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The interactions between nature and humankind produce a series of ecological, social, economic, institutional, technological, and other types of restrictions, which can alter the development of the future society and Earth. Exploring the influencing factors of environmental performance can create better solutions and it can emphasize the gaps from past and current policies. Also, they can contribute to achieve sustainable development. In this regard, more indices are developing for assessing a specific theme that targets sustainability, such as carbon footprint, Environmental Performance Index, or sustainable development index. Thus, this study aims to analyze the influencing factors of Environmental Performance Index (EPI) at an EU level by collecting data between 2010 and 2020, once in 2 years and by using a panel data model. The results were estimated using the Period SUR effect within the generalized least square method and using the White period matrix within the correlation matrix. The results indicate positive relationships between EPI and area under organic farming, circular material use rate, eco-innovation index, energy productivity, ratio of female-to-male labor force participation rate, forest area, Human Development Index, Internet users, livestock production index, new business density, patent applications-residents, tertiary school enrollment, the share of renewable energy consumption in gross final energy consumption, and the proportion of seats held by women in national parliaments. In addition, higher inequality between individuals, natural resources rents, trade volume index, and environmental taxes in total tax revenues seem to constrain the EU’s environmental performance. The results are important both for academicians and policymakers.
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INTRODUCTION
The twenty-first century came with the settlement of more ambitious political and policy goals for improving the quality of the environment and the welfare of the biodiversity, while increasing the state of the socioeconomic dimension, by promoting sustainable development. Thus, all economic models aimed at the transition to sustainability. Overall, these models aim to prevent, control, and, where possible, resolve planetary problems, such as, energy crises, highly generated and wrongly disposed waste, resource depletion, questionable human and animal welfare, pollution, bad diets, and so on.
Recently, more and more organizations are developing assessment and monitoring macro indices on issues such as environmental performance, eco-innovation, human welfare, and circular economy (SEDAC 2020; UNDP United Nations Development Programme 2020; Eurostat 2022). These are trying to capture several dimensions and themes of sustainability through a numerical value, which gives an overview of a certain space during a certain historical time. In addition, some of them indicate the achievement of objectives and targets established by international organizations in tackling the problems mentioned earlier or simply in informing the society about the state of an issue. For example, the Environmental Performance Index (SEDAC 2020; Wendling et al., 2020) tries to capture the ecosystem vitality and the environmental health at the country level for hierarchy purposes.
Furthermore, the correlations between macro indicators and indices on different subjects (Jorgenson and Clark, 2011; Liu, 2014; Narula and Reddy, 2015; Zaharia, 2017) are slowly starting to be of interest for emphasizing the drivers, which might influence more or less the transition toward sustainable development of a country through environmental, social, and economic considerations. However, only some studies (Samimi et al., 2011; Shahabadi et al., 2017; Zaharia 2017- see literature review) focus on understanding the drivers of Environmental Performance Index (EPI), from perspectives and periods other than those discussed in this article. For example, Samimi et al. (2011) analyzed the relationship between EPI and Human Development Index (HDI) for 114 countries during 2006 and 2010 and concluded that there is a significant and positive relationship between Human Development Index and Environmental Performance Index for all countries included into the analysis.
The aim of this article is to assess and to discuss the drivers of Environmental Performance Index (EPI) at the EU level in order to detect which factors better affect its evolution and which have a negative effect. We investigated the impact of HDI, GINI index, eco-innovation index, circular material use rate, forest area, area under organic farming, heating days, environmental taxes, natural resources rents, renewable energy consumption, energy productivity, new business density, Internet users, patent applications, trade volume index, women impact, and tertiary education on EPI. Although, the impact of HDI on EPI was tested on different time frames, we also considered it into this analysis for better indicating the influence of human welfare on the environment at the EU level. The article is structured in several parts. First, we discussed the specific scientific information on the uses of Environmental Performance Index or other indices in explaining macro relationships and their implications on society and nature by using econometric techniques. Second, we explained the methodological framework for this research, which is based on panel data modeling. Third, we emphasized the results of the factors influencing the environmental performance of EU’s countries, and we discussed the implication on policies for sustainable development of society. In the end, we concluded with highlighting the main key outcomes of our research, pointing out further research and presenting the main implications for both practitioners and academic community.
LITERATURE REVIEW
The role of examining the state and the evolution of the constraints within the nature–society system on one or more of its components, using indices and indicators that are related to different geographical areas, is to provide options for improving current public policies for the future (Meadows et al., 1972). For instance, Rehman Khan S. A. R. et al. (2021) acknowledge the importance of technology and incentives in developing circular economy at the firm level. Furthermore, Haider et al. (2021) emphasize the impact of economic growth on intensifying environmental degradation, but sustainable resource consumption could be achieved by good governance and political stability. Also, adopting renewable energy in strategical measures for transportation and production sectors could enhance resource efficiency (Yu et al., 2022). So, the challenges posed by the interactions between the economy, social structure, and environment, such as pollution, lack of energy, food and water, degradation of natural ecosystems, and depletion of energy resources intensify ultimately affect the development of society and, perhaps, in the long run, the survival of humankind. Thus, significantly increased publications focus on understanding the relationship between nature and society by analyzing indicators at the macro and micro levels. Looking at microeconomic analyses, it seems that progress was obtained in environmental performance through digital technology and institutional regulations for the environment (Khan H. et al., 2021). On other hand, macroeconomic analyses suggest that a healthy ecosystem could generate good environmental services for society (Lai and Chen, 2020), government effectiveness positively impact energy consumption (Haider et al., 2021), the use of renewable energy improves sustainability by controlling oil consumption (Yu et al., 2022), and foreign direct investments should be used in sustainable businesses only for enhancing sustainability (Khan et al., 2022). However, there is still a gap in regarding the link between indices and indicators that look at different environmental, social, or economic features.
Several studies report different global hierarchies according to these indices, based on more or less subjective methodologies created by international organizations or researchers targeting different fields.
