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Countries’ participation in the global value chain is significant since it offers them economic benefits. 
However, the sustainability of life on Earth depends on figuring out how participation in the global 
value chain affects the environment. Therefore, examining the environmental effects of participation in 
the global value chain is crucial for the formation, development, or modification of policies concerning 
nations’ participation in the global value chain. This study aims to examine the influence of variables 
such as participation in global value chains, technological eco-innovation, natural resource rents, GDP, 
and population growth on the degradation of the environment in the EU-14 nations. Indicators of 
environmental deterioration in the research included carbon emissions and ecological footprint. Data 
on population growth, economic development, carbon emissions, and natural resource rents were 
all taken from the World Bank database and utilized in the research. Data on ecological footprints, 
global value chain involvement, and technical eco-innovation were gathered from the Global Footprint 
Network, the UIBE GVC Laboratory, and the OECD database, respectively. The MMQR approach 
was used in the research to analyze yearly data for EU-14 nations spanning the years 2007–2021. 
KRLS and Driscoll-Kraay techniques were also used in the research to assess robustness. The findings 
indicate that participation in the global value chain across EU-14 nations leads to a decrease in 
carbon emissions and ecological footprint, resulting in enhanced environmental quality within these 
countries. Once again, research indicates that in EU-14 nations, technological eco-innovation lowers 
carbon emissions and ecological footprint. At all quantile levels, it is also discovered that natural 
resource rents raise carbon emissions and ecological footprint. Additionally, it was discovered that the 
outcomes of the robustness test agreed with the conclusions drawn. According to the study’s findings, 
the EU-14 countries should give priority to eco-friendly value chain management techniques in order to 
maintain environmental quality.
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Environmental degradation and climate change (hereafter, CC) have taken center stage on the global agenda 
in recent years. The previous half-century’s tremendous population expansion and rising human requirements 
(food, housing, etc.) provide the background for these problems1,2. Global production of goods and services 
has expanded as a result of population expansion and rising human demands, but because of growing energy 
consumption and the usage of fossil fuels, greenhouse gas emissions (hereafter, GGE) have also skyrocketed3,4. 
Over time, humanity’s unsustainable mindset has exacerbated environmental deterioration by harming 
agriculture, water supplies, natural life, and, most importantly, human health5,6. Today, approximately 80% of 
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the global population lives in countries with environmental problems7. Because of this circumstance, it is now 
essential to assess the degree of environmental deterioration and take appropriate measures to find a solution. 
One of the most significant markers of CC and environmental deterioration is carbon emissions (hereafter, CE) 
which measure the quantity of carbon dioxide gas released into the atmosphere as a result of human activity. 
CE contributes to nearly 72% of global GGE8–12. However, a more thorough evaluation has recently employed 
the ecological footprint (hereafter, EF), based on the notion that focusing solely on CE does not provide a 
comprehensive assessment of CC and environmental concerns13,14. The EF, a result of all human activities on 
nature, refers to the biologically productive land area required for resource consumption and waste absorption 
in a specific location15,16. The EF encompasses the underlying resource demands of cropland, forests, pastures, 
fishing grounds, urbanized areas, and carbon sequestration17. Sustainable development goals are incompatible 
with increases in the EF, such as CE. Governments and policymakers are now more inclined to act to lessen 
the consequences of CC and cut GGE because of how severe the situation is. In this sense, the Paris Climate 
Agreement of the United Nations aims to cut GGE by 40–70% by 2050 compared to the pre-industrial period 
and restrict global temperatures to 1.5 °C18–21. However, the UN’s 17 Sustainable Development Goals (SDGs), 
also known as “Agenda 2030”, specifically focus on clean energy, responsible production and consumption, and 
climate and environmental actions that align with climate targets. In this regard, it offers crucial suggestions to 
all nations for the sustainable use of natural resources up to 2030 in line with SDGs 8 and 1222. This seeks to 
prevent the negative effects of material consumption and natural resource depletion on the environment while 
also guaranteeing that nations will have enough resources in the future.

Environmental issues have escalated in both the EU-14 countries and globally. In this case, diversification 
and an increase in the amount of economic activity are crucial. Even if there isn’t a significant population 
increase in the EU-14 countries right now, the 344 million people living there might have an adverse effect on 
the environment. Since the early 1960s, the average annual growth rate of the EU-14 countries has been around 
6%. As of 2021, it has a GDP of about $15 trillion, which is 15% of the global GDP aggregate. Emissions of CO2 
totaled 2109 metric tons in the same year. From 1970 to 2004, CE rose from 2604 metric tons to 2898 metric 
tons, but after 2004, they improved23. According to EF measures, the global EF was 100.25 hectares in 2007 and 
75.94 hectares in 202124. In addition to CE, the EF has improved. Considering these factors, even if there have 
been some positive developments recently for EU-14 nations, more work has to be done to lower CE and EF 
to lessen the effects of CC and environmental degradation. A more thorough analysis of the factors influencing 
CE and EF is necessary to accomplish this. Finding the factors that assist EU-14 countries in lowering their 
ecological footprint and CO₂ emissions, as well as offering suitable policy suggestions for these factors, is the 
study’s main objective. First of all, the research must incorporate several environmental and climatic parameters 
since CO₂ only offers a limited understanding of the evaluation of environmental damage and climate change. 
EF’s inclusion in this context fills in the gaps in the literature by offering a different viewpoint.

The literature has extensively studied several factors in relation to their effects on environmental quality, 
which in turn affects CE and EF. These factors include economic growth and income increase25,26. technological 
development and innovation27,28, clean energy use29,30, population growth31, and trade32. This study focuses on 
how involvement in the global value chain (hereafter, GVC), technological eco-innovation, natural resource 
rents (hereafter, NRR), economic development, and population growth influence CE and EF in EU-14 countries, 
in contrast to studies in the literature. The literature for EU-14 countries has not previously examined the 
relationship between GVC participation and CE, the relationship between GVC participation and EF, how 
NRR affect CE and EF, how population growth affects CE and EF, and the relationship between technological 
eco-innovation and EF. In light of these issues, we hope that our study will substantially fill in the gaps in the 
literature. Given these problems, it is anticipated that this study will offer new information on addressing gaps in 
the literature and on potential solutions for important stakeholders, including governments and policymakers.

The nations that make up the G-7 represent a significant portion of the global GDP. These nations rank 
highly among the world’s most developed and are major exporters of high-tech goods. However, it is also clear 
that these highly industrialized nations contribute to global warming. Countries decrease trade barriers and 
participate in international trade as a result of globalization. Participation in global value chains is crucial for 
demonstrating the amount that each country participates in international trade. Participation in global value 
chains may be crucial for economic expansion, but its effects on the environment are controversial. Testing the 
impact of global value chain participation on environmental quality within the G-7 is of importance since these 
nations are both industrialized and heavily engaged in international trade. Given that these nations contribute 
significantly to the global GDP, it is believed that examining the impact of global value chain participation on 
environmental quality in these nations would significantly advance the body of study.

