the variables integrated at I (0) are significant. The results 

confirm that the time series are stationary at the level, meeting the requirements 

for regression analysis. Consequently, the GMM method can be applied to 

estimate the regression equations. 

Table 8. The Result of Panel Unit Root Test 

Variable t-statistic p-value Integration 

GEI -5.781  0.000  I (0o�  

LNFDI -3.757  0.000  I (0o�  

LNIHC -6.719  0.000  I (0o�  

FDIHC -7.030  0.000  I (0o�  

LNTI  -6.120  0.000  I (0o�  

UW -6.222  0.000  I (0o�  

LNGDP -3.531  0.000  I (0o�  
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LNTFEC -1.875  0.030  I (0o�  

LNPD -16.665  0.000  I (0o�  

Source: Author. 

5.1.3. Estimation results of GMM 

In this section, the GMM method was used to estimate Equations (32), (33), 

and (34). Additionally, an Arellano-Bond test was conducted to check for serial 

correlation. Table 9 presents the results, which include Models 1, 2, and 3. The 

estimation results reveal a non-linear relationship, as the coefficients of IHC in 

Model 1 and IHCp? in Model 3 are statistically significant. At the early stages of 

human development investment, IHC and GEI exhibit a negative long-term 

relationship. However, once IHC reaches a certain level over a prolonged period, 

its positive role begins to emerge in promoting green growth. Regarding the 

moderating effect estimation, the primary evidence relies on the coefficients of 

LNFDI and FDIIHC in Model 1. The coefficients of LNIHC and FDIHC are both 

significant. In Model 1, all coefficients are significant except for LNFDI. While 

IHC and GEI have a negative relationship, the positive coefficient of IHC2 

suggests a turning point where IHC begins to positively influence GEI. However, 

the negative coefficient of FDIHC indicates that FDI has a moderating but 

negative effect on the relationship between IHC and GEI. In Model 2, all 

coefficients are positive and significant. A 1% increase in FDI leads to a 0.35% 

increase in TI. Similarly, the coefficient of IHC is 0.465, meaning that a 1-unit 

increase in IHC raises the TI level by 0.465 units. Moreover, the significant 

change in the coefficient of FDIIHC suggests that FDI strengthens the positive 

effect of IHC on the green economy. In Model 3, all coefficients are significant 

except for the negative coefficients of OP and ES. The coefficients of IHC and 
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IHCp? further confirm the non-linear relationship between IHC and GEI. When 

combining the significant coefficients of IHC and FDIHC in Model 1, IHC and 

LNFDI in Model 2, and LNTI in Model 3, the results validate the mediated 

moderation effect. The coefficient of LNTI is 0.013 and is significant at the 1% 

level. Together, the results from Models 1, 2, and 3 indicate that FDI 

significantly reduces the negative effect of IHC on GEI during the studied period. 

Additionally, the study found that only a few control variables significantly 

influence GEI. The coefficients of GDP, TFEC, and PD are positive and 

significant, revealing their positive contributions to the rise in GEI. However, OP 

and ES have no significant effect on GEI, as their coefficients are insignificant in 

Model 3. 

The end of Table 9 presents the results of the Arellano-Bond (A-B) test, a 

commonly used method to assess serial correlation in dynamic panel data, 

particularly the autocorrelation in residuals when applying the GMM method. 

Many studies (Berk et al., 2020; Haque, 2021; Karimi et al., 2024) have utilized 

this test to validate the robustness of their models. The A-B test involves two 

hypotheses: the null hypothesis assumes no serial autocorrelation in residuals. 

The evaluation of an efficient model based on the A-B test output depends on 

two conditions: (1) the autocorrelation at the first difference AR (1) rejects the 

null hypothesis, and (2) the autocorrelation at the second difference AR (2) 

accepts the null hypothesis. In the AR (1) estimation, the residual autocorrelation 

indicates that the model captures the time-series dependence in the panel dataset. 

This result shows that the model does not exhibit significant low-order lag 

problems. Additionally, the absence of autocorrelation at AR (2) is essential 

(Arellano et al., 1991), as it confirms the white-noise characteristic of residuals, 

avoiding biases caused by errors. The autocorrelation test results at AR (1) for 

Model 1, Model 2, and Model 3 are all significant, indicating no serial 

correlation at the first difference in any of the three models. Meanwhile, the 
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results at AR (2) are insignificant. Combining these two outcomes, the estimation 

results can be considered reliable. 

Table 9. Regression Results 

Variable GEI (Model 1) LNTI (Model 2) GEI (Model 3) 

GEI (-1) 0.902*** 

 

0.595*** 

LNTI (-1) 

 

0.260*** 

 

LNIHC -0.068*** 0.465*** -0.447*** 

IHC2 0.024 *** 

 

0.088*** 

LNFDI 0.022 0.350*** 0.107** 

FDIHC -0.025*** 0.020** -0.067*** 

LNTI    0.013*** 

LNGDP   0.293** 

LNTFEC   0.525*** 

LNPD   0.975*** 

OP   -0.0000978 
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ES   -0.000491 

J-statistic 29.813 29.554 24.256 

p-value 0.372 0.437 0.334 

AR (1) 0.000 0.026 0.009 

AR (2) 0.873 0.145 0.368 

Observations 396 396 396 

Note: *, ***, and *** signify level of significance at 1, 5, and 10 percent, respectively. 

Source: Author. 

5.1.4. Stacked causality test 

Up to this point, this study has already estimated the non-linear relationship 

between IHC and GEI. To further confirm the robustness of the empirical results, 

a Granger causality test was conducted to examine the causal relationships. 

Stacked tests were also performed to analyze panel causal relationships. The 

causality estimation is based on the predictability of some series through cross-

section unit (Granger, 1969). In a panel dataset, the cross-section unit is stacked 

one after another based on each cross-section units. If the lag value of variable X 

is effective for another variable Y and �;�ç 
L �: �ç�>�5, it would be easier to predict �: �ç 

by �;�ç�?�5. Moreover, it assumed that causal effects are homogeneity which is 

beneficial to show a general causal relationship between variables. The stacked 

causality test supposed that X does not granger-cause Y (null hypothesis). When 



 

160 

 

the result of X and Y both reject the null hypothesis, the bidirectional 

relationship exists.  

The results of stacked causality test are presented in Table 10. In Model 1, 

the p-values for the variable groups IHC and GEI, as well as FDIHC and GEI, 

are significant at the 10% and 5% levels, respectively. This result indicates the 

presence of causal relationships. Specifically, there is a bidirectional relationship 

between IHC and GEI, and a unidirectional relationship between FDIHC and 

GEI. Since the p-value for the overlapping causality test is not significant, there 

is no significant causal relationship between FDI and GEI. In Model 2, there are 

unidirectional causal relationships between IHC and TI, FDI and TI, and FDIHC 

and TI, with p-values showing statistical significance at the 0.01 and 0.1 levels. 

In Model 3, the p-values for IHC and GEI, FDI and GEI, FDIHC and GEI, and 

TI and GEI are 0.067, 0.003, 0.0006, and 0.015, respectively, indicating that the 

coefficients of these causal relationships are meaningful and that causal 

relationships exist. These results further confirm the findings from the GMM 

estimation, providing stronger evidence for the causal relationships among the 

variables. 