The United Nations Development Program (UNDP United Nations Development Programme 2019; UNDP United Nations Development Programme 2020) proposes the Human Development Index (HDI) to assess social welfare by including the index variables related to education, standard of living, and public health of a country. The hierarchy created allows the comparison of social welfare at the country level. The data on HDI reveal that EU member states were all ranked with a very high HDI in 2019 compared to 2010, when only Bulgaria registered a lower score which is high HDI. The highest ranked countries were Germany, Netherlands, and Denmark in 2010 and Ireland, Germany, and Sweden in 2019. Simultaneously, the lowest ranked countries were Bulgaria, Romania, and Croatia in both 2010 and 2019. Also, in average, the EU registered 3.46% increase of HDI in 2019 compared to 2010, while Lithuania, Ireland, and Latvia had the highest growth of HDI in this period of time.
Another important index is the environmental performance index (EPI) that assesses the vitality of ecosystems and environmental health once in 2 years, with EU member states having scores over 57 in 2020 and over 56 in 2010 (SEDAC 2020; Wendling et al., 2020). According to the data, the highest ranked countries were Sweden, France, and Austria in 2010 and Denmark, Luxemburg, and France in 2020. Simultaneously, the lowest ranked countries were Cyprus, Belgium, and Greece in 2010 and Bulgaria, Poland, and Latvia in 2020. In average, the EU registered 2.23% increase of EPI in 2020 compared to 2010, while Belgium, Luxemburg, and Denmark had the highest growth of EPI, over 15% in this period of time. In contrast with HDI, 13 member states had also decreases of EPI in time, and the changes were considerable, with percentages of over 15% for seven countries and over 7% for nine states.
In addition, the Eco-innovation Observatory (2022) developed the eco-innovation index, which aims to compare the EU’s member states in terms of eco-innovation inputs, activities, resource efficiency, and socioeconomic outcomes. The data revealed that the highest ranked countries were Denmark (149), Sweden (143), and Finland (139) in 2010 and Luxemburg (165), Denmark (146), and Finland (145) in 2019. Simultaneously, the lowest ranked countries were Bulgaria (31), Poland (40), Slovakia (43), and Greece (43) in 2010 and Bulgaria (34), Hungary (54), and Cyprus (56) in 2019. Also, 11 countries surpassed the 100 score in 2010, while, in 2019, only ten member states did so. However, we observe an overall improvement overtime in the eco-innovation index, as its value was higher for all countries in 2019 compared to 2010. The average score of EU27 states increased slowly in the past years, reaching the value of 94.
According to Popescu et al. (2017), aggregate indices explain a complex subject by a single value, which was previously evaluated by several indicators, in order to observe historical performance to simulate future developments. However, there are certain limitations of these indices, which are related to the definition, perception, and complexity of sustainable concepts, as well as more technical aspects of their computation regarding consistency, standardization, different evaluation results, and uncertainty of data used or generated (Čuček et al., 2012; Liu 2014; Narula and Reddy 2015). However, the indices are becoming increasingly relevant in comparing environmental issues in different countries and have methodological improvements in order to highlight national best practices (Popescu et al., 2017). With the development and continuous improvement of indices in different fields, research aimed at analyzing them in relation to other indicators or indices that simplistically report the state at a given time and on certain area issues. At such, the study of Jorgenson and Clark (2011) propose the investigation of the determinants of the ecological footprint based on 5-year intervals panel data between 1960 and 2003 and concluded that political economic factors together with ecological and structural associations between countries can influence the environmental and ecological conditions.
Even though many studies focus on economic performance and economic sustainability, the literature regarding the influence on Environmental Performance Index is still limited. Some studies have been conducted in different regions and different periods of time, considering different factors that could affect it. The main relationship on which previous research focused was the relationship between Human Development Index and Environmental Performance Index.
Samimi et al. (2011) demonstrate the positive impact of HDI on EPI in 28 developed countries by using a panel data regression during 2006 and 2010. In the same time, a negative influence of HDI on EPI was found in the analyzed 86 developing countries.
Also, Maccari (2014) demonstrates a U-shaped impact of HDI on EPI for 129 countries in 2012 using a model based on quadratic equation. However, Shahabadi et al. (2017) indicate inconclusive results on the influence of HDI on EPI in OPEC countries during 2000 and 2012 using a panel model as the way of research. In the meantime, Arfanuzzaman (2016) indicates a negative impact of per capita income on EPI, but a positive impact of CO2 emissions and HDI on EPI for Bangladesh during 2000 and 2013.
Ghodrati et al. (2018) made an investigation of the relationships between EPI and democracy in different regions, according to the dimension of their HDI: very high, high, medium, and low. They (Ghodrati et al., 2018) found that per capita income has an N-shape relationship with EPI, suggesting mixed results depending on the HDI level of the group of countries considered.
Jain and Nagpal (2019) indicate a positive influence of HDI on EPI in five South Asian countries during 2002 and 2016 proving that higher HDI leads to smaller damage to the environment and to a better environmental performance.
The study of Lai and Chen (2020) is extremely important as they avoid the problem of weighted components of HDI and EPI. More precisely, they emphasize the cross relationship among individual dimensions of EPI and HDI, proving that the education is the main factor that affect environmental management and that promote environmental sustainability.
Not only the relationship between HDI and EPI but also the link between EPI and other indicators was analyzed, as it can be observed in the following section.
Hsu et al. (2013) show the correlations between HDI without gross domestic product, GDP, corruption index, public accountability index, and EPI in 2010 globally, highlighting the tendency of rich countries to perform poorer in energy policy-climate change.
Using a panel econometric model approach, Chakraborty and Mukherjee (2013) demonstrate the negative influence of financial development, merchandise export, and democracy indices on EPI, as well as the positive impact of economic growth, the hybrid HDI, services export, and the corruption index on EPI in 114 countries between 2000 and 2010.
Another important research is the one realized by Gallego-Alvarez et al. (2014) on 149 countries who looked at the influence of socioeconomic factors, such as economic wealth, education, and the control of corruption variable on EPI, which prove to be determinant factors of environmental performance. On the other hand, the internal characteristics of a country or the political factors have no statistically significant effect on environmental performance.