We anticipate that certain fundamental results about the effects of GVC participation, technological eco-
innovation, NRR, economic development, and population growth on CE and EF outside the EU-14 countries 
will guide this study. The research on the relationship between GVC and CE began with33,34, and several studies 
have looked at this relationship from a variety of angles21,35,36. The relationship between GVC and EF has not 
received much attention18. Instead of being in charge of the full manufacturing process, participating countries in 
the GVC are in charge of one or a few phases35. Nations can reduce their EF and CE by relocating manufacturing 
operations that may harm the environment in their own country to other countries. The research does, however, 
also show that GVCs emit far higher emissions than domestic manufacturing37. While industrialized nations 
reap the benefits of GVC, its adverse environmental effects disproportionately impact emerging nations. For 
EU-14, the expectation is that the GVC’s participation will improve environmental quality. Nations’ overuse 
of natural resource, in addition to GVC, negatively impacts environmental quality. Important contributors to 
environmental deterioration and CC include NRR or changes in NRR17,38. NRR usually make the environment 
worse, according to studies that looked at CE39–41 and EF17,42,43. Thus, it is plausible that NRR might have a 
significant impact on the environmental quality of EU-14 nations.
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The research highlighted that the use of fossil fuels significantly contributes to the rise in GGE. The primary 
reason for this is the fast population expansion and rising human demands, which necessitate the production of 
more goods and services. Increased production and actual economic growth lead to a greater demand for energy 
and natural resource. Consequently, this circumstance has a detrimental impact on EF levels and CE26,31. The 
EU-14 countries’ present population numbers and the rapid economic growth they have seen over time have 
had some detrimental effects on environmental quality. However, technological advancements that allow for 
more effective and less fossil fuel consumption can minimize or limit the negative consequences of population 
growth and economic expansion on environmental quality27. New technologies that increase energy efficiency 
can accomplish the same quantity of production with less energy. This method reduces CE44. Eco-friendly 
technological advancements are also helping to drastically cut GGE45. As is the case for other countries, we 
anticipate energy efficiency and eco-friendly technological improvements to restrict CE and minimize GGE in 
the EU-14 countries.

Examining the variables influencing CE and EF, which serve as measures of environmental quality for the 
EU-14 from 2007 to 2021, is the study’s main objective, taking into account all of these concerns. The study 
also fills several significant gaps in the literature. First, as was already noted, the ecological footprint was 
incorporated into the study due to the fact that CO₂ is not a sufficient criterion for evaluating climate change 
and environmental damage. There isn’t much research that looks at these two factors at the same time. Filling 
the gaps in the research in this area requires careful consideration of environmental and climatic factors using 
two distinct models. Second, the EU-14 has not been the subject of any research in the literature. The effect 
of GVC, natural resource rent, technological innovation, and population increase on CO₂ and EF for EU-14 
countries is not well studied. The literature is seen as needing to offer a new and different perspective on the state 
of environmental degradation in the EU-14 countries, as well as the climatic and environmental consequences of 
their current economic development. The primary motivation for our study is all of these issues.

We created two distinct models within the study’s parameters, considering independent variables such as 
GVC participation, technological eco-innovation, NRR, economic development, and population growth, and 
dependent variables like CE and EF46. novel method, the Method of Moments Quantile Regression (MMQR), 
which considers estimates of the impacts of independent variables at various percentiles, is one of the significant 
contributions to the research gaps. We tested the robustness of the model using the KRLS method and the 
Driscoll-Kraay estimator47. This highlights yet another significant contribution to the study. Furthermore, It is 
crucial that the contributions made to the literature by the study have innovative value. The precise position of 
the EU-14 countries in terms of environmental degradation, the fact that there is a new and different perspective 
on the environmental and climatic effects of their current environmental degradation, the fact that there is a 
significant gap in research on the impact of GVC, natural resource rent, economic development, and population 
growth on CO₂ and EF for EU-14 countries, and the fact that all of these contributions are presented with the 
most innovative methodologies and estimators reveal the innovative value presented by this study that will shed 
light on future studies.

The study’s content is outlined below: The second section, which follows the introduction, contains the 
literature review. This section discusses empirical data pertaining to the relationship between environmental 
quality and all topics. Here, we describe the relationship between these ideas and environmental quality, 
supported by empirical evidence. This section is a guide for the results of the study. The third section provides 
comprehensive descriptions of the methodology and dataset. This section also introduces two distinct models 
that handle the empirical relationships between variables. The fourth section includes empirical results and 
discussions on these results, while the fifth section presents conclusions and policy recommendations.

Literature review
Nexus between GVC and environmental quality
GVC is a structure that distributes a product’s production processes globally, rather than centralizing them in 
a single country. Instead of having complete responsibility for all processes, the countries that are part of this 
structure are in charge of one or a few production phases35. Companies in different countries now separate 
the production of goods and services into distinct areas within the framework of comparative advantages 
due to declining costs and trade restrictions37. Countries participating in the GVC also experience certain 
environmental effects. Research on the relationship between GVC and CE began with33,34 research. In the 
literature, there are several investigations in this area36. study, particularly noteworthy when considering recently 
completed studies, examined the relationships between GVC participation and CE in 12 Regional Comprehensive 
Economic Partnership (RCEP) countries between 2000 and 2017. We separately examined the study’s findings 
at the country and industry levels, using panel data and spatial econometric analysis methodologies. First, 
GVC forward participation decreased CE by enhancing production technologies, but backward participation 
raised CE by expanding trade size, according to the country-level data. In terms of spatial effects, backward 
participation raised CE in the host country, whereas forward participation decreased CE in both the host 
and neighboring countries. At the industry level, high- and mid-tech manufacturing and productive service 
industries have decreased CE more than other industries due to increasing forward participation of GVCs in 
these industries. Low-tech manufacturing industries have seen a greater growth in CE than other industries 
due to the increased backward participation of GVCs48. examined the effects of GVC participation on CE in 62 
countries between 1995 and 2011. Both the panel random and fixed effects models reveal an inverted U-shaped 
relationship between GVC participation and CE. This is true for the whole economy or for a group of industries. 
However, we anticipate a decline in CE in countries with low incomes or low levels of GVC participation in 
the short to medium term. Based on quarterly data from 1995Q1-2014Q2, the study by Assamoi et al. (2020) 
examined the effects of participation in GVCs on CE in 11 Asian countries. The study used cointegration and 
causality tests, particularly FMOLS and DOLS, to analyze this relationship. The findings demonstrate that 
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increased GVC participation lowers CE. Similarly, while increasing growth and energy consumption have also 
resulted in more CE, trade openness has also driven down CE. In the top ten emitters of CO249, investigated the 
effects of GVC on the environment from 1995 to 2018. Pooled mean group ARDL (PMG-ARDL) and Granger 
causality tests form the basis of the empirical investigation. The results showed that, over time, GVC has a 
detrimental effect on energy consumption, economic growth, and environmental quality. On the other hand, 
environmental quality improves as economic complexity and financial development rise. There is evidence of 
short-term causality running from CO2 to economic complexity and from GVC to CO2. Long-term findings 
demonstrate a bidirectional causality between GDP, energy consumption, financial development, economic 
complexity, and GVC.

