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This study analyzes the causal relationship between financial develop-
ment and technological innovation, considering their impact on envi-
ronmental degradation. The data sample covers nineteen lower-mid-
dle-income countries in Asia over the period 2000-2021. By using 
the panel vector autoregression (PVAR), the authors demonstrate the 
close relationship between financial development and technological 
innovation. Specifically, technological innovation fosters financial 
development in both the short and long term, while the latter plays a 
vital role in driving the former over the long term. Furthermore, finan-
cial development is reported to worsen environmental degradation in 
these countries in both the short and long run. These findings imply 
that while financial development provides essential financial resourc-
es for technological innovation, it may also contribute to environmen-
tal degradation by stimulating business activities, investment, and 
energy consumption. Meanwhile, technological innovation promotes 
financial development but has not significantly improved the ability 
to mitigate environmental degradation in these countries. These find-
ings align with the characteristics of lower-middle-income countries, 
where financial resources for business expansion and technological 
innovation are prioritized, but measures to stop environmental deg-
radation remain limited. In light of the findings, the study provides 
recommendations for governments and policymakers in these econo-
mies, emphasizing the need to promote financial development coupled 
with minimizing environmental degradation, particularly by further 
innovating technology to achieve substantial environmental benefits.
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1. INTRODUCTION
Environmental degradation can stem from economic activities, especially when countries prior-
itize rapid growth without adequately considering environmental quality (Jinqiao et al., 2022). 
Environmental degradation has become one of the major global challenges, which is particularly 
evident in countries pursuing sustainable development (Zameer et al., 2020). In fact, the pursuit 
of sustainable development requires countries to promote economic growth while ensuring envi-
ronmental protection (Koondhar et al., 2021; Zhou et al., 2021), meaning that economic growth 
should be encouraged without intensifying environmental degradation (Godil et al., 2021). 
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Endogenous growth theory emphasizes the role of national internal factors, particularly capital 
and technology, in fostering economic development (Romer, 1990). Furthermore, the Envi-
ronmental Kuznets Curve (EKC) theory clarifies the relationship between income and envi-
ronmental quality. The combination of these theories confirms that environmental degradation 
can be significantly influenced by a country’s internal factors, with financial development and 
technological innovation playing a key role (Ling et al., 2022).
The earliest empirical studies on this issue primarily focused on clarifying the role of financial 
development in economic growth, particularly by promoting investment and production financing. 
However, achieving high economic growth without considering environmental quality may lead to 
serious environmental consequences, thereby impeding sustainable development (Ling et al., 2022). 
Technological innovation is considered the optimal solution for enabling countries to access 
environmentally friendly energy sources rather than relying on traditional ones such as oil and 
natural gas, thereby contributing to reducing environmental degradation (Godil et al., 2021). 
Empirical studies have highlighted the role of technological innovation in mitigating environ-
mental degradation, as reported by Rafique et al. (2020) and Godil et al. (2021). Although most 
empirical studies agree that technological innovation can reduce environmental degradation, 
there remain different perspectives on how to measure technological innovation (Asongu et al., 
2018; Dam et al., 2024; Mensah et al., 2018; Ozcan & Apergis, 2018; Elhassan, 2025).
More than that, there may exist a close relationship between financial development and tech-
nological innovation (Wang et al., 2024). Specifically, financial development provides essen-
tial financial resources to boost technological innovation, enabling companies to utilize energy 
more effectively, increase productivity without harming the environment, and even lessen envi-
ronmental degradation (Shoaib et al., 2020). Conversely, technological innovation can support 
financial development, particularly by integrating advanced technologies to enhance the quality 
of financial services. This, in turn, helps financial development function well in promoting the 
use of eco-friendly energy sources among companies, thereby contributing to the reduction of 
environmental degradation (Jinqiao et al., 2022). Nevertheless, most empirical studies have 
primarily examined the individual effects of financial development and technological innova-
tion on environmental degradation, without clarifying the causal relationship between the two 
factors in this impact. This limitation poses challenges in fully understanding their impact on 
environmental degradation, particularly in demonstrating the multidimensional and complete 
nature of these factors in efforts to mitigate environmental degradation.
To address the research gaps above, this study focuses on a comprehensive examination of the 
impact of financial development and technological innovation on environmental degradation 
in 19 lower-middle-income countries in Asia from 2000 to 2021. Notably, the study also in-
vestigates the causal relationship between financial development and technological innovation 
within the context of their effects on environmental degradation, thereby clarifying the multidi-
mensional essence of the connections among these factors in the model. 
The remainder of this paper is structured as follows. Section 2 presents a literature review and the 
development of hypotheses. Section 3 outlines the methodology and data sample. Section 4 pro-
vides an in-depth discussion of the empirical results. The final section offers concluding remarks.

2. LITERATURE REVIEW AND HYPOTHESIS DEVELOPMENT
This section is outlined into three distinct subsections to provide a comprehensive overview 
of the literature relevant to this study. First, the authors examine the existing literature on the 
relationship between financial development and environmental degradation. Next, the authors 
present a review of the link between technological innovation and environmental degradation. 
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Finally, the authors delve into the literature on the relationship between financial development 
and technological innovation. Within each subsection, the authors offer a thorough synthesis of 
the existing literature and identify gaps that need further exploration.

