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Abstract

The Environmental Performance Index (EPI) is
one of the primary indices illustrating the activities
of individual countries in striving to increase
environmental efficiency. Its value for each country
is calculated based on many partial factors, covering
three levels of this indicator. It shows the country's
ability to increase environmental performance and
identifies areas requiring further improvement. The
weights of individual EPI partial factors are
calculated using a simple additive method, the
advantage of which is simplicity and intuitiveness.
However,  the use of Information and
Communication Technology (ICT) in this area still
needs to be improved - the lack of Decision Support
System (DSS) is evident. Thus, we propose a
Decision Support System framework using TOPSIS
(Technique for Order Preference by Similarity to
Ideal Solutions) and sensitivity analysis, one of the
most popular Multi Criteria Decision Methods
(MCDM), and standard deviation (SD) to determine
objective weights, which are determined using
mathematical methods based on the decision matrix,
thus taking into account the multi-factor nature of
the EPI index. Then, based on the analyses, we
create a ranking of countries regarding their
environmental efficiency. As a result, it is visible that
the leaders of countries achieving high
environmental efficiency are Finland, France, and
Germany. In last place are the Czech Republic,
Slovakia, and Hungary.

Keywords: DSS framework, = Environmental
Performance Index, TOPSIS, MCDM, sensitivity
analysis, rank.

1. Introduction

Currently, environmental issues play an
increasingly important role in the functioning of the
modern world. It is not only the result of people's
growing awareness of environmental problems but also
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the result of increasingly frequent violent climatic
phenomena resulting from irresponsible actions toward
the natural environment. In 1987, one of the most
essential summits on environmental policy was held in
Rio, and after its conclusion, many countries made
efforts to improve the state of the natural environment.
One of the results is the Environmental Performance
Index (EPI), first published in 2006. This index provides
essential information on different countries' approaches
to environmental issues, with the most significant
emphasis on environmental performance (Yazdi et al.
2011). The value of this indicator not only indicates how
environmental policies are implemented but also
identifies priorities and assesses the way each country
manages environmental issues (Ansari et al. 2019),
taking into account the problems of protecting human
health and protecting ecosystems (Tektiifek¢l and Kutay
2016).

As indicated by publications, the potential of
MCDM methods has been effectively demonstrated in
the evaluation (modification) of the EPI indicator.
However, the analysis of the current literature indicates
that the authors, in the final aggregation, needed to
consider the detailed, hierarchical nature of the family
of partial factors that make up the EPI index. There were
also no objective analyses of the significance of
individual criteria. Therefore, this article aims to
identify and fill a research gap where the authors prove
the advisability of using the TOPSIS method to modify
the methodological foundations of EPI. In order to
emphasize the importance of the conducted research, the
following research question was formulated:

RQ: Is it possible to develop the Decision Support
System (DSS) framework that supports EPI evaluation?

In methodological terms, the authors' proposal
includes replacing the simple additive function used in
EPI with an approach based on reference points - in this
case, the TOPSIS and Sensitivity Analysis. Thus, the
article's contribution is a proposition of the Decision
Support System (DSS) framework, which supports EPI
evaluation. We use the TOPSIS method and sensitivity
analysis, one of the most popular MCDM methods, and
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standard deviation to determine objective weights, thus
considering the EPI index's multi-factor nature.

2. Literature Review

2.1. Environmental Performance Index

The first mention of the Environmental
Performance Index (EPI) was found in 1999 when the
indicator was still called the Environmental
Sustainability Index (ESI) (Kim and Min, 2011) and
operated in this form until 2006. The Environmental
Performance Index is an indicator that allows for
determining the degree of environmental efficiency of
individual countries. The EPI is a composite index that
includes multiple indicators for assessing environmental
performance at the country level, with scores ranging
from 0 to 100 and ranking relative to other countries.
The EPI is a generated weighted composite index that
evaluates various fields by mathematically quantifying
and determining the implementation of national
environmental performance policies (Nyirarwasa, Han,
Yang, Mperejekumana, Dufatanye Umwali,
Nsengiyumva, and Habibulloev, 2024).

The EPI is a relevant and comprehensive indicator
for analyzing environmental performance and offers
specific guidance to nations seeking to integrate
sustainable development into their development. (Raza,
Sui, Jermsittiparsert, Zukiewicz-Sobczak, and Sobczak,
2021). It also indicates which practices are good for the
environment and provides guidelines for countries that
want to improve their environmental performance
(Wendling, Emerson, Esty, Levy, and de Sherbinin,
2018). EPI is also closely linked to economic growth,
the growth of which in a given country also causes an
increase in the value of this indicator. (Demena and
Afesorgbor, 2020).