Table 10. Stacked Panel Causality Test 

Model 1 

Null Hypothesis F-statistic p-value Conclusion 

LNIHC does not Granger Cause GEI 4.798 0.029 LNIHC�< GEI 

IHC2 does not Granger Cause GEI 2.485 0.116 Neutral 
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LNFDI does not Granger Cause GEI 2.501 0.115 Neutral 

FDIHC does not Granger Cause GEI 2.982 0.085 �)�'�,�+�&�:�*�(�,  

Model 2 

Null Hypothesis F-statistic p-value Conclusion 

LNIHC does not Granger Cause LNTI 5.576 0.001 �/�1�,�+�&�:�/�1�7�, 

LNFDI does not Granger Cause LNTI 2.312 0.076 �/�1�)�'�,�:�/�1�7�,  

FDIHC does not Granger Cause LNTI 4.411 0.005 �)�'�,�+�&�:�/�1�7�, 

Model 3 

Null Hypothesis F-statistic p-value Conclusion 

LNIHC does not Granger Cause GEI 2.217 0.067 �/�1�,�+�&�:�*�(�, 

IHC2 does not Granger Cause GEI 1.493 0.204 Neutral 

LNFDI does not Granger Cause GEI 4.064 0.003 �/�1�)�'�,�:�*�(�,  

FDIHC does not Granger Cause GEI 5.065 0.001 �)�'�,�+�&�:�*�(�,  

LNTI does not Granger Cause GEI 3.119 0.015 �/�1�7�,�:�*�(�, 
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LNGDP does not Granger Cause GEI 4.085 0.003 �/�1�*�'�3�:�*�(�,  

LNTFEC does not Granger Cause GEI 4.436 0.002 �/�1�7�)�(�&�:�*�(�, 

LNPD does not Granger Cause GEI 0.943 0.439 Neutral 

OP does not Granger Cause GEI 1.570 0.182 Neutral 

ES does not Granger Cause GEI 2.425 0.048 �(�&�:�*�(�,  

Note: �³�:�´ : unidirectional relationship; �³�< � :́ bidirectional relationship 

Source: Author. 

5.1.5. Discussion of study 1 

Study 1 also found a non-linear relationship between initial human capital 

(IHC) and the green economy, consistent with previous findings (Liu et al., 2022). 

The return on IHC for economic growth exhibits a significant time lag in the 

long run (World Bank Group, 2018). Human capital development is a lengthy 

process, starting from primary education and progressing to the acquisition of 

specialized skills. Only after extended periods of education and training can 

individuals effectively transform their knowledge and skills into productive 

capacities. At low levels of human capital, the proportion of educated and skilled 

workers is small, with most individuals in the labor market being low-skilled 

workers. Consequently, both productivity and energy efficiency tend to be 

relatively low. In such circumstances, the extensive use of natural resources and 

energy not only fails to stimulate rapid economic development but also leads to 
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higher emissions of air pollutants. Under these conditions, IHC can act as a 

hindrance to progress toward a green future. 

In contrast, higher levels of human capital are typically associated with 

greater investments in education, skill development, and health, leading to a 

higher proportion of skilled labor and technological advancements. Consequently, 

labor income increases, and productivity improves significantly. At this stage, 

individuals are more likely to recognize the symbiotic relationship between the 

environment and human well-being, exhibiting greater acceptance of green and 

sustainable concepts alongside improved practices. This, in turn, fosters green 

growth. There are also some new findings as follows. First, the results are 

consistent with Hypothesis 1a, indicating that FDI mitigates the negative effect 

of IHC on green economic development in Model 1. Initially, the impact of IHC 

on the green economy passes through a negative phase. A 10% increase in IHC 

leads to a 0.04 reduction in the GEI, whereas with the inclusion of FDI, a 10% 

increase in IHC results in only a 0.007 decline in GEI. As the green economy 

develops, the demand for new technologies grows, resulting in the displacement 

of workers with outdated skills, particularly in carbon-intensive sectors. OECD 

countries have traditionally built their economies on high-carbon energy sources 

like oil and coal, and transitioning to environmentally friendly industries 

typically take over 25 years. These countries are still far from achieving the net-

zero greenhouse gas emissions targets set for 2050 (OECD, 2021). Governments 

face numerous challenges in advancing toward a green future, including changes 

in labor structure, labor displacement, gender inequality, unemployment, and 

regional economic development. The transformation of the British coal-mining 

industry in the 1980s serves as a classic example of how poor management can 

lead to long-term unemployment. However, there is evidence of a non-linear 

relationship. Once IHC develops beyond a certain peak, it begins to positively 

influence green economic development. This non-linear relationship is 

significantly evident in Models 1 and 2. Furthermore, the results indicate that 
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FDI has a remarkable positive influence on the relationship between IHC and the 

green economy, as observed from the coefficients of IHC and FDIHC in Models 

1 and 3. 

In Model 3, when FDI is introduced, the coefficient of IHC decreases from -

0.44 to -0.06. This demonstrates that FDI significantly weakens the negative 

impact of IHC on the green economy, indicating that FDI positively moderates 

the effect of IHC on green economic development. 

Secondly, the findings are also consistent with Hypothesis 1b. FDI, as an 

external resources, plays a positive role in technological innovation and 

economic growth in OECD countries. Nevertheless, the results of Model 2 show 

that as IHC increases, technology also improves. However, the coefficient of 

FDIHC (0.04) is much smaller than that of IHC (0.465). Evidence suggests that 

FDI suppresses the positive effect of IHC on technological transformation. 

Additionally, according to OECD statistics, over 70% of inbound foreign direct 

investment is directed toward the service sector, particularly the 

finance/insurance industries. In most OECD countries, manufacturing represents 

a significant proportion, while the service sectors (such as electronics, 

instruments, and energy) and transportation account for the largest shares. Thus, 

increasing FDI is not attractive for stimulating the environment or technological 

innovation (TI) due to its low original proportion. On the contrary, it reduces the 

share of IHC in both environmental and TI contributions. These findings suggest 

that TI plays a mediating role when FDI moderates the relationship between IHC 

and the green economy. However, the moderating effect of FDI is only partially 

achieved through TI, as the significant coefficients of FDIHC in Model 3 

indicate its importance. FDI adjusts the relationship between IHC and the green 

economy by influencing the relationship between IHC and TI. South Korea and 

Japan are typical OECD representatives facing similar situations. In South Korea, 

FDI in the service sector amounted to $128.685 billion, while in Japan, it reached 
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$109.29 billion, the highest among all industries in 2018. Statistics show that 

since 2005, foreign direct investment in both countries has been steadily 

increasing with slight fluctuations. In South Korea, IHC has grown rapidly. The 

number of environmental technology patents tripled from 2005 (1,148) to 2020 

(3,586), significantly outperforming all OECD countries. In Japan, however, the 

number of environmental technology patents dropped by 39%. Although 

education investment levels in OECD countries are relatively high, they have 

shown little change over the years. 

The results of Model 3 demonstrate the influence of GDP, total final energy 

consumption, population density, opening, and energy structure on the green 

economy. The coefficient of GDP is 0.293 and statistically significant at 5 

percent in Model 3, indicating that GDP plays a positive role in developing a 

green economy in OECD countries, which is similar to (Li et al., 2020; Yu et al., 

2023), which showed that rising levels of economic development positively 

influence the green economy, particularly in developed countries. Generally, 

developed countries tend to have more scientific manpower, advanced 

technologies, greater awareness of environmental protection, and more efficient 

production models, all of which help balance economic growth with 

environmental protection. Furthermore, population density was found to have a 

positive effect on the green economy, aligning with the findings of Liu and Luo 

(Liu et al., 2022; Sohag et al., 2019). High population density often indicates an 

abundance of labor and favorable conditions for attracting talent in certain 

regions. In labor-intensive areas, technology exchange, dissemination, and 

advancement are facilitated. This result is also consistent with (Song et al., 

2018). However, the relationship between population density and green 

economic development is influenced by environmental regulations. At the 0.1 

quantile of environmental regulation, population density appears to hinder green 

economic development. In contrast, when the coefficient of environmental 

regulation exceeds the 0.75 quantile, the relationship becomes positive, 
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suggesting a complex interaction between population density and environmental 

regulation in shaping the green economy. In addition, this study also explored 

and found the same result that GEI increased with energy consumption growth 

(Anser et al., 2021). The economic growth stimulated the production activities 

needing more supply of renewable energy and non-renewable energy. Finally, 

opening and energy structure did not affect the green economy, which is different 

from (Shuai and Fan, 2020b; Xiao and You, 2021). 

 

5.2. Empirical result of Study 2 

This study shows the result for relationship between climate change and 

HCD. The content includes data description, the result of Pesaran�¶s CD test and 

LM test, panel unit root test result and estimation result of GMM. 