2. 1. FINANCIAL DEVELOPMENT AND ENVIRONMENTAL DEGRADATION

Financial development can be understood as the improvement of the financial system, with 
an emphasis on financial institutions and financial markets, and defined by three key criteria: 
depth, efficiency, and accessibility (Bui & Doan, 2024). In specific, financial markets facilitate 
the direct flow of capital from suppliers to those in need, while financial institutions act as in-
termediaries between capital demand and supply. Theoretically, the endogenous growth theory 
provides insights into the effect of financial development on environmental degradation (Agh-
ion & Howitt, 1992). Accordingly, it emphasizes internal economic factors, especially capital 
and technology (Romer, 1990). Admittedly, it highlights the role of internal drivers in economic 
growth (Jinqiao et al., 2022). Besides, the EKC theory offers another explanation for the re-
lationship between financial development and environmental degradation. Specifically, at the 
early stages of economic growth, a rise in income levels may lead to environmental quality de-
terioration, resulting in worse environmental degradation. However, when an economy reaches 
a certain income threshold, environmental quality will be improved, primarily due to techno-
logical innovation (Jinqiao et al., 2022). Obviously, the endogenous growth and EKC theories 
are often used in combination to explain how financial development influences environmental 
degradation (Ling et al., 2022). Moreover, the scale effect theory provides another perspective 
on this relationship (Grossman & Helpman, 1991). Particularly, financial development expands 
production scale, thereby intensifying environmental degradation (Koçak & Şarkgüneşi, 2018).
Environmental degradation is an increasingly prevalent global phenomenon, boosting coun-
tries to implement suitable policies aimed at achieving sustainable development (Zameer et al., 
2020), which needs to foster economic growth together with improving environmental quality 
(Godil et al., 2021). In fact, financial development can promote economic growth by funding 
investment and production (Rutendo Magwedere & Marozva, 2025). This serves as a crucial 
driver of economic expansion but may also increase environmental degradation, thereby re-
ducing environmental quality (Shahbaz et al., 2013). Most empirical studies have focused on 
examining the impact of financial development on economic growth, with little attention given 
to its effects on environmental degradation. Specifically, a large number of empirical research 
on this topic primarily investigated the effect of financial development on economic growth. 
Accordingly, financial development has been found to boost economic expansion by improving 
capital allocation efficiency (Cherif & Dreger, 2016) and increasing investment (Botev et al., 
2019). Recently, more empirical studies have begun to analyze the relationship between finan-
cial development and environmental degradation, but their findings remain contradictory. Some 
of them confirm that financial development can lead to more severe environmental degradation 
(Saidi & Mbarek, 2017). According to the EKC theory, this relationship is consistent with the 
early stages of economic growth, where rising income is associated with environmental degra-
dation (Ling et al., 2022). Similarly, this impact aligns with the scale effect theory, which pos-
its that financial development expands the production scale, thereby worsening environmental 
degradation (Koçak & Şarkgüneşi, 2018). The reality shows that financial development may 
lead to excessive investment, resulting in the rise of industrial zones, thereby boosting energy 
consumption, declining environmental quality (Xu et al., 2018), and even destroying the green 
economy (Pan et al., 2021). At the individual financial level, improved financial accessibili-
ty can enhance consumer purchasing power, which may have negative environmental conse-
quences, particularly with increased resource consumption (Ullah et al., 2023).
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Financial development has been empirically confirmed to amplify environmental degradation, par-
ticularly in emerging and developing countries (Tang & Tan, 2015). Indeed, financial development 
enables these countries to promote business and industrial activities to drive economic growth, but 
weak environmental regulations have led to more severe environmental degradation. In many de-
veloping nations, economic growth is often more valued than environmental conservation (Jinqiao 
et al., 2022). Also, these countries are in the early stages of development and frequently encounter 
difficulties in accessing advanced and eco-friendly technologies (Razzaq et al., 2021). As evi-
dence, Kihombo et al. (2021) asserted that financial development deteriorates environmental qual-
ity in West Asian and Middle Eastern countries. More recently, Wijethunga et al. (2023) revealed 
a negative impact of financial development on environmental quality in Sri Lanka.
Regarding the measurement, most researchers commonly identify environmental degradation 
through CO₂ emissions (Jinqiao et al., 2022). However, some studies have utilized the ecolog-
ical footprint as an alternative measure of environmental quality. For instance, Danish et al. 
(2019) concluded that financial development expands the ecological footprint across 59 Belt 
and Road Initiative (BRI) countries. Likewise, Saud et al. (2020) revealed that financial de-
velopment contributes to a higher ecological footprint in BRI countries. Also, Koondhar et al. 
(2021) affirmed that financial development leads to an increase in Japan’s ecological footprint.
Meanwhile, several studies have demonstrated that financial development can mitigate envi-
ronmental degradation (Adams et al., 2018), especially when financial resources are effectively 
allocated to promote the use of advanced and environmentally friendly energy sources and 
technologies (Zameer et al., 2019). In fact, the financial system can contribute to environmental 
conservation by providing credit for green projects (Moraliyska, 2023). By simplifying lending 
procedures, it can facilitate investment in renewable energy projects (Saadaoui & Chtourou, 
2023; Socotar & Gabor, 2024). Empirical evidence proves that financial development can re-
duce environmental degradation, which is commonly observed in developed countries (Khrisat 
& Alqadi, 2023). In these countries, great awareness of the consequences of environmental 
pollution, coupled with strict environmental regulations, has stimulated companies to adopt 
eco-friendly energy sources, thereby fostering economic growth in conjunction with environ-
mental quality improvements (Jinqiao et al., 2022). This view is in agreement with Sadorsky 
(2011) and Chang (2015), who reported that financial development impedes green growth in 
low- and middle-income countries, whereas its positive impact on green growth is more evident 
in advanced ones. Similarly, Ganda (2020) identified a negative link between financial devel-
opment and CO₂ emissions in the Organization for Economic Cooperation and Development 
(OECD) countries. Fakher et al. (2021) analyzed data from the Organization of the Petroleum 
Exporting Countries (OPEC) nations and reported that financial development serves as a foun-
dation for enhancing the sustainability of environmental quality in these countries. Prempeh 
(2023) affirmed that financial development can reduce environmental degradation in 10 coun-
tries within the Economic Community of West African States (ECOWAS). Using ecological 
footprint as a measure of environmental degradation, Uddin et al. (2017), Ahmed et al. (2019), 
and Baloch et al. (2021) found that financial development contributes to the decrease in ecolog-
ical footprint in 27 countries, Malaysia, and OECD countries, respectively.
	 It is evident that contradictory views exist regarding the impact of financial development 
on environmental degradation. One of the primary reasons for these contrasting perspectives is 
the dependence on the efficiency in utilizing financial resources and the specific characteristics 
of individual countries (Shoaib et al., 2020). In lower-middle-income countries, financial devel-
opment is often prioritized as a key driver of economic growth, while its potential contribution 
to environmental degradation is overlooked (Jinqiao et al., 2022). This impact is mentioned 
by the endogenous growth (Aghion & Howitt, 1992), EKC (Ling et al., 2022), and scale effect 
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theories (Koçak & Şarkgüneşi, 2018). Empirical studies have also supported this relationship in 
the context of developing countries (Tang & Tan, 2015). On this foundation, the first research 
hypothesis is proposed as follows:

Hypothesis H1: Financial development contributes to increased environmental degradation in 
lower-middle-income countries in Asia.