Although this is a global indicator, it is
recommended that each country calculate it as it allows
national priorities to be reflected through different
weights of EPI elements. At the same time, it ensures
comparability between countries by selecting uniform
performance targets (Srebotnjak, 2007). The EPI
represented a natural evolution in assessing countries'
environmental performance by combining many
performance indicators, mainly focusing on reducing
environmental risks to human health and promoting
ecosystem vitality and sound management of natural
resources (Wang, Geng, and Xia, 2021).

2.2. Multi-Criteria Decision Making methods
Multi-criteria decision-making (MCDM) or Multi-

criteria decision-analysis (MCDA) is one of the fields of
operations research that allows the inclusion of multiple

criteria in the decision-making process. These methods
are used to solve complex problems in business,
engineering, and other areas related to human activity
(Thakkar, 2021). They are a solution used by decision-
makers looking for the best compromise from a set of
alternative solutions (Yalcin, Kilic, and Delen, 2022)
because one of the critical features of these methods is
the flexibility in the assessment of the decision-making
team that examines the optimal option, assigning
performance ratings and weights (Cucchiella,
D’Adamo, Gastaldi, Koh, and Rosa, 2017).

MCDM has evolved significantly since its
inception in the mid-20th century. Initially rooted in
optimization principles, the field has grown to
encompass various methods for addressing complex
decision-making scenarios involving conflicting
criteria. MCDM methodologies have been applied

across diverse disciplines, from engineering to
environmental ~ management, highlighting  its
interdisciplinary  nature  (Climaco, Joao, and

Craveirinha, 2018).

MCDM is a process for making decisions in the
presence of multiple, often conflicting, criteria. It
involves evaluating and ranking alternatives to identify
the most preferred option based on decision-makers'
preferences. Key assumptions of MCDM include the
presence of multiple objectives, the necessity for trade-
offs, and the involvement of decision-makers subjective
judgments. The methodologies aim to provide
structured frameworks to handle the inherent
complexity and uncertainty in decision-making
processes (Zavadskas, Turskis, and Kildiene, 2014).

2.3. Decision Support System framework and EPI
Evaluation

MDCM methods are widely wused in the
development and measurement of the Composite Index,
which, over time, has resulted in using these methods in
ecological efficiency. Zhou and Ang (2018) presented
the usefulness of MCDM methods in constructing
complex sustainable development indicators. They
introduced the MCDA-DEA and SAW approaches as
appropriate methods for building the CSI and offered an
example of evaluating alternative aggregation methods
in constructing this indicator. Many authors use the
MCDA-DEA approach to create composite indicators
(CD). This approach enables the construction of CI
among all entities using a set of standard weights. This
approach can discriminate entities that receive a CI
score of 1, ie., the efficient entities leading to
determining a single best entity. H. Wang (2015), using
the DEA approach, constructed the Sustainable Energy
Index, a slack-based composite indicator from the
perspective of distance function, which facilitates
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studying entities' improvement potential in sub-
indicators. Then, this indicator is combined with the
Malmquist index to conduct a dynamic assessment,
aiming to quantify the evolution of composite indicators
over time and the underlying driving forces.

Kirda and Aytekin (2023), using a multi-criteria
integrated decision model based on fourteen
environmental sustainability performance criteria,
identified and highlighted differences in practices
regarding ecological sustainability and environmental
protection. Lidouh, De Smet, and Zimanyi (2011) using
the PROMETHEE-GAIA methodology, attempted to
represent and compare multi-criteria profiles on maps
using the example of the EPI index for European
countries. Lombardi Netto, Salomon, and Ortiz Barrios
(2021), using a number of methods, AHP, COPRAS,
FUCOM, SWARA, and TOPSIS, assessed the partial
factors of the EPI and selected financial indicators.
Ehsanullah, Tran, Sadiq, Bashir, Mohsin, and Iram's
(2021) study aimed to assess the relationship between
energy insecurity and energy poverty and the role of
climate change and other environmental problems.
Using DEA methods, such as WP methods and the
properties of MCDA, they assessed the connections
between individual partial factors of the EPI index.