There is research that looks at the relevant mechanism within the context of GVC and EF, in addition to 
the relationship between GVC and CE. However, the literature provides relatively little information about the 
relationship between GVC and EF. There are more studies based on carbon footprints than EF. The research by16 
is one of the few that focuses on the relationship between GVC and the EF. This study uses panel data from 53 
countries to examine the effects of agricultural GVC location on EF for the years 1995–2018. As the agricultural 
GVC position improved, the EF decreased, according to the results of the comparative panel regression study. 
Another study, which examined heterogeneity, found that an improvement in the agricultural GVC position had 
a greater negative impact on the environmental impact of middle- and low-income countries. Another study 
by50 used hierarchical structural decomposition analysis to look at the factors that affected changes in the carbon 
footprints of multinational corporations. They used data from 34 industries and 59 countries (36 OECD and 23 
non-OECD) from 2005 to 2016 to do this. The study’s conclusions demonstrated that the distribution of GVC 
production networks and the carbon footprints of multinational firms match. Furthermore, economies closely 
linked to GVCs have made encouraging progress in lowering domestic CE51. also examined the emissions caused 
by China-US trade in 189 countries and 26 sectors in the period 1996–2015, based on the GVC perspective. The 
fundamental technique for analyzing the relationship is the hypothetical extraction method (HEM). According 
to the findings, Chinese exports to the US have mostly raised CE in China and the US, as well as in Asian, 
European, and African countries, whereas US exports to China have primarily raised CE in Asian, European, 
and North American countries.

Nexus between natural resource rent and environmental quality
Environmental deterioration is also significantly influenced by NRR. NRR are the difference between a 
commodity’s price and its average cost of production. Because natural resources are scarce, intense exploitation 
of them always yields profits that are far higher than their costs. Total NRR are the sum of oil rents, natural gas 
rents, coal rents, mining rents, and forest rents23. Abuse of natural resources can lead to negative environmental 
and climatic effects, as well as the depletion of a country’s current capital reserves. Numerous studies have 
looked at the relationship between the EF and NRR, as well as the relationship between NRR and CE. There 
is substantial evidence that the NRR raises CE39,42,52. The study by39 examined the relationship between 
environmental quality and the volatility of natural resource commodity prices in the G-7 countries between 
1990 and 2020. In the study, the indicator of environmental quality is CE. They employed methods of Moment 
Panel Quantile Regression (MMQR), panel cointegration, and panel causality. Empirical results showed that 
natural resource commodity prices harm environmental quality by increasing CE levels in all three quantiles 
(Q0.25, Q0.50, and Q0.75). On the other hand41, used data from the E-7 countries to examine the relationship 
between CE and the NRR for the years 1990 to 2018. To investigate these relationships, the study employed 
Driscoll-Kraay fixed effect-OLS estimators and panel quantile regression. The findings showed that coal and 
natural gas rent positively impact CE. However, oil rent has negatively affected CE52. examined the relationship 
between globalization and CE from 1996 to 2017, again focusing on G-7 countries and accounting for NRR. 
They used the CS-ARDL method for both short- and long-term empirical results. Empirical findings indicate 
that natural resources, in addition to economic globalization, also contributed to an increase in CE. However, 
the research recommended implementing measures to reduce CE over a longer time frame than a year or so.

After scrutinizing the research on the relationship between NRR and CE43, also explore the relationship 
between NRR and EF. Based on the time series of the South African economy43, investigated the impact of 
changes in the price of natural resources on the EF from 1975 to 2019. Mineral resource rent was used as a proxy 
instead of NRR. The findings indicate that mineral resource rents increase the EF within NRR. Causality testing 
has also verified this. The study by14 attempted to ascertain the impact of renewable energy, NRR, and foreign 
direct investment (hereafter, FDI) on the EF level in China between 1990 and 2017. FMOLS, DOLS, CCR, and 
spectral causality techniques were used to estimate these relationships. The findings indicated that the utilization 
of renewable energy sources and NRR facilitated long-term EF reduction. Yet, the same findings indicated that 
FDI increased China’s EF17. conducted another study on the subject. This study, which used data sets from 17 
Latin American countries, examined the relationship between environmental deterioration and the EF between 
1980 and 2016. A number of factors, including NRR, influence the EF. Natural resource rents’ impact on the EF is 
heterogeneous across the distribution, according to the panel quantile regression method’s findings. Researchers 
have noted that the EF in the lower percentiles increases with the degree of inequality in the utilization of 
the region-specific climatic distribution of natural resources, while it decreases at the same rate in the upper 
percentiles. For the 15 countries that use the most renewable energy worldwide41, looked at the non-linear 
relationship between EF, NRR, and renewable energy use from 1996 to 2018. The Panel Smooth Transition 
Model framework examined non-linear relationships. The findings indicate that EF and NRR have a positive 
relationship, whereas the use of renewable energy has a negative relationship in both low and high regimes53. 
attempt to identify the basic relationship between natural resource rent, financial development, global value 
chain involvement, and their combined effects on environmental footprints in 60 chosen countries between 
1996 and 2018. The “Quantile Autoregressive Distributed Lag Model” is a modern and new technique employed 
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in this study. According to the study’s findings, more participation in the global value chain, improved financial 
development, and larger natural resource rents all contribute to environmental deterioration at various quantiles 
in the chosen economies.

Nexus between GDP, population and environmental quality
Increases in population and economic growth are significant contributors to CC. In the end, rising demands 
and population growth call for higher output levels. Increased productivity and actual economic growth lead 
to a greater demand for energy and natural resources. Therefore, this condition also affects EF levels and CE 
levels25. looked at how economic growth affected CE in the context of the Turkish economy from 1980 to 2016. 
As demonstrated by the ARDL method’s results, economic growth raises CE levels over the long and short terms. 
The Toda-Yamamoto causality test results also revealed that the relationship runs from growth to CE54. used 
data from 1971 to 2014 to investigate how economic growth affected CE in oil-exporting nations. The study’s 
conclusions supported the environmental Kuznets curve’s validity for nations that export oil. According to the 
causality results, there is a bidirectional causality between economic growth and CE. Within the context of EF26, 
investigated a comparable relationship. The findings for Pakistan from 1974 to 2017 show that the country’s EF 
grew as a result of economic growth. The linear ARDL method and linear Gaussian model were used to examine 
the relationships between variables. The shared outcome of two investigations, conducted at different times and 
in separate countries, was the same for both Pakistan and Turkey55. study highlights the environmental effects 
of India’s economic and financial growth by investigating the complex relationships between economic growth, 
financial development, ecological footprint, and carbon emissions. The study employs a Vector Error Correction 
Model (VECM) to ascertain the short-term and long-term cointegration relationships between these variables, 
spanning the years 1990 to 2022. The Granger causality test based on VECM demonstrates a substantial long-
run relationship between economic growth, financial development, ecological footprint, and carbon emissions. 
In addition, the findings suggest a positive correlation, indicating that carbon emissions increase in tandem with 
economic growth, financial development, and ecological footprint.

