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ABSTRACT: The paper aims to identify the influence of waste management on the natural environment, taking into account
spatial differentiation voivodeships in Poland. The article presents the results using a synthetic measure analysis. The research
results refer to the mean for the years 2009-2011 and 2019-2021. The relationships between waste management and the envi-
ronment in light of the presented research results are not yet synergistic or trade-off. No statistically significant regularities were
found in this respect. Spillover effects for waste management between voivodeships from the perspective of Moran's spatial
statistics were not observed either. In the case of the state of the environment, an increasing concentration of voivodeships with
similar values of the synthetic coefficient on the state of the environment was noted. Low levels of waste management have
a negative impact on the environment, so it is important to improve waste management towards a circular, closed economy
model.
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Introduction

The contemporary economic system faces the challenge of how to respond to development and
increasing local needs, changes in quality of life and climate, depletion of resources, and deterioration
of environmental quality (Heshmati, 2018). Overexploitation of resources and environmental degra-
dation waste management problems deplete national wealth and can prove to be an ecological bar-
rier to social development and affect the state of the environment. In recent decades, developed
countries have experienced rising living standards coupled with increasing environmental problems.
Economic development and increasing levels of consumption are associated with increased waste
generation, which in turn contributes to climate change and resource depletion (Minelgaité & Liobik-
iené, 2019) and increased negative environmental impacts.

The issue of waste management is part of the concept of sustainable development (Prus & Mar-
szewska, 2009). The waste management system and its changes shape the impact on the environ-
mental, economic, and social elements of the local economy, which in turn shape regional policy
(Pires et al., 2011). Sustainable waste management requires a systemic treatment of waste, taking
into account economic, social and, above all, environmental aspects. Waste has measurable values -
material and energy (Famielec, 2017). Reducing waste landfills in favour of increased recycling leads
to lower environmental impact, less energy resource consumption and lower economic costs (Eriks-
son et al,, 2005). Waste is a symbol of the inefficiency of any modern society and a representation of
misallocated resources. Although progress has been made in waste management, it differs from
region to region (Zaman & Lehmann, 2013).

As the waste volume increases with economic development and, moreover, waste management is
spatially differentiated, the question arises as to how waste management affects the environment at
the level of regions (voivodeships). Therefore, the paper aims to identify the influence of waste man-
agement on the natural environment, taking into account the context of spatial differentiation
(voivodeship level) in Poland. A research hypothesis is formulated: waste management has a signifi-
cant positive impact on the state of the environment in Poland at the provincial level. The question is
whether a higher level of waste management is associated with a better state of the environment at
the regional level. Admittedly, the state of the environment depends not only on anthropogenic fac-
tors but also on natural factors. This is why we also took into account the dynamics of the phenomena
under study in our research to diagnose whether a trend is developing related to the trade-off nature
between waste management and the environment or already the synergistic nature of these relation-
ships.

The addressed problems have both a scientific and an applied dimension. The first comes down
to enriching the concept of the green economy (Ryszawska, 2013). The application dimension, on the
other hand, concerns the formulation of recommendations for policymakers in the field of waste and
environmental management.

This article presents the results using a synthetic measure analysis (TOPSIS-CRITIC method) to
classify provinces by waste management and environmental status. The research results refer to the
means for the years 2009-2011 and 2019-2021. It allowed the dynamic aspects of the studied phe-
nomena to be captured, as well as the control of the phenomenon of deviations related to economic
changes (occurring in the regional economy, i.e. at the level of voivodeships).

So far, the research topic undertaken has mostly been analysed separately, except for a few stud-
ies (Ozga, 2017; Kukuta, 2014). Therefore, this article is intended by the authors to fill the existing
research gap. In addition, the motivation for undertaking the research was the practical application
of the proposed research methodology by assessing the waste management of regions in Poland. The
obtained results may be relevant for monitoring the progress of the impact of waste management on
the natural environment at the voivodships level.