Liu et al. (2017) analyze the influences of different environmental and human development performance indices with socioeconomic indicators at the level of 100 countries grouped by regions, including Europe, and at three points in time, namely, the years 2000, 2004, and 2008. This study (Liu et al., 2017) indicates high values ​​for previously created EPI named EmSi, HDI, and the environmental footprint in countries with high GDP, and the existence of a high HDI in countries under good environmental conditions. These conditions were assessed by environmental health, an indicator that is part of EPI. Furthermore, another research (Chowdhury and Islam, 2017) based on Pearson correlation test indicates a negative impact of GDP growth rate on EPI for BRICS countries during 2008–2016, once in 2 years.
The study of Shahabadi et al. (2017) showed that governance, fuel exports in total merchandize exports seen as resource abundance index, and Internet users positively impact EPI, while trade openness and CO2 emissions per GDP negatively influence EPI in OPEC countries.
The study of Fakher and Abebi (2017) look at the impact of environmental quality, measured through the Environmental Performance Index, the direct foreign investment, and trade openness on economic growth, using data collected from International Financial Statistic Yearbook involving the period 1983–2013. The result reveals a positive and significant impact of EPI on economic growth.
Moreover, some studies (Popescu et al., 2017) address the causality between different indices by using non-parametric techniques to confirm the correlations between them in order to compare states, demonstrating the existence of bidirectional influences between EPI and other indices and indicators.
Among recent studies, we can mention the ones conducted by Pimonenko et al. (2018), Halkos and Zisiadou (2018), Ghodrati et al., 2018, Pourali et al. (2019), Jain and Nagpal (2019), Raza et al. (2021), Li et al. (2021), Mance et al. (2021), and Nogueira and Madaleno (2021).
Pimonenko et al. (2018) proved that countries that are high ranked on environmental performance index have a high sustainable development goal index and a high social progress index, while countries with huge level of CO2 emissions should improve their environmental policy.
Another research was conducted by Halkos and Zisiadou (2018) where the EPI is analyzed in relationship with different cultural and socioeconomic variables. The authors (Halkos and Zisiadou, 2018) observed an inverted U-shape form between the EPI and the economic growth for Globe and Middle East and Africa and an N-shape for Europe, while the results were not statistically significant for Asia and Oceania. The population density is in a negative relationship with EPI. On the other hand, masculinity and power distance are statistically insignificant with individualism and uncertainty avoidance, affecting positively Asia and Oceania and negatively Middle East, Africa, and Europe. Long-term orientation affects negatively Asia and Oceania while indulgence influences negatively Asia, Oceania, and the Globe.
In another study, it seems that both the democracy level and stock level positively impact EPI in countries with very high, high, and medium HDI, while the level of democracy had a negative influence on EPI in nations with low HDI during 2002 and 2012 (Ghodrati et al., 2018).
In their study, Jain and Nagpal (2019) suggest that urbanization, energy use, and population density negatively impacts EPI in five South Asian nations during 2002 and 2016.
Pourali et al. (2019) demonstrated a positive influence of GDP per capita on EPI for 101 countries during 2005–2015, same relationship being reported between trade openness, political–civil liberties, good governance, government effectiveness, rule of law, and EPI. Their study found similar results for the governance impact on EPI, like the one conducted by Shahabadi et al. (2017), but contrary ones for trade openness, which impacts EPI positively in the case of all 101 analyzed countries.
The research conducted by Raza et al. (2021) aims to examine the link between environmental performance in South and East Asian countries and variables that are associated with trade and other economic indicators. The analysis was conducted for 15 years, from 2002 to 2016, using the panel regression technique. The results reveal a negative relationship between trade liberalization and EPI, which points out that countries with higher international trade are more inclined to have bad environmental quality.
Another important study is the research conducted by Li et al. (2021) that proved the factors which drive the environmental performance index in Asian countries. The analysis is conducted on 34 Asian countries, with data from 2006 to 2017. Among independent variables are GDP per capita, fertilizer consumption, renewable energy use, forest area, and food production index. The results reveal positive significance between forest area and EPI and renewable energy use and EPI, and negative significance both between the food production index and fertilizer use and dependent variable EPI.
In addition to these studies, it is interesting to consult the research of Mance et al. (2021), who investigates the relationship of HDI on two indices related to EPI, namely, the protected species index and the terrestrial protected areas index. Also, the research of Nogueira and Madaleno (2021) include EPI as an influencing factor of GDP per capita and of GINI index. Thus, it seems that EPI positively affects GDP per capita, but, although with positive coefficient, it has no statistical significance on GINI index (Nogueira and Madaleno 2021).
Table 1 summarizes the variables, methodological approaches, results, and the time on which the analysis was conducted, as well as the region and the source of the most relevant publications considered in this review that have the environmental performance index as a dependent variable, considering that the aim of the research is to reveal the factors that affect the EPI both in term of indexes and indicators.
TABLE 1 | Link between Environmental Performance Index and other variables.
[image: Table 1]Table 1 synthesizes research on the variables impacting the Environmental Performance Index using econometric techniques worldwide.
Therefore, it is observed that causal studies between EPI and other indices and indicators are expanding, as testing this relationship may be a support not only for the creators of sustainable public policies in any field, but also for representatives of companies and civil society. Moreover, there is a need to retest certain relationships between macro indices and indicators for the current period as some reveal opposite results. Furthermore, we can observe a lack of providing evidence of several drivers that affect the Environmental Performance Index and we aim to provide proper guidelines for its improvement (improvement of environmental performance). Hence, we aim to observe the influence of composed indices and macroeconomic and social indicators. The analysis is conducted on European members, having countries as cross-sectional observation and time as a proxy for time observations.
METHODOLOGY
The purpose of this research is to provide evidence about the link between Environmental Performance Index and several variables related with macro socioeconomic indicators and indices of EU member states that can affect the sustainable development of these countries. Furthermore, we propose some guidelines on environmental policy, considering the results found. The methodology on which the relationship between them was determined is based on panel data analysis.
The multiple regressions allow the observation of the influence generated by the relations between the exogenous variables and the endogenous ones (Greene 2012: 52). In this context, the analysis proposes several models of multiple regressions with the data panel technique that allows estimating the fixed and dynamic effects of the investigated phenomenon and that takes into account the way the heteroskedasticity and autocorrelation is avoided. The analysis is conducted in EViews. The following stages were taken:
1) Providing information about the descriptive statistic of the variables included into the analysis.
