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Abstract — The natural environment and the human economy are tightly interrelated systems. The paper investigates long-term
input-output relations between economics and the environment regarding draws (raw materials) from the system and loads
(pollution) to the system. More recent evidence about consumption and use patterns was provided regarding raw extraction and
waste production. New insights about the contribution of the EU member states toward the sustainable use and reuse of materials
and waste have been highlighted. The results support the EKC hypothesis regarding the firm and negative relationship between
income and GHG emissions in CO2 eq., strengthening the evidence about a further drop in emissions responding to income
growth. However, the inconclusive results suggest a cyclical waste production and raw materials consumption pattern. Thus
economic growth instead encourages consumption. Moreover, there is a lack of cooperation between the EU member states on
a national level to fill common environmental goals. EU member states are pursuing their goals rather than individually, thereby
"locking" themselves against each other. Their effort results in substantial differences, and their overall progress is vague. The
cluster analysis shows relatively significant heterogeneity between the subclusters and high inter-class variance within; regarding
renewable energy share, water use, waste recycling and circular material use. More inclusive coordination of policies and broader
decentralization of power-decision bodies on the regional level might shape economic-environmental relations more sustainably.
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INTRODUCTION

Economic activity's environmental impact can be seen as
extractions from or insertions into the environment. In
economic activity, the environment serves as a resource base,
amenity service base and waste sink (Common, 1995).
Perman et al. (2003) note that the total level of impact can be
considered the size of the human population and the per capita
impact. The per capita impact depends on each individual's
consumption and production technology. A commonly used
description for identification of the impact made by human
activity on the environment is IPAT identity. Thus impact (I)
was expressed as the product of population (P), (2) affluence
(A), and (3) technology (T). The introduction of this equation
is credited to Ehrlich and Holdren (1970); although first used
to quantify contributions to unsustainability, the formulation
has been reinterpreted to assess the most promising path to
sustainability (Chertow, 2001). Later, the identity was

renovated as the TmPACT' identity, proposed by Waggoner
and Ausubel (2002). In the 'new' ImPACT identity, parents
modify P, workers modify A, consumers modify C, and
producers modify T (Waggoner and Ausubel, 2002).

The new understanding of environmental and resource
economics is that the natural environment and the human
economy are interrelated. Change in one could have a
significant effect(s) on the function of the other. The human
economy has grown to a size that can no longer be considered
negligible relative to the natural world (Hussen, 2000).
Ongoing ecosystem destruction and overall degradation of
natural systems have been well documented (World bank,
2008; Millennium Ecosystem Assessment, 2005).

Environmental degradation occurs and is occurring
everywhere, although they tend to vary with the economic
system, the state of the economy, the geographic area, the
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climatic conditions, and the growth of the population. The
European environmental agency considers biodiversity loss,
resource use, climate change impacts and environmental risks
to health and well-being as the most pressing problems.
Global megatrends such as demographic change intensify
many environmental challenges, while rapid technological
change brings new risks and uncertainties (EEA, 2019).

Earlier, Stern (2007) provided a comprehensive overview of
the impact of ongoing climate change on the human
population and vice-versa. Its executive summary notes that
climate change should influence essential elements of human
life on earth — access to water, goods production, health and
the environment. Hundreds of millions may suffer from
hunger, water shortage, and floods as the planet are warm
(Stern, 2007). In this relation, Barbier (2010) speaks about a
poverty-environment trap as a condition when many rural
people in developing countries rely directly on natural
resources and the environment for agriculture, livestock
husbandry, fishing, basic materials, and fuel — to meet their
subsistence requirements and to sell in markets for cash
income.