5.2.1. Data description 

For this study, we take account 462 observations which includes 33 OECD 

countries from 2005 to 2018. After taking the logarithm of all values, the value 

looks more standard, thus help to stabilize the variance. As Table 11 shown, the 

value of human capital index and life expectancy has no big gap in 33 countries. 

Nevertheless, health expenditure and unemployment rate are different obviously 

from countries. 
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Table 11. Data description 

Variable Obs Mean Std. dev. Min Max 

HC 462 3.2124 0.4068 2.1030 3.8490 

LNGHG 462 4.6202 1.5479 1.0438 8.8179 

LNGDP 462 5.9428 1.5244 2.4047 9.9295 

LNHEA 462 3.3053 1.7480 -0.3425 8.1431 

LNFDI 462 4.9364 1.4613 1.5452 7.5993 

LNLE 462 4.3708 0.0379 4.2627 4.4308 

UNEMP 462 8.0793 4.1221 2.2400 27.4700 

5.2.2. Cross-section dependence test (CSD) 

We conducted the Lagrange Multiplier (LM) test (Baltagi et al., 2012) of 

Breusch and Pagan and Pesaran�¶s CD (De Hoyos et al., 2006) test for all 

variables. The result in Table 12 shows that all statistical values of all variables 

are significant at a one percent level which means the null hypothesis is rejected. 

Therefore, the panel data is dependent on cross-sections and serial correlation 

exists in one error. 

Table 12. Result of Pesaran�¶s CD test and LM test 
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 CD test LM test 

Variable CD-stat p-value Q(p)-stat p-value 

HC 84.388 0.000 43.61 0.000 

LNGHG 23.755 0.000 38.63 0.000 

LNGDP 77.237 0.000 121.69 0.000 

LNHEA 56.627 0.000 75.72 0.000 

LNFDI 57.575 0.000 66.91 0.000 

LNLE 70.772 0.000 62.48 0.000 

UNEMP 26.337 0.000 20.11 0.000 

5.2.3. Panel unit root analysis 

Under the assumption of linear regression, the time series must be stationary 

over time changing, when the regression method is applied to estimate the 

relationship between variables with panel data. Because the requirement in 

constant mean, variance and covariance can ensure the reliability of estimators. 

In order to obtain more accurate conclusions, we applied various unit root tests 

including first generation unit panel unit root tests and second-generation panel 

unit root tests. For instance, LLC, IPS and CIPS. 
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For the unit root tests, we applied the LLC and IPS test firstly. The result 

displayed that the p-value is significant at the one percent level whatever is in 

level or difference for LLC test. However, for IPS test, only LNLE is integrated 

at I (0), other variables are integrated at I (1). Next, under the CDS test result, the 

panel data exists cross-sectional dependence, we furtherly conducted the CIPS 

test to double-check the unit root. The time series is integrated at I (1). From the 

above of these unit root test results, there is a common conclusion that time 

series is stationary over cross-section and time. The detail is shown in Table 13. 

 

Table 13. The result of LLC, IPS and CIPS 

Variable 

LLC IPS CIPS 

At level At difference At level At difference At level At difference 

LNGHG 

-4.359 

(***)  

-12.763 

(***)  

-1.031 

-9.055 

(***)  

-2.103 

(*)  

-3.505 

(***)  

HC 

-10.457 

(***)  

-6.523 

(***)  

4.6289 

-2.168 

(***)  

0.303 

-3.294 

(***)  

UNEMP 

-6.239 

(***)  

-9.153 

(***)  

1.475 

-3.038 

(***)  

-1.768 

-2.124 

(**)  

LNFDI -3.748 -18.053 0.892 -9.426 -1.779 -3.152 
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(***)  (***)  (***)  (***)  

LNGDP -0.897 

-11.007 

(***)  

-0.049 

-6.465 

(***)  

-1.838 

-3.059 

(***)  

LNHEA 

-4.959 

(***)  

-10.711 

(***)  

0.21 

-6.553 

(***)  

-1.374 

-2.767 

(***)  

LNLE 

-3.235 

(***)  

-11.581 

(***)  

-4.820 

(***)  

-10.885 

(***)  

-1.827 

(***)  

-3.943 

(***)  

Note: The signs *, **, and *** denote significance levels of 1%, 5%, and 10%, 

respectively. 

5.2.4. Estimation results of GMM 

We applied the GMM method to estimate the relationship between GHG 

emissions and human capital in OECD countries. Furthermore, diagnostic tests 

were conducted to assess the model's fit with the data. According to Table 14, the 

coefficients of LNGHG, LNHEA, LNGDP, and UNEMP are significant, 

indicating that GHG emissions, health expenditure, GDP, and the unemployment 

rate affect the human capital index in OECD countries. Specifically, the 

coefficients are 0.013, 0.005, -0.027, and 0.00032, respectively. Both GHG 

emissions and health expenditure may stimulate the human capital index during 

the research period, as the results show a positive relationship between them. 

Conversely, the rise in the unemployment rate negatively impacts the human 

capital index. Additionally, in OECD countries, the average years of schooling 

do not increase with GDP growth. We also found that FDI and life expectancy in 

OECD countries have no significant influence. 
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Next, we applied the Arellano-Bond test (A-B test) to check for 

autocorrelation of the residuals. Under this method, the null hypothesis posits 

that autocorrelation exists. There are two conditions to consider: AR (1) and AR 

(2). In GMM estimation, the requirement is that there is first-order 

autocorrelation, while second-order autocorrelation should not be present in the 

same estimation. This ensures that the instrumental variables are valid in GMM 

and that the model is reliable. 

The results of the A-B test are displayed in Table 15. The p-value for AR (1) 

is smaller than 0.1, thus rejecting the null hypothesis, which indicates the 

presence of autocorrelation in the residuals. For AR (2), the p-value is 0.546, 

meaning we accept the null hypothesis, indicating no autocorrelation. 

Finally, we checked for overidentification. The Sargan-Hansen test was 

used under the condition that the number of instrumental variables exceeds the 

number of endogenous variables to verify the validity of the instrumental 

variables. As shown in Table 16, the result of the Sargan-Hansen test confirms 

that the overidentification restrictions are valid. Accordingly, this conclusion 

reaffirms the validity of the instrumental variables. In summary, the estimation 

results are unbiased. 

Table 14. The result of GMM 

Variable Coe. WC-Robust Std. err. P-value 

LNGHG 

0.013  

(**)  

0.006 0.044 

LNFDI 0.000 0.001 0.877 
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LNHEA 

0.005  

(**)  

0.002 0.014 

LNGDP 

-0.027 

 (***)  

0.010 0.009 

UNEMP 

-0.00032 

(*)  

0.000 0.073 

LNLE -0.032 0.033 0.327 

Note: The signs *, **, and *** denote significance levels of 1%, 5%, and 10%, 

respectively. 
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Table 15. The result of A-B test 

AR (1) H0: no autocorrelation of order 1 z = -1.7644 Prob > |z| = 0.078 

AR (2) H0: no autocorrelation of order 2 z = -0.6043 Prob > |z| = 0.546 

 

Table 16. The result of overidentification 

2-step moment functions, 

chi2(19) 13.476 

Prob > chi2 0.813 

2-step moment functions, 

chi2(19) 23.493 

Prob > chi2 0.216 

 

5.3. Empirical Results of Study 3 

This study shows the result for the relationship between green economic 

development and HCD. Data description, CSD test and panel unit root test 

revealed the basic conditions of model and data. The estimation result includes 

direct relationship and indirect relationship. 



 

174 

 

5.3.1. Data description 

Table 17 provides a summary of the data for all 11 variables studied, 

encompassing 462 observations. 