56 also examined a similar relationship for African countries. The research accounted for the impacts of 
population expansion even though its primary focus was on the relationship between FDI and CE. The results 
of two-stage least squares (2SLS), fixed effects, and GMM estimates for the years 1990–2020 demonstrate how 
complicated the relationship between population increase and CE. Therefore, policymakers should prioritize 
FDI investments that align with carbon-neutral growth by investing in human capital and maintaining a balance 
between sustainability and population expansion57. looked at Russia’s EF links and demographic shifts between 
2000 and 2021. According to estimation results from FMOLS, DOLS, CCR, and ARDL, economic biodiversity 
losses would occur from rising urbanization levels and population growth. Based on the utilization of natural 
resources, it is evident that population and economic growth have a detrimental impact on environmental 
indicators like CE and EF and consequently contribute to CC. Using static panel estimation techniques and 
annual data from 2000 to 202258, reexamine how population growth and energy consumption affect emissions 
and whether this interaction lessens or increases the impact of energy consumption on emission persistence 
for 24 African countries. The results of a panel data study show that carbon emissions fall as energy usage rises. 
Population growth, on the other hand, reduces both the permanency and the positive impact of energy use on 
carbon emissions.

Nexus between technological eco-innovation and environmental quality
Due to increased growth and production levels, technological advancements raise the need for energy. Despite 
the benefits of growth, countries whose industrial methods rely on the use of fossil fuels also incur costs such 
as GGE and environmental degradation45,59,60. However, because of technological advances and eco-friendly 
technologies, manufacturing practices that save energy and resources help lessen negative impacts on the 
environment and climate by reducing dependency on non-renewable resources and other fossil fuels61,62. 
Studies in the literature have also provided support for this scenario. In nine countries in West Asia and the 
Middle East between 1990 and 201728, also investigated the effects of technological innovations on the EF. 
The study that employed panel cointegration and panel causality methodologies found that the EF decreases 
as technological eco-innovation increases. Furthermore, research reveals a bidirectional causal relationship 
between technological eco-innovation and EF. Therefore, in order to increase the degree of technological eco-
innovation for both ecological sustainability and sustainable development, more funding should be allocated to 
research and development. For the top ten manufacturing countries between 1990 and 202045, used the MMQR 
approach to investigate the effects of technological advancement and renewable energy on energy efficiency and 
carbon neutrality. The results revealed a positive and significant role of technology in reducing GGE.

63 conducted research that examined the effects of technological innovation on ecological sustainability in the 
top SDG countries between 1994 and 2018 using the load capacity factor as a framework. The MMQR findings for 
various quantiles demonstrated that technological eco-innovations significantly lower the load capacity factor64. 
studied the impacts of air transportation, globalization, environmental taxation, and green innovation on the EF 
between 1994 and 2020 in the first of two studies based on G-7 countries. The results obtained using the MMQR 
method showed that the role of green innovation in reducing environmental pollution is quite significant. The 
combination of green innovation with air transportation has lowered environmental pollution, despite the 
fact that it increases emissions. This situation shows the importance of making comprehensive investments 
in eco-friendly technologies. In their second research62, examined the relationship between information and 
communication technologies, economic complexity, technological innovation, renewable energy, and EF using 
data from 1990 to 2020. This study focused on G-7 countries.The MMQR findings showed that technological 
progress prevents EF at all quantile levels.
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The state of art of the review and suggestions for future research
This part examines studies conducted after 2020 to address recent advancements in the literature and provide 
guidance for future research. In the introduction and literature review sections, five factors that impact 
environmental quality are considered. First, GVC’s effects on CO236,51 and GVC’s effects on EF16 were looked 
into. More agricultural GVC16 and forward links36 are good for the environment, according to a number of 
studies from different times and groups. However, trade between the US and China had a different outcome. 
China’s exports to the US raise CO2 emissions not just in China but also in Asian, European, and African 
countries. On the other hand, US exports to China increase CO2 emissions in Asian, European, and North 
American countries51. Second, following 1990, the majority of research on the impacts of NRR on CO2 and EF 
examined the topic14,41,42. Research has concentrated increasingly on the relationship between EF and NRR. In 
the quantile regression framework for Latin American countries and the oil rent framework for E-7 countries41, 
NRR raises environmental deterioration in the lower percentiles. Long-term ecological footprint reduction in 
China has been facilitated by the utilization of renewable energy sources and the rental income from natural 
resources14. Incorporating non-linear relationships in addition to linear interactions yielded different results. 
The Panel Smooth Transition Model framework demonstrated a positive relationship between ecological 
footprint and natural resource rent at both low and high levels42.

GDP growth and population growth also negatively affect environmental quality. This condition is further 
supported by the results explicitly obtained for Russia57, Pakistan26, and Turkey2754. study, which examined the 
group of oil-exporting countries, found a two-way relationship between GDP growth and CO2. In the group 
of African countries, positive developments in human capital levels were highlighted as the basic condition for 
population growth to positively affect environmental quality56. Recent years have also emphasized the impact 
of technological innovation on environmental quality. New technologies and inventions have a positive effect 
on both CO2 and EF levels, according to research done across a variety of time periods and nations28,45,62,64. 
Technology advancements also improve environmental quality across all quantiles, according to the results of 
the current MMQR approach. The main reasons for this are the rise of manufacturing methods that use less 
energy and resources, thanks to new technology and inventions that are better for the environment, and the fall 
in dependence on fossil fuels and nonrenewable resources.

The main question of this research is how and in what direction GVC and NRR will impact environmental 
quality in the EU-14, based on trends in the literature. The effectiveness of the MMQR method, one of the most 
recent and innovative approaches, in describing environmental quality is another research question. There are a 
few significant research gaps in the examined literature. The first research gap is the lack of consideration for the 
opinions of EU-14 countries. Second, the literature has only examined environmental quality metrics in terms 
of CO2 or EF. No research has combined the two factors. This study fills these gaps in the literature. However, 
we recommend that future studies address more research gaps. Among the study gaps, future studies should 
also include environmental quality metrics as material and water footprints. In terms of environmental quality, 
it is thought that country-specific legal and institutional regulations, the impact of bilateral trade between 
countries on regional and global environmental quality, and taking into account environmental quality within 
the framework of non-linear relationships are all crucial in addressing the research gaps.