An overview of the literature

Traditional waste management schemes have been based on what is known as the linear econ-
omy model, involving resource extraction, production, consumption and disposal phases in strict
sequence. Landfilling of waste leads to methane emissions, explosions and the release of harmful
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chemicals that can pollute groundwater, surface water and soil, threatening biodiversity and human
health (Agovino et al., 2024). The need to change the approach to waste management is also driven
by the need to reduce the valuable space required for waste disposal, treatment and storage (Mich-
niewska & Grodkiewicz, 2017). This fits in with sustainable development as well as the concept of
a green economy.

To improve resource efficiency, countries are moving from a linear economy to a circular econ-
omy, which aims to keep products, components and materials at their highest utility and value. The
waste stream from many different sources in the economy, which is not properly managed, can lead
to significant resource losses and cause serious environmental damage as underlined by Dong et al.
(2019).

Slater et al. (2006), in a study based on experience in Greece, indicate that a waste stream that
changes in composition over time and space requires the rationalisation of municipal waste manage-
ment, as well as the establishment of management systems that ensures safe and systematic collec-
tion, economically viable logistics and efficient waste management services at all levels. They also
postulate cooperation between private sector companies. This minimises economic costs and maxi-
mises environmental benefits. A study by Eriksson et al. (2005) (conducted in three Swedish munic-
ipalities, Uppsala, Stockholm and Elvdalen) shows that reducing landfill in favour of increased recy-
cling of energy and materials leads to a lower environmental impact. When planning waste manage-
ment, it is important to know that the choice of disposal method influences processes outside the
waste management system, such as the generation of heat, electricity, car fuel, plastics, cardboard,
and fertilisers.

Significant differences in waste generation (including municipal waste) have been observed in
the EU countries, as pointed out by Minelgaité and Liobikiené (2019). The amount of waste generated
depended on economic development. Efforts to reduce waste have significantly influenced recycling
behaviour. This may influence the fact that the relationship between waste management and the state
of the environment may not yet be synergistic. It is often emphasised in the literature on the topic
that improving waste management will minimise negative environmental impacts in the future (Rau-
tela etal., 2021; Perkumiené et al,, 2023). Over the past two decades, the EU has strengthened closed-
loop economy strategies. This promotes the development of sustainable waste management, which
reduces the pressure on the environment. More secondary raw materials, as highlighted by (Chioatto
& Sospiro, 2023), should return to industrial production, and this requires stronger intervention that
goes beyond the waste sector. According to a study by Le Pera et al. (2023), an average of 452 kg of
waste was produced per EU resident at the household level, of which only 39.9% was recycled. Selec-
tive waste collection allows more recyclable waste to be collected while reducing pollution, thus
decreasing the pressure on the environment. A study by Baud et al. (2001) shows that waste manage-
ment must pursue objectives that promote sustainability, i.e. optimising collection and minimising
production, promoting reuse and recycling of waste, and reducing the carbon footprint. Studies to
assess the environmental impact of waste management are mostly carried out at the national level
(Devadoss et al., 2021). Meanwhile, there is little research at the regional level that addresses these
issues. This provided additional motivation for writing this article.

Research methods

Empirical data were collected spatially for voivodeships in Poland. The selection of variables for
the study was determined by the substantive usefulness in assessing waste management and the
state of the environment, the analysis of the literature on the topic (Kukuta, 2014; Ozga, 2017), the
authors’ research experience, the variability of the variables (minimum 10%), as well as the availabil-
ity of secondary data collected by the Central Statistical Office for the years 2009-2011 and 2019-2021.
The years adopted for the analyses are simultaneously part of the programming periods of the EU
funds (2007-2013; 2014-2020), which affect the use of the EU funds for improving environmental
well-being.

The article uses a synthetic measure, which allows an evaluation to be carried out using an unlim-
ited number of criteria. The research carried out was done in several consecutive stages:

DOI: 10.34659/eis.2024.91.4.886



ECONOMICS AND ENVIRONMENT 4(91) * 2024

1.

where:

X11 X2 X1m
X. = X21  X22 X2m
L O ¢
Xn1  Xn2 Xnm

Indication of the observation matrix of a set of diagnostic variables in the form of :

(1)

X;j— means values j-th (j = 1, 2, .., m) variables for i-th (i = 1, 2, ..,, n) object, the matrix of diagnostic vari-

ables describing of the objects in terms of waste management and ecology and environment (Strahl,
2000; Zelias, 1991).