2) Looking at the stationarity as panel data analysis includes time series. The stationarity can be conducted using the five tests available in EViews: Levin et al. (2002), Im et al. (2003), Dickey and Fuller’s (1981) improved the test called ADF (Phillips and Perron, 1988 and Breitung, 2000).
For further information on the advantages and disadvantages of these tests, see the publication of Mátyás and Sevestre (2008), and for guidance on the null hypotheses of each test and their interpretation, see Greene (2012: 982-1012) and Wooldridge (2002).
However, the data on which the analysis is conducted is considered to be a micro panel. In general, micro panels have data with a large number of cross-sectional observations (27 in our case) and have small time period (six periods in our case).
Baltagi (2008) reveals that unit root tests have small power of reliability when time observation is small and if a linear trend is included; the risk to conclude that all panel data series are stationary exists when only some series are stationary and it cannot be concluded which test provides a higher unbiased performance.
Based on the assumptions mentioned and due to low number of time observations, we assume that our panel data do not deal with stationarity problems. However, in order to be more specific, we conducted the individual stationarity of each series, but we avoided to put it into the article as the results are contradictory (some test provide information about the stationary of a series in level, while others reveal stationarity only at first difference) and are in line with Baltagi (2008). Moreover, as data are random selected-considering each country’s regulation, we expect to encounter small or lack of cross sectional dependences. On the other hand, it has to be mentioned that the presence of cross-sectional dependence (correlation of errors) in panel data that encounters economic information is rather a rule than an exception (Chudik and Pesaran 2013; Pesaran 2013).
When analyzing the results, we look at the cross-dependence test of the error. Even though more statistical tests are provided, the Monte Carlo simulation revealed that Pearson test provide better results than other cross-dependence tests, when the number of cross section observation is larger and the number of periods is low. However, the assumption regarding the large number of cross-sectional data can be challenged. On the other hand, we also provide information about cross-sectional dependence test Pearson scaled LM as it sometimes provides contradictory results than the cross-sectional dependence test of Pearson. These results are based on the dimension of the used database.
3) Testing the correlation between variables by making correlation matrices for avoiding multicollinearity effects as they create bias estimation results. In order to have reliable results, we took the same degrees of integration, as stated by Pao and Tsai (2011).
4) Estimating the multiple regressions to observe the main determinants and their action on EPI during 2010 and 2020, once in 2 years.
In order to conduct the analysis, the data available for the European countries were selected from 2010 to 2020, taking into consideration the most recent information and trying to avoid the period when financial crisis occur, even that it could affect the reliability of the results. On the other hand, from 2010, some countries started to recover to their macroeconomic stability, so the data are similar in terms of the information included. As some variables are reported 2 years apart, the time period includes data for 2010, 2012, 2014, 2016, 2018, and 2020, thus having in fact only series with six time period information. We took all European countries into consideration from 2022, so the number of cross-sectional observations was 27. Moreover, there are some unreported elements, thus the data is unbalanced.
The macroeconomic indices and indicators considered for this research represent secondary data, which was retrieved from Yale Center for Environmental Law and Policy of Yale University and Center for International Earth Science Information Network of Columbia University (SEDAC 2020; Wendling et al., 2020), United Nations Development Programme (UNDP United Nations Development Programme, 2019; UNDP United Nations Development Programme 2020), World Bank (2022) and Eurostat (2022), the database of the European Commission. The variables considered in the models are:
• Environmental Performance Index (EPI) was retrieved from SEDAC (2020) once in 2 years from 2010 to 2020. EPI assesses two main themes, that is, the vitality of ecosystems and the health of the natural environment, by considering from 25 indicators in 2010 to 32 indicators in 2020 when creating the index (SEDAC 2020; Wendling et al., 2020). The policy categories considered in 2010 were based on pollution–climate change, agriculture, fisheries, forestry, biodiversity and habitat, water resources and quality, water access and sanitation, and environmental burden of disease, while in 2020 the policy categories considered were based on water resources, agriculture, fisheries, pollution–climate change, ecosystem services, biodiversity and habitat, waste management heavy metals, sanitation and drinking water, and air quality (SEDAC 2020; Wendling et al., 2020).
• The Human Development Index (HDI) was retrieved from UNDP United Nations Development Programme (2020), UNDP United Nations Development Programme (2019), HDRO calculations based on data from UNDESA (2019)) once in 2 years from 2009 to 2019, as the data for 2020 were not available. This index is trying to emphasize a more complete consideration of the social welfare than GDP does. So, it takes into consideration education, life expectancy, and gross national income (UNDP United Nations Development Programme, 2019; UNDP United Nations Development Programme 2020).
• The variables retrieved from Eurostat (2022) are eco-innovation index (EII, index EU = 100), circular material use rate (CMUR, %), share of environmental taxes in total tax revenues (XENVT, %), area under organic farming as percentage of utilized agricultural area (AOF, %), heating degree days (number), energy productivity (EP, euro per kilogram of oil equivalent-kgoe), the share of renewable energy consumption in gross final energy consumption (XREC, %), and trade volume index (export/import ratio). The eco-innovation index gathers 16 indicators in one value related to eco-innovation inputs, activities, outputs, resource efficiency, and socioeconomic outcomes (Eurostat 2022). The circular material use rate (CMUR), used as proxy for circular economy in this research, represents “the share of material recovered and fed back into the economy in overall material use” (Eurostat, 2022). The energy productivity represents the ratio between the economic output produced in a country and the available energy produced to satisfy all demand (Eurostat 2022).
• The variables retrieved from World Bank (2022) are new business density (NBD, new registrations per 1,000 people ages 15–64, patent applications from residents (PAR, number), livestock production index (LPI, 2014–2016 = 100), forest area (FA, % of land area), total natural resources rents as percentage of GDP (NRR, %), Gini index, tertiary school enrollment (TSE, % gross), ratio of female-to-male labor force participation rate (XFMLF, %), proportion of seats held by women in national parliaments (XWNP, %), and individuals using the Internet (IUI, % of population).
The model on which the analysis was conducted is the panel model and has the form proposed in Eq. 1
[image: image]
In Eq. 1, εit represents the error generated by the fact that there are other elements of the nature–society complex that influence the analyzed variables (Greene, 2012: 53), and i and t indicate the country and year related to the considered variables, respectively, because the data panel assumes inclusion of cross-sectional analysis, that is, member states, with time.