2. 2. TECHNOLOGICAL INNOVATION AND ENVIRONMENTAL 
DEGRADATION

The endogenous growth theory can be combined with the EKC theory to explain the influence 
of technological innovation on environmental degradation (Jinqiao et al., 2022). The former 
emphasizes that capital and production factors are not the only drivers of growth, but techno-
logical innovation should be considered in this impact (Shoaib et al., 2020). Meanwhile, the 
latter highlights that promoting economic growth can lead to increased environmental degrada-
tion. However, when an economy achieves a certain income level, environmental quality begins 
to recover, mainly due to advancements in technology (Jinqiao et al., 2022). Therefore, both 
theories support a close relationship between technological innovation and environmental deg-
radation. In addition, the technological effect theory underscores that the adoption of advanced 
technology benefits the environment (Koçak & Şarkgüneşi, 2018). These theories provide crit-
ical foundations for the importance of technological innovation in minimizing environmental 
degradation (Jinqiao et al., 2022).
Technological innovation is considered the optimal solution for encouraging the industrial 
sector’s approach to environmentally friendly energy sources, rather than using conventional 
sources such as oil and natural gas. This enhances production efficiency and reduces CO2 emis-
sions, thereby mitigating environmental degradation (Godil et al., 2021). In fact, the role of 
technological innovation in reducing environmental degradation has been confirmed by several 
empirical studies. For instance, Rafique et al. (2020) and Godil et al. (2021) confirmed that 
technological innovation contributes to lowering CO2 emissions and improving environmental 
quality. Kumail et al. (2020) revealed that technological innovation improves environmental 
quality in Pakistan and EU countries by limiting the use of fossil fuels. Moreover, Li et al. 
(2021) and Nathaniel et al. (2021) demonstrated that technological innovation enables the de-
velopment of environmental technologies that mitigate the negative impact of waste on the 
environment. Luo et al. (2021)this study investigated the influence of green investment, tech-
nology innovations, and economic growth on CO2 emissions in selected Asian countries for 
the period 2001 to 2019. The Cross-Section dependency (CSD confirmed that technological 
innovation significantly reduces CO2 emissions and fosters sustainability across Asian coun-
tries. Jianguo et al. (2022) argued that while financial development increases CO2 emissions, 
technological innovation can limit them in 37 OECD countries. Admittedly, the role of tech-
nological innovation in reducing environmental degradation is particularly evident in develop-
ing and emerging economies (Shoaib et al., 2020). This is because these countries often face 
higher levels of environmental pollution than developed nations, so technological innovation 
is regarded as an effective solution to address this issue. Indeed, Bekun et al. (2021) noted 
that emerging economies usually have higher CO2 emissions than developed countries, making 
technological innovation crucial in controlling environmental degradation there. Baloch et al. 
(2021) also reported the importance of technological innovation in emerging countries, even 
in deactivating the adverse environmental effects of financial development. However, although 
most empirical studies have affirmed the positive impact of technological innovation on en-
vironmental quality, some studies present different viewpoints. For example, Koondhar et al. 
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(2021) and Usman and Hammar (2021) asserted that the use of modern technologies may lead 
to increased CO2 emissions due to the overuse of fossil fuels. This suggests that while modern 
technologies can boost production, neglecting environmental protection can have detrimental 
effects on the environment. 
Although most empirical studies acknowledge that technological innovation can reduce envi-
ronmental degradation, there remain contradictory perspectives on how to measure the former. 
Indeed, some studies measure technological innovation through R&D activities. For instance, 
Mensah et al. (2018) analyzed a dataset from 28 OECD countries and affirmed that while eco-
nomic growth increases CO2 emissions, strengthening R&D can significantly reduce them. Fur-
thermore, some studies have focused on examining the influence of ICT on the environment. 
Asongu et al. (2018) concluded that the adoption of advanced ICT can reduce CO2 emissions 
and enhance environmental quality in Sub-Saharan African countries. Similarly, Ozcan and 
Apergis (2018) demonstrated that ICT can considerably minimize environmental degradation 
in emerging economies. Most prior studies have also commonly measured technological in-
novation using the number of patent applications. For example, Ercan et al. (2024)the role of 
technological innovations and income inequality on pollution is a relatively recent discussion 
in the studies testing the EKC hypothesis. The aim of this paper is to investigate the impact of 
technological innovations, income inequality, exports, urbanization, and growth on CO 2 emis-
sions in EU-27. In addition, while investigating this relationship, exports and urbanization are 
also considered and panel vector autoregression (PVAR reported that technological innovation 
reduces CO2 emissions in EU-27 countries, where technological innovation is measured by the 
number of patent applications.
Regarding the measurement of environmental degradation, a substantial body of empirical 
studies has measured it through CO2 emissions, including those by Bekun et al. (2021), Koond-
har et al. (2021), Luo et al. (2021)this study investigated the influence of green investment, 
technology innovations, and economic growth on CO2 emissions in selected Asian countries 
for the period 2001 to 2019. The Cross-Section dependency (CSD, Usman and Hammar (2021), 
Jianguo et al. (2022), and Ercan et al. (2024)the role of technological innovations and income 
inequality on pollution is a relatively recent discussion in the studies testing the EKC hypoth-
esis. The aim of this paper is to investigate the impact of technological innovations, income 
inequality, exports, urbanization, and growth on CO 2 emissions in EU-27. In addition, while 
investigating this relationship, exports and urbanization are also considered and panel vector 
autoregression (PVAR. Meanwhile, other studies have utilized the ecological footprint as a 
measure of environmental degradation which is expected to provide a more comprehensive 
assessment of environmental quality. Ahmed et al. (2020) concluded that technological inno-
vation is a prerequisite for diminishing the ecological footprint in developing economies. Ke et 
al. (2020) argued that technological innovation improves environmental quality by reducing the 
ecological footprint in China. Similarly, Mahmood et al. (2020) found a stable and long-term 
relationship between technological innovation and the ecological footprint. Fakher et al. (2023) 
measured environmental degradation across 25 economies using the ecological footprint and 
confirmed that while financial development accelerates environmental degradation, technolog-
ical innovation can enhance environmental quality. Recently, Dam et al. (2024) asserted that 
technological innovation minimizes the ecological footprint in E-7 countries including Brazil, 
China, India, Indonesia, Mexico, Russia, and Türkiye. Nonetheless, some studies, such as those 
of Sabir and Gorus (2019) conducted in South Asian countries, and Destek and Manga (2021) 
implemented in emerging countries, have revealed that the insignificant effect of technological 
innovation on the ecological footprint. 
The impact of technological innovation on environmental degradation has been demonstrated 



Financial Development, Technological Innovation, and Environmental Degradation: Evidence from Lower-Middle-
Income Countries in Asia

201

in a big number of empirical researches. However, there remain conflicting views regarding the 
extent of this effect, particularly due to the lack of consensus on how to assess technological 
innovation and environmental degradation. This presents intriguing research gaps that need 
further investigation. In this study, the authors analyze a dataset of the lower-middle-income 
countries. Therefore, technological innovation is expected to be the best solution for dimin-
ishing environmental degradation in these countries Shoaib et al. (2020). This impact aligns 
with the endogenous growth and the EKC theories (Shoaib et al., 2020), as well as with the 
technological effect theory (Koçak & Şarkgüneşi, 2018). Based on this foundation, the second 
hypothesis is proposed as follows:

Hypothesis H2: Technological innovation plays a role in mitigating environmental degradation 
in lower-middle-income countries in Asia.