Table 17. Data description 

Variable Obs. Mean Sd. Min Max 

GEI 462 0.000 0.610 -0.705 3.111 

HC 462 3.212 0.407 2.103 3.849 

UNEMP 462 8.079 4.122 2.240 27.470 

TI 462 1.732 0.978 0.164 4.776 

LA 462 74.073 5.942 54.066 89.512 

LNWG 462 10.595 0.421 9.718 11.283 

LNGDP 462 5.943 1.524 2.405 9.930 

LNFDI 462 4.936 1.461 1.545 7.599 

LNHEA 462 3.305 1.748 -0.342 8.143 
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LNco2 462 4.335 1.602 0.489 8.658 

LNEC 462 13.890 1.441 11.270 18.015 

 

5.3.2. Cross-section dependence test (CSD) 

To a panel data analysis, there is a cross-sectional heterogeneity problem. 

Therefore, this study applied (Born et al., 2016) biased-correlated LM-based test 

and (Pesaran, 2015) CD-test to check the dependent heteroskedasticity for cross-

section. As Table 18 shown, there is serial correlation for every variable. 

 

Table 18. The result of CSD test 

Variable 

 

LM test 

 

CD test 

 

T-Stat. P-value T-Stat. P-value 

GEI 10.930  0.004  -1.047  0.295  

HC 43.570  0.000  84.389  0.000  

UNEMP 20.110  0.000  26.337  0.000  

lnFDI 66.910  0.000  57.574  0.000  
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lnGDP 121.700  0.000  77.237  0.000  

lnHEA 75.720  0.000  56.627  0.000  

lnco2 36.660  0.000  25.687  0.000  

TI 39.640  0.000  18.409  0.000  

LA 27.470  0.000  16.495  0.000  

lnWG 19.470  0.000  35.848  0.000  

lnTFEC 35.410  0.000  33.267  0.000  

 

5.3.3. Panel unit root analysis 

In this study, we employed the Levin-Lin & Chu and IM-Pesaran & Shin 

panel unit root test. Table 19 shows that all variables are integrated at I (0) for 

LLC test. In terms to IPS test, variable GEI, LNFDI, LNCO2 and LNTFEC are 

integrated at I (0), whereas HC, UNEMP, LNGDP, LNHEA, TI, LA and LNWG 

are integrated at I (1). The findings demonstrate that all variables are stationary. 

This strong evidence of stationarity significantly bolsters the reliability of our 

subsequent model analysis. 
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Table 19. Panel unit root test at level form 

Variable 

LLC IPS 

T-stat. sign integration T-stat. sign integration 

GEI -6.264 ***  I(0) -4.259 ***  I(0) 

HC -2.819 ***  I(0) -2.168 ***  I(1) 

UNEMP -5.951 ***  I(0) -4.524 ***  I(1) 

LNFDI -9.386 ***  I(0) -4.684 ***  I(0) 

LNGDP -6.088 ***  I(0) -7.280 ***  I(1) 

LNHEA -11.215 ***  I(0) -7.096 ***  I(1) 

LNCO2 -4.215 ***  I(0) -3.937 ***  I(0) 

TI -5.2853 ***  I(0) -7.841 ***  I(1) 

LA -4.610 ***  I(0) -6.685 ***  I(1) 

LNWG -5.639 ***  I(0) -6.775 ***  I(1) 

LNTFEC -3.430 ***  I(0) -3.913 ***  I(0) 
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Note: The signs *, **, and *** denote significance levels of 1%, 5%, and 10%, 

respectively. 

 

5.3.4. Bidirectional causal relationship analysis: Baseline model results 

The pooled ordinary least squares regression (OLS)model and the fixed 

effects model were employed to examine the causal relationship between human 

capital and the green economy. As indicated in Table 20 and Table 21, the results 

demonstrate that the coefficients for HC and the GEI are both positive and 

significant at the 1 percent level. This signifies that the development of the green 

economy not only has a positive influence on human capital but also that 

advancements in human capital can simultaneously propel the development of 

green economy. 

 

Table 20. Results from pooled OLS model for HC-GEI 

Dependent variable GEI 

  Coef. Std.Err. Sign Robust Std.Err. Sign 

HC 0.280 0.055 ***  0.039 ***  

LNFDI -0.039 0.028   0.029   

LNGDP -0.261 0.080 ***  0.069 ***  
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LNHEA -0.264 0.052 ***  0.037 ***  

LNEC 0.484 0.079 ***  0.075 ***  

LNCO2 0.331 0.058 ***  0.040 ***  

Constant -6.441 0.861 ***  0.758 ***  

R-square 

 

0.542   0.548   

Obs. 462         

 

Table 21. Results from pooled OLS model for GEI-HC 

Dependent 

variable 
HC 

  Coef. Std.Err. Sign Robust Std.Err. Sign 

GEI 0.193 0.032 ***  0.027 ***  

LNFDI -0.046 0.022 **  0.021 **  

LNGDP -0.401 0.039 ***  0.044 ***  

LNHEA 0.379 0.035 ***  0.036 ***  
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UNEMP -0.019 0.004 ***  0.003 ***  

Constant 4.723 0.138 ***  0.148 ***  

R-square 

 

0.306   0.3087   

Obs. 462         

Note: The signs *, **, and *** denote significance levels of 1%, 5%, and 

10%, respectively. 

 

The outcomes from the fixed effects model presented in Table 22 and Table 

23 further confirm that the coefficients for HC and GEI remain significant and 

positive, maintaining their significance under standard errors and after robustness 

checks. These findings consistently support the existence of a bidirectional 

causal relationship between the green economy and human capital. 

Table 22. Results from fixed effect model for HC-GEI 

Dependent variable GEI 

  Coef. Std.Err. Sign Robust Std.Err. Sign 

HC 0.142 0.062 **  0.036 ***  

LNFDI -0.042 0.027   0.030   
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LNGDP -0.582 0.104 ***  0.108 ***  

LNHEA -0.170 0.058 ***  0.051 ***  

LNEC 0.547 0.080 ***  0.076 ***  

LNCO2 0.486 0.067 ***  0.047 ***  

UNEMP           

Constant -5.923 0.887 ***  0.697 ***  

Controls Yes         

Time effect Yes         

Obs. 462         

Note: The signs *, **, and *** denote significance levels of 1%, 5%, and 10%, 

respectively. 
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Table 23. Results from fixed effect model for GEI-HC 

Dependent variable HC 

  Coef. Std.Err. Sign Robust Std.Err. Sign 

GEI 0.204 0.031 ***  0.204 ***  

LNFDI -0.071 0.022 ***  -0.071 ***  

LNGDP -0.453 0.039 ***  -0.453 ***  

LNHEA 0.435 0.035 ***  0.435 ***  

UNEMP -0.020 0.004 ***  -0.020 ***  

Constant 4.978 0.136 ***  4.978 ***  

Controls Yes         

Time effect Yes         

Obs. 462         

Furthermore, to ensure the reliability of the empirical findings, robustness 

checks were conducted employing the Dumitrescu-Hurlin panel causality test 

(Lopez et al., 2017). The outcomes, as illustrated in Table 24, reveal that both 

HC-to-GEI and GEI-to-HC tests dismiss the null hypothesis of no causality, 



 

183 

 

signifying a significant bidirectional causal link between human capital and the 

green economy. 

Table 24. Results from Dumitrescu-Hurlin panel causality test 

H0 Z-bar P-value Z-bar tilde P-value 

HC does not Granger-cause GEI 8.781 0.000 5.072 0.000 

GEI does not Granger-cause HC 3.88 0.000 1.873 0.061 

 

5.3.5. Bidirectional causal relationship analysis: Simultaneous equation model 

Recognizing that the OLS technique might grapple with endogeneity 

concerns, our study also adopts the simultaneous equation method, which is 

known for effectively addressing these endogeneity issues (Baklouti et al., 2020; 

Zou et al., 2023). Table 25 displays the empirical outcomes derived from 

employing 3SLS method with year controls. These findings corroborate the 

existence of a bidirectional relationship between HC and the GEI. 

