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HumanCapital DevelopmentClimate ChangandGreen Economy: A Study on Their

Interconnected Roles in Sustainable Develogmen
Lijiang Wang

Department of International and Area Studies, the Graduate School

Pukyong National University

Sustainable worldwide. As the primary

beneficiarie rongest advocates. Human
knowledge, 1at supports sustainable
progress a Previous research has
frequently h 1ent. This study, however,
andhuman capital

nan capital, returns, and

educational mines the impact of human

capital inve: yre how achieving SDG 8
and SDG imental sustainability, a
sustainable

Study 1: Indepth 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 performémceddress this, our

study established a green economic index for OECD countries BSIAg@nd calculated human
capital investment by considering both education and health metrics for a more comprehensive
approach. Additionally, we examined the moderating effe¢ifand Tlon the impact ofHC

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



countries covering the period from 2005 to 2008w findings reveal a nelinear relationship
between IHC and the green economy, with the effect shifting from negative to positive as green
economic development progresses. Specifically, FDI positively modetatesole of IHC in

green econompy promoting technological advancement. Advanced technology can mitigate the
initial imbalance between investment costs and returns in the early stages of green economic
development. This t$haped 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 condtignstudy
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 Ad

sustainable

1e greatest challenges for
om human activities have
been effecti
WR KXI

improved, ¢

inue to pose a threat

'G PLWLIJDWLRQ VWUD\
imed at reducing climate

related darn ects. Rising temperatures,
pollution ex 1ts threaten human health,
security, ar r HCD but also impose
additional ¢ ading promoting climate
resilience, at the individual level.
Investment 1es. Within the framework
of sustainal S aim to reduce the human
risks associated wittHG emissionsaligning 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 anaftysis does

GHG emissions affecHCD 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 betwe&HG emissionsaand 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
thatGHG emissionsnay drive investment in research and development (R&D) and skill training,

while climate action can reduce pollution emissions and protect public health. These



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, anddexalloped human
resources. Under the current wave of green economic development, policies related to education,
health, labor markets, and technology can further support. KBZ8en economy policies present

significant obportunities for human__capital arowth. promotina employment, income,

infrastructur education and healthcare.

The proces the complex mechanisms
through whi rexplored. To address this
gap, this stt
HCD using

regression

n the green economy and
st applied baseline

my and human capital. To
(3SLS) approach and

Ve also conducted serial

account for
the GMM 1|
autocorrelal strumental variables. To
explore the - model to clarify how the
green econ lere is a bidirectional
relationship jreen economy positively
influences HCD, and (iii) this relationship is mediated through increased demand for advanced
technology, opportunities for higbkilled workers, and improved wage levels. Based on these

findings, we provide several policy recommendations.

Key words: Sustainable developmemtiC, Green economyPCA mode] GMM model

Mediated moderation effedCasual relationshj SEM model, Green economy, HCD
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Chapter one Introduction

For a long timeHCD 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 lowcarbon economy, concluding thavestment in human capital (IHC)
should be a priority policy for a greener future to increase the sustainability,
inclusiveness, and resilience of economfégrid Bank, 2023) Although a
comprehensive measurement standardHfob has yet to be established, current
assessme ~*- "7 ot 2o -~ -~~~ ~~~nomic value. This has
OHG

education

ountries, especially
he tension between
economic apparent in OECD
countries nable development is
gradually Jpport. Within this
frameworl wtalyst for improving

efficiency 1d society. Although

sustainable development is now recognized globally, the challenge of
coordinating resources to balance economic growth, environmental enhancement,

and human welbeing remains complex.

The impacts of GHG emissionshave 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

L



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 dire:

perspectiy

lity, we need new

further human capital

growth.
1.1.The ¢

Hum: beings as a form of
capital. T} ontribute added value

to the economy, society, and environment through their knowledge, skills, and
health. By enhancing these attribiddenowledge, skills, and healththe returns

on human capital can be increag&iker, 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 terrfSchultz, 1961)As a result, many countries have

historically overlooked the importance of investing in human capital.



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 (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
FRXQWU\YV VSHFLILF FRQGLWLRQV DQG SROLFLHV

More focused on its role as

a product th, balancing human

activity eving sustainable
developm ', governments have
strengthe meet the demand for
environme nts an opportunity to
enhance » of human capital in
areas like ). Consequently,
many poli

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 doubtlged sword. It undermines the

foundations of human capital by exacerbating health crises and impeding



educational attainment. However, climate change adaptation and mitigation

efforts have shifted state policies towargprovement irhuman weHbeing.

Especially after the COVIEL9 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 sig| supportive policies.

Likewise, anhance their human
capital lev environmental, and
social dev ries, in particular,
hold a re: r levels of sustainable

developm npared to other

regions.
Tom from two concept,
one is hu \n capital investment.

Previous studies have primarily emphasized the role of HCD in achieving
sustainable development, focusing on how it affects the green ecoGahdy,
emissionsand human welbeing. 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, Tl, FDI, labor markets, and
investments in human capital. This study will explore and analyze G

emissionsand the green economy stimulate HCD by leveraging opportunities for



sustainable development, using empirical analysis based on three caseistudies
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-bettia. Nobody explored
the challs

itext of sustainable
developm )f GHG emissions on
education factors are related to
HCD, furt

details dis

npirical analysis, no

1.2.The «

To cl 1ent, this research

begins by apital indexthe
green economy, anGHG emissionsThe research is divided into three parts,
study 1 focused on the impact of HCD on green economic development for
sustainable development. Studyfdeused on howgreenhouse gases emissions
(GHG) onHCD. Study 3 explored the stimulation of green economy on HCD

under the context of sustainable development.