Statistical verification of the variables was based on the assessment of the coefficient of variation

(threshold value =0.10) and correlation (based on the inverse matrix, diagonal value =10) (Mtodak,
2006). The study distinguished the following diagnostic variables, shown in Table 1.

Table 1. Diagnostic variables describing waste management and the state of the environment on a voivodeship

basis in Poland for the periods 2009-2011 and 2019-2021

Waste management units Dsd::::nur;ﬁ?t
X1 | total waste generated per year per 1,000 inhabitants pé??ggg (ijntr?;t?if;n/ts D
X2 | wild landfills eliminated — per year per 100 km? of total area units / 100 km? S
X3 wild landfills per 100 km? of total area units / 100 km? D
x4 lnumberlof landfills where municipal waste is disposed of with degassing units/10000 inhabitants S

installations
X5 | waste collected selectively in relation to total waste % S
X6 | the surface area of active landfills where municipal waste is disposed of ha / 10000 inhabitants S
X7 separately collected electrical and electronic wastes during the year t /10000 inhabitant S
State of environment
X8  devastated and degraded land requiring cultivation Inha D
X9 forests (use of the voivodeship's area) % S
X10 | ecological land % S
X11 | share of legally protected areas in the total area % S
X12 | industrial areas % D
X14  total gaseous emissions (including carbon dioxide) per 1 km? of surface area t/km? D
X16 \;vuar;egt?;?;ir:]f;;){]afor the national economy and population — water con- m? / inhabitant D
17 Industrial and municipal wastewater treated as % of wastewater requiring % S

treatment
X18 | population using sewage treatment plants as % of the total population % S
X20 | number of nature monuments per 100 km? units / 100 km? S
X21 | share of renewable energy in total electricity production % S
X1 | total waste generated per year per 1,000 inhabitants pé??ggg (ijntr?;t?ifasn/ts D
X2 | wild landfills eliminated — per year per 100 km? of total area units/ 100 km? S

Source: authors' work based on GUS (n.d.).
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2. Zero-based unitarisation of diagnostic variables according to their types X, € S according to the
formula (Kukuta, 2000):
7. = Xjj—Min;Xjj (2)

. )
1 maxixij—mlnixij

Normalizing for a variable Xj € D, the zero-based unitization is done by the formula:

Z.. _ maxixij—xij (3)

- . )
1 maxixij—mlnixij

where:

S - stimulant,

D - destimulant,

max,; — the maximum value of the j-th variable,

miny; — the minimum value of the j-th variable j,

x; — denotes the value of the j-th variable for the i-th object,

Z;— the normalized value of the j-th variable for the i-th object, the value belongs to the interval [0;1]
(Kukuta, 1999; Kukuta & Bogocz, 2014).

The transformations resulted in the j-variable’s unitarised values for the i-th object, presented as
a matrix of - Z;;:

Z11  Z12 Z1m
Z Z . Z

Z; = 21 Z22 2m , (4)
Zni Znz o+ Znm

3. Determination of the weights of the variables using the CRITIC method (Criteria Importance
Through Intercriteria Correlation). The weights in the CRITIC method are determined by the
standard deviations and correlations between the variables. The method gives more weight to
criteria with high standard deviation, high coefficient of variation and low correlation with other
variables (Polcyn, 2022). Variable weights were determined using the following formulas:

Cj .
= J=12,..K, (5)
W] Z£=1Ck ]
G = Sjz) Zi=a(1 = 10).j = 1.2, .. K, (6)

where:

C;— is the measure of the information capacity of the jth variable j,

S,z is the standard deviation calculated from the standardised values of this variable,
ri.— the correlation coefficient between a characteristic j-th and k-th.

J
The normalised values of the diagnostic variables are multiplied by the weighting factor w;
(Z'=Z; - w;) (Wang et al,, 2023).

4. Calculation of the Euclidean distances of individual objects from the benchmark (=1) and the
anti-benchmark (=0) (Wang et al,, 2021).