2. 3. FINANCIAL DEVELOPMENT AND TECHNOLOGICAL INNOVATION

Financial development provides essential resources for companies in the process of techno-
logical innovation, which aligns with the endogenous growth theory (Rafique et al., 2020). 
Accordingly, financial development and technological innovation serve as important endoge-
nous factors, especially in supporting each other to promote sustainable development. In fact, 
companies facing difficulties in accessing financial resources often struggle to invest in R&D 
and technological innovation (Brown et al., 2012). The nexus between financial development 
and technological innovation has been revealed in several empirical studies. Some studies iden-
tify that this relationship can considerably influence environmental degradation. Specifically, 
financial development supplies critical financial resources to boost technological innovation. 
This, in turn, enables companies to utilize energy more efficiently, enhancing productivity with-
out harming the environment, and even alleviating environmental degradation in some cases 
(Shoaib et al., 2020). Consequently, technological innovation is expected to serve as an opti-
mal solution for neutralizing the negative environmental influence of financial development 
(Baloch et al., 2021). In empirical research, Romer (1990) stated that financial development 
promotes investment in R&D, thereby contributing to improvements in environmental quality. 
Tamazian and Rao (2010) asserted that financial development enhances energy efficiency by al-
lowing firms to adopt new technologies. Yuxiang and Chen (2011) identified financial develop-
ment as a critical foundation for technology diffusion and CO2 emission reduction. Meanwhile, 
Adebayo et al. (2021) affirmed that the number of patent applications can reduce the negative 
environmental effects of financial development.
On the other hand, technological innovation can support financial development, particularly 
by integrating advanced technologies to enhance the quality of financial services. This, in turn, 
enables financial development to effectively enhance production activities that utilize environ-
mentally friendly energy sources, thereby contributing to reducing environmental degradation 
(Jinqiao et al., 2022). In recent years, the role of technological innovation in improving fi-
nancial service quality and enhancing environmental quality has received considerable atten-
tion from researchers (Godil et al., 2021). Indeed, technological innovation not only facilitates 
the advancement of financial services but also helps companies access eco-friendly energy 
sources, thereby fostering productivity and simultaneously reducing CO₂ emissions (Jinqiao 
et al., 2022; Mensah et al., 2018). More importantly, technological innovation is regarded as 
an effective solution for enhancing the efficiency of financial resource utilization and quicken-
ing environmental quality improvements (Jinqiao et al., 2022). Accordingly, several empirical 
studies have identified technological innovation, particularly measured by the quantity of patent 
applications, as a key factor in diminishing the negative environmental impacts of financial de-
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velopment (Adebayo et al., 2021; Baloch et al., 2021). Some researchers even argue that tech-
nological innovation is a prominent solution for neutralizing the negative impact of financial 
development on the environment (Baloch et al., 2021)financial development is leading toward 
a higher rate of economic expansion and promoting energy innovation around the globe. Nev-
ertheless, environmental impact of financial development has preoccupied government officials 
to circumvent adverse impact on environmental quality. Thus, this paper examines the nexus 
between financial development, economic growth, energy innovation, and environmental pol-
lution for the period of 1990–2017 for the panel of Organization for Economic Cooperation and 
Development (OECD. Therefore, the role of technological innovation in optimizing the use of 
financial resources to enhance environmental quality has attracted significant global attention, 
particularly among developing economies (Solarin et al., 2021).
By reviewing the current literature, it is evident that financial development provides crucial 
financial resources to promote technological innovation. Also, technological innovation can 
create favorable conditions for countries to enhance their level of financial development. There-
fore, financial development and technological innovation may exhibit a causal relationship, 
with the primary trend being positive. Furthermore, this link can exert a significant effect on 
environmental degradation. Based on this foundation, the authors propose the research hypoth-
esis as follows:

Hypothesis H3: Financial development has a positive relationship with technological innova-
tion in low-middle-income countries in Asia.

3. RESEARCH DESIGN

3. 1. RESEARCH MODEL 

The existing literature has demonstrated that environmental degradation is significantly influ-
enced by financial development and technological innovation (Jianguo et al., 2022; Jinqiao et 
al., 2022; Ullah et al., 2023). Furthermore, there may exist a close connection between finan-
cial development and technological innovation, which can change the influence of each factor 
on environmental degradation. This has been suggested in previous studies by Mensah et al. 
(2018), Adebayo et al. (2021), and Jinqiao et al. (2022). Following this, the authors model this 
simultaneous relationship using the panel vector autoregression (PVAR) approach developed 
by Abrigo and Love (2016). This approach is appropriate as it leverages the benefits of panel 
data estimation techniques while allowing for an examination of the relationships between vari-
ables in the research model (Abrigo & Love, 2016). Moreover, the Granger causality test is em-
ployed to investigate the causal relationships among the variables, which was also adopted in 
prior research by Ercan et al. (2024)the role of technological innovations and income inequality 
on pollution is a relatively recent discussion in the studies testing the EKC hypothesis. The 
aim of this paper is to investigate the impact of technological innovations, income inequality, 
exports, urbanization, and growth on CO 2 emissions in EU-27. In addition, while investigating 
this relationship, exports and urbanization are also considered and panel vector autoregression 
(PVAR. The research model equations are constructed using the PVAR approach as follows: 

	
(1)

	
(2)

	 (3)
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In specific, Equation (1) focuses on examining the impact of financial development (FD) and 
technological innovation (TI) on environmental degradation (ED). Equation (2) is designed to 
analyze the influence of environmental degradation (ED) and technological innovation (TI) 
on financial development (FD), while Equation (3) investigates the effect of environmental 
degradation (ED) and financial development (FD) on technological innovation (TI). Besides, 
the authors incorporate control variables (X) into the research model. In the model, i represents 
each country under study, where i = 1, 2, …, n; t denotes the study period, where t = 1, 2, …, T; 
k is the selected optimal lag length. µ captures a country-specific effect, while ε represents the 
error terms of the model. 