(Barret et al., 2013) Distinguish between manufactured
capital and natural capital. Ecosystems are specific forms of
natural capital assets that provide various services. They
maintain a genetic library, preserve and regenerate soils, fix
nitrogen and carbon, recycle nutrients, control floods, filter
pollutants, pollinate crops, and operate the hydrological
cycles. Degradation of ecosystems is much like the
depreciation of physical capital (e.g., roads, buildings and
machinery) but with two significant differences: damages are
frequently hard to reverse, and ecological processes tend to
be nonlinear so that the ecosystem can collapse abruptly,
without much prior warning. It has been hypothesized that a
relationship between environmental degradation and
economic development does exist. Such a relationship is
called an environmental Kuznets curve (EKC) after Kuznets
(1955), who hypothesized an inverted 'U' for the relationship
between a measure of inequality in the distribution of income
and the level of income (Uschiyama, 2016; Perman et al.,
2003). The EKC proposes that indicators of environmental
degradation first rise and then fall with increasing income per
capita (Stern, 2004).

Such a relationship, or the relationship between economic
growth and environmental pollution, has been the subject of
intense research. The empirical evidence has brought
inconclusive results, whether several suggestions for
environmental policy enforcement were provided (Acaravci
and Ozturk, 2010; Lin et al.,2016; Ben Nasr et al., 2015;
Farhani et al.,2014). Stern (2004) suggests little evidence for
a common inverted U-shaped pathway that countries follow
as their income rises. Furthermore, it seems unlikely that the
EKC is an adequate model of emissions or concentrations.
Overall, EKC results do have a very flimsy statistical
foundation. Lin et al. (2016); and Ben Nasr etal. (2015) found
no support for the EKC hypothesis in a sample of African
countries. Instead, the environmental policy should focus on
encouraging energy efficiency, enhancing the use of clean
energy and harnessing the positive impacts of urbanization.

In conclusion, it will need to sacrifice economic growth,
which is unfeasible for most countries to reduce emissions.

Contrary to initial estimations, Farhani et al. (2014) found an
inverted U-shape relationship between environmental
degradation and income and, in the case of modified EKC
(MEKC), a link between sustainability and human
development. The moderating factors were introduced, like
energy, trade, manufacturing and the role of law. Findings
also suggest that the EKC hypothesis, HD and sustainability
are crucial to building effective environmental policies. Lin
et al. (2016) found that the EKC hypothesis is well supported
for all three primary pollutant emissions in China. However,
challenges to the EKC hypothesis were cited, namely energy
consumption, trade liberalization and growing urbanization,
as the most severe factors which may jeopardize the overall
goal for carbon emissions.

Economists can influence environmental policy in several
ways. One is by advocating using particular tools for
achieving better environmental outcomes through research,
teaching, and outreach to policymakers. Another is by
analyzing the benefits and costs of regulations and standards,
which may demonstrate the inefficiencies of the goals. A third
way is by analyzing how decisions are made — by examining
the political economy of environmental regulation.

The narrow definition of the economic instrument in
environmental policy enforcement is typically restricted to
incentive-based mechanisms such as emission taxes, deposit-
refund schemes, tradable permits, subsidies, and removal of
subsidies.

Such mechanisms can achieve environmental outcomes at a
lower cost than direct regulation (Hahn, 1998). (OECD,
2017) advocates for using economic instruments in
environmental policy enforcement. Taxes, subsidies, and
other instruments provide necessary market signals that can
influence the behaviour of producers and consumers. They
can incorporate environmental costs and benefits into the
budgets of businesses and households by increasing (or
decreasing) the price of a product or service. As such, they
help internalize the use of natural resources or the emission
pollutants into firms or household decisions. They can
effectively and cost-effectively achieve environmental goals,
such as fighting air pollution and climate change or protecting
biodiversity. Mura and Marisova (2021) argue the necessity
of delivering environmental policy instruments to the local
level. Notably, territorial self-government is one of the
essential pillars of the functioning of public administration.
In territorial self-government, local and regional bodies are
closest to the citizens and know their daily needs.

Furthermore, Bumbalova et al. (2022) point to a close link
between local waste management and environmental
protection, which belong to the core competencies of self-
government units. Thus, municipalities have a significant
ability to influence waste management, transportation
(mobility), and circular economy topics. Legal tools,
partnerships and information and communication tools were
those that can be most utilized in their activities relating to
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environmental protection and environmental policy enforce-
ment.