The dependent variable is EPI, Environmental Performance Index. Regarding the independent variables included into the analysis, they are grouped in several categories:
[image: image] are the variables included into the analysis such as eco-innovation index, GINI index, Human Development Index, trade volume index, and livestock production index.
[image: image] is the variables linked with environmental features such as the area under organic farming, circular material use rate, energy productivity, forest area, heating degree days, total natural resources rents, share of environmental taxes in total tax revenues, and share of renewable energy consumption in gross final energy consumption.
[image: image] are the social variables such as ratio of the female-to-male labor force participation rate, individuals using the Internet, new business density, patent applications, tertiary school enrollment, and proportion of seats held by women in national parliaments.Where necessary, the logarithmic value was used in order to have results at the same size level.
In conducting the panel analysis, some methodological features were tested among them being the fixed effects (both cross-sectional and period), random effects, and omitted effects. The fixed effects were tested with the redundant fixed effect test, which null hypothesis is that fixed effects are all equal to each other, while the alternative reveals that there are significant differences between observation in cross-sectional analysis or time analysis. The selection of fixed or random effects was conducted after the Hausman (1978) test was performed. The Hausman test considers in the null hypothesis that both random and fixed effects are consistent estimators, and the random effect model is efficient, while the alternative provides evidence that only fixed effect model is consistent. Moreover, the omitted random effects test has the null hypothesis that there is no need for random effects as the pool model is a better estimator. The alternative is that the random effect should be used. It has to be mentioned that in a random effect model the time invariant variables can be controlled, but the results can be biased as the omitted variables are assumed to be statistically independent from all other variables. In practice, this assumption is unreliable.
Moreover, we took into consideration that the number of countries is at least twice of the number of periods. Considering this, the method of estimation, when the pool scenario was accepted, was the Period SUR (Parks estimators) effect within the generalized least square method linked White period in the correlation matrix. The Period SUR method considers that there is a general correlation between residuals considering period of time for specific cross section clustering. It corrects for heteroskedasticity and general correlation of observations within a cross section as they could appear due to similar regulations within that country. Regarding the correlation matrix, the White period method of estimation emphasis that a cross-sectional correlation exists between the series errors and tries the cross-sectional grouping. The idea of this methodology is to correct the arbitrary heteroskedasticity that can be encountered by cross-sectional series. The innovation of the methodology is linked both with the Period SUR effect (or the use of Parks’ estimators) within the generalized least square method and with the White period within the correlation matrix when the influencing variables of Environmental Performance Index are analyzed. When analyzing the White period correlation matrix (Wooldrige 2002: 276), the robustness of the results is ensured in the presence of any kind of heteroscedasticity or any kind of serial correlation when time (T) is relatively small to the number of cross-sectional data (N). The generalized least squared method with the Period SUR effects is based on the assumption that the mean of the error term is zero and that the unconditional variance of errors is both positive and non-singular.
RESULTS AND DISCUSSIONS
Descriptive Statistics and Correlation Matrix
The purpose of this analysis is to provide evidence of the influencing factors of environmental performance index using a panel data analysis considering values without lag, took for the same period of time. The results will be useful both for academics and for policymakers as some environmental policy guidelines are going to be provided.
For conducting the analysis, first the descriptive statistics is presented in Table 2.
TABLE 2 | Descriptive statistics for the dependent and independent variables considering the same period of time.
[image: Table 2]From Table 2, we can observe the descriptive statistic of the variables included into the analysis. For example, the median value of EPI (environmental performance index) was 72.33 for the European countries. The maximum value was 90.68 for Finland in 2016, while its minimum value was 48.34 for Romania in 2012. For eco-innovation index the average value was 89.4, its maximum value was 149 for Denmark in 2010, while its minimum value was registered in Bulgaria in 2016. Regarding the Gini Index, the average value was 31.46, as the maximum value was registered in Bulgaria in 2018, (value 41.3) which reveals higher inequality of income or consumption among individuals or households within Bulgarian economy, while its minimum value was in Slovenia in 2018 (value 24.6), which reveals higher equality on consumption or investment between individuals. The smallest value for HDI was also in Bulgaria in 2010, HDI being 0.788 in 2010, while the highest value was registered in Ireland in 2018, the value being 0.951.
Looking at statistical data, it can be observed that some of them do not have a normal distribution, the exempt being EPI, Gini Index, and heating degree days. On the other hand, we consider that it is more important to have normality in final results, so we did not standardize the variables, even though they have different unit measures. After the descriptive statistics, we looked at the correlation matrix, in order to find which variables are supposed to incur multicollinearity. The results are presented in Table 3.
TABLE 3 | Correlation matrix between variables included into the analysis.
[image: Table 3]From the correlation matrix, it can be observed that there are some variables that are highly correlated. In order to avoid the multicollinearity, it is recommended that the correlation coefficient found between variables to be under 0.3 (around 0.3 - for example, we admit that correlation of 0.3001 is not a high correlation, so variables can be simultaneously included into analysis) in absolute values. Including high correlated variables into analysis creates biased results that are doubtful and provide unrealistic conclusions.
Panel Data Results and Policy Implications
The purpose of this analysis is to provide evidence of the influence of variables on Environmental Performance Index, including indexes, environmental variables, and social variables. Based on the results, some policy guidelines are presented.
Additional elements have to be mentioned regarding the methodology used. We observed that there are significant period effects when conducting the redundant fixed effect tests, the fixed effect model seems to be more performant than the random one, while the omitted random effect reveal that the random could be better in some cases than pool. On the other hand, when estimated with period fixed effect, we registered very high values of R squared (higher than 70%) and the problem could not be solved. Thus, when conducting Period SUR estimation with the White period covariance matrix, the results seemed to be more reliable. The errors had a normal distribution, the value of R squared halved, and the variables became statistically significant. Thus, the results of the Period SUR effect within the generalized least square method associated with White period within the correlation matrix are presented in Table 4.
TABLE 4 | The influence of variables on Environmental Performance Index.