3. 2. SAMPLE AND DATA SOURCES

The dataset includes 19 lower-middle-income countries in Asia, covering the period from 2000 
to 2021. The dataset excludes the periods with incomplete data. The classification of lower-mid-
dle-income countries follows the World Bank (WB) criteria, specifically including those with 
a per capita Gross National Income (GNI) ranging from 1,136 USD to 4,465 USD. The list of 
these countries is presented in Table 1.

Table 1. List of countries
Bangladesh Jordan Myanmar Tajikistan

Bhutan Kyrgyz Republic Nepal Timor-Leste
Cambodia Lao PDR Pakistan Uzbekistan
India Lebanon The Philippines Vietnam
Iran Mongolia Sri Lanka

Source: Authors’ proposal
In this study, environmental degradation (ED) is measured using the ecological footprint (glob-
al hectares per capita), with data calculated and published by the Global Footprint Network 
(GFN). In the existing literature, a substantial number of empirical studies have estimated envi-
ronmental degradation through CO₂ emissions, including those of Bekun et al. (2021), Koond-
har et al. (2021), Luo et al. (2021)this study investigated the influence of green investment, 
technology innovations, and economic growth on CO2 emissions in selected Asian countries 
for the period 2001 to 2019. The Cross-Section dependency (CSD, Usman and Hammar (2021), 
Jianguo et al. (2022), and Ercan et al. (2024)the role of technological innovations and income 
inequality on pollution is a relatively recent discussion in the studies testing the EKC hypoth-
esis. The aim of this paper is to investigate the impact of technological innovations, income 
inequality, exports, urbanization, and growth on CO 2 emissions in EU-27. In addition, while 
investigating this relationship, exports and urbanization are also considered and panel vector 
autoregression (PVAR. However, this measurement has limitations when focusing solely on 
air pollution. In contrast, the ecological footprint provides a more comprehensive and holistic 
assessment of environmental degradation by encompassing air, land, and water resources (Bai-
gorri et al., 2025). Therefore, the authors adopt the ecological footprint as the measure of envi-
ronmental degradation in this study. This approach has also been employed in previous studies, 
including those by Ahmed et al. (2020), Ke et al. (2020), Mahmood et al. (2020), Saud et al. 
(2020), Ahmed et al. (2021), Baloch et al. (2021), Fakher et al. (2023), Ullah et al. (2023), Shi 
et al. (2024) and Dam et al. (2024).
Financial development (FD) is measured by the financial development index, which is calcu-
lated and published by the International Monetary Fund (IMF). This index reflects the level of 
financial sector development, highlighting the advancement of financial markets and financial 
institutions. This measure has also been used in previous studies, including those by Jianguo et 
al. (2022) and Ullah et al. (2023).
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Technological innovation (TI) is identified as the logarithm of the total number of patent ap-
plications (residents and non-residents). This measurement allows for the observation of actual 
innovation outcomes in each country, following the findings of Jianguo et al. (2022), Jinqiao et 
al. (2022), Fakher et al. (2023), Ullah et al. (2023), Dam et al. (2024), and Ercan et al. (2024)
the role of technological innovations and income inequality on pollution is a relatively recent 
discussion in the studies testing the EKC hypothesis. The aim of this paper is to investigate the 
impact of technological innovations, income inequality, exports, urbanization, and growth on 
CO 2 emissions in EU-27. In addition, while investigating this relationship, exports and urban-
ization are also considered and panel vector autoregression (PVAR.
The control variables (X) include GDP growth (GG), economic globalization (EG), and popu-
lation growth (PG). Specifically, GDP growth (GG) is determined by the annual growth rate of 
GDP per capita, as done in prior studies by Jianguo et al. (2022), Jinqiao et al. (2022), Fakher 
et al. (2023), and Dam et al. (2024). Economic globalization (EG) is estimated by the eco-
nomic globalization index, which reflects the level of connection among countries, particularly 
through the movement of financial resources, and trade in goods and services (Ullah et al., 
2023). Population growth (PG) is measured as the annual growth rate of the total population 
(Jinqiao et al., 2022).
A description of the variables is described in Table 2. 

Table 2. Variable definitions

Variables Descriptions Data source

Environmental degradation ED The ecological footprint (global hect-
ares per capita) GFN

Financial development FD The financial development index IMF

Technological innovation TI
The logarithm of the total number 
of patent applications (residents and 
non-residents)

WB

GDP growth GG GDP per capita growth (annual %) WB
Economic globalization EG The economic globalization index KOF Swiss Economic Institute
Population growth PG Population growth (annual %) WB

Source: Authors’ proposal

4. EMPIRICAL ANALYSIS

4. 1. BASIC STATISTICS

The dataset is obtained from 19 lower-middle-income countries in Asia for the period 2000 
-2021. The descriptive statistics of this dataset are presented in Table 3 as follows:

Table 3. Descriptive statistics

Variable ED FD TI GG EG PG

Mean 1.657 0.232 4.333 3.791 48.174 1.550

Std. Dev. 1.493 0.125 3.383 4.373 14.134 1.187

Min. 0.080 0.029 0 -19.750 0 -2.880

Max. 7.770 0.580 11.028 29.980 77.580 11.790

Obs. 418 418 418 418 418 418

Source: Authors’ calculation

https://kof.ethz.ch/en/
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Table 3 demonstrates that ED has an average value of 1.657, with the lowest one (0.08) observed 
in Iran in 2014 and the highest one (7.77) recorded in Mongolia in 2020. FD has a mean value of 
0.232, with a minimum value (0.029) found in Cambodia in 2001 and a maximum value (0.58) 
in Jordan in 2008. Regarding TI, the average value is 4.333, corresponding to 2,900.21 patent 
applications. Its highest value (11.028, equivalent to 61,573 patent applications) was observed in 
India in 2021. Conversely, other countries, including Cambodia (2000–2006), Timor-Leste (2002–
2004), Nepal (2003), and Lao PDR (2002), experienced low levels of technological innovation.