The European Union (EU) recognizes its relatively tepid
approach to integrating environmental policy into the
framework of fiscal policies at the EU level. Attempts to
integrate environmental policies into other policies and to
correct wrong market mechanisms were pursued in the 1990s
but failed to deliver (Scheuer, 2005). Currently, EU
environmental policies are guided by three thematic policy
priorities: (1) to protect, conserve and enhance the EU's
natural capital; (2) to turn the EU into a resource-efficient,
green and competitive low carbon economy; (3) to safeguard
the EU's citizens from environment-related pressures and
risks to their health and well-being (EEA, 2019). Today, many
environments and climate policies combine different types of
public interventions, such as (1) traditional regulatory
approaches, sometimes labelled 'command and control
measures (e.g. emission standards, bans of toxic substances
or land planning instruments); (2) market-based instruments
(e.g. environmental taxes and emission trading); (3)
awareness raising (e.g. energy efficiency labels or
communication campaigns) (EEA, 2016).

Besides using economic instruments for environmental
policy goals achievement, other supporting tools might be
employed. In these terms, we might speak about the Cohesion
policy EU framework, which is the specific policy concerning
economic and social disparities among the EU member states.
Several studies clarified the objectives of the EU cohesion
policy (Molle, 2007; Bachtler et al., 2017; Fratesi and
Wishlade, 2017). In the current programming period (2021-
2027), the environmental issues are well incorporated in the
EU political objective no.2: a greener, low-carbon transition
towards a net zero carbon economy.

MATERIALS AND METHODS

The paper provides valuable insights into economic-
environmental relations on a casual basis. Thereby combines
and follows a traditional topic of investigation (e.g. EKC
hypothesis or/and IPAT identity) for providing recent
evidence about the impact of human activity on the
environment. The paper should deliver "more evidence
"about the EU results regarding the economic transition
towards sustainability.

Firstly, an assessment of the environmental footprint caused
by economic activity is investigated.

Notably, the Kuznets hypothesis and IPAT identity is an
object of interest, whether more developed nations can
mitigate environmental degradation's impact. Several
indicators qualified as 'environmental demand' were opted to
illustrate the society's ongoing life trends: GHG emissions in
CO2 tonnes, raw materials extraction in thousand tonnes and
produced communal waste per capita. The novelty of the
approach rests in indicators use, which well describes
ongoing patterns in consumption, resource use and waste
production.

These indicators are expressed as logs of GDP in PPS at the
EU level. The scattergram shows a possible association
between each indicator and income per capita smoothed by
the trend curve.

Secondly, the EU member state's contribution to standard EU
environmental policies by pursuing joint environmental goals
was investigated. For this purpose, several indicators (e.g.
indicators of 'sustainability") were chosen, which are also part
of the most critical EU environmental policies: the share of
renewables in gross final energy consumption, the recycling
rate of municipal waste, circular materials use rate and water
exploitation index. This part of the paper provides results of
long-term efforts to mitigate resource over-consumption and
over-use patterns toward greater sustainability via
environmental policy tools.

All these indicators were observed at the EU member state
level for the last recorded period. The current state has been
analyzed through cluster analysis (agglomerative hierarchical
clustering — AHC), thereby highlighting differences between
the EU member states. Formally are considered N objects,
represented by the EU member states plus UK. On each
object, k characters are investigated, which means
sustainability indicators.

It is possible to find Nk — vectors x;, x,, ... Xxy. Let denote
them X as a set of all objects. The goal of cluster analysis is
to aggregate x; objects into n clusters S;,S,,...5,,
respectively. Objects of the cluster analysis are aggregated
into clusters by distance or similarity criteria. As a basis for
'dissimilarity’ determination among the clusters or states is
Euclidean distance v, which can be formalized as a distance
between two arbitrary vectors Y and Z

vyz = | Zia (i —2)? Eq. (1)
In each step, clusters are considered 'new' objects and are
submitted to further clustering according to the same
principle as the prior one. The primary basis for clustering
procedures is the distance matrix (v,.;) of each pair of objects.
We can use several methods of clustering. For our purposes,
we use Ward's method as an essential criterion for clustering.
This method is based on minimizing total dispersion within
the cluster. Thus the method uses a modified Euclidean
distance squared (Hendl, 2012).