Table 25. Results from 3SLS model 

Dependent variable GEI HC 

  Coef. Sign Std.Err. Coef. Sign Std.Err. 
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GEI       0.471 ***  0.054 

HC 0.142 ***  0.212       

LNFDI -0.029   0.029 -0.023   0.024 

LNGDP -0.139   0.225 -0.576 ***  0.046 

LNHEA -0.335 ***  0.121 0.462 ***  0.037 

LNEC 0.273 ***  0.061       

LNCO2 0.463 ***  0.114       

UNEMP       -0.016 ***  0.004 

Constant -5.813 ***  1.391 5.191 ***  0.163 

Controls Yes     Yes     

Time effect Yes     Yes     

Obs. 462     462     

Note: The signs *, **, and *** denote significance levels of 1%, 5%, and 10%, 

respectively. 
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We conducted a robustness check on the empirical results of our 

simultaneous equation model using GMM. The empirical findings presented in 

Table 26 indicate that the coefficients for both HC and GEI remain statistically 

significant. 

Table 26. Results from GMM model 

dependent variable GEI HC 

  Coef. Sign WC-Std.Err. Coef. Sign WC-Std.Err. 

GEI       0.0057 **  0.0028 

HC 0.565 **  0.277       

LNFDI 0.010   0.037 0.001   0.001 

LNGDP -0.155   0.126 -0.005 **  0.003 

LNHEA -0.036 ***  0.046 0.002   0.002 

LNEC -0.113 

 

0.153       

LNCO2 0.420 ***  0.153       

UNEMP       -0.00012 **  0.000052 

Note: The signs *, **, and *** denote significance levels of 1%, 5%, and 10%, 

respectively. 
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The diagnostic tests for the GMM estimations are presented in Table 27. 

The Arellano-Bond serial correlation test shows statistical significance at AR (1) 

but not at AR (2), suggesting that the GMM model is appropriately specified. 

Additionally, the Sargan-Hansen test of overidentifying restrictions confirms that 

our model is free from overidentification issues. 

Table 27. Diagnostic test 

 

GEI 

  

HC 

  

 

Statistic P-value Conclusion Statistic P-value Conclusion 

Serial correlation test       

AR (1): no autocorrelation 

of order 1 

-3.181 0.002 Reject H0 -2.576 0.010 Reject H0 

AR (2): no autocorrelation 

of order 2 

0.097 0.923 Accept H0 0.136 0.892 Accept H0 

Over identification test (Sargan-Hansen test) 

2-step weighting matrix 31.823 0.239 Valid 19.415 0.495 Valid 

3-step weighting matrix 33.000 0.197 Valid 26.015 0.165 Valid 

 

Overall, the four analytical methods�² pooled OLS, fixed effects, 

simultaneous equations, and GMM�² yielded consistent results. This study 
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confirmed that there is a positive relationship between human capital and green 

economy which is similar with exists findings (Liu et al., 2023; Xiao and You, 

2021). These findings validate Hypothesis 3a by confirming a bidirectional 

causal relationship between human capital and the green economy, with each 

positively influencing the other. 

Additionally, our analysis suggests that FDI inflows have had limited 

practical significance for the development of the green economy and human 

capital, possibly due to consistently low proportions of inward FDI in OECD 

countries. Furthermore, an increase in the unemployment rate hinders HCD, a 

finding that aligns with (Zulkifli et al., 2017). 

5.3.6. Transmission mechanism analysis 

Our empirical findings suggest that the green economy has a causal 

relationship with HCD. Accordingly, this section explores three proposed 

transmission mechanisms (TI, skilled labor, and wage) that potentially facilitate 

this causal link. All analyses incorporate year controls during estimation, with 

detailed results presented in Tables 28 to 29. 

Firstly, the mediating effect of TI is assessed. The empirical results in Table 

28 indicate that the coefficients of the GEI in model 1.2, and the coefficients of 

TI and GEI in model 1.3 are statistically significant and positive at the 1 percent 

level, which indicated that green economic development can stimulate TI 

significantly, and the need of technological development is benefit to human 

capital. Combining with model 1.1, model 1.2 and model 1.3, the result 

demonstrates that the mediating effect of TI exists in the relationship between 

human capital and the green economy, with each unit increase in the green 

economy improving human capital by 0.204 units. Developing the green 

economy to achieve sustainable development increased the need of advanced 
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technology, furtherly, stimulated the human capital progress. These findings 

confirm our Hypothesis 3b. 

Table 28. Mediating effect of TI 

Variable HC (model 1.1) TI (model 1.2) HC (model 1.3) 

GEI 0.204 *** 

(0.029) 

0.877*** 

(0.119o�  

0.208*** 

(0.027) 

TI     0.148*** 

(0.016) 

LNFDI -0.071 ***  

(0.020) 

0.091* 

(0.054o�  

-0.036* 

(0.018) 

LNGDP -0.453*** 

(0.044) 

-0.658*** 

(0.157) 

-0.262*** 

(0.052) 

LNHEAL 0.435*** 

(0.037) 

0.350*** 

(0.114) 

0.225*** 

(0.046) 

UNEMP -0.020*** 

(0.003) 

0.001 

(0.003) 

-0.013*** 

(0.003) 

Cons 4.978*** 3.99***  4.058*** 
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(0.156o�  (0.804) (0.201) 

Controls Yes Yes Yes 

Time effect Yes Yes Yes 

Obs. 462 462 462 

Note: The signs *, **, and *** denote significance levels of 1%, 5%, and 10%, 

respectively. The standard error values are presented in parentheses. 

Secondly, the results assessing the mediating effect of skilled labor are 

presented in Table 29. These indicate that while the coefficients of the GEI in 

models 2.2 and 2.3 are statistically significant, the coefficient of LA in model 2.3 

is not. This results in an uncertain mediation effect of skilled labor.  

Consequently, we employed the Sobel test and Bootstrap method to further 

examine the mediating role of skilled labor. 

 

Table 29. Mediating effect of skilled labor 

Variable HC (model 2.1) LA (model 2.2) HC (model 2.3) 

GEI 0.204 *** 

(0.029) 

-2.40***  

(0.303o�  

0.219*** 

(0.030) 
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LA     0.006 

(0.005) 

LNFDI -0.071 *** 

(0.020) 

-0.379 

(0.259o�  

-0.068*** 

(0.019) 

LNGDP -0.453*** 

(0.044) 

-5.367*** 

(0.439) 

-0.420*** 

(0.046) 

LNHEAL 0.435*** 

(0.037) 

5.046*** 

(0.355) 

0.404*** 

(0.041) 

UNEMP -0.020*** 

(0.003) 

-0.789 

(0.054) 

-0.015** 

(0.006) 

Cons 4.978*** 

(0.156o�  

97.538*** 

(1.502) 

4.384*** 

(0.513) 

Controls Yes Yes Yes 

Time effect Yes Yes Yes 

Obs. 462 462 462 

Note: The signs *, **, and *** denote significance levels of 1%, 5%, and 10%, 

respectively. The standard error values are presented in parentheses. 
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The findings, detailed in Table 30, show that the coefficient (bs_1) is 

statistically significant, and the confidence interval does not include zero, 

indicating a definitive mediation effect of skilled labor. Additionally, all p-values 

in the Sobel test are below 0.05, further substantiating the mediation effect of 

skilled labor and confirming our Hypothesis 3c. 

Table 30. Mediation test 

Bootstrap results 

  Coef. Std.Err. P-value [95% conf. interval] 

bs_1 -0.02657 0.013369 0.047 -0.05277 -0.00037 

bs_2 0.219476 0.031095 0 0.15853 0.280422 

Sobel results 

  Est Std.Err. P-value 

Sobel -0.027 0.012 0.024 

Aroian -0.027 0.012 0.026 

Goodman -0.027 0.012 0.023 
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Thirdly, we examined the mediating effect of wage. The results presented in 

Table 31. The coefficients of the GEI in model 3.2 is significant at 1 percent level, 

which means that the promotion in green economic efficiency has a positive 

relationship with wage change. In model 3.3, the coefficient of LNWG is also 

significant and positive, which indicated that wage change positively can 

contribute to progress in human capital. Combine with model 3.1, model 3.2 and 

model 3.3, They suggest that the green economy positively influences HCD 

through wage. These findings prove our Hypothesis 3d. 