Table 4. Descriptive statistics by country group

Year
Group 1a Group 2a Group 1b Group 2b

FD_1a_L ED_1a_L FD_2a_H ED_2a_H TI_1b_L ED_1b_L TI_2b_H ED_2b_H
2000 0.104 1.293 0.314 1.820 0.838 1.953 6.443 1.086
2001 0.102 1.282 0.302 1.744 1.422 1.873 6.564 1.087
2002 0.113 1.278 0.314 1.626 1.394 1.771 6.722 1.078
2003 0.109 1.273 0.323 1.606 1.416 1.744 6.897 1.083
2004 0.112 1.286 0.329 1.675 1.136 1.768 6.971 1.140
2005 0.115 1.299 0.344 1.699 1.186 1.818 7.161 1.123
2006 0.118 1.314 0.346 1.757 1.317 1.880 7.391 1.128
2007 0.121 1.346 0.353 1.824 1.146 1.931 7.512 1.174
2008 0.123 1.386 0.362 1.888 1.220 2.032 7.572 1.170
2009 0.131 1.358 0.351 1.935 1.867 2.070 6.657 1.144
2010 0.132 1.403 0.342 1.825 1.869 2.001 7.538 1.160
2011 0.137 1.447 0.324 1.884 1.713 2.074 7.472 1.187
2012 0.138 1.504 0.323 1.980 1.868 2.229 6.792 1.174
2013 0.145 1.563 0.323 1.984 3.115 2.316 7.502 1.147
2014 0.148 1.616 0.334 2.011 2.787 2.388 6.841 1.153
2015 0.148 1.557 0.333 1.943 3.041 2.266 6.479 1.155
2016 0.151 1.606 0.336 2.040 2.359 2.380 7.549 1.180
2017 0.162 1.591 0.340 2.071 2.538 2.378 7.482 1.197
2018 0.168 1.601 0.354 2.122 1.654 2.412 7.536 1.221
2019 0.171 1.605 0.342 2.133 1.899 2.414 7.650 1.234
2020 0.179 1.567 0.364 2.018 1.854 2.348 7.665 1.150
2021 0.182 1.579 0.363 2.075 1.164 2.390 7.711 1.175

Source: Authors’ calculation

The authors further divided the dataset into sub-samples to enable a more thorough understand-
ing of the actual conditions in the countries under investigation (Table 4). First, the dataset 
was partitioned into two sub-samples, each of which related to a distinct group, as indicated 
by the mean FD value of 0.232. The countries categorized as Group 1a were those with FD 
values below the mean; those with FD values above the mean were classified as Group 2a. The 
following countries are included in Group 1a: Bangladesh, Bhutan, Cambodia, Kyrgyz Repub-
lic, Lao PDR, Myanmar, Nepal, Tajikistan, Timor-Leste, and Uzbekistan. Group 2a comprised 
India, Iran, Jordan, Lebanon, Mongolia, Pakistan, the Philippines, Sri Lanka, and Vietnam. 
The environmental degradation (ED_2a_H) in Group 2a is considerably greater than that in 
Group 1a (ED_1a_L), as illustrated in Figure 1. In lower-middle-income countries, financial 
development may stimulate business activities, investment, and energy consumption, which in 
turn exacerbates environmental degradation. Consequently, this result is consistent with these 
characteristics. In addition, Figure 1 indicates a general trend in which financial development 
is in accordance with environmental degradation, a finding that was observed in both groups.
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Figure 1. Mean values of financial development and environmental degradation in countries with 
above- and below-mean levels of financial development
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	 The authors subsequently designated the dataset to two sub-samples: Group 1b, which con-
sisted of countries with TI values below the mean, and Group 2b, which consisted of countries 
with TI values above the mean, based on the mean value of TI of 4.333. Bhutan, Cambodia, 
Kyrgyz Republic, Lao PDR, Lebanon, Mongolia, Myanmar, Nepal, Tajikistan, and Timor-Leste 
comprise Group 1b. Group 2b comprises Bangladesh, India, Iran, Jordan, Pakistan, the Phil-
ippines, Sri Lanka, Uzbekistan, and Vietnam. The environmental degradation (ED_1b_L) in 
Group 1b is substantially higher than in Group 2b (ED_2b_H), as illustrated in Figure 2. A sig-
nificant difference between the two groups is evident. This finding suggests that countries with 
lesser levels of technological innovation are more likely to experience greater environmental 
degradation, while those with higher levels of technological innovation tend to face less severe 
environmental challenges. This discovery underscores the critical role of technological innova-
tion in the mitigation of environmental degradation in lower-middle-income countries.

Figure 2. Mean values of technological innovation and environmental degradation in countries with 
above- and below-mean levels of technological innovation
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4. 2. ESTIMATION RESULTS

First, the authors apply the Levin-Lin-Chu (LLC) suggested by Levin et al. (2002) to determine 
the stationarity of the variables. The results are presented in Table 5.

Table 5. Stationarity test

Levin-Lin-Chu unit-root test Statistic p-value st difference

Null hypothesis: ED has a unit root -1.440 0.075* d = 0

Null hypothesis: FD has a unit root -2.532 0.006*** d = 0

Null hypothesis: TI has a unit root -5.300 0.000*** d = 0

Null hypothesis: GG has a unit root -2.056 0.020** d = 0

Null hypothesis: EG has a unit root -6.409 0.000*** d = 0

Null hypothesis: PG has a unit root -1.879 0.030** d = 0

Note: *** p ≤ 0.01; ** p ≤ 0.05; * p ≤ 0.1.

Source: Authors’ calculation

Table 5 indicates that all the variables are stationary at level, i.e., I(0). Hence, these variables 
are used to estimate the model using the PVAR approach.

Table 6. Lag selection criteria 

lag CD J J pvalue MBIC MAIC MQIC
1 0.9999992 110.187 0.423 -513.799 -105.813 -268.676
2 0.9999994 63.071 0.765 -352.920 -80.929 -189.505
3 0.9999989 22.544 0.961 -185.452 -49.456 -103.744
4 0.9999989 - - - - -

Source: Authors’ calculation

Table 6 shows that the first-order PVAR model is preferred because it has the lowest MBIC, 
MAIC, and MQIC values. This selection is based on the optimal lag selection criterion pro-
posed by (Andrews & Lu, 2001). Therefore, the authors proceed with estimating the model 
using the first-order PVAR approach.

Table 7. Estimation results using the PVAR method

Variable
ED FD TI
(1) (2) (3)

ED(-1) 0.902***

(0.000)
-0.031***

(0.000)
0.768**

(0.029)

FD(-1) 1.677***

(0.000)
1.138***

(0.000)
-0.907
(0.741)

TI(-1) 0.009
(0.178)

0.004***

(0.000)
0.339***

(0.000)

GG(-1) 0.013***

(0.000)
-0.001
(0.199)

0.016
(0.355)

EG(-1) 0.007**

(0.014)
-0.001
(0.660)

0.070***

(0.000)

PG(-1) 0.003
(0.595)

-0.003***

(0.009)
0.111**

(0.030)
Note: *** p ≤ 0.01; ** p ≤ 0.05.