Implementing these methods in environmental
policy evaluation presents both significant opportunities
and challenges. The practical dimension of the
application of MCDM in the assessment of
environmental policies is manifested, among others, by:

e conducting a comprehensive assessment, as
MCDM methods allow for a holistic evaluation
of environmental policies by considering
multiple economic, social, and ecological
criteria. This comprehensive approach ensures
that policies are balanced and sustainable
(Riandari, Albert, and Rogoff, 2023);

e generating stakeholder engagement, as these
methods facilitate the incorporation of diverse
stakeholder values into the decision-making
process, ensuring that the resulting policies
reflect the priorities and concerns of all
affected parties (Nabeeh, Abdel-Basset, and
Soliman, 2020);

e carrying out an analysis of the Trade-off rule
because MCDM can help policymakers
understand the trade-offs between different
policy options, which is crucial for making
informed decisions that balance various
competing interests (Bell, Hobbs, and Ellis,
2003);

e real-time applications of selected methods, as
Evaluating MCDM methods in real-world
contexts provides valuable insights into their

practicality and effectiveness, helping to fine-
tune these methods for better decision-making
(Riandari, Albert, and Rogoff, 2023).
However, we must remember the challenges of
implementing MCDM  methods for assessing
environmental policies. The most important challenges
include:

e MCDM methods require extensive and high-
quality data for all considered criteria, which
can be challenging to obtain, especially in
developing regions (Nabeeh, Abdel-Basset,
and Soliman, 2020);

e  The complexity of MCDM methods can be a
barrier to their implementation. Policymakers
may require significant training and resources
to effectively utilize these methods (Chalekaee,
Turskis, Khanzadi, Amiri, and Kersuliene,
2019);

e Environmental decision-making often involves
significant  uncertainty and  subjective
judgments, complicating the MCDM process.
Methods like fuzzy MCDM have been
developed to address these issues, but they add
another layer of complexity (Tseng, 2011);

e Evaluating the long-term sustainability
outcomes of decisions made using MCDM
methods can be challenging, as these outcomes
may take time and can evolve (Riandari,
Albert, and Rogoff, 2023).

The EPI indicator has multi-factorial characteristics

- its total value consists of several detailed factors
(criteria), the number and nature of which, however,
varies depending on the period in which the factor was
calculated (e.g., EPI for 2022 consists of 2nd class
indicators, eleven 3rd two 2nd class indicators, and forty
4th two 2nd class indicators). A simple additive
weighting method is used to aggregate the assessments
of these partial factors. On the other hand, the entire
family of MCDM methods has more potential than the
method mentioned above. This applies to many methods
belonging to the European and American schools (e.g.,
AHP, TOPSIS, or PROMETHEE), wherein, in the final
aggregation, we can either consider the imprecision of
the assessments or the importance of individual factors.
The advantage of MCDM methods is that they can
consider decisions' disproportionate and contradictory
impacts. However, it should be highlighted that the
solutions generated using these methods compromise
several goals, which means that the selected solution
may not be optimal due to the nature of the decision-
making problem under consideration.

In summary, the motivation for using MCDM

approaches in developing an Environmental
Performance Index is rooted in the need for a
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comprehensive, transparent, and adaptive decision-
making framework (fig. 1) that can effectively address
the complexity of environmental issues and support
sustainable development.

Percentage of the population using solid fuels as primary cooking fuel (HAD).
Population weighted exposure to PM2.5 (PMD)

Percentage of population with access to improved drinking water source (ADW)
Percentage of population with access to improved sanitation (ACS)

Wastewater treatment level weighted by ion to
rate (WWT)

Percentage of terrestrial biome area that is protected, weighted by domestic
biome area (TPAN)

Tercentage of terrestrial biome area that is protected, weighted by global biome
area (TPAG)

Marine protected areas as a percent of EEZ (MPA)

l

‘ Evaluation of EPI with MCDM methods
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Objective weights determination

TOPSIS and Standard
Deviation
l | Rankings l—bl Conclusions |
Y

Individual criteria weight
modification

Sensitivity Analysis

Figure 1. The proposed Decision Support System
framework

The block diagram presented above presents the
proposed DSS framework. The EPI is broken down into
eight main criteria. The next step is to determine their
importance using the selected method. In this case, the
objective TOPSIS weighting method was used, taking
into account the standard deviation method. Then, the
sensitivity analysis was carried out to assess the
robustness of the obtained ranking and the importance
of individual criteria. Finally, based on the obtained
results, a ranking was created, which can serve as a
recommendation for countries striving to achieve a
higher EPI value. The proposed DSS framework
confirms the usefulness of MCDM methods in
estimating the EPI value, which is the article's main
goal.

