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Abstract. It is a commonly accepted thesis that the quality of the environment increases together with the level of
society's prosperity expressed by gross domestic product (GDP). The relationship displayed by the environmental
Kuznets curve partially confirms the above statement. In view of today’s strong interest in environmental protection
problems, the relationship defined by the environmental Kuznets curve is worth verifying.

The purpose of the research is to design a synthetic measure of the quality of the environment and specify the relation
of this measure to gross domestic product, and furthermore to identify the impact of variables representing the quality
of the environment on the value of the quality of the environment measure. The analysis covered data from 25 European
Union countries in the years 2004-2016. The synthetic measure of the quality of the environment was designed using
the TOPSIS-CRITIC method.

The result of the analyses is ascertainment of modification of the Kuznets curve, understood as the relationship between
GDP and the quality of the environment. It was found that the Kuznets curve assumed a U-like shape in both classes of
the analysed countries (growth and decrease of the geometric mean of the synthetic measure of the quality of the
environment).
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Introduction
The quality of the environment is a very important element of sustainable development, next to

economic, social and environmental factors (Soliwoda, 2015). A lot of factors shaping the quality of the
environment are difficult to express in quantitative terms. Furthermore, the multitude of variables
determining the quality of the environment makes it difficult to assess its real value. Therefore, an attempt
to create a synthetic measure defining the quality of the environment was made. Application of a synthetic
measure facilitates comparing units, especially if they are in large numbers, and allows for grouping units
characterised by similar determinants (Majchrzak, Wysocki, 2007).

In literature there is a common view that environmental degradation increases along with GDP growth
until the latter reaches a certain value after which the condition of the environment improves. This
correlation is known as the Kuznets curve (Dinda, 2004). The environmental variation of the Kuznets curve
was developed by Grossman and Krueger (Grossman, Krueger, 1991).

The environmental Kuznets curve shows the relationship between gross domestic product and the level
of pollution of the environment, however, this concept does not take into consideration social impact,
promotion of pro-environmental activities and the volume of funding of environmental protection activities
by government agencies. Thus, it should be assumed that the above-mentioned factors may modify the
shape of the environmental Kuznets curve.

The purpose of this paper is to propose a method for designing a synthetic measure of the quality of
the environment and to verify the law governing the Kuznets curve by testing the relationship between the
proposed measure and gross domestic product.

Achievement of the said purpose should produce new insight about the measurement of the quality of

the environment and verify the relationship between the values defined by the Kuznets curve. Additionally,
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achievement of this purpose should provide mechanisms for monitoring maintenance of the natural
environment in proportion to economic growth.

A major disadvantage of the synthetic measure of the quality of the environment is concentration of the
environmental policy on selected components of the measure, what causes divergence in the objectives of
the environmental policy. For instance, the said measure may go down as a result of deterioration of air

quality, while there may be the opposite effect as soil quality might have improved at the same time.

Research methodology
First, the variables defining the quality of the environment were selected. The values of the variables

were obtained from the Eurostat database. The analysis covered data from 25 European Union member
states in the years 2004-2016. Some countries were excluded from the analyses (Romania, Croatia,
Bulgaria) due to incomplete data in the Eurostat database.

Then, a synthetic measure of the quality of the environment was developed by means of the TOPSIS
method (Technique for Order Preference by Similarity to an Ideal Solution) (Wysocki, 2010). By analysing
the literature, 9 variables were selected for formation of the synthetic measure: estimated soil erosion by
water, consumption of inorganic fertilizers — nutrient: phosphorus, consumption of inorganic fertilizers -
nutrient: nitrogen, ammonia emissions from agriculture, greenhouse gas emissions: agriculture, air
pollution (non-methane volatile organic compounds), air pollutants (particulates <2.5 uym), air pollutants
(particulates <10 um), population of endangered birds species and habitats.

The values included in the analysis were converted to a hectare of an area to ensure comparability of
the analysed variables.

From among the set of variables acceptable for the formation of the synthetic measure of the quality of
the environment, those variables which were characterised by sufficient level of the coefficient of variance
and were not excessively correlated with other coefficients were selected. Correlation was assessed by
means of a correlation matrix between the variables and then an invertible matrix. Next step was the
analysis of the diagonal elements of the invertible matrix. It was established that values exceeding 10
determine improper condition number of the matrix and thus excessive correlation of a particular feature
with the other features (Czyzewski, Kryszak, 2017). Therefore, from 6 to 8 variables were qualified for the
formation of the synthetic measure of the quality of the environment, depending on the year covered by
the analysis (Table 1).

At the next stage, the variables qualified for the synthetic measure of the quality of the environment
were subjected to zero unitarization, and destimulants were converted into stimulants (all the variables
save for the population of endangered bird species and habitats variable, which was classified as a
stimulant). The unitarization was performed according to the following formulae:

- stimulants:z,ij = (x;ij — Imin],igx,ij 1)/ Imaxd ;i [{xij}- Imind i{xij}3 ,(i=1.2,w,mj = 1,2,..,m); 2([0.1] (1)

- destimulants:zjij = (Emax] jifx,ij} - %)/ Imaxd i [{xij}- Imind ji{x,ij} 1 ,(i=12,w.n;j = 1.2,..,m); 2([0.1] (2)
where: mini{x;;} — minimum value of j feature, max;{xi} — maximum value of j feature, i — object (in

this case country).