Table 31. Mediating effect of wage 

variable HC (model 3.1) LNWG (model 3.2) HC (model 3.3) 

GEI 

0.204 *** 0.059*** 0.194*** 

-0.029 -0.017 -0.029 

LNWG   

0.182** 

-0.876 

LNFDI 

-0.071 *** 0.059*** -0.082*** 

-0.02 -0.017 -0.021 

LNGDP 

-0.453*** -0.735*** -0.319*** 

-0.044 -0.033 -0.083 
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LNHEAL 

0.435*** 0.663*** 0.314*** 

-0.037 -0.029 -0.068 

UNEMP 

-0.020*** -0.009*** -0.018** 

-0.003 -0.002 -0.003 

Cons 

4.978*** 12.54659*** 2.697** 

-0.156 -0.101 -1.117 

Controls Yes Yes Yes 

Time effect Yes Yes Yes 

Obs. 462 462 462 

Note: The signs *, **, and *** denote significance levels of 1%, 5%, and 10%, 

respectively. The standard error values are presented in parentheses. 

 

It is worth noting that the results from Tables 29 to 31 reveal a consistent 

pattern in the mediating effects of TI, skilled labor, and wage. Specifically, for 

every unit increase in the green economy, there is a corresponding improvement 

in human capital by 0.204 units. This significant finding underscores the robust 

impact of the green economy on HCD. The finding shows a positive relationship 

between human capital and green economy in OECD countries. 
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5.4. Discussions 

This thesis explores HCD in the context of sustainable development in 

OECD countries from 2005 to 2018, focusing on IHC, human capital index, 

climate change, and the green economy. The results can be summarized from two 

perspectives: the importance of HCD and the factors stimulating it. 

Study 1 demonstrated the role of HCD in fostering a green and sustainable 

future. Unlike previous studies, this research reveals the mediated moderating 

effect of FDI and technological progress on the impact of human capital 

investment on green economic development. These findings are valuable for 

decision-makers aiming to formulate effective human capital investment 

strategies. The results show a U-shaped relationship between human capital 

investment and the green economy, consistent with previous studies (Liu et al., 

2022). This indicates that human capital investment may not drive green growth 

immediately due to the time lag in returns from education investment. 

Importantly, attracting FDI inflows can mitigate initial negative impacts through 

technological advancements and, over time, strengthen the positive effects of 

human capital on the green economy. This finding supports hypotheses 1a and 1b. 

Generally, investments are made with an expectation of returns, which also 

applies to human capital investment. In developing and underdeveloped areas, 

however, limited fiscal resources and challenges in measuring returns can hinder 

HCD. These positive findings provide useful insights for building investment 

confidence and effectively utilizing FDI resources to support sustainable 

development. 

HCD not only supports green economic pathways but also plays a 

significant role in addressing climate change. Global adaptation to environmental 

challenges remains a primary obstacle to sustainable human development. 

Sustainable Development Goal 8 emphasizes proactive actions to adapt to and 
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mitigate climate change through international cooperation. Decades of research 

have focused on how HCD can reduce climate change impacts, producing 

extensive literature on the subject. Climate change policies underscore the 

importance of resilience, with a focus on people, as they drive changes in the 

economy, environment, and society. Countries are encouraged to invest in 

resilience by focusing on human capital, public healthcare, climate education, 

risk management, and infrastructure (UNFCCC, 2021). Government and 

organizational support in these areas may stimulate HCD. While most studies 

examine the adverse impacts of climate change on safety, education, and 

agriculture, there is a scarcity of research on its direct effects on HCD. Study 2 

reveals a positive relationship between climate change and human capital index 

in OECD countries, supporting hypothesis 2. Positive adaptation and mitigation 

policies in OECD countries following the Paris Agreement have increased public 

and private climate investments to support transitions in enterprises, finance, and 

TI. 

Moreover, responding to environmental challenges creates opportunities for 

HCD, and the green economy, which integrates economic, environmental, and 

human well-being goals, can achieve mutually beneficial outcomes with HCD 

amidst green and sustainable economic growth. Numerous studies have indicated 

the crucial roles of both human capital investment and stock in a greener future 

(Liu et al., 2023; Peng et al., 2023; M. Wang et al., 2021). However, limited 

research explores the bidirectional relationship between HCD and the green 

economy. The findings from Study 3 suggest a reciprocal relationship between 

the green economy and HCD in OECD countries, strongly supporting hypothesis 

3a. Life expectancy, in particular, positively impacts the human development 

index (Vlasov et al., 2023). Additionally, consistent with previous studies, 

improved human capital enhances green economic efficiency. This study also 

presents novel findings. First, the green economy positively affects HCD by 

promoting technological advancements in educational tools. Digital education 
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expands access to teaching and learning, empowering teachers and students. TIs 

improve information access for workers, increasing their chances for better 

employment and boosting returns on human capital, supporting hypothesis 3b. 

Second, the green economy promotes job creation and supports decent work in 

the labor market. New job demands have driven investments in human capital 

training. Migration driven by the green economy can also enhance knowledge 

and skills integration, significantly improving human capital, as evidenced by 

hypothesis 3c. Finally, increased wages not only raise living standards but also 

provide people with resources to further empower themselves, supporting 

hypothesis 3d. 

In conclusion, this thesis establishes that HCD, whether through investment 

or returns, plays a positive role in the green economy. Its primary role is to 

empower individuals to achieve sustainable development. On one hand, HCD 

�E�R�R�V�W�V�� �S�U�R�G�X�F�W�L�Y�L�W�\�� �D�Q�G�� �H�Q�H�U�J�\�� �H�I�I�L�F�L�H�Q�F�\���� �R�Q�� �W�K�H�� �R�W�K�H�U���� �L�W�� �H�Q�K�D�Q�F�H�V�� �S�H�R�S�O�H�¶�V��

awareness and values toward well-being. From a stimulation perspective, 

sustainable development strategies related to the green economy, climate 

adaptation, and mitigation all contribute to advancing human capital. Sustainable 

development is ultimately about the continuity of humanity; it begins with people 

and fosters a virtuous cycle between humanity and nature. 
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Chapter six. Conclusion 

Sustainable development in the economy, environment, society, and culture 

depends on HCD. Ultimately, efforts to achieve the SDGs are fundamentally tied 

to human development. This connection is part of a complex process involving 

the achievement of the 17 SDGs and various influencing factors. To explore the 

detailed mechanisms and interconnections, this thesis conducted three studies 

focused on HCD, SDG 8 (sustainable economy and inclusive society), and SDG 

13 (climate action) using data from 33 OECD countries from 2005 to 2018. The 

findings confirm some previous perspectives while also revealing new evidence 

on the relationship between HCD and sustainable development. 

6.1. Findings for study 1 

Several studies have shown that IHC has a close relationship with the green 

economy. This study integrates the mechanism by which human capital 

investment influences the green economy with the moderating effect of FDI, 

estimating the mediated moderating effects of FDI and TI using the GMM 

method with panel data from 33 OECD countries from 2005 to 2018. Prior to 

estimation, it was necessary to standardize variable measurements due to 

inconsistencies in the quantification of green economy indicators. Thus, this 

study applied the PCA approach to calculate a green economy index representing 

green economic performance across the 33 OECD countries. This green 

economy index is based on 15 indicators related to the economy, environment, 

human development, and equality. 

The findings of Study 1 support both Hypotheses 1a and 1b. Together, these 

hypotheses indicate that a mediated moderation effect of FDI and TI exists in the 

relationship between IHC and the green economy in OECD countries. FDI 

mitigates the negative impact of IHC on the green economy by stimulating the 
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adoption of advanced technologies. During the green transition, FDI provides 

both capital and new technologies that enhance local production efficiency and 

energy development. In OECD countries, foreign firms exhibit higher energy 

efficiency, productivity, and innovation levels compared to domestic firms, with 

gaps of 70%, 69%, and 80%, respectively (OECD, 2024a). The direct effect of 

FDI on the green economy, however, is not significant. While FDI improves 

production efficiency, the associated increase in trade activities also raises 

demand-based carbon emissions (Ketchoua et al., 2024). As a result, FDI does 

not play a significant role in reducing overall carbon emissions. 