3. The Methodology
3.1. The research subject

Due to the multi-factor nature of the EPI index,
the process of aggregating the assessments of
individual partial factors assumes the use of a simple
additive weighting method. In turn, we propose using
the Technique for Order Preference by Similarity to
Ideal Solutions (TOPSIS) method, which is part of
MCDM. This method has more significant potential
than the simple additive weighting method because it

allows the final aggregation process to consider the
imprecision of the assessments or the importance of
individual factors. On the one hand, previous
publications on EPI and MCDM methods indicate
excellent potential for using particular methods to
evaluate not only this indicator but also other
indicators related to sustainability (Mikucioniené,
Martinaitis, and Keras, 2014; Troldborg, Heslop, and
Hough, 2014). On the other hand, no objective
analyses of the significance of individual criteria
constituting the EIP and influencing a given country's
position in the ranking were carried out. We fill the
existing research gap by applying the TOPSIS
method in this article.

The analysis concerns the EPI index for 2022,
which has eight sub-criteria (Table 1). The values of
this index were calculated for countries belonging to
the European Union.

Table 1. The list of criteria
Symbol | Description
HAD Percentage of the population using solid
fuels as primary cooking fuel.
PMD Population weighted exposure to PM2.5
(three-year average)
Percentage of population with access to
improved drinking water source
ACS Percentage of population with access to
improved sanitation
Wastewater treatment level weighted by
connection to wastewater treatment rate.
Percentage of terrestrial biome area that
is protected, weighted by domestic biome
area
Percentage of terrestrial biome area that
is protected, weighted by global biome
area.
MPA Marine protected areas as a percent of
EEZ

ADW

WWT

TPAN

TPAG

3.2. Technique for Order Preference by Similarity
to Ideal Solutions (TOPSIS)

In this article, we used TOPSIS and sensitivity
analysis, one of the most popular MCDM methods, and
standard deviation to determine objective weights for
the analyses. The choice of this method is also dictated
by the fact that it is currently widely used in many areas
related to the issue of sustainability: in assessing the
sustainable development of islands (Zhao, Ma, and Lin,
2022), in determining the sustainable development of
cities (Foroozesh, Monavari, Salmanmahiny, Robati,
and Rahimi, 2022), creating a ranking alternative
renewable energy sources (Bilgili, Zarali, Ilgiin,
Dumrul, and Dumrul, 2022) and assessment of the
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sustainable performance of dairy plants (Kumar,
Sharma, Raut, Mangla, and Choubey, 2022).

3.3. TOPSIS procedure

The TOPSIS application procedure covers the
following stages:

Step 1. Construction of the decision matrix, based on the
equation [1]:
X1 - X
X = : : [1]
Xml - mn
Step 2. Construction of a normalized decision matrix
based on the equations [2]:
xij
—— 2]
m 2

i=1%ij

Step 3. Construction of the weighted normalized
decision matrix V, based on the equation [3]:

vy = w;ryj [3]
Step 4. Obtaining the values of the ideal (A*) and anti-
ideal solution (A-) using the equations [4][5]:

vj+ = {v{r, v;, ...,v;{ } = {maxj(vij)} [4]

v = {v;,vy,.,vn } = {minj(vij)} [5]
Step 5. Determining the distance of alternative solutions
from ideal solutions, based on the equation [6]:

2
+ +
Dt =[Sy - 1) 16)
Step 6. Determining the distances of alternative

solutions from anti-ideal solutions, based on the
equation [7]:

_ N2
Dy = JZ;LM,— V) 7]
Step 7. Determining the proximity value for each
alternative, based on the equation [8]:
_ _Dr

G = Dy +D;f [8]
In the last step, the alternatives are ranked in descending
order based on the value of Cix.
The objective weights were determined using the
standard deviation using the formula below [9]:

o = (L

3.4. The Standard Deviation

The objective weight method- standard deviation
was used to determine the final ratings of objects
(countries) using the TOPSIS method. The following

formula determines the weights of individual objects

[10]:
T
g = /Z—J(I; DESTY

3.5. The Sensitivity Analysis

A comprehensive sensitivity analysis of the set of
solutions was carried out to assess the robustness of the
obtained ranking and the importance of individual
criteria of the author's model. The basis of modeling was
the study of the model's response to a set of input data,
including the complete set of possible values of specific
criteria (range from 0 to 1).

4. The Research Results
4.1. The TOPSIS evaluation results

This section presents the analysis results using the
TOPSIS method and standard deviation to determine
objective weights. To compare the analysis results using
the MCDM methods, the data in Table 2 were obtained
from the report containing the results of the EPI index
2022 for the European Union countries. 27 countries
were analyzed, and this is how data were obtained.