Then, weights for particular coefficients were determined by means of the CRITIC method (Criteria
Importance Through Intercriteria Correlation) (Diakoulaki et al., 1995; Deng et al., 2000). Similarly to the
works of (Bieniasz et al., 2013; Czyzewski, Kryszak, 2017), an assumption that the influence of particular
simple features on the value of synthetic measure of the quality of the environment is not identical was
made. In the CRITIC method, weight coefficients are determined on the basis of standard deviations and
correlation between the coefficients. A distinctive feature of this method is assigning relatively higher
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weights to features which are characterised by a high rate of variability and simultaneously low correlation
with other features. The weight coefficients were determined according to the following formulae:

m
wj = ﬁj =1,2,..,m; ¢j = Sje) Z[(l -151),j=12,...m @3)
k=1

where: ¢; - measure of informational capacity of j feature, sj;) — standard deviation calculated out of
the standardised values of j feature, rij — correlation coefficient between j and k features. The sum of the
coefficients is 1. Next step was multiplication of the determined standardised values of simple features by
relevant weight coefficients.

At the next stage, calculation of Euclidean distances of particular units from the pattern and anti-pattern
of development was performed. The calculation of Euclidean distances was performed according to the

following formulae:
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At the next stage, the value of q; synthetic feature was determined according to the following formula:

3 -

a: .
i= =———=,0=12,.,n)(6
%= FFya; ( ) (6)
At the end-stage of the analyses, the countries were divided into two classes, taking growth
(class A) or decrease (class B) of the geometrical mean of the synthetic measure of the quality of the

environment as the criterion.

Research results and discussion
The application of the CRITIC method enabled to determine the weights of the variables used for the

designation of the synthetic measure, the weights assigned to the variables forming the synthetic measure
are shown in Table 1. The estimated soil erosion by water variable (approximately 20 %) followed by the
nutrition — nitrogen variable (approximately 19 %) had the biggest average share in the synthetic measure.
Furthermore, it should be noted that three from among the analysed variables formed part of the synthetic
measure only in certain years, these are the ammonia emissions from agriculture, air pollution (non-
methane volatile organic compounds) and air pollutants (particulates < 2.5 ym) variables. The air pollutants
(particulates < 10 ym) variable did not meet the criteria which would allow for its inclusion in the measure
of the quality of the environment in any of the analysed years.
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Table 1
Weights of the variables used in the formation of the synthetic measure of the
quality of the environment *
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1. | 2004 | 0.2173 | 0.1891 0.1784 - | 0.1443 | 0.1285 - - 0.1424
2. | 2005 | 0.2168 | 0.1679 | 0.1811 - 0.1434 | 0.1227 - - 0.1682
3. | 2006 | 0.2200 | 0.1780 | 0.1699 - 0.1437 | 0.1253 - - 0.1631
4. | 2007 | 0.2222 | 0.1763 | 0.1693 - 0.1451 0.1292 - - 0.1579
5. | 2008 | 0.2026 | 0.1732 | 0.2074 - 0.1479 - 0.1200 - 0.1489
6. | 2009 | 0.2093 | 0.1286 | 0.1654 | 0.0717 | 0.1075 - 0.1629 - 0.1545
7. | 2010 | 0.1968 | 0.1496 | 0.2048 | 0.0972 | 0.1150 - 0.1027 - 0.1337
8. | 2011 0.1979 | 0.1659 | 0.2227 - 0.1514 - 0.1182 - 0.1439
9. | 2012 | 0.2018 | 0.1618 | 0.2123 - 0.1571 0.1226 - - 0.1443
10. | 2013 | 0.1877 | 0.1698 | 0.1771 0.0974 | 0.1303 - 0.1004 - 0.1374
11. | 2014 | 0.2021 0.1673 | 0.2055 - 0.1590 - 0.1273 - 0.1388
12. | 2015 | 0.1931 0.1612 | 0.1628 | 0.1206 | 0.1220 - 0.1082 - 0.1320
13. | 2016 | 0.1745 | 0.1543 | 0.1493 | 0.1107 | 0.1072 | 0.0894 | 0.0915 - 0.1231
Mean 0.2008 | 0.1624 | 0.1860 | 0.0995 | 0.1352 | 0.1169 | 0.1164 - 0.1436

* '-' variables rejected due to excessive correlation
Source: authors’ calculations

The analyses carried out by Jankowska on a sample of 29 countries demonstrated that the
environmental Kuznets curve assumed an N-like shape. The research covered the years 2000-2001
(Jankowska, 2016). The analyses conducted in this paper were based on the classification of the analysed
EU countries (25) into two groups, one group consisted of countries showing average geometric growth of
the synthetic measure of the quality of the environment (Figure 1). In the said group of countries, the
Kuznets curve partially assumes a U-like shape (R?=0.2638), what is inconsistent with the model
presentation of the Kuznets curve, as it assumes the shape of an inverted parabola in the models. In
addition, it should be noted that the said curve is to a certain extent similar to the curve showing the
relationship between the levels of air particulate pollutants and GDP (Grossman, Krueger, 1991).