Regarding the nexus between IHC and the green economy, during the early 

stages of human capital accumulation, human capital investment may initially 

hinder green growth. At low levels of human capital, a mismatch between labor 

skills and the requirements for green growth presents a significant challenge. For 

example, in 2022, the average job vacancy rate reached 3% in many OECD 

countries (Eurofound, 2023). When human capital lacks environmental 

awareness, technological expertise, and knowledge, it struggles to contribute 

effectively to environmental protection (Zhu, 2022). However, the input of 

advanced technologies can address this issue. This study suggests that FDI plays 

a positive role in mitigating the negative effects of low IHC, and its beneficial 

influence persists over time. As a key external driver, FDI brings technologies 

and skilled talent to host countries, supporting their green growth initiatives. In 

terms of TI, human capital investment supports the development of 

environmentally related technologies: each unit increase in human capital 

investment leads to a 0.465-unit improvement in technology. Additionally, 

environmental technology has a positive impact on the green economy. Thus, the 

moderating effect of FDI is channeled through TI, where TI acts as a mediating 

variable. With the influence of FDI, the effect of IHC on the green economy is 

further strengthened. Economic growth, total energy consumption, and 

population density positively contribute to green economic development in 
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OECD countries. Economic development is fueled by increased economic 

activities, which drive a higher demand for natural resources and energy (Ozcan 

et al., 2020). However, the environmentally friendly management of FDI inflows 

in these regions mitigates the associated environmental impacts. In 2022, 67% of 

FDI in OECD countries was directed toward the service, financial, and insurance 

sectors, which produce relatively lower carbon emissions. Generally, people are 

drawn to areas with well-developed infrastructure, higher income levels, and 

favorable employment opportunities. The resulting concentration of talent fosters 

knowledge and skill exchange, which ultimately contributes to green economic 

development. 

6.2. Findings for study 2 

Most OECD countries have high economic levels, a high proportion of GDP 

invested in human capital, and comparatively efficient GHG emissions 

management. Coupled with sustainable development policies, climate adaptation 

and mitigation strategies based on sustainable economic and environmental 

policies indirectly support and even accelerate HCD. Currently, the new human 

capital index, based on years of schooling and returns to education, provides a 

more comprehensive measure of human capital. To understand the impact of 

climate change on HCD, this study estimated the relationship between GHG 

emissions and the human capital index using a GMM model with panel data from 

33 OECD countries from 2005 to 2018. Additionally, coefficients were evaluated 

with robust standard errors, and the A-B test and Sargan-Hansen test were used 

to confirm the validity of the instrumental variables. The unbiased results 

demonstrate a significant long-term relationship between climate change and the 

human capital index in OECD countries. 

This study offers new insights into the relationship between GHG emissions 

and human capital within a sustainable development framework. Our empirical 



 

200 

 

findings suggest that climate change policies may stimulate HCD in OECD 

�F�R�X�Q�W�U�L�H�V���� �V�X�S�S�R�U�W�L�Q�J�� �W�K�H�� �V�W�X�G�\�¶�V�� �K�\�S�R�W�K�H�V�L�V���� �&�O�L�P�D�W�H�� �F�K�D�Q�J�H consequence 

impacts on health, education, and air pollution may accelerate climate actions, 

creating an opportunity for global health to tackle climate change  (Watts et al., 

2015). According to OECD statistics, the number of new climate actions has 

increased by an average of 10% in OECD countries from 2000 to 2021. For 

example, the OECD has called for coordinated efforts to build climate resilience 

in infrastructure across all countries, and by 2022, approximately 25 OECD 

countries had implemented these measures (OECD, 2024). Infrastructure is 

fundamental to economic and social systems, affecting daily life and social 

productivity. High-quality infrastructure not only enhances quality of life but also 

strengthens resilience to seasonal changes, thereby improving well-being, health, 

and HCD. The OECD has also adapted climate policies to prioritize well-being 

(OECD, 2019). Emphasizing that climate mitigation actions should consider 

economic growth as well as future well-being. In line with this approach, Ireland 

has initiated sustainable transport transformations in three areas (OECD, 2022b). 

reallocating road space through differentiated regulations to shift traffic modes, 

promoting shared transportation services, and providing subsidies for electric 

vehicles across different regions. These policies improve environmental 

conditions, protecting human health and indirectly advancing HCD. Additionally, 

increased funding and investment in green industries�² especially in R&D, job 

creation, skills development, and green transitions (Criscuolo et al., 2023). not 

only improve public health but also create new jobs and training opportunities, 

thereby accelerating HCD both directly and indirectly. Good health is a crucial 

component of human capital development (Anwar et al., 2023), and investment 

in health significantly contributes to increasing life expectancy. 

6.3. Findings for study 3 
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Existing literature suggests a unidirectional causal relationship from human 

capital to the green economy. However, our study, utilizing a simultaneous 

equations model along with methodologies such as pooled OLS, fixed effects, 

GMM, and the Dumitrescu-Hurlin panel causality test on data from 33 OECD 

countries (2005�±2018), reveals that the relationship between human capital and 

the green economy is actually positively bidirectional. We identified three 

mediating factors through which the green economy influences human capital: TI, 

skilled labor, and wages. Our empirical results demonstrate that each unit 

increase in the green economy results in a 0.204-unit improvement in human 

capital. 

Green economic development stimulates HCD through improvements in 

labor skills, education, health, human well-being, and incentives for R&D in 

sustainable technologies. The green transition has reshaped the labor market and 

production structure (Esposito et al., 2014). The reallocation of labor and capital 

has led to the creation of new industries and jobs in environmentally friendly 

sectors. This transition presents both challenges and opportunities, as its success 

depends on effective policies and the level of human capital. On one hand, 

policies can direct resources toward specific industries, enhancing productivity. 

On the other hand, individuals who actively improve their knowledge and skills 

are better positioned to secure higher-income opportunities. A green future 

requires reducing carbon emissions and pollution. Moreover, a cleaner 

environment improves public health, which contributes to the overall quality of 

human capital (Hao et al., 2021). In the realm of scientific research, green 

economic strategies aim to drive the development of sustainable technologies. 

Investments in R&D not only support advancements in skills and knowledge but 

also facilitate the transition to a greener economy. 

The green economy has significantly fostered TI, which, in turn, promotes 

HCD. This finding aligns with OECD countries' advocacy for increased 
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investment in research and design, and can offer confidence and positive 

guidance to other nations transitioning to a green economic model. Widespread 

adoption of efficient and eco-friendly technologies across industries is crucial for 

sustainable economic development. Green economy policies have created 

numerous new jobs, thereby increasing labor demand. 

However, countries face challenges as workers transition from traditional to 

greener or less familiar occupations. Adapting to these new roles takes 

�F�R�Q�V�L�G�H�U�D�E�O�H���W�L�P�H�����V�X�J�J�H�V�W�L�Q�J���W�K�D�W���W�K�H���J�U�H�H�Q���H�F�R�Q�R�P�\�¶�V���L�P�S�D�F�W���R�Q���+�&�'���P�D�\���W�D�N�H��

an extended period to fully manifest. This transition also presents a significant 

challenge for many nations. Enterprises, meanwhile, are confronted with higher 

costs related to worker transition and workload reallocation. Decisions regarding 

whether to continue or abandon certain processes can be equally challenging, 

making strong government policies to support these transitions particularly 

crucial. 

In summary, government investment in education and health, progress in 

educational attainment, and increased returns from human capital to the economy 

and environment all contribute directly and indirectly to SDG achievement, 

especially in green economic development. There is a U-shaped relationship 

between human capital investment and the green economy. The initial negative 

relationship is due to the time lag in educational and health investments, as a 

considerable period is needed for education and knowledge to translate into 

productivity. Once human capital accumulates to a high level, it begins to 

positively impact green economic growth. FDI can help mitigate the initial 

negative effects of human capital investment on the green economy by 

stimulating technological progress. With improvements in human capital levels, 

indirect contributions to a sustainable economy and an inclusive society will 

emerge, ultimately supporting SDG achievement. 