Source: Authors’ calculation
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The estimation results of the model using the first-order PVAR approach, presented in Table 
7, reveal that environmental degradation (ED) is positively influenced by financial develop-
ment (FD) with a one-period lag. Meanwhile, financial development is negatively affected by 
environmental degradation but positively influenced by technological innovation (TI) with a 
one-period lag. For technological innovation, it is positively affected by environmental degra-
dation. These findings are fully consistent with the Granger causality test results in Table 8. It 
can be concluded that financial development directly affects environmental degradation, where-
as technological innovation (TI) does not have a direct impact on environmental degradation 
but instead exerts an indirect effect through financial development (FD). Specifically, techno-
logical innovation can boost financial development, but it does not have any noticeable impact 
on lowering environmental degradation. Meanwhile, financial development may contribute to 
increased environmental degradation. On the other hand, environmental degradation may im-
pede financial development in the lower-middle-income countries but simultaneously serve as 
a driver to enhance their technological innovation in finding optimal solutions that balance eco-
nomic growth with environmental protection. Regarding the control variables, GDP growth can 
worsen environmental degradation. Meanwhile, economic globalization can foster technologi-
cal innovation in these countries; however, it may also contribute to environmental degradation. 
Besides, a rising population may place a burden on the financial sector’s development process 
but may also lead to an increase in the number of innovations and inventions within a country.

Figure 3. Eigenvalue stability condition
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Figure 3 shows that all the eigenvalues lie inside the unit circle. Therefore, the PVAR model 
satisfies the stability condition. Moreover, this result further supports the reliability of the esti-
mated coefficients.
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Table 8. Granger causality test results

Inferences of causality Results

H1 FD  ED
25.376***

(0.000)
Yes

H2 TI  ED
1.816

(0.178)
No

H3

FD  TI
0.109

(0.741)
No

TI  FD
16.590***

(0.000)
Yes

Note: *** p ≤ 0.01
Source: Authors’ calculation

	 The Impulse Response Function (IRF) analysis results, presented in Figure 1, fully align 
with the findings in Table 7 and Table 8 while also demonstrating the impact of the variables in 
the long term. Specifically, Figure 4 shows that financial development worsens environmental 
degradation in both the short and long term. Meanwhile, technological innovation does not 
exhibit a significant effect on environmental degradation. Regarding the relationship between 
financial development and technological innovation, the latter promotes the former in both 
the short and long term, whereas the positive impact of the former on the latter is primarily 
observed in the long term. This indicates a close link between financial development and tech-
nological innovation. Furthermore, financial development directly influences environmental 
degradation by increasing it. However, technological innovation does not exert a direct impact 
on environmental degradation.

Figure 4. Impulse Response Function analysis results
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4. 3. DISCUSSION

The estimation results indicate that financial development can make environmental degradation 
worse in the lower-middle-income countries in Asia. Meanwhile, technological innovation has 
not yet demonstrated a significant effect in mitigating environmental degradation there. Fur-
thermore, financial development and technological innovation are closely related, which could 
influence how each factor contributes to environmental degradation. This represents a novelty 
of this study compared to previous research.
The relationship between financial development and environmental degradation: The 
estimation results indicate that financial development increases environmental degradation in 
both the short and long term, thereby supporting Hypothesis H1. This is consistent with previ-
ous studies by Danish et al. (2019), Saud et al. (2020),  Ahmed et al. (2021), Kihombo et al. 
(2021), and Wijethunga et al. (2023). Moreover, it aligns with the endogenous growth (Agh-
ion & Howitt, 1992), EKC hypothesis (Ling et al., 2022), and scale effect theories (Koçak & 
Şarkgüneşi, 2018). Accordingly, the findings fit with the initial stage of the EKC theory, which 
suggests financial development contributes to income growth but may also lead to environmen-
tal degradation (Ling et al., 2022). They also support the scale effect theory, which contends 
that financial development can expand production scale, thereby intensifying environmental 
degradation (Koçak & Şarkgüneşi, 2018). These findings align with the features of the low-
er-middle-income countries in Asia. Indeed, financial development is an essential measure for 
promoting business, investment, and even the expansion of industrial zones. However, this 
process also results in higher energy consumption, leading to more severe environmental deg-
radation. Moreover, financial development facilitates greater access to financial resources, en-
hancing consumer purchasing power, which can negatively affect the environment, particularly 
when resource consumption rises. Thus, financial development can contribute to worsening 
environmental degradation in the lower-middle-income countries. In fact, although financial 
development is vital for fostering business and economic growth, these countries must also 
consider its environmental consequences.
The relationship between technological innovation and environmental degradation: The es-
timation results demonstrate that technological innovation has not exerted a significant effect on 
reducing environmental degradation in the lower-middle-income countries in Asia. This is implicit 
in the fact that most of these countries have limited levels of technological innovation. Moreover, 
the adoption of advanced technologies for environmental improvements has not been highlighted 
in these countries. Therefore, a challenge for these countries is to recognize the critical role of 
technological innovation, which is not only in boosting business and industrial growth but also in 
promoting modern, environmentally friendly technologies in order to reduce environmental deg-
radation. These findings support the conclusions of Sabir and Gorus (2019), who examined South 
Asian countries, and Destek and Manga (2021), who analyzed emerging economies. 
The relationship between financial development and technological innovation: The estima-
tion results show that technological innovation fosters financial development in both the short and 
long term, while financial development plays an important role in encouraging technological in-
novation over the long run. Admittedly, there is a positive link between financial development and 
technological innovation, confirming the acceptance of Hypothesis H3. This aligns with the en-
dogenous growth theory, which posits that financial development and technological innovation are 
essential endogenous factors that affect environmental quality and sustainable development. Ac-
cordingly, financial development provides necessary financial resources to support technological 
innovation, which could help to lessen environmental degradation if it concentrates on eco-friend-
ly technology and the economical use of energy resources (Shoaib et al., 2020). On the other hand, 
technological innovation can support financial development, particularly by applying advanced 
technologies to improve the quality of financial services, which is consistent with what has been 
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found by (Jinqiao et al., 2022). Although the estimation results suggest that financial development 
has accelerated environmental degradation in the lower-middle-income countries in Asia, it could 
help control environmental degradation if it is effective in environmentally friendly industries, 
such as increasing credit supply for green projects. This possibility has been reported in previous 
studies (Adebayo et al., 2021; Baloch et al., 2021; Jinqiao et al., 2022). The positive nexus be-
tween financial development and technological innovation is evident in the lower-middle-income 
countries in Asia. However, leveraging the benefits of financial development and technological 
innovation to improve environmental quality remains inefficient in these economies.
The impact of the control variables on financial development, technological innovation, 
and environmental degradation: The estimation results confirm that GDP growth may inten-
sify environmental degradation in the lower-middle-income countries in Asia. This supports 
prior research by Jianguo et al. (2022), Jinqiao et al. (2022), Fakher et al. (2023), and Dam et 
al. (2024). Furthermore, economic globalization can enhance technological innovation in these 
countries; however, it may also cause environmental degradation, affirming what Ullah et al. 
(2023) revealed. Also, rapid population growth may place a burden on developments of the 
financial sector, but it can increase the number of innovations.