vrs = v({X, 3, {X:D) = X, — X7 Eq.(2)

As a research sample, we have used statistical data on the
level of EU member states. In the case of environmental
demand indicators, the data on the EU level assembled in time
series have been used. The length of each time series varies
because of the differences in records among the indicators,
but 1995-2020 time series data have been used in general. For
the cluster analysis, data on EU member states were used for
2017-2020. Again, there are some differences in records
between the indicators. For the analysis, secondary data from

39



© 2022 The Author(s). Ecocycles © European Ecocycles Society, ISSN 2416-2140

Volume 8, Issue 2 (2022)

FEurostat were used. At first, the evidence about the relevance
of the EKC hypothesis applicable to the EU level was
investigated.

RESULTS

Figure 1 shows the relation between the GHG emissions in
CO; eq. and GDP per capita in PPS at the EU level for 1995-

2020, smoothed by the nonlinear curve. The display suggests
apparent relation between the variables. Indeed, the
calculated value of Kendall's correlation coefficient (7)
became strong (-0.835) and statistically significant (p-
value<0.0001). It also suggests that with rising income (x-
axis) EU has been able to significantly decrease GHG
emission levels (y-axis) measured as CO, equivalents (tonnes
per capita) from 1995-2020.
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Figure 1: Plot of log GHG emission in CO: eq. vs log of GDP per capita in PPS, EU level
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Figure 2: Plot of log RMC vs log of GDP per capita in PPS, EU level
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Figure 2 shows the relation between raw material
consumption (in thd. tonnes) and GDP per capita in PPS at
the EU level for 2000-2020 smoothed by the nonlinear curve.
The graph suggests nonlinear relation between raw materials
consumption and GDP per capita. The relation is moderately
negative, the value of T = —0.212, which became barely

statistical significant (p-value<0.05). The results suggest that
rising income can moderate raw materials consumption, but
after some income level (not determined), it appears that raw
materials consumption has risen again.

o o
N )
N EN
t t

log Waste_per capita
o
N

6,18

2000-2020

6,16 t t
16 16,1 16,2

16,3 16,4 16,5 16,6
log GDP_PPS

Figure 3: Plot of log Waste per capita vs log of GDP per capita in PPS, EU level

Figure 3 shows the relation between waste capita production
(in thd. tonnes) and GDP per capita in PPS at the EU level for
2000-2020 smoothed by the nonlinear curve. The graph
suggests nonlinear relation between waste production and
GDP per capita. The relation is strongly negative, the value
of T = —0.547, which became statistically significant (p-
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value<0.01). However, the display of the figure shows some
inconsistency, suggesting cyclical development of waste
produced in the EU.

Next, the progress of EU member states towards
sustainability goals was investigated.
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Figure 4: Box plot analysis of sustainability indicators

Figure 4 shows variance among investigated sustainability
indicators. Generally, vast differences might be observed
within and between the indicators among the EU member
states. Mostly, 'fair' distribution shows the share of recycled
waste and circular material use rate, close to normal
distribution. However, relatively positive skewness prevails
in the share of renewable energy and water exploitation index.
Both indicators have long right tails marked by apparent
outliers, highlighting differences among the member states.
In the case of the RES and CMR, there is relatively little
progress toward more sustainability, meaning that median

values are just close to 10% for CMR and 20% for RES,
respectively. When speaking about recycled waste,
tremendous success is noted — up to 40% of municipal waste
is being recycled in the EU on average. In the case of the WEI,
low values are positive, suggesting less water scarcity;
however, some EU member states are also being threatened
by water scarcity.