Data and methodology
The goal of this research is to look at how the EU-14 countries’ CE and EF are affected by participation in the 
GVC, technological eco-innovation, natural resource rents, economic development, and population expansion. 
Data from 2007 to 2021 are utilized for the EU-14 nations (Denmark, France, Greece, Italy, Netherlands, Spain, 
Austria, Finland, Germany, Republic of Ireland, Luxembourg, Luxembourg, Portugal, Sweden, and Belgium). The 
study’s dependent variables are the CE (Appendix A has a map showing the average carbon emission values for 
each EU-14 nations from 2007 to 2021) and EF (Appendix B has a map showing the average ecological footprint 
values for each EU-14 nations from 2007 to 2021). The study’s independent variables—participation in the GVC, 
technological eco-innovation, natural resource rents, economic development, and PG—are represented by two 
distinct models. Table 1 shows the study’s variables along with their description and source65,66.

The Model I and Model II created for the research are as follows:
Model I:
CO2it = αi + β1 GVCPit + β2 TEIit + β3 NRRit + β4 GDPit + β5 POPGit + εit.
Model II:
EFit = αi + β1 GVCPit + β2 TEIit + β3 NRRit + β4 GDPit + β5 POPGit + εit.

Variable code Variable Explanation of the data Data source

CO2 Carbon Emissions Metric tons of CO2 emitted per person 24

EF Ecological Footprint Ecological footprint per individual (measured in world hectares) 25

GVCP Global Value Chain Participation Global Value Chain Participation Rates 65

TEI Technological Eco-Innovation Patents in Environment- Related Technologies 66

NRR Natural Resource Rents Natural Resource Rents (% of GDP) 24

GDP Economic development GDP per capita (constant 2015 US$) 24

POPG Population Growth Population growth (Annual %) 24

Table 1.  Detailed explanation of the variables.
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Two models were developed in the research because carbon emissions and ecological footprint are two 
distinct environmental degradation indicators. The acronyms for carbon emissions, ecological footprint, GVC 
participation, technological eco-innovation, natural resource rents, economic development, population growth, 
and error term are CO2it, EFit, GVCPit, TEIit, NRRit, GDPit, POPGit, and εit, in that order.

Bar charts are shown in Fig. 1 to illustrate how variables have changed over time within the data range and 
across the nations that were part of the study.

A novel approach of Moments Quantile Regression (MMQR) has been used in this work46. created the 
MMQR method. The use of this econometrics analytical technique highlights the need for empirical modeling 
and estimate to account for the possibility of causal effects occurring across different quantiles or not67. 
The MMQR estimation technique is particularly helpful when the panel data model comprises endogenous 
explanatory factors and is combined with individual effects40. When compared to the ordinary least squares 
(OLS) approach, which only estimates the mean effect of the independent variables on the dependent variable, 
this methodology yields findings with even higher precision68. Several of the disadvantages of conventional 
regression models, including FMOLS and AMG, are addressed by the MMQR model46,69–71. With non-normal 
data, outliers, weak correlations, and non-parametric distributions, it produces reliable findings71. The MMQR 
model provides reliable estimates in nonlinear circumstances when compared to other nonlinear models72. This 
approach allows one to estimate the conditional quantiles based on conditional means by combining predictions 
of the location and scale functions73. It links explanatory factors to quantiles of dependent variables to produce 
findings, and it is resilient to heterogeneity, normality, outliers, and endogeneity74.

The conditional quantile model may be described as follows using estimations of the scale and location 
parameters:

Regarding the conditional quartile Qτ (τ |Ait)

	 CO2it = βi + Äitµ + (ώi + ‘P’itϕ )Eit

	 EF it = βi + Äitµ + (ώi + ‘P’itϕ )Eit

The parameters that need to be estimated are ß, µ, ώ, and ϕ . Also included is the probability that (ώi + ‘P’itϕ ) 
and equals 1. As the individual fixed effect, the discrete “i” is used. The converted element “P,” denoted by the 
letter f, displays the selected elements of A’s k-vector as follows:

	 Pf = Pf (Y) , f = 1,2, . . . . . . , n

Since Äit shows an independent and consistent distribution for every “f,” time (t) has no effect on it. To satisfy the 
moment requirements of MMQR, Eit must be appropriately orthogonally normalized to Ait and re-distributed 
across the individual’s “f ” at time (t). Once the equation is modified, the following equation is produced:

	 Qτ (τ |Ait) = (βi + ώiq (τ )) + Äitµ + ‘P’itϕ q

The vector parameters of the independent variables, GVCP, TEI, NRR, GDP, and POPG, are shown as Äit, 
and the quantile distribution of the dependent variables, CO2it and EF it, are defined as Qτ (τ |Ait). The 
sample quantile, such as (τ − th), represents the function of q(τ). The optimization issue may be derived using 
the following:

	
Minq =

∑
i

∑
tσ τ (Mit − (ώi + ‘P’itϕ )q)

The function of verification is shown as follows in the equation:

	 “ σ τ (M = (τ − 1) ḾI
{

Ḿ ≤ 0
}

+ T ḾI{M>̈0}”

In order to provide more confidence to the empirical findings derived from the research, the robustness of the 
MMQR outcomes has been investigated using the methods of Kernel-Based Regularized Least Squares (KRLS) 
and Driscoll-Kraay estimator in the present work75. presented the KRLS, a machine-learning approach to 
regression analysis. Regression analysis without predetermined assumptions and requirements is made possible 
by this approach76. Because the parameters of the KRLS model are provided as the average derivatives of the 
better fitted model, it is more robust against misspecification77. We also use the Driscoll-Kraay estimator, which 
has the benefit of accounting for heteroscedasticity and cross sectional dependence.

Figure 2 shows the study flow that we used for the investigation in phases.

Results and discussion
The results of the analysis are presented in this section of the research. We will begin by giving some background 
information on the variables included in the research. The descriptive statistics for the variables in the study are 
shown in Table 1. For each variable, 210 observations are available. It has been determined what the mean values 
are for each of these variables: the CO2 variable is 7.727361, the EF is 6.149381, the GVCP is 0.2179609, the TEI 
is 266.76, NRR is 0.2821424, GDP is 44339.61, and the POPG variable is 0.5101758. The standard errors for each 
variable are as follows: 3.514983 for CO2, 2.328527 for EF, 0.1051557 for GVCP, 281.1528 for TI, 0.368733 for 
NRR, 21289.59 for GDP, and 0.6697201 for POPG. Table 1 also displays each variable’s minimum and maximum 
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values. At a significance level of 0.01 the data for CO2, EF, GVCP, TEI, NRR, GDP, and POPG significantly 
deviate from a normal distribution, according to the Jarque-Bera (J-B) normality test.

Once the descriptive statistics of the variables in Table 2 have been examined, the multicollinearity issue is 
investigated using the VIF test. Table 3 displays the outcomes of the VIF test. If the VIF is more than 10, there 

Fig. 1.  Bar Charts of the Variables. Note: 1 represents Belgium, 2 represents Denmark, 3 represents Germany, 
4 represents Finland, 5 represents France, 6 represents Greece, 7 represents Ireland, 8 represents Italy, 9 
represents Luxembourg, 10 represents Netherlands, 11 represents Austria, 12 represents Portugal, 13 represents 
Spain, 14 represents Sweden.
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is cause for concern78,79. Tolerance below 0.1 indicates a serious problem80. Analysis of the data reveals that the 
variables’ VIF values are less than 10 and the tolerance values surpass 0.10. Thus, it is easy to draw the conclusion 
that multicollinearity is not a problem.