5. The synthetic measure for individual voivodships was determined based on the formula (7)
(Kozera etal., 2021):

di

U= ey (7

whereby:
q; € [0; 1]; d; — denotes the distance of the object from the anti-benchmark (from 0),
d;* — denotes the distance of the object from the benchmark (Luczak & Kalinowski, 2020).
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Determination of 4 groups of voivodeships in terms of waste management and environmental
status, according to the value of the synthetic coefficient, using the median (Me) and the deviation of
the median (S_(Me)). Grouping was done according to the formula (8):

Group1l Me+S),,.<q;

Group 2 Me=<q;Me + Sy,

Group3 Me-Sy,<q;<Me (8)
Group4 q;<Me- Sy,

Of the spatial relationship testing tools, the analysis of the Moran’s was used (Moran, 1950; Long-
ley et al., 2006), which was calculated using PQStat software. The Moran’s I global statistic makes it
possible to check whether neighboring regions form groups with similar values of the synthetic
measure. It is determined by the formula (10) (Upton & Fingleton, 1985):

_ Xl By wij (e =%) (x—%) 9)

So 02

I

where:

n- number of spatial objects,

X, x; — are the values of the variable for the objects being compared,
x — is the average value of the variable for all objects,

w;; — elements of the spatial weight matrix,

2
D) i
on wn .. = (X - variance.
So= Xy Xj=y Wij , 02 = =——

This statistic takes a value in the range (-1, 1), with a value of ‘0’ indicating no spatial autocorre-
lation. Negative values indicate negative autocorrelation, i.e. units with different values of the studied
characteristic appear next to each other in space (Zelias, 1991).

Results of the research

The synthetic coefficient of waste management ranged from 0.34 (dolnoslaskie) to 0.58 (kujaw-
sko-pomorskie) in 2009-2011 and from 0.38 (dolnoslaskie) to 0.64 (opolskie) in 2019-2021 (Table 2).
What draws attention is the change in the position of many voivodeships in the ranking due to waste
management (Table 2, Figure 1). This indicates different dynamics of these processes in the studied
period.

Table 2. Ranking of voivodeships by synthetic coefficient of waste management and environmental status for the
periods 2009-2011 and 2019-2021

Voivodeships Wastzeogg-nz%%ﬁment position = Voivodeships WastzeOTg_nz%g;ment position

| kujawsko-pomorskie 0.58 1 || opolskie 0.64 1
zachodniopomorskie 0.55 2 lubelskie 0.55 2
opolskie 0.55 3 wielkopolskie 0.53 3

Il | mazowieckie 0.54 4 zachodniopomorskie 0.52 4
lubelskie 0.52 5 Il | pomorskie 0.51 5
matopolskie 0.50 6 matopolskie 0.51 6
wielkopolskie 0.49 7 kujawsko-pomorskie 0.49 7
pomorskie 0.49 8 $laskie 0.48 8

Il | todzkie 0.49 9 Il Swietokrzyskie 0.47 9
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Voivodeships Wastzeorg;nze:]g]e]ment position | Voivodeships Wast;OT;nze:)gze]ment position
lubuskie 0.47 10 podlaskie 0.47 10
warminsko-mazurskie 0.46 11 podkarpackie 0.47 11
podkarpackie 0.45 12 lubuskie 0.43 12
podlaskie 0.45 13 todzkie 0.43 13

IV | $wietokrzyskie 0.38 14 IV warmirisko-mazurskie 0.43 14
dolnoslaskie 0.37 15 mazowieckie 0.42 15
$laskie 0.34 16 dolnoslaskie 0.38 16

I kujawsko-pomorskie 0.67 1 || pomorskie 0.69 1
warmifisko-mazurskie 0.67 2 lubuskie 0.68 2
pomorskie 0.65 3 warminsko-mazurskie 0.68 3
lubuskie 0.65 4 podkarpackie 0.67 4
podlaskie 0.63 5 [l zachodniopomorskie 0.65 5