[image: Table 4]From Table 4, we can observe that among all variables included into the analysis only heating degree days variable was not statistically significant. Regarding the other variables, we encountered both positive and negative relationship as follows:
• Positive relationship between EPI and area under organic farming (%UAA) circular material use rate, eco-innovation index, energy productivity euro per kilogram of oil equivalent (kgoe), ratio of female-to-male labor force participation rate (%), forest area (% of land area, Human Development Index, and individuals using the Internet (% of population, livestock production index (2014–2016 = 100), new business density, patent applications, residents, tertiary school enrollment, the share of renewable energy consumption in gross final energy consumption, and proportion of seats held by women in national parliaments.
• Negative relationship between EPI and Gini index (that has a positive economic meaning), total natural resources rents (% of GDP), trade volume index, and share of environmental taxes in total tax revenues.
From Table 4, several conclusions can be observed. An increase of the area under organic farming (%UAA) with 1% creates an increase of Environmental Performance Index between 0.25 and 0.40. The relationship provides evidence that an increase in organic farming has positive relationship with Environmental Performance Index affecting both the ecosystem vitality and the environmental health. We consider that an increase of area under organic farming will affect the climate and energy component, the air pollution component and the water resources component of ecosystem vitally by reducing them and thus, by improving the Environmental Performance Index. Moreover, the increase of area under organic farming will create less exposure to heavy metals and improve air quality, which are the components of environmental health feature of EPI. The results sustain the idea pointed out by IFOAM Organics Europe (2022) as organic farming reduces the environmental impact compared to the one provided by conventional farming. Thus, increasing land under organic farming mitigates climate change, improves diversity and soil health, and contributes to the strategy of EU to achieve the target of 25% organic agricultural land by 2030. Even though the yield of organic farming seems to be 20% lower than that of conventional farming (IFOAM Organics Europe 2022), the diversification and the improvement of agricultural management at the country level can mitigate this impact (Ponisio et al., 2015). As a consequence, countries should encourage organic farming for mitigating the impact on environment (green gas emission, soil pollution, small biodiversity, water resources, and air quality), while searching for better management agricultural ideas that mitigate the yield gap between organic farming and conventional one.
When circular material use rate is analyzed, we observed a positive relationship link with Environmental Performance Index. The results suggest that an increase with 1% in the share of material recycled and fed back into the economy will increase the index with 0.18. We consider that the impact on EPI is related with improving more the air quality, the biodiversity and habitat component, both with the air pollution, water resources, and climate and energy component. On the practical level, the circularity rate or circulation rate, as it is named, is closely related with recycling and it is one of the features that EU considered for setting waste management targets (Zisopoulos et al., 2022). The authors (Zisopoulos et al., 2022) sustain that neither European country achieved total robustness in the circulatory rate, nor in the material flow networks, which suggest that waste management have to become more robust to shocks. At national and local levels, the improvement of circulatory rate will create better waste management, will encourage the achievement of a circular economy, and will affect positively the environmental performance. The policymakers should focus on creating strategies for stimulating all actors to improve both waste reusing and recycling for achieving the so-desired circular economy.
Eco-innovation Index has a positive relationship with Environmental Performance Index. Thus, eco-innovation improvements related with innovation activities (inputs, outputs, and results) together with other social variables increase the overall Environmental Performance Index. An increase with one unit of it determines an increase with 0.11 in the Environmental Performance Index value. From the practical point of view, the eco-innovation features affect positively the green growth, as all form of eco-innovation significantly reduces environmental impacts and mitigates the environmental pressure (Jang et al., 2015). Recent research conducted by Sobczak et al. (2022) reveals that eco-innovation is linked with methods of using natural resources, the concepts of eco-efficiency and green industry. Moreover, Europe needs to take advantage of eco-innovation solutions, to design and to implement new eco innovative features in order to mitigate the negative impact of economic activity on the environment. The results of the research are in line with the recommendation of Sobczak et al. (2022), as an improvement of eco-innovation activities, deals with an improvement of environmental performance. The policymakers should encourage eco-innovation in terms of eco technological improvements, support new markets developments, and input regulation that increase eco-innovation activities. Furthermore, they should encourage the environmentally friendly projects that could increase the competition in the European Union and that could create better environmental sustainability.
The energy productivity, expressed in euro per kilogram of oil equivalent (KGOE), is also positive and statistically significant with Environmental Performance Index. This variable is related with increasing energy efficiency and savings at the European level. Thus, an increase of energy productivity determines an increase between 0.60 and 0.88 of EPI. In this case, policymakers should act more on the drivers of energy productivity change for further growth of environmental performance. Among these drivers could be technological development, lower energy consumption and lowered costs of energy.
Regarding the ratio of female-to-male labor force participation rate (%), the relationship with EPI is also positive. The results reveal that an increase with 1% of the ratio of female-to-male labor force participation rate creates an increase between 0.19 and 0.26 of Environmental Performance Index. The explanation could be related that once there are more females in the labor force, there is also a higher probability for them to be in the management board. According to gender socialization theory (Chodorow 1978), women tend to be more compassionate for others, more sensitive to environmental problems and are more concerned about the risks related with the climate change. We consider that climate and energy component of ecosystem vitality of EPI will be the most affected one, by increasing the number of women in the labor force. According to Altunbas et al. (2022), who conducted an analysis on 1,951 companies from 24 countries between 2009 and 2019, an increase of female managers to total managers leads to CO2 decreasing even when controlling for institutional differences caused by culture and religion. Moreover, gender diversity has effects that are more powerful when women are represented in different organization. The recommendation is to encourage gender diversity through national regulation.
The increase of the forest area (% of land area) with 1% will create an increase in Environmental Performance Index with 0.1. If we look at the elements that form the Environmental Performance Index we observe that forest is an important component. Increasing the forest area implies decreasing the area of tree cuts lost, increasing the quality of air and the biodiversity of the regions. The results are in line with the results found by Li et al. (2021), who also detected a positive correlation between the increase of the forest area and the Environmental Performance Index. In terms of policy, we recommend stronger regulation in terms of forest cuts, stronger support for improving the forest area and subsidies for those that protect the existence forest area.