We evaluate the cross-sectional dependence among several cross-sections using the Pesaran (2004) CD test. 
Results from the Pesaran CD (2004) test, which are shown in Table 4, show that all of the data—aside from 
POPG—have cross-sectional dependency.

Variables VIF 1/VIF

GDP 5.54 0.180415

GVCP 4.54 0.220087

POPG 2.38 0.420578

TEI 1.22 0.820567

NRR 1.06 0.943192

Mean VIF 2.95

Table 3.  VIF results.

 

Variable Number of observations Mean Standard errors Min. Max. Jarque-Bera Prob- value

CO2 210 7.727361 3.514983 3.242989 23.15534 79.61 0.0000

EF 210 6.149381 2.328527 3.67 15.49 76.20 0.0000

GVCP 210 0.2179609 0.1051557 0.08579 0.51559 28.21 0.0000

TEI 210 266.76 281.1528 2.6 1302.9 74.43 0.0000

NRR 210 0.2821424 0.368733 0.0047514 2.107733 82.68 0.0000

GDP 210 44339.61 21289.59 17283.25 112417.9 55.72 0.0000

POPG 210 0.5101758 0.6697201 -1.853715 2.89096 21.18 0.0000

Table 2.  The variables’ descriptive statistics.

 

Fig. 2.  Flow of study.  Source: Author’s drawings.
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The next stage is to conduct the analysis using the MMQR technique after the presentation of the descriptive 
statistics, VIF test results and Pesaran CD (2004) test findings. The MMQR results for Model I and Model II are 
shown in Table 5.

The results for Model I will be interpreted first, as shown in Table 5. Examining the results demonstrating 
the relationship between GVCP and CO2 for Model I, it is evident that a negative relationship is found between 
the variables. At the 1% significance level, the results for every quantile are statistically significant. With greater 
participation in GVC, CE are declining in the EU-14. It is discovered that technological eco-innovation decreases 
CE when the results demonstrating its impact on CE in the EU-14 nations are examined. Results were found to 
be statistically significant at all medium and high quantile levels (0.40, 0.50, 0.60, 0.70, 0.80, 0.90). The results of 
the study examining the link between CE and natural resource rents imply that in the EU-14, natural resource 
rents raise CE. Results were found to be statistically significant at every quantile level. Analysis of the data 
demonstrating the relationship between the GDP and CO2 variables reveals that, in the majority of quantiles 
(0.20, 0.30, 0.40, 0.50, 0.60, 0.70, 0.80, 0.90), the variables have a positive relationship. Nevertheless, only specific 
quantiles (0.80, 0.90) show statistical significance in the results. POPG boosts CE, according to an analysis of 
data showing how emissions are affected by POPG in the EU-14. For the low quantiles (0.10, 0.20, 0.30) and part 
of the medium quantiles (0.40), the results are statistically significant.

In Table 5, the MMQR results for Model II are also included. Considering the outcomes of the effects of 
GVCP on the EF of the EU-14 countries, it is shown that GVCP decreases the EF. All quantile levels have 
results that are statistically significant. Analysis of the results demonstrating the relationship between the TI 
and EF variables reveals a negative relationship for all quantile levels. The results exhibit statistical significance 
for most of the quantiles (0.30, 0.40, 0.50, 0.60, 0.70, 0.80, and 0.90). It is discovered that NRR raises EF when 
the results demonstrating the influence of the NRR on EF for the EU-14 nations are examined. All quantile 
levels show statistical significance in the results. Assessing the results, it can be shown that there is a positive 
relationship at all quantile levels between EF and economic development. However, only at high quantile values 
(0.70, 0.80, 0.90) were statistically significant results achieved. POPG increases the EF at all quantile levels in 
EU-14 countries, according to the results demonstrating the link between POPG and EF variables. Except for the 
result for the 90th quantile level, all of the quantile level results are statistically significant.

Robustness tests are the next step after analyzing the results of the MMQR technique. Analyses were 
conducted for this objective utilizing the Non-Additive Fixed Effects Panel Quantile Regression, Driscoll-Kraay 

Variables Location Scale

Quantiles

0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90

Model I- dependent variable: CO2

GVCP -23.0052*** -3.066026 -18.19512*** -19.8439*** -21.05028*** -21.89834*** -
23.06402***

-
23.76122***

-
25.08658***

-
26.67693***

-
28.01907***

TEI -
0.0031202***

-
0.0018136*** -0.000275 -0.0012503 -0.0019639* -0.0024655** -

0.003155***
-
0.003567***

-
0.004351***

-
0.005292***

-
0.006086***

NRR 1.30975*** 0.0571201 1.220138*** 1.250855*** 1.273329*** 1.289129*** 1.310845*** 1.323834*** 1.348526*** 1.378154*** 1.403158***

GDP 0.0000453 0.0000297** -0.00000136 0.0000146 0.0000263 0.0000346 0.0000459* 0.0000526* 0.0000655* 0.0000809** 0.0000939**

POPG 0.4295984* -0.1739603 0.7025129*** 0.608963*** 0.540517** 0.4923996** 0.426261* 0.3867034 0.3115053 0.2212716 0.1451215

Model II- dependent variable: EF

GVCP -9.64366*** -0.8954237 -8.151969*** -8.750923*** -9.083584*** -9.335647*** -
9.647204***

-
9.850266***

-
10.15448***

-
10.57129*** -11.2188***

TEI -
0.0018166*** -0.0006332 -0.0007619 -0.0011854* -0.0014206** -0.001598*** -

0.001819***
-
0.001962***

-
0.002177***

-
0.002472***

-
0.002930***

NRR 0.5723626*** -0.005739 0.5819233*** 0.5780844*** 0.5759523*** 0.574336*** 0.572339*** 0.571038*** 0.569088*** 0.566417*** 0.562267***

GDP 0.0000183* 0.00000902 0.00000326 0.00000930 0.0000126 0.0000152 0.0000183* 0.0000204* 0.0000234** 0.0000276** 0.0000341**

POPG 0.3872986*** -0.0258851 0.4304207*** 0.413106*** 0.4034894*** 0.396202*** 0.387196*** 0.381326*** 0.3725317** 0.3604826** 0.3417641

Table 5.  Estimation findings of MMQR approach. The symbols ∗, ∗∗, and ∗∗∗ denote significance at 10%, 5%, 
and 1%, respectively.

 

Variables CD-test p-value

CO2 32.94 0.000

EF 29.38 0.000

GVCP 26.24 0.000

TI 7.70 0.000

NRR 16.11 0.000

GDP 18.49 0.000

POPG 0.69 0.488

Table 4.  Pesaran CD (2004) test.
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and KRLS techniques. First, the Non-Additive Fixed Effects Panel Quantile Regression approach was used for 
robustness. This method was developed by81. Even in the small T situation, this method’s ability to provide 
consistent estimates is an important advantage81. Table 6 displays the results achieved using this technique.