 

203 

 

From the perspective of HCD, sustainable development presents a major 

challenge due to disparities in human capital among countries. However, it also 

offers an opportunity to stimulate human development. In response to SDG goals, 

nations are beginning to shift development strategies to emphasize environmental 

risk adaptation and mitigation. OECD countries have advocated building 

resilience to help people adapt to disaster threats. Governments are prioritizing 

green and sustainable policies to improve production efficiency, energy use, and 

consumer behavior. Under the green economy model, increased R&D spending 

supports TI, which enhances learning efficiency and drives HCD. The rise of 

digital media and online learning has also broadened channels for skills and 

knowledge dissemination. 

Moreover, the green economy has created new jobs and occupations, 

altering the structure of skilled labor. The gap between available jobs and 

workers' relative competencies encourages both individuals and enterprises to 

invest in HCD. Additionally, green industry jobs often offer higher wages, which 

not only motivate workers to further develop their skills and knowledge but also 

improve their overall quality of life, enhancing well-being in both material and 

non-material ways. TI remains central to both HCD and future SDG achievement. 

6.4. Policy recommendation 

Based on these findings, several policy recommendations are proposed. 

First, the role of IHC in driving green economic development should be 

�F�D�U�H�I�X�O�O�\���D�V�V�H�V�V�H�G���D�F�F�R�U�G�L�Q�J���W�R���H�D�F�K���F�R�X�Q�W�U�\�¶�V���V�S�H�F�L�I�L�F���F�R�Q�G�L�W�L�R�Q�V�����*�R�Y�H�U�Q�P�H�Q�W�V��

should avoid increasing IHC without adequate planning, particularly in countries 

not yet prepared for a green economic transition. This requires a thorough 

understanding of labor market structures, energy consumption patterns, and 



 

204 

 

industrial composition. Additionally, governments should assess their capacity to 

manage the social and economic risks associated with increases in IHC. 

Second, IHC strategies should be tailored to the structure of FDI in each 

country to mitigate any negative impacts FDI might have on the relationship 

between IHC and TI. This approach will help align HCD with economic goals 

and attract high-quality investors by fostering a more favorable investment 

environment. Governments should also prioritize workforce training in 

�H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�O�\�� �I�U�L�H�Q�G�O�\�� �L�Q�G�X�V�W�U�L�H�V���� �)�R�U�� �H�[�D�P�S�O�H���� �.�R�U�H�D�¶�V�� �U�H�F�H�Q�W�� �L�Q�F�U�H�D�V�H�V�� �L�Q��

IHC and TI reflect a strong commitment to green economic transition. Although 

FDI may not yet be a primary driver of environmental TI, leveraging the current 

structure of foreign investment�² particularly in low-pollution sectors such as 

finance and insurance�² can help reduce environmental impact. Encouraging TI 

within the manufacturing sector is also beneficial. This approach offers Korea an 

opportunity to consider how best to develop the green economy using FDI. 

Thirdly, amid green economic growth, governments must distinguish 

between traditional and emerging industries. While promoting TI, they should 

ensure that transition training and minimum social protections are in place for 

workers in traditional sectors. Skills optimization for workers and firms can be 

incentivized through policies that reward upskilling. To address gender inequality, 

national policies should enhance family-related social welfare programs, such as 

early childhood education, healthcare for women, and fertility benefits, to 

encourage female workforce participation and development. 

Fourthly, the government needs to pay more attention to the problem of the 

mismatch between new technologies and new skills. The significant positive role 

of technological progress in HCD is reflected in technological exchange and the 

diversification of knowledge acquisition methods through innovation. Regarding 

technological exchange, the disparity in human capital levels within the labor 
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market requires more learning opportunities and communication to facilitate 

technological spillovers. Generally, achieving this is challenging for individuals 

and requires motivation from firms, the government, and families. As for 

educational innovation, skill improvement necessitates education ���â�W�D
u�H�Q�R�Y�i�� �H�W��

al., 2021). Digital technologies have revolutionized teaching and learning 

methods. Not only can people study both online and offline, but teachers can also 

adopt new methods to enhance teaching efficiency. Moreover, the means of 

collecting information have expanded, which drives working efficiency. 

 

Fifthly, wages have a significant effect on HCD. Changes in wages are 

difficult for decision-makers to predict. Moderate growth in wages is a crucial 

driver for skilled workers to enhance productivity; however, it can also 

exacerbate wage inequality. Excessive wage inequality may hinder sustainable 

development. As studies show, low wage inequality is better suited to meeting 

the demand for skills (OECD, 2015b). 

Finally, although HCD has reached a high level, a focus on quality is 

essential, especially in secondary and higher education. Pursuing education 

quality over quantity is crucial to control education expenditure costs (Devassia 

et al., 2024). Simply expanding access to education without improving quality 

will not meet the demands for highly skilled workers in a green economy and 

may even hinder economic growth. 

6.5. Research limitations 

This research primarily focused on developed countries, with hypotheses 

based on their stage of sustainable economic development. Therefore, the results 

may vary across different economic phases. In the future, more detailed and in-
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depth studies could explore countries at various stages of development, aligning 

with different phases of sustainable development. Furthermore, sustainable 

development is a complex process, and the factors stimulating human capital go 

beyond the green economy and climate response policies. There are many other 

dimensions that merit exploration. 
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Appendix 

Table A: The main terms of this dissertation 

  Terms What it shows Measurement 

Data 

available and 

sources 

HCD 
Human capital 

development 

The process of increasing the 

knowledge, the skills, and the 

capacities of all the people in a 

society 

Accumulation of human capital 

and effective IHC 

(McLean and 

Wang, 2007) 

HC 
Human capital 

accumulation 

The knowledge, skills, 

competences and other attributes 

embodied in individuals that are 

relevant to economic activity 

Human capital index based on 

average years of schooling and 

return of education 

PWT 9.0 

IHC 
Investment in 

human capital 

The amount of money spent by 

individuals, companies and 

government on training and 

education, and the time taken in 

training and education. 

The sum of expenditure in 

education and health 

WDI and 

WHO 

SDGs 

Sustainable 

development 

goals 

2030 Agenda for sustainable 

development sets 17 goals towards 

sustainable development to 

improve human lives and protect 

environment 

17 goals (UN, 2015) 

GE 
Green economic 

index 

The green economy performance in 

33 OECD countries 

Comprehensive result based on 

15 indicators 

Calculated by 

author based 

on data from 

dataset 
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Figure A1. Eigenvalue of 33 OECD countries in 2005 for PCA by Eviews 
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Figure A2. Eigenvalue of 33 OECD countries in 2006 for PCA by Eviews 
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Figure A3. Eigenvalue of 33 OECD countries in 2007 for PCA by Eviews 
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Figure A4. Eigenvalue of 33 OECD countries in 2008 for PCA by Eviews 
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Figure A5. Eigenvalue of 33 OECD countries in 2009 for PCA by Eviews 
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Figure A6. Eigenvalue of 33 OECD countries in 2010 for PCA by Eviews 
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Figure A7. Eigenvalue of 33 OECD countries in 20011 for PCA by Eviews 
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Figure A8. Eigenvalue of 33 OECD countries in 2012 for PCA by Eviews 
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Figure A9. Eigenvalue of 33 OECD countries in 2013 for PCA by Eviews 
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Figure A10. Eigenvalue of 33 OECD countries in 2014 for PCA by Eviews 
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Figure A11. Eigenvalue of 33 OECD countries in 2015 for PCA by Eviews 
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Figure A12. Eigenvalue of 33 OECD countries in 2016 for PCA by Eviews 
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Figure A13. Eigenvalue of 33 OECD countries in 2017 for PCA by Eviews 
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Figure A14. Eigenvalue of 33 OECD countries in 2018 for PCA by Eviews 
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