Finally, AHC has been used to distribute EU member states
to clusters, thereby highlighting their similarities and
differences in the scope of all sustainability indicators.
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Figure 5: Plot of EU member states aggregated into clusters based on sustainability indicators
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Figure 5 displays the results of the cluster analysis. Two
distinct clusters may be observed. Cluster C1 (blue) shows a
minor variance than cluster C2 (red). Moreover, smaller
pockets of EU member states might be found in each cluster.
In general, subclusters do not respect the national borders of

DiSCUSSION

Overall results have shown a moderately strong association
between economic growth and selected indicators. The link
showed a strong, negative association between the GHG
emission in CO2 eq. and economic growth. It suggests that
over time, as society becomes wealthier, more resources aim
for GHG emission drop, which became fruitful. Acaravci and
Ozturk (2010) found long-run relationship between carbon
emissions, energy and real GDP for several EU member
states; however, not all of them. For these countries, a positive
long-run elasticity between emissions and real GDP was
noted and thus supported EKC hypothesis in Denmark and
Italy. However, authors conclude that EKC hypothesis is not
valid for most countries considered in those studies. Similar
conclusions were provided by Apergis and Ozturk (2015) on
a research sample of Asian economies. The authors suggest
that environmental degradation increased per capita during
the early stages of growth and then declined with per capita
income after arriving at a treshold. However, Kaika and
Zervas (2013), in their metanalysis of the evidence of the
EKC hypothesis, pointed to well-up mixed results and noted
that the process of economic growth does not reduce
emissions over time, thought that CO2 emissions are related
to economic growth through the energy consumption.
Generally, comparing research results with other empirical
sources, it might be concluded that "signs "about the link
between economic growth and drop in emission production
were confirmed; however, such evidence is not worldwide
observated nor consistent. The reason might be due to the
differing methodologies, objects of study (regions) and study
periods. A large-scale study involving large data panels might
bring "new "results, thus enabling "opinion to settle down ".

In the case of the RMC and Waste production, the results are
more inconclusive. The association was moderately solid and
negative; however, data showed a cyclical pattern of material
use and waste production. In their research, Grdic et al.
(2020) found a significant association between waste
production and economic growth, moreover confirmed a
statistically significant "trade-off "effect between the
recyclation rate and waste production along the economic
growth path. This association in the paper was found
inconclusive.

Secondly, the level of adaptation to common environmental
goals through policy enforcement among the EU member
states was observed. The research on 'sustainability
indicators' showed vast differences in the level of adaptation
(achieved rate) among the individual EU member state. The
highest progress recorded is the waste recyclation rate — when
around 40% of all municipal waste in the EU is now recycled.

EU member states (but there are some exceptions), and so-
called 'old' and 'new' member states are well mixed up. The
overall picture suggests the application of common
environmental goals on an individual basis.

The weakest figure becomes the circular material
use rate, up to 10% on average. Similarly, Haas et al. (2015)
put the global material recyclation rate at just 6%, whereas
the EU is slightly above the global average. Shpak et al.
(2021); Busu and Trica (2019) reason significant differences
between the EU member states in their progress toward to
circular economy, namely in material and energy recovery
and waste recycling. In this scope, the EU represents
'multiway' Europe; while naming some EU countries as
leaders, others made steady progress, and some are just in the
beginning. This part of the research is mostly in line with
empirical results provided by various authors. Moreover, the
results imply different approaches toward environmental
policy enforcement on the national level among the EU
member states.

In the case of renewable energy sources, overall progress is
slow; just around 20% of energy consumption in the EU is
covered by renewable energy sources, which underlines the
importance of this topic. The reasoning of such a state might
replenish the complementarity of searched results. (Haas et
al., 2011) cite significant differences in RES adoption across
the member states, which are determined by the path-
dependency, structure of economies and also geographical
location. (Striekowsky et al.,2013) Speak about significant
hurdles that remain to reach generally binding environmental
goals in terms of the RES in the EU. The main issue is the
high energy costs imposed on consumers due to the
introduction of investment demanding green technologies.
Researched results in this topic generally highlight findings
of earlier empirical sources, stating the reasons and obstacles
toward the higher RES share introduction in the EU.