In study 1it analyzes the importance of investing in human capital and the
green economy. Currently, no standardized measurement exists for the green

economy. Therefore, | developed a green economic index to represent green



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, 1 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 ecnnomv Furthermore | eatimated the imnact of human capital

investmer

int effect (mediated
moderatol 10w human capital

investmer Jtheses are proposed:

of human capital

Hypo FDI, human capital

investmer

In study 2 GHG emissionsremains a global environmental issue that
requires the cooperation of all nations. The rapid increase in energy consumption
has accelerated the impacts GHG emissions Following the industrial
revolution, human activities heightened the demand for natural resources,
especially energy. Fossil fuels, being loast, 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



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

productiot

Altho
and the €

etween the economy
ible development. To
address nted adaptation and
mitigation ! Icourages entission
reducing and investments in
renewable tivities powered by
renewable 1esses to develop
related t ond, 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-émaission 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 mabtlominated industries, potentially widening the gender



gap in certain contex{3LO, 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 welbeing. 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
estimatehow climate change influerdevelopmentof human capitallt posits

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

proposed:

Hypothesis2: Climate change _may accelerate HCD in the context of

sustainab

In st evelopment, human

developm Juctivity with limited

» cost, and increasing
'd technology. Green
r TI. Skilled labor is a
1atkktel, 2010)

roductive and earn

economic
key contri
In wealthi
higher inc on environments that
enhance efficiendfRossi, 2022)The green economy has also led to the creation
of new industries and jobs. ResearchJagkman and Moore, (202&8hows that
wages in green industries are higher than in-gr@en industries. Furthermore,
wages have a dynamic relationship with human cafiitatigue 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



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:

Hypothesis3a: There is a bidirectional relationship between the green

economy and human capital.

al through TI.

between the green

1the green economy

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 countgspanning the period 20@3018,
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.



Firstly, | calculated the greeeconomicperformance by using a principal

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

Secondly, | applied the mediated moderation effect model to build a
relationship between IHC, green economy, FDI &mndwhich 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 develoj 10ds and instrumental

variable ¢ OLS, random effects
models, ¢ - the SEM equations.
Additional of the results using
both 3SL Jsal relationship

between IsSmission mechanism
showed ti TI, skilled labor, and
wages. M 1S: (1) green economy,
human ca and skilled labor; and
(3) green 1ediated 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, cressctional correlation and unit root tests
were conducted to ensure the regression requirements were satisfied. Robustness

tests confirmed that all the models were veglited 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 t of technological

advancen /potheses 1a and 1b,
revealing apital investment and
green ec suggested. In OECD
countries, }- and services sectors,
e work{@E€D,

1998) As 9 hnological spillover,
allowing | - locally integrated,
benefiting also affects the local
labor fort - 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 capitdZA, 2007) Ultimately, FDI,
technological progress, and human capital investment work together to drive

green economic development.

11



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.

Third ionship between the
green ecc tainable development.
It highligh ‘conomic processes.
The findir > efficiency stimulate
changes | /age growth, thereby
confirming

The ¢
for TI. To

emphasiz

erates a high demand
'Gs, OECD countries

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

12



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 wddking, further enhancing HCD.

This artic between HCD and
The overall structural
eving the SDGs,
HCD. This research
» 8 ankirgB. the

rconomic development

sustainab
frameworl
while the
supports
relationsh
is U-shap s, FDI can serve as a
powerful t n capital investment
due to tin )f 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 growthturn, this development

of human capital becomes a driving force that further supports sustainable

development actions
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Figurel. The total structural framework of HCD and sustainable development
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1.5.The «

This ind achievements in

sustainab )an capital, the human
capital inc Jh empirical analysis.

Thee are

Firsth iomy The study

confirms investment and the

green eci " 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, evisiting thenexusbetween HCD andlimate 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

14



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 i ulates human capital
through ir illed labor, and wage
improvem

Addit slopment of a green
economic model. This index
comprehe 9 / s0th guantitative and
qualitative
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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 SDGsare expected to be achieved by 2030. The progress of sustainable
development has been slosgpeciallyafter the impact o€OVID-19 pandemic.

In some areas, progress has stagnated or even regressed.

Global development now faces tremendous challenges, and recovery will

require cc concerned about the

sustainab > pandemic on human
life and p these issues. In this
context, e s has become the key
porative efforts from

1d.

to sustair

m

governm

Deve sk for every nation.

Thus, we mnsional role of
human c: need to explore how
sustainable development actions and the positive contributions of human capital
can create a whwin 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 incluSiady 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 HCI3tudy 3examined HCD from the perspective

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

economy and the hilman canital_index The findinns demannstrate that the green

economy uch as technological
progress, .wages

In su ‘(“ vital component of
human bility are equally
indispens. of a multidimensional
approach lle insights into the
interconng ny.
1.7.The ¢

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 humanbwiel.
Driven by sustainable development strategies, HOW faces new challenges

and oppo n capital investment

and accul economic growth

and envir investment more
resources 1s of measuring
asurement approaches
he Penn World Table
‘culated by using
return to education,
drawing 1 n total productivity
int data in 2020,

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

(Feenstra

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 cohegWiorld 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 quantitfOECD, 2022a) The Human Capital Index
reflects the capacity of education policy to enhance social productigiyre 2

below shows the Human Capital Index (HCI) based on years of schooling