Il | podkarpackie 0.60 6 podlaskie 0.65 6
matopolskie 0.57 7 kujawsko-pomorskie 0.64 7
zachodniopomorskie 0.56 8 matopolskie 0.59 8

| lubelskie 0.52 9 Il wielkopolskie 0.55 9
todzkie 0.52 10 dolnoslgskie 0.54 10
dolnoslaskie 0.50 11 lubelskie 0.53 1
wielkopolskie 0.49 12 mazowieckie 0.52 12

IV | mazowieckie 0.44 13 IV opolskie 0.46 13
opolskie 0.41 14 todzkie 0.44 14
Swietokrzyskie 0.37 15 Swietokrzyskie 0.41 15
$laskie 0.36 16 $laskie 0.37 16

Source: authors' work based on GUS (n.d.).

The kujawsko-pomorskie, mazowieckie, t6dzkie, warminsko-mazurskie voivodeships clearly
worsened their positions. This was particularly true for the mazowieckie voivodeship. This was due
to a relative decline in the position in relation to other regions, especially in the case of partial indica-
tors such as: selectively collected waste in relation to total waste or selectively collected electrical and
electronic waste during the year (Broniewicz et al., 2022). This was associated with a significant
improvement in waste collection infrastructure in the other regions. In the case of the mazowieckie
voivodeship, waste management is shaped by dynamic urbanisation processes in the areas of the
Warsaw agglomeration itself, as well as in their neighbourhood. It is also about a significant increase
of waste in this voivodeship between the studied periods, with relatively weaker dynamics of devel-
opment of infrastructure in the area of waste management. It should be noted that the mazowieckie
voivodeship is very diverse internally. On the one hand, Warsaw and the neighbouring municipalities
are characterised by a high level of development and a growing population. On the other hand, the
other areas of the voivodeship are considerably less developed. Hence, this region is atypical in terms
of the processes discussed. In the case of the following voivodeships: opolskie, lubelskie, wielkopol-
skie, pomorskie, podlaskie, Swietokrzyskie and $lgskie, there has been an improvement in the posi-
tion and value of the synthetic coefficient. Particularly noticeable changes have taken in $lgskie
voivodeship as a consequence of, among others, an improvement in selectively collected waste and
electrical equipment.
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In the group of voivodeships with a high level of waste management (group I), there were 4
voivodeships (opolskie, lubelskie, wielkopolskie and zachodniopomorskie, 2019-2021). The last
group with the lowest synthetic measure included 3 voivodeships: warminsko-mazurskie, mazowie-
ckie and dolno$laskie (group 1V). The last mentioned voivodeship particularly ‘stood out’ in the high
amount of waste generated per capita, as well as in the absolute dimension (Dziawgo, 2022). Voivode-
ships in cluster [ were characterised by a significantly higher level in terms of the area of active land-
fills where municipal waste is disposed of or the number of landfills with degassing facilities (Table 3).
It is also noteworthy that the waste generated per capita was not the lowest in comparison with other
voivodeships for the period 2009-2011, although it was significantly lower in comparison with clus-
ter IV. Interestingly, the voivodeships included in this cluster did not stand out in terms of wealth by
the GDP per capita or the level of expenditure per capita. This would initially show that these issues
do not play a key role in shaping waste management. The weakest group (IV) was described by the
relatively highest value of the measure concerning generated waste. The area of active landfills where
municipal waste is disposed of was the lowest there. In addition, the share of selectively collected
waste was low, and the relative saturation of landfills with degassing facilities was low (cf. Table 3).
Because the cluster included the Mazowieckie and Dolnos$laskie voivodeships (2019-2021), the high-
est level of wealth was recorded among the separated groups. This would imply that the level of
wealth does not translate into a high level of waste management.