The Gini Index has a negative relationship with the Environmental Performance Index. The explanation is related with the fact that Gini Index refers to the extent to which the distribution of income or consumption among individuals or households within an economy is revealing high inequality when the value is close to one and high equality when the index is close to zero. The results provide evidence that an increase in the inequality between individuals creates smaller environmental performance, while an increase in equality between individuals affects positively the environmental performance. The results are in line with the results of Morse (2018), who suggests that better environmental performance is linked to greater equality, thus decreasing Gini coefficient creates higher environmental performance. Another important research is the one conducted by Soares et al. (2018) who proposed a modified application of Gini Index to measure the CO2 emissions concentration. The study is conducted on 84.95% of world GDP and 71.87% of CO2 emissions. The results reveal that developed countries have better environmental performance (Soares et al., 2018).
Regarding the Human Development Index, the results provide evidence of a strong correlation between this variable and the Environmental Performance Index. The results reveal that an increase with 0.01 of Human Development index emphasis an increase between 0.82 and 0.90 of EPI. The results are in line with the results of Arfanuzzaman (2016), Jain and Nagpal (2019) and others, proving that an increase of Human Development Index creates better environmental performance. The policymakers should focus on all components of HDI, namely, the education, the standard of living and the public health of a country through national programs, which can decrease the gap between individuals in terms of education access, public health access and their standard of living (policies where minimum wage is implemented, facilities are related with social condition of the individual).
Increasing the share of individuals using the Internet (% of population) is linked with higher environmental performance of EPI. The increase with 1% creates an increase between 0.25 and 0.27 of Environmental Performance Index. We consider that the explanation resides on the fact that higher the share of people using the Internet is, higher their degree of conscience is related with environmental problems, and thus, their attitude will improve the environmental performance. The results are in line with the results found by Ozcan and Apergis (2018) who suggest that increasing Internet access decreases the level of air pollution, thus, improving the environmental performance. Similar results are presented by Wang and Xu (2021) who pointed out that Internet usage and human capital are essential drivers of low-carbon economy development. Furthermore, the study of Roblek et al. (2020) emphasizes the link between Internet and sustainable development by pointing out the correlation between development, social features, environmental elements and performance. So, in this case, policymakers should focus on improving the Internet infrastructure and the quality of the information, which could enhance the general knowledge of the population about sustainable practices. As a practical example, government representatives could create awareness campaigns about sustainability by using Internet celebrities, such as influencers, social media experts, and sport figures.
Interestingly, the Livestock Production Index (2014–2016 = 100) increases EPI with 0.1–0.2 points, which means that the growth of the livestock products stimulates EPI rises. An explanation could be the fact that higher production does not necessarily mean higher number of livestock, but the animal breed, production processes, the type of animal husbandry and the type of animals preponderantly grown in a region. The result is interesting as livestock influences negatively the emissions, thus putting a higher pressure on the environment. Specifically, the emissions from ruminants are significant in slowing down sustainable development (Zervas and Tsiplakou 2012; Bellarby et al., 2013), but studies show that, with certain diets these emissions could be lowered (Haque 2018). So, policymakers should focus on stimulating more sustainable livestock production.
As expected, EPI will decrease by 5.63 points at an increase of 1% of the total natural resources’ rents (% of GDP), which means that the EU member states should invest in other type of capital than that of natural resources, especially the fossil fuels, as their impact on EPI is a negative one, thus lowering the environmental performance. The results can be linked with those of Zuo et al. (2022), who show that natural resource rents drastically damage the quality of the environment between 1991 and 2018 in BRI countries. Similar results are the ones conducted by He et al. (2022) as they reveal that natural resources hinders environmental sustainability because of its positive effects on greenhouse gas emissions. In this case, policymakers could focus on attracting investments in renewable resources instead of fossil fuels ones, as these are the best options among resources known currently to improve sustainability.
New business density seems to be positively statistically significant correlated with the EPI indicator, even though in the other models it seems to have a negative relationship with EPI. The results suggest that an increase with one unit of new business density (new registration per 1,000 people age 15–64) increase the Environmental Performance Index with 0.16. We consider that the explanation is related with the fact that more business will aim to achieve environmental performance and thus, will affect positively the climate change, air pollution, biodiversity, and water use. In order to understand the results, we can consult the report provided by LinkedIn Economic Graph (2022), who has around 800 million members around the world. Based on their analysis, the job postings requiring green skills grew at 8% annually over last years, between 2016 and 2021, while the share of green talent grew at more than 6% annually in the same period. Overall, considering the new climate policies and commitments in the next decade, an increase in the green jobs is expected to be observed. For example, for the period considered, in the United States, the number of renewables and environment jobs increased by 237%, in contrast to the 19% increase for oil and gas jobs. The share of green talent increased from 9.6% in 2015 to 13.3% in 2021, having a growth rate of 38.5%. The study actually emphasizes the need of new green businesses and skills, which is going to be observed in the variable new business density as green is mandatory for complying with climate change and environmental needs. In this context, policymakers could provide incentives and financing opportunities for businesses, which are more sustainable than the conventional ones. Also, they could develop social policies for stimulating the workforce to be employed in sustainable businesses.
Regarding the patent applications made by residents, the results show that an increase with 1% of the number of patent applicants will create an increase between 0.7 and 1.16 of the Environmental Performance Index. This result is somewhat in line with the finding of Carrión-Flores and Innes (2010), who demonstrates that increases of patents generate reductions of emissions, thus, increased environmental performance. So, policymakers should focus on stimulating innovations by ensuring better financing for research and better access to education to all.
Tertiary school enrollment is also important for Environmental Performance Index. Higher value of enrollment in tertiary school emphasis a higher value of EPI. An increase with 1% of tertiary school in total school attendance is increasing the value of EPI with 0.03 units. The results are in line with those of Lai and Chen (2020) and Gallego-Alvarez et al. (2014). Also, these can be correlated with the European University Association report (Stöber et al., 2021), where 392 higher education institutions from the European Higher Education Area reveal, though a survey, their greening activities and initiatives measures. About 64% of them have greening activities in place across the institution (Stöber et al., 2021). Greening is a topic of high interest in the area of learning and teaching for almost all university taken into analysis. Among the main drivers of higher education institutions to engage in greening are local and regional contexts, European funding, collaboration with the industry, European policies/guidelines, leadership and staff and student engagement. Moreover, due to the Covid crisis, there seem to be more awareness of environmental issues, thus, higher education has a positive influence on environmental performance. In this context, policymakers could stimulate universities to adopt sustainable practices and sustainable curricula for increasing students’ knowledge and awareness about environmental issues and sustainability. Moreover, governmental representatives could ensure better financing for universities for adopting such actions.