In terms of the water exploitation index, the overall level of
water exploitation is relatively small, just up to 10%, which
suggests that EU member states can save and reuse water
sources. However, some EU member states showed very high
water use rates (exceeding 20%), which suggests some water
scarcity and potential weakening of the freshwater stock.
Researched results confirm significant variation of WEI
among the EU member states, which also reflects freshwater
stocks of individual countries. Among some examples,
Marcos de Monte (2007); EEA (2009) point to significant
differences in the WEI in some EU countries, even on the
regional level of the member state. For instance, Malta is
characterized as a region with intense competition for water,
as its WEI is more than 67%; otherwise, Spain as a whole
country has a WEI of 29%, but some of its southern parts have
up to 100% Southern Europe is one of the areas where water
scarcity is expected to increase in the future. Macedonia and
Malta are at the highest risk, whereas the situation in Greece
and Slovenija seems to be much better. Other countries with
the lowest freshwater availability (Greece, Italy, Portugal and

43



© 2022 The Author(s). Ecocycles © European Ecocycles Society, ISSN 2416-2140

Volume 8, Issue 2 (2022)

Spain) have already introduced regulating guidelines to
regulate this field.

Finally, sustainability indicators data on the level of
individual EU member states were hierarchized into clusters
sed on their mutual similarity/dissimilarity. Results showed
two distinct clusters, which can be further broken into at least
two. Within the (sub)-clusters, the member states are grouped
chiefly regardless of the national borders; spatial
autocorrelation is perhaps low; however, there are still some
exceptions. Results suggest that each member state fulfils
common environmental issues individually without broader
coordination on a supranational level.

Results might be complemented by Maris and Flouros (2021).
As a possible "culprit,” they reason the EU member states
incoherent approach toward adopting standard energy,
climate, and environmental policies. They point out that
variation can be explained through various reasons, such as
domestic players, lacking capacities and populist
governments.

Europeanisation is a multi-faceted and dynamic process,
which can be viewed with a top-down and bottom-up
perspective that continuously evolves during the long process
of adopting new legislation to a local system. However, this
process often encounters reactions, delays, partial acceptance,
and, ultimately, a controversial and incomplete
implementation of measures.

In this relation, Borzel (2002) coins the EU member states by
so-called "foot-dragging", "fence-sitting", and "pace-setting"
states according to the level of compliance with the EC
directions and recommendations concerning energy, climate

and environmental strategies
CONCLUSION

The paper's main objective was an investigation of economic-
environment relations in a general input-output framework.
Such relations were previously well described via the EKC
hypothesis and IPAT identity. The research largely follows
these constructs; however, the results were replenished by
more recent evidence about transiency toward economic
sustainability at the EU level. The evidence states that the
long-term decrease in pollution (in terms of GHG emissions
per capita) is parallel with income growth in the EU. The
relation was proved statistically significant, and despite non-
implying causation, the such effect should not be ruled out.

Raw material extraction and communal waste production
represent input-output relations. The results instead provide
inconsistent evidence about raw extraction savings or waste
reduction. Moreover, in the case of raw extraction, the
evidence suggests that economic development serves instead
for the sake of more raw extraction; or raw materials
recycling is not strong enough.

Finally, progress toward economic sustainability was
evaluated through sustainability indicators. This approach

also partially reflects environmental policy enforcement. The
results point to vast differences "within "and" between
"sustainability indicators as a relative share of the average
contribution by each EU member state. Subsequent
hierarchical clustering shows the "randomness "of clustering
based on policy goal achievement. There is a relatively low
spatial correlation in policy coordination on the national
level, and policies are enforced individually.

Generally, it might be noted that the drop in GHG emissions
so far has been met with some success. In the case of other
important environmental topics, the research fails to provide
conclusive results or manifest just the opposite. When
speaking about environmental policy enforcement, the
overall progress so far has been meagre, maybe also due to
the lack of cooperation on the sub-national level. Natural
resources, particularly renewable ones, do not respect
national borders. Thus cross-border initiatives aiming at
sustainably harnessing natural potential may become helpful.
Also, broader decentralization of competencies in
environmental policy enforcement can become handy in
unbinding joint project opportunities on the subregional level.
Subsequent research may provide more evidence about the
abovementioned issues, perhaps outlining some causal
relations or investigating the environmental policy
enforcement issues at the EU level. In particular, the research
about "convergence clubs "in the EU in terms of
environmental policy enforcement might be interesting.
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