State of environment 2009-2011

Waste management 2009-2011

0.4 0.54 =8-§3 063
(1044 - 0.49 1045 - 0.54
[ 10.00-0.44 [ 10.00-045

State of environment 2019-2021

Waste management 2019-2021

052 - 1.00
E0.47 - 0.52
[ 10.43-0.47
[ |0.00-0.43

Figure 1. Spatial distribution of synthetic coefficient for waste management and the state of the environment
in the voivodeships in Poland

Source: authors' work based on GUS (n.d.).
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The state of the environment in the ranking of the voivodeships resulted from natural conditions
as well as urbanisation and industrialisation processes. It is, therefore, not surprising that the $laskie
voivodeship occupies the last place. This is due to the high emissions of gaseous pollutants in a rela-
tively high proportion of industrial areas, including relatively developed mining. The unfavourable
impact of this sector on the environment has already been raised many times in the literature
(Zegardlo, 2022).

It should be noted that the Northern regions of Poland and the Podkarpackie region stand out
positively in terms of the state of the environment (Figure 1). As in the case of waste management and
the state of the environment, there were clear changes in the ranking of the voivodeships during the
study period. The Kujawsko-Pomorskie and L.édzkie voivodeships clearly worsened their positions.
On the other hand, Pomorskie, Zachodniopomorskie and Wielkopolskie voivodeships recorded an
improvement.

Table 3. Selected characteristics of groups of provinces by synthetic waste management coefficient in Poland

(cf. Table 1)
2009-2011 2019-2021
Specification
| Il 11l v | Il LI} vV
number of units 3 5 5 3 4 4 5 3
synthetic coefficient — waste management 0.56 0.51 0.46 0.37 0.58 0.5 0.45 0.41
synthetic coefficient - state of the environment 0.55 0.53 0.61 0.41 0.51 0.59 0.57 0.58
waste produced 1.84 1.63 1.08 6.92 1.82 2.51 1.88 4.66
surface area of active landfills where municipal waste is disposed of 1.25 0.63 0.72 0.53 0.68 0.5 0.49 0.4
wild landfills eliminated 1.95 533 2.52 5.51 2.04 7.39 1.97 2.36
wild landfills 1.08 1.36 0.69 1.89 0.58 1.25 0.57 0.55
waste collected separately 8.06 9.61 7.61 7.67 39.63 | 37.31 3417 | 3213
separately collected electrical and electronic waste per year 3.34 5.52 217 212 1172 | 11.59 9.96 10.82
number of landfills with degassing facilities 0.16 0.11 0.1 0.09 0.12 0.06 0.08 0.06
forests 29.11 27.5 3436 | 3041 | 2577 | 3197 | 3428 2893
emissions of gaseous pollutants 7471 | 52668 | 50092 | 1758.19 | 7403 | 869.99 @ 72411 @ 52347
water consumption per capita 381.5 | 28445 @ 97.89 423 21056 | 191.92  271.85 | 221.82
irr;(;lljisrtirrigltiggtmsgicipal wastewater treated as % of wastewater 9380 9584 0838 8429 9973  957] 96.66 9665
emissions of gaseous pollutants 7477 | 52668 | 50092 175819 | 7403 @ 869.99 72411 | 523.47
Eggﬂ:zggg connected to wastewater treatment plants in % of the total 7151 6081 6647 | 6628 6971 7799 719 7703
share of renewable energy 24.1 1014 | 2271 6.31 1958 | 3577 | 3048 | 3438
population per 1km? 99.86 | 13845 = 90.01 | 21011  100.66 180 96.53 | 119.14
change in population per 1,000 inhabitants 1.52 5.59 317 1.51 -4.27 -2.53 -5.42 2.29
GDP per capita 31527 | 39070 = 29726 | 373256 | 542287 | 574907 | 49709 = 71503
average monthly expenditures in households per capita 965 994 906 952 1224 1256 1124 1336

Source: authors' work based on GUS (n.d.).

Analysing the characteristics in terms of waste management (from the perspective of the syn-
thetic coefficient) in Poland (Table 3), we note that in the groups of regions that stand out positively
in this area, the highest values for the synthetic coefficient for the state of the environment were not
recorded. Interestingly, its highest level was in the group of regions with a medium-low level of waste
management (and thus in group III) for 2009-2011 and in group II (for the period 2019-2021). This
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would indicate that the links between waste management and the state of the environment are not as
obvious as they might seem. Attention is drawn to the improvements recorded in the reduction in the
number of wild landfills, the increase in the share of selectively collected waste, or the increase in
selectively collected electrical and electronic waste.