The same curve shape as in the model defined as the Kuznets curve was obtained in the analysis of the
relationship between economic growth, energy consumption and environmental protection quality in 11
countries in the years 1997-2013 (Destek, Sarkodie, 2019). Similar relations, characteristic of the model
Kuznets curve, were obtained in other research focusing on the relationship between GDP level and carbon

dioxide emission (Dong et al., 2019).
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Fig. 1. Relationship between GDP per capita and the synthetic measure of the quality of the
environment (countries showing growth of the geometric mean of the synthetic measure of the
environment)
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Fig. 2. Relationship between GDP per capita and the synthetic measure of the quality of the
environment (countries showing decrease of the geometric mean of the synthetic measure of the
environment)

The analyses carried out among the countries showing the decrease of the geometric mean of the
synthetic measure of the quality of the environment produced a Kuznets curve with its shape remarkably
similar to letter U (R2 = 0.3475). This result differs from the findings of Jankowska’s analyses, where the
curve assumed an N-like shape (Jankowska, 2016).

In the analysed collective, 16 countries displayed an upward tendency and 9 countries showed a
downward tendency displayed by the measure of the quality of the environment (Figure 3). It is therefore
interesting to explain which variables and to what extent had impact on these tendencies in the pattern of
the said measure.
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Fig. 3. Classification of the countries according to the direction (A - growth, B - decrease) of the
average annual changes in the quality of the environment in the period 2004-2016

A very interesting relationship can be observed in terms of the location of the analysed countries by
groups, i.e. class A - countries showing growth, class B - countries showing decrease of the geometric
mean of the measurement of the quality of the environment (Figure 3). It should be noted that 8 out of 9
countries showing decrease of the geometric mean of the measure of the quality of the environment border
each other, creating a distinctive territorial block. This location of the countries may suggest a similar level
of intensification of agriculture, as the variables used in the formation of the synthetic measure of the
quality of the environment are largely connected with agriculture. Another cause may be outsourcing of
toxic production to class B countries, including branches of agriculture which produce negative effects on
the environment (Kim, 2019).

The analysis of the dynamics of the changes in the measure of the quality of the environment expressed
by geometrical mean in the entire analysed period, i.e. in the years 2004-2016, indicated constant trends.
However, it should be remarked that despite the fact that these trends were constant, they developed
differently among the countries showing growth of the geometric mean (Figure 4) from among the countries
showing decrease of the said value (Figure 5).

The analysis of the values forming the synthetic measure of the quality of the environment for the two
groups of countries shows considerable differences in particular in terms of nitrogen fertilization, ammonia

emissions from agriculture, greenhouse gas emissions from agriculture, and air pollutants (Table 2).
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Fig. 4. Dynamics of the synthetic measure of environmental quality for the average value in
countries with the geometric mean value of the analysed measure <1, in 2004-2016
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Fig. 5. Dynamics of the synthetic measure of environmental quality for the average value in

countries with the geometric mean value of the analysed measure >= 1, in the years 2004-2016

Mean values of the variables forming the synthetic measure of the quality of the

environment (years 2004-2016)

Variable*
Class** x1 x2 x3 x4 x5
A 2.341 6.353 54.439 | 20.004 | 2942.116
B 2.566 5.846 78.918 | 40.955 | 4058.424
Mean 2.422 6.170 63.251 | 27.546 | 3343.987
x6 x7 x8 x9
A 22.005 4.433 3.920 85.349
B 65.513 | 10.514 | 22.267 | 84.615
Mean 37.667 6.622 14.205 | 85.085

Table 2

* x1-estimated soil erosion by water, x2-nutrient: phosphorus, x3-nutrient: nitrogen, xs-ammonia emissions from agriculture, Xs-

greenhouse gas emissions — agriculture, xs-air pollution (non-methane volatile organic compounds), x7-air pollutants (Particulates < 2.5
um), xs-air pollutants (Particulates < 10 um), xo-common farmland bird index 2000 = 100,
** class A - countries with the geometric mean of the synthetic measure of the quality of the environment >=1, class B - countries
with the geometric mean of the synthetic measure of the quality of the environment < 1

Conclusions

1) Two dissimilar patterns of the Kuzents curve from the most common ones found in literature. The

Kuznets curve assumed a U-like shape in both classes of the analysed countries.

It should be noted that the subject of the analysis was the relationship between gross domestic product

and the synthetic measure of the quality of the environment, which is a completely different value from

the values commonly used in the Kuznets curve. In the traditional environmental Kuznets curve, one

value is always gross domestic product, but the other value frequently varies (Sarkodie, Strezov, 2019).

2) The present analyses refer to the area of the analysed territories. Further analyses should also focus

on the population which plays a very important role in creating consumption adversely affecting the

quality of the environment. Another major problem is analysing the values in relation to the structure

of foreign trade to test exchange transactions between countries in terms of negative impact on the

quality of the environment.
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