First, it is significant to notice that the results obtained from the analysis of the model in which CO2 is the 
dependent variable are in agreement with the MMQR findings. The results are statistically significant and show 
a negative relationship between GVCP and CO2 variables for low, medium, and high quantile values. For all 
quantile levels, it was discovered that TEI had a negative impact on CO2. For all quantile levels, it was discovered 
that TEI had a negative impact on CO2. For every quantile level, the findings are also statistically significant. 
The outcomes produced for the low and medium quantile levels are statistically insignificant when discussing 
the findings demonstrating the association between carbon emissions and natural resource rents. Natural 
resource rents are shown to increase carbon emissions, and only the results derived at the high quantile level are 
statistically significant. In the EU-14, CO2 rises in tandem with GDP, according to another finding. For each 
quantile level, the results are statistically significant. For low and medium quantiles, the results demonstrating 
a relationship between population growth and carbon emissions are statistically significant. In the EU-14, 
environmental pollution increases in line with population growth.

Analysis of the results for Model II, in which EF is the dependent variable, reveals that they are in consistency 
with the MMQR results. In EU-14 nations, it is discovered that carbon emissions fall when global value chain 
participation rises across all quantile levels. These results are statistically significant at quantile levels that are 
low, medium, and high. Assessing the results, it was discovered that all quantile levels had a negative relationship 
with the TEI and EF variables. All quantile levels show statistically significant results. Analysis of the data 
demonstrating how natural resource rents, GDP, and population expansion affect ecological footprint in EU-14 
nations reveals that ecological footprint is increased by these variables. Additionally, at the low, medium, and 
high quantile levels, these results are statistically significant.

Table 7 presents the average pointwise marginal effect findings obtained from the KRLS. Firstly, the results 
for Model I will be presented. Table 7 shows that the calculated R2 is 0.9135, meaning that 91.35% of the variance 

Quantile Dependent variable: CO2 Coefficient Standard error z Probability value
%95 confidence 
intervals

Q.25

GVCP -6.373389 1.455826 -4.38 0.000*** -9.226756 -3.520022

TEI -0.0103235 0.0023315 -4.43 0.000*** -0.0148932 -0.0057538

NRR -1.23444 0.7836479 -1.58 0.115 -2.770362 0.3014813

GDP 0.0000649 0.0000153 4.25 0.000*** 0.0000349 0.0000949

POPG 0.8721686 0.324381 2.69 0.007*** 0.2363935 1.507944

Q.50

GVCP -4.687865 1.042783 -4.50 0.000*** -6.731681 -2.644048

TEI -0.0033141 0.0001694 -19.56 0.000*** -0.0036461 -0.0029821

NRR 0.2082642 0.4330312 0.48 0.631 -0.6404613 1.05699

GDP 0.0001176 5.08e-06 23.16 0.000*** 0.0001077 0.0001276

POPG 0.6766274 0.1094393 6.18 0.000*** 0.4621303 0.8911245

Q.75

GVCP -2.94862 0.5083833 -5.80 0.000*** -3.945033 -1.952207

TEI -0.003312 0.000043 -77.07 0.000*** -0.0033963 -0.0032278

NRR 0.4403669 0.0409407 10.76 0.000*** 0.3601246 0.5206091

GDP 0.000164 3.07e-06 53.44 0.000*** 0.000158 0.0001701

POPG 0.0389065 0.0451186 0.86 0.389 -0.0495242 0.1273373

Quantile Dependent variable: CO2 Coefficient Standard error z Probability value
%95 confidence 
intervals

Q.25

GVCP -4.352441 0.5148324 -8.45 0.000*** -5.361494 -3.343388

TEI -0.0008451 0.0001328 -6.36 0.000*** -0.0011055 -0.0005848

NRR 0.7746434 0.61404 12.62 0.000*** 0.6542938 0.894993

GDP 0.0000881 2.89e-06 30.51 0.000*** 0.0000825 0.0000938

POPG 0.0390519 0.0168494 2.32 0.020** 0.0060277 0.0720761

Q.50

GVCP -2.568894 1.066724 -2.41 0.016** -4.659634 -0.478154

TEI -0.0014224 0.0002629 -5.41 0.000*** -0.0019378 -0.000907

NRR 0.4336611 0.034284 12.65 0.000*** 0.3664657 0.5008566

GDP 0.0001037 5.32e-06 19.50 0.000*** 0.0000933 0.0001141

POPG 0.2442277 0.0469107 5.21 0.000*** 0.1522844 0.336171

Q.75

GVCP -0.4460906 0.1783833 -2.50 0.012** -0.7957154 -0.0964657

TEI -0.0008096 0.0000396 -20.45 0.000*** -0.0008872 -0.000732

NRR 0.2935086 0.0450079 6.52 0.000*** 0.2052947 0.3817224

GDP 0.0000973 6.89e-07 141.34 0.000*** 0.000096 0.0000987

POPG 0.5612498 0.0118421 47.39 0.000*** 0.5380398 0.5844599

Table 6.  Estimation findings of non-additive fixed effect panel quantile regression model.
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in CE can be explained by participation in GVC, technological eco-innovation, natural resource rents, GDP, and 
POPG.

Furthermore, it is evident that GVCP and technological eco-innovation have a statistically significant negative 
marginal impact on CE in the EU-14. Also, in EU-14 nations, NRR and GDP have a statistically significant 
positive marginal impact on CE. It was also discovered that the POPG variable had a negative marginal influence 
on the CO2 variable, although this result was deemed statistically insignificant. The results show that the MMQR 
and KRLS findings for Model I are consistent with one another.

Table 7 also contains the results obtained for Model II. Table 7 demonstrates that the R2 is 0.9396, indicating 
that GVCP, technological eco-innovation, NRR, GDP, and POPG can account for 93.96% of the variation in EF. 
Additionally, it is clear that GVCP has a statistically significant negative marginal effect on EF within the EU-14. 
Moreover, NRR, GDP, and POPG have a statistically significant positive marginal impact on EF in the EU-14 
nations. While the result is statistically insignificant, TEI has a negative marginal impact on EF. It can be seen 
from the evidence that the KRLS and MMQR results for Model II are very similar.

Following the robustness analyses using the KRLS approach, a second robustness test was conducted using 
the Driscoll-Kraay method. Table 8 displays the results of the Driscoll-Kraay approach for Model I and Model II.