The signalled phenomena in the relationship between waste management and the state of the
environment were also confirmed from the perspective of the Spearman rank correlation coefficient.
For analysed periods, the coefficients were statistically insignificant. For the first (2009-2011) noted
value 0.16 and slightly increased to 0.26 (2019-2021). Thus, it is not possible to conclude the occur-
rence of any regularity between these spheres, except that there was an increase in this relationship,
despite the fact that it is still insignificant. Similar conclusions can be drawn from the research con-
ducted in 2015 by Ozga (2017). They show that the relationship between waste management and the
environment was very weak at the voivodship level.

The decrease from -0.11 to -0.19 in the value of Moran's global spatial autocorrelation coefficient
for waste management in the analysed periods means that the spatial dependence has worsened, i.e.
the autocorrelation between voivodeships in this area has decreased (Table 4). This may mean that
there is a tendency towards deconcentration in the area of the variable under study in a given region,
although the correlations are weak and not statistically significant. Thus, in light of this, no spillover
effects on waste management between regions were found. Meanwhile, as the results of other studies
indicate, in the case of waste management, there may be effects of spillover for neighbouring cities
(Zhang & Wang, 2020).

On the other hand, with regard to the environment (Table 4), the situation was the opposite, i.e.
there was an increase in Moran'’s spatial autocorrelation from 0.225 to 0.370. Moreover, the correla-
tions were statistically significant and slightly stronger in this case. This indicates a positive trend
taking place in this sphere. Thus, there is an increasingly clear concentration of regions with similar
values of the synthetic coefficient on the state of the environment.

Table 4. Moran's spatial statistics for the synthetic coefficient of waste management and state
of the environment in voivodeships in Poland

waste management state of the environment
Specification
2009-2011 2019-2021 2009-2011 2019-2021
Moran'’s global statistics -0.110 -0.188 0.225 0.371
Significance level p=0.773 p=0.414 p=0.049 p=0.0032

Source: authors’ work based on GUS (n.d.).

Discussion and future research

The relationship between waste management and the environment is complex at the regional
level in the following voivodeships: opolskie, wielkopolskie, and lubelskie (lower position in the
ranking for the state of the environment and higher for waste management) (Table 2). On the other
hand, in the following voivodeships, kujawsko-pomorskie, matopolskie, and t6dzkie, the positions in
these two analysed rankings were relatively similar. In the first two cases, the positions were high.

The lack of clear links between waste management and the state of the environment makes us
reflect on the need to improve the first of these. The issue of waste management and its impact on the
environment is particularly topical in Poland. This is not only due to the constant increase in the
amount of waste but also due to the increase in the level of wealth of society or the limitations in
effective management and utilisation (Grodzinska-Jurczak, 2001). This includes further methods of
improving waste treatment through recycling, thermal waste conversion and neutralisation, increas-
ing biogas production, or sustaining the trend of increasing the amount of waste recovered and recy-
cled (Poniatowska et al., 2021). Also, causality analyses conducted for Switzerland (Magazzino &
Falcone, 2022) demonstrate the presence of a unidirectional causal flow running from municipal
waste and economic growth to greenhouse gas emissions. Thus, the synergistic nature of the links
between waste management and the environment is only a perspective of the next decades.
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An opportunity to reduce the negative impact of waste on the environment is the introduction of
a closed-loop economy model. As indicated by the results of studies (Kotlifiska & Zukowska, 2023),
municipal waste management involves costs, and only a few municipalities in Poland manage to bal-
ance the income and costs of the municipal waste management system. Great attention should be
paid to all pro-ecological activities, including those related to economically and ecologically justified
new technologies (Drozda, 2009).

In order to evaluate the development tools used and policies implemented to date, the authorities
can use knowledge of the relationship between the environment, waste levels and regional develop-
ment. Empirical research on the relationship of the study area to CE, demographics and financial
conditions is essential, which is related to the availability of diagnostic variables in Statistics Poland.