Trade Volume Index is negatively correlated with Environmental Performance Index. The Trade Volume Index measures the amount of money flowing in and out of a security or the market. The relationship can be explained by the fact that as people are more concerned in producing capital they can ignore the performance of the environment. The results suggest than an increase 1 of TVI is linked with a decrease between 0.7 and 0.15 of EPI. The results are similar with the results found regarding the trade openness variable as they also reveal a negative correlation (Shahabadi et al. (2017), Fakher and Abebi (2017), Pourali et al. (2019).
The negative relationship between the share of environmental taxes in total tax revenues and Environmental Performance Index is related with the fact that the increase of the independent variable can be due to higher taxes or due to much more behavior that is harmful for the planet’s health. The environmental taxes are based on avoiding climate change and on combating air, soil or other natural pollution. Looking at the components of EPI we observe that it aims in improving the elements related with planet health, thus being in opposite direction than environmental taxes. The results reveal that an increase with 1% of environmental taxes in total taxes decreases the EPI with 0.87 units. The results sustain the idea that environmental taxes are key elements for reducing CO2 emission (Dogan et al., 2022). The results are also in line with Ganda and Garidzirai (2021), who reveal that aggregate environmental tax improves environmental sustainability in the European Union. Moreover, when environmental tax is disaggregated into energy tax and transport tax, they are more efficient in lessening emissions and improve environmental sustainability, especially in the case of transport tax. However, may be for faster results, policymakers should focus on stimulating, not restricting, consumers to adopt sustainable behaviors by using green incentives and non-monetary benefits.
The share of renewable energy consumption in gross final energy consumption is positively linked with the Environmental Performance Index. An increase with 1% will create an increase between 0.05 and 0.16 units in EPI. As many studies (Fotis and Polemis 2018; Khan H. et al., 2021; Musa et al., 2021; Feng et al., 2022) suggest that renewable energy stimulates the reduction of emissions, it means that further the environmental performance could be improved. The practical idea would be that governments should emphasize the need of increasing the share of renewable energy in total energy as it creates less pollution, more reliable solution that mitigates the negative impact on environmental and thus, increases the environmental performance. The results are in line with the results Li et al. (2021), who proved that there is a positive correlation between the share of renewable energy and the Environmental Performance Index.
The increase in the proportion of seats held by women in national parliaments with 1% will create an increase of Environmental Performance Index with 0.27 units. The explanation is linked with the more inclined environmental attitude toward environmental considering that several studies proved that gender diversity affects positively the environment features. The results are in line with the idea emphasized by the research conducted by European Central Bank Study (2022) where it is shown that an increase of female managers to total managers leads to CO2 decreasing even when controlling for institutional differences caused by culture and religion. Gender diversity seems to have effects that are more powerful when women are represented in different organization such as political institutions and civil society organizations.
CONCLUSION AND POLICY RECOMMENDATIONS
This research aimed to assess the drivers and barriers of environmental performance index (EPI is the dependent variable) at the EU level during 2010– 2020, with data collected once in 2 years, by considering the following independent variables: Human Development Index, GINI index, eco-innovation index, circular material use rate, forest area, area under organic farming, heating days, environmental taxes, natural resources rents, renewable energy consumption, energy productivity, new business density, Internet users, patent applications, trade volume index, women impact, and tertiary education.
The integration of the indices in the analysis together with the environmental performance and other macro factors allowed us to obtain new findings in the field. As a fact, the EU’s environmental performance, assessed in a more complex way by the index EPI, was positively influenced by eco-innovation index, circular material use rate, forest area, area under organic farming, renewable energy consumption, energy productivity, new business density, Internet users, patent applications, women impact and tertiary education between 2010 and 2020, once in 2 years. Another finding points out the negative influences of GINI index (higher inequality), total natural resources rents, trade volume index and environmental taxes on EPI. Although newly considered, the number of heating degree days should be retested as it indicated inconclusive result.
Based on the results obtained, we consider that policymakers should provide aid to community and regions in order to obtain higher environmental performance. The recommendations are presented in Table 5.
TABLE 5 | Influence of variables on EPI and policy recommendations.
[image: Table 5]Furthermore, all variables should be reassessed in a longer time frame, as well as in other regions, in order to formulate better environmental policies, to observe if the results are similar in terms of effect, size, and dimension. The guidelines of policymakers should focus on achieving the environmental factors proposed to 2030, to encourage environmental close behavior and to discourage environmental deterioration. Also, it is similarly important to not forget about the diversity of national conditions in the environmental proposals and the measures that aimed improving the sustainability of different regions.
Given all the findings of the analysis, it is necessary to rethink and to reduce the objectives of economic development of each country based on continuous progress and to stimulate other components of social welfare to protect the natural environment and long-term survival of humankind. In this context, the equitable integrated approach of the components of the nature–society system becomes imperative. However, there are limitations to the research conducted regarding the tests allowed by EViews, the data panel technique used, the specific conditions of each EU country on energy consumption patterns, the data availability, the size of the database, the problems occurred in the estimation technique because of the small time period (6) included into the analysis even though we have 27 cross country observations and the combinations of variables introduced in the panel model. In reality, all the factors considered are interdependent and, therefore, in a future research, we aim to develop new mathematical models based on the science of complexity to consider all variables of the nature–society system as a whole when evaluating the influences of its components in order to increase the possibilities of predicting their evolution. Another way of improving the results is related with using more advanced techniques estimation. In addition, future research can test the causality between variables as recent research reveals bidirectional causality between them. The research can be improved by analyzing the drivers of environmental performance based on micro data, more precisely, at the firm level, by conducting a research based on a questionnaire at the firms’ level where the structural equation modeling with a graphical design could be applied. However, the research does not lose its relevance because it shows many historical trends and impacts of some components of the nature–society system, specifically the environmental performance drivers, which must be considered in future sustainable policies and in substantiating and setting targets in every sector of our society.
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