It is evident from a review of Table 8 that the results obtained using the Driscoll-Kraay estimator are essentially 
in line with the results obtained using the MMQR approach. It is discovered that the GVCP has a negative impact 
on both EF and CO2. It is also noted that the result is statistically significant. A positive relationship may be 
seen when examining the link between the NRR and CO2 variables. Looking at the findings for Model II, it was 
determined that NRR positively affected EF, similar to Model I. Analyzing Model II’s results, it was found that, 
like Model I, NRR had a positive effect on EF. Examining the data demonstrating how POPG affects CO2 and EF, 
it is evident that population expansion increases EF and CE. Only for Model II, however, is the result obtained 
statistically significant. Results demonstrating how economic expansion affects EF and CE reveal that these two 
variables increase with economic expansion. The results for Model II and Model I, however, are not statistically 

Variable Model I (dependent variable: CO2) Model II (dependent variable: EF)

GVCP -23.0052*** -9.64366***

TEI -0.0031202 -0.0018166

NRR 1.30975*** 0.5723626***

GDP 0.0000453 0.0000183

POPG 0.4295984* 0.3872986***

Table 8.  Estimation findings of Driscoll-Kraay approach.

 

Model I

Dependent Variable: CO2 AVG 25% 50% 75%

GVCP -9.9362*** -13.7946 -7.78657 -1.09343

TEI -0.004631*** -0.006549 -0.004876 -0.002847

NRR 2.48264*** 0.402471 1.75807 3.61325

GDP 0.000028** -0.000069 0.0000035 0.000168

POPG -0.439041* 1.53552 -0.105767 0.848368

Lambda: 0.1612
Tolerance: 0.21
Sigma: 5
Eff.df : 34.24
R2 : 0.9135
Looloss: 99.14

Model II

Dependent Variable: EF AVG 25% 50% 75%

GVCP -2.22891** -8.31042 -2.39623 2.96676

TEI -0.000308 -0.001686 -0.000438 0.000894

NRR 0.719055** -0.170455 0.619018 1.54989

GDP 0.000028*** 0.0000084 0.000028 0.00005

POPG 0.365536*** -0.362628 0.509588 0.917505

Lambda: 0.1682
Tolerance: 0.21
Sigma: 5
Eff.df : 33.84
R2 : 0.9396
Looloss: 43.69

Table 7.  Estimation findings of KRLS approach.
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significant. It has been shown that technological eco-innovations lessen CE and the EF when their impacts on EF 
and CO2 are considered. Nevertheless, neither Model I nor Model II’s results are statistically significant.

Conclusion and policy implications
Conclusion
As the impacts of CC become more apparent, there is a global push to enhance environmental quality. A major 
reason for optimism about the global sustainability of the environment is the signature of the Paris Climate 
Agreement. In addition to this, studies on the factors that contribute to environmental deterioration have 
become more significant. Therefore, the goal of this research is to look at how the EU-14 countries’ CE and EF are 
affected by GVCP, technological eco-innovation, natural resource rents, economic development, and population 
expansion. Annual data for EU-14 nations for the period 2007–2021 are utilized in the research in order to meet 
the stated goal. MMQR analysis was also done in the research in addition to all of these. Furthermore, Driscoll-
Kraay estimators and the KRLS technique were used as robustness tests. Examining the study’s results reveals 
that participation in the GVCP decreases EF and CE in the EU-14 countries. Natural resource rents increase the 
CE and EF in the EU-14. It was discovered that technological eco-innovation decreases EF and CO2. CE and 
the EF have been observed to rise with economic development. EF and CO2 have also been reported to rise with 
population expansion.

It is evident that some of the results from related research in the literature are consistent with the findings 
demonstrating the impact of participation in the GVC on CE in the EU-14 countries35,36,82,83. The literature also 
contains opinions that GVC participation has different impacts on developed and developing economies, with 
developed nations seeing a considerable reduction in CO2 emissions from GVC participation, while developing 
economies experience a significant rise in CO2 emission intensity84. Taking into account that the EU-14 member 
states are developed nations as well, it can be concluded that the results of this research agree with84. Participation 
in GVCs has a good impact on the environment since it reduces CO2 emissions by bringing greener technology 
and inputs to the EU-14 nations where the manufacturing takes place. Because there are so few studies on the 
topic in the literature, the conclusions of how GVCP affects the EF in the EU-14 countries are not comparable. 
Participation in the GVC may encourage the EU-14 member states to embrace new industrial techniques, which 
can result in higher energy efficiency and lower waste. As a result of these nations’ greater participation in the 
GVC, their EF may decrease. It was concluded from the research that technological eco-innovation slows down 
environmental deterioration, and these conclusions are in line with those of other studies that have looked at 
the same topic in the literature19,85–88. The preference for environmentally friendly technology is leading to an 
improvement in the quality of the environment in the EU-14 nations. Assessing the results of the study to how 
NRR affects environmental quality, it seems that some of the findings from the research reported in the literature 
are consistent with the findings89–92. It might be said that the EU-14 nations’ excessive and unsustainable resource 
consumption would exacerbate environmental deterioration.

Participation in the global value chain is one of the components that determines a nation’s economic growth. 
As a result, it follows that EU-14 nations should likewise participate in global value chains. Furthermore, EU-14 
nations play a significant role in international trade. However, the nations of the EU-14 must keep their promises 
regarding environmental sustainability. This study has a significant impact in lowering worries that global value 
chain participation will have a detrimental effect on environmental quality in EU-14 countries since it examines 
for the first time how global value chain participation affects environmental degradation indicators for EU-14 
countries. To reiterate the study’s conclusions, EU-14 nations’ environmental quality is improved by global value 
chain participation.

Policy implications
The EU-14 nations should prioritize environmentally friendly value chain management methods in order to 
ensure environmental quality, according to the study’s conclusions. Firms should make sure that they monitor 
and disclose the carbon footprint in the value chain in order to support legislation that promote environmental 
sustainability. It is important to prioritise investments in eco-friendly technology and to provide incentives 
for innovative green solutions. To harmonize sustainability requirements in the global value chain, there 
should be a greater degree of international collaboration. Carbon emission guidelines may be implemented 
for value chain organizations as a means of encouraging environmental quality. There should be more options 
for green finance for eco-friendly initiatives. It is critical that raw material and component procurement be 
done with environmental sustainability in mind when a company participates in the GVC. Once again, when 
it comes to manufacturing and assembly phases of participation in the GVC, environmental quality should not 
be disregarded. The EU-14 should promote the use of renewable energy sources and place a strong focus on 
sustainable resource management.

The data restriction is the main drawback of this research. The long-term relationship among the variables 
could not be examined due to the limited data. The limitations on the data also affected the study’s methodology 
choices. The removal of data constraints related to global value chain participation or the development of new 
indicators related to global value chain participation may make it possible for future studies to look at the long-
term relationship between variables. It is possible to perform this analysis for other or comparable nations.

Data availability
The data that support the findings of this study are openly available in World Development Indicators, The 
World Bank at https://data​bank.worldba​nk.org/sourc​e/world-dev​elopment-indicators and in OECD at ​h​t​t​p​s​:​/​/​
d​a​t​a​.​o​e​c​d​.​o​r​g​/ and in UIBE GVC Laboratory, at http://gvcdb.uibe.edu.cn/ and in Global Footprint Network at 
https://data.footprintnetwork.org/.
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