A limitation of the study was the insufficient availability of data on waste management at the
regional level. Therefore, in order to effectively implement the circular economy;, it is important to
expand the collection of data by the GUS. This includes even more detailed data on recycling. Further
lines of research in the relationship between waste management and the environment could proceed
using structural models to diagnose latent relationships of sub-metrics. A microeconomic approach,
i.e. examining these relationships at the level of municipalities with different levels of economic
development and environmental state, also seems interesting.

Conclusions

Relationships between waste management and the environment in light of the presented results
at the level of voivodeships in Poland are not yet synergic or trade-off nature (negative relationships).
No statistically significant regularities were found in this respect; hence, the research hypothesis
adopted in the introduction was rejected. On the other hand, the recorded trend in the growth of
these relationships (between waste management and the state of the environment) is slightly increas-
ing but still weak. There are examples of regions (e.g. Kujawsko-Pomorskie, Zachodniopomorskie)
where a relatively high level of waste management coincided with a high position in the environmen-
tal ranking. On the other hand, we have the Lodzkie voivodeship, where both in terms of waste man-
agement and the state of the environment, distant rankings were recorded.

There were also no spillover effects for waste management between regions from a Moran spatial
statistical perspective. In most situations, were voivodeships neighbouring to others with different
levels of waste management, and trends in this respect, although weak and not statistically signifi-
cant, did not indicate an improvement in the situation. In the case of the state of the environment,
there was an increasingly clear concentration of regions with similar values of the synthetic coeffi-
cient of the state of the environment. This peculiar divergence in spatial autocorrelation between the
voivodeships in these two spheres is due to the natural conditions, the advancement of urbanisation
processes and the industrial development of the regions. It may also indicate that there is a greater
need to coordinate activities in the waste management sphere at the central (or EU) level, even
though it is mainly the local governments that implement the related policy. However, it is still diffi-
cult to conclude that there has been a breakthrough in this sphere of activity. Educational activities,
social actions, and building the ecological awareness of society, as well as the field of waste manage-
ment, are important.

Low levels of waste management have a negative impact on the environment, so it is important to
improve waste management towards a circular closed economy model and thus increase recycling.
The problem is all the greater as the volume of waste is expected to increase with further economic
growth in Poland. Investment is needed in this regard, as well as the development of pro-environ-
mental measures at the consumer (household) level. Improving waste management, therefore
requires financial resources and active measures at the local government level, also including innova-
tive solutions, e.g. smart waste containers.
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tukasz POPLAWSKI = Aleksander GRZELAK = Pawet DZIEKANSKI

JESZCZE KOMPROMIS CZY JUZ SYNERGIA MIEDZY GOSPODARKA ODPADAMI
A SRODOWISKIEM? W SWIETLE DOSWIADCZEN NA POZIOMIE WOJEWODZTW
W POLSCE

STRESZCZENIE: Celem artykutu jest identyfikacja wptywu gospodarki odpadami na srodowisko przyrodnicze z uwzglednie-
niem przestrzennego zréznicowania wojewddztw w Polsce. W artykule przedstawiono wyniki z wykorzystaniem analizy miar
syntetycznych. Wyniki badar odnosza sie do $redniej z lat 2009-2011 oraz 2019-2021. Relacje miedzy gospodarka odpadami
a $rodowiskiem w $wietle przedstawionych wynikdw badari nie majg jeszcze charakteru synergicznego lub trade-off. Nie stwier-
dzono istotnych statystycznie prawidtowosci w tym zakresie. Nie zaobserwowano réwniez efektdw spillover dla gospodarki
odpadami pomiedzy wojewddztwami z perspektywy statystyki przestrzennej Morana. W przypadku stanu $rodowiska odnoto-
wano rosngcg koncentracje wojewddztw o zblizonych wartosciach syntetycznego wspdtczynnika stanu srodowiska. Niski
poziom gospodarki odpadami ma negatywny wptyw na Srodowisko, dlatego wazna jest poprawa gospodarki odpadami w kie-
runku modelu gospodarki o obiegu zamknietym.

StOWA KLUCZOWE: gospodarka odpadami, srodowisko, wojewddztwo, miara syntetyczna, metoda TOPSIS-CRITIC
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