5. CONCLUDING REMARKS
This study analyzes the impact of financial development and technological innovation on envi-
ronmental degradation in the lower-middle-income Asian countries. Notably, the authors exam-
ine the causal relationship between financial development and technological innovation when 
considering their effects on environmental degradation, which is a key contribution of this 
study. Using the PVAR method, the estimation results indicate that financial development may 
worsen environmental degradation in both the short and long term. However, technological 
innovation has not demonstrated a significant impact on mitigating environmental degradation 
in these countries. A noteworthy finding is the positive link between financial development and 
technological innovation, concluding that these two factors may complement each other in the 
development process. Despite this, these countries have not fully leveraged the benefits of fi-
nancial development and technological innovation to address issues of environmental degrada-
tion. These findings highlight the necessity of developing appropriate policies to maximize the 
advantages of financial development and technological innovation in reducing environmental 
degradation. Furthermore, they indicate that GDP growth and economic globalization also exert 
a significant impact on environmental degradation in these countries.
The findings provide a reliable foundation for the lower-middle-income Asian countries to identify 
proper strategies for promoting financial development coupled with technological innovation, ulti-
mately aiming to minimize environmental degradation. To achieve this goal, these countries must 
implement a comprehensive set of policies covering financial development, technological innova-
tion, and other relevant areas such as GDP growth, economic globalization, and population growth. 
Regarding financial development, these countries must make greater efforts to establish an in-
clusive financial system that creates financial resources to support GDP growth together with 
improving environmental quality. Specifically, the financial system should prioritise capital 
allocation to environmentally friendly projects. Economic activities and investments can be 
stimulated by financial development; however, it can also have a negative impact on the envi-
ronment, especially in countries where economic growth is often prioritised over sustainabil-
ity. For instance, Figure 1 demonstrates that countries with financial development levels that 
exceed the average are more likely to experience severe environmental degradation than those 
with lower levels. Therefore, the financial system’s role in securing funding for environmental-
ly responsible and sustainable projects is of the utmost importance, particularly for nations with 
relatively high levels of financial development, including India, Iran, Jordan, Lebanon, Mon-
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golia, Pakistan, the Philippines, Sri Lanka, and Vietnam. Conversely, the remaining countries 
in the sample – Bangladesh, Bhutan, Cambodia, Kyrgyz Republic, Lao PDR, Myanmar, Nepal, 
Tajikistan, Timor-Leste, and Uzbekistan – display relatively low levels of environmental deg-
radation and financial development. The promotion of financial development in these countries 
should be emphasised in conjunction with sustainability objectives.
To promote technological innovation, these nations should emphasize enhancing innovation ca-
pacities, specifically targeting the development of technology aimed at reducing environmental 
damage. Furthermore, to foster innovation in the financial sector, technology must be integrated 
into the improvement of financial services. Research results suggest that nations with reduced 
technological innovation experience significantly more severe environmental degradation. This 
underscores the importance of technology-driven solutions that can help advance sustainable 
development goals. Bhutan, Cambodia, Kyrgyz Republic, Lao PDR, Lebanon, Mongolia, Myan-
mar, Nepal, Tajikistan, and Timor-Leste are all countries in Group 1b that are growing more vul-
nerable to environmental degradation, while their levels of technological innovation are relatively 
low. These countries must increase their technological innovation capacity in order to achieve 
sustainable development. To achieve this, it is essential to prioritize the cultivation of indigenous 
innovation ecosystems through the enhancement of international collaboration to enable technol-
ogy transfer. In contrast, nations in Group 2b, such as Bangladesh, India, Iran, Jordan, Pakistan, 
the Philippines, Sri Lanka, Uzbekistan, and Vietnam, have achieved significant advancements in 
technological innovation. The commercialization of sustainable technologies must be accelerated 
while fostering innovation in these nations. This will allow them to fully exploit the benefits of 
innovation in achieving long-term development goals and environmental sustainability.
Also, these countries should enhance economic growth and globalization by utilizing the advan-
tages of globalization and adopting suitable measures to prevent environmental damage. Further-
more, population growth should be accompanied by improvements in human capital quality to en-
sure that excessive population expansion does not become an obstacle to sustainable development.
This study has successfully looked at how financial development and technological innovation 
affect environmental damage in lower-middle-income Asian countries, while also exploring 
how financial development and technological innovation are related to each other. However, 
it has certain limitations. Firstly, the data limit has prevented the authors from estimating the 
model for individual countries and from expanding the dataset to include other regions. More-
over, this study focuses on the lower-middle-income Asian countries to suggest policy implica-
tions for this group. In fact, the impact of financial development and technological innovation 
on environmental degradation may vary across different country groups, such as upper-mid-
dle-income or high-income countries. However, this issue has not been addressed in this study. 
Next, with regard to measuring financial development, this study uses a composite index. This 
approach has the advantage of capturing the multidimensional nature of financial development. 
However, it has certain limitations, especially the inability to distinguish specific aspects of fi-
nancial development in detail. With respect to technological innovation, this study uses the total 
number of patent applications (including both residents and non-residents) as a proxy. While 
this indicator effectively reflects actual innovation outcomes in each country, it has limitations 
in that it does not capture input factors such as R&D expenditure, nor does it reflect the extent of 
technology adoption, such as ICT indicators. Finally, due to data limitations, the study is unable 
to consider the role of country-specific environmental policies, which could have helped further 
contextualise and clarify the empirical findings. Future studies can address these limitations to 
develop more intriguing research directions.
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