.Table 2. Results of EPI 2022 evaluation

Country EPI value Rank
Austria 66,5 7
Belgium 58,2 16
Bulgaria 51,9 25
Croatia 60,2 13
Cyprus 58 17
Czech Republic 59,9 15
Denmark 77,9 1
Estonia 61,4 11
Finland 76,5 2
France 62,5 9
Germany 62,4 10
Greece 56,2 21
Hungary 55,1 24
Ireland 57,4 19
Italy 57,7 18
Latvia 61,1 12
Lithuania 55,9 23
Luxembourg 72,3 5
Malta 75,2 3
Netherlands 62,6 8
Poland 50,6 26
Portugal 50,4 27
Romania 56 22
Slovakia 60 14
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Slovenia 67,3 6

Spain 56,6 20

Sweden 72,7 4

In turn, table 3 presents the analysis results using
the TOPSIS method and standard deviation to determine
objective weights.

Table 3. Results of TOPSIS evaluation

Country STD Dev. | Rank
preferences

Austria 0,453158 22
Belgium 0,63377 9
Bulgaria 0,345766 24
Croatia 0,570396 14
Cyprus 0,602034 10
Czech Republic 0,331558 25
Denmark 0,69116 4
Estonia 0,650063 8
Finland 0,76571 1
France 0,720585 2
Germany 0,70485 3
Greece 0,514103 18
Hungary 0,252711 27
Ireland 0,520165 17
Italy 0,577365 13
Latvia 0,600934 11
Lithuania 0,525353 16
Luxembourg 0,472482 20
Malta 0,599936 12
Netherlands 0,686782 5
Poland 0,534398 15
Portugal 0,48573 19
Romania 0,470533 21
Slovakia 0,293241 26
Slovenia 0,372164 23
Spain 0,686123 6
Sweden 0,678147 7

Comparing both tables, 2 and 3, the differences in
the results obtained are visible. In Table 2, Denmark is
in first place, Finland is second, and Malta is third. On
the other hand, the results of Table 3, where the EPI
values were calculated using multi-criteria methods,
allow for a precise examination of the hierarchical
nature of the family of partial factors that make up the
EPI. The results obtained in this way indicate that
Finland is the leader, followed by France and finally
Germany. The results obtained in Table 3 can be
considered more reliable because the use of the TOPSIS
method and standard deviation allowed for the precise
determination of objective weights because the detailed,
hierarchical nature of the family of partial factors that
make up the EPI was taken into account

4.2. The Sensitivity Analysis results

The next stage of the research was to analyze the
sensitivity of the rankings of the assessed countries to
modifications in the weights of individual criteria that
make up the overall rating. In this case, the
modification of the weights consisted of a stepwise
increase in the weights of individual criteria. In
contrast, the weights of the remaining criteria were
given equal values, so the sum of all criteria weights
was 1. A new ranking of the assessed countries was
determined for each change in the value of the
modified criterion. The criteria were modified from
0.1 to 0.9 with a variable step of 0.1. The charts below
present the graphical results of the sensitivity analysis
performed for the TOPSIS method (fig. 2 — fig. 9).
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Figure 2. Sensitivity Analysis for ACS Criterion
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Figure 3. Sensitivity Analysis for ADW Criterion
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Criterion HAD
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Figure 4. Sensitivity Analysis for HAD Criterion
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Figure 5. Sensitivity Analysis for MPA Criterion
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Figure 6. Sensitivity Analysis for PMD Criterion
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Figure 7. Sensitivity Analysis for TPAG Criterion
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Figure 8. Sensitivity Analysis for TPAN Criterion
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Figure 9. Sensitivity Analysis for WWT Criterion

The sensitivity analysis performed showed that
modifying the weights of individual criteria causes
significant shifts in the rankings, e.g., an increase in the
weight of the ADW criterion caused France to drop by
13 positions; an increase in the PMD criterion caused
Germany to drop by ten positions; the increase in the
TPAG, TPAN, and CFC criteria resulted in a significant
drop (by 20 positions on average) in Finland, which is
the leader in the overall ranking. The results of the
sensitivity analysis also showed a significant increase in
some countries in the case of changes in the weights of
individual criteria, e.g., an increase in the MPA criterion
contributed to a substantial increase in countries such as
Romania, Lithuania, Poland, and Latvia; the increase in
the PMD criterion has contributed to significant growth
in countries such as Portugal, Ireland, and Estonia; the
increase in the WWT criterion contributed to the
considerable growth of countries in countries such as
Slovenia and Sweden; the increase in the CFC criterion
contributed to the significant growth of countries such
as Bulgaria, Romania; the increase in the FS criterion
has contributed to substantial growth in countries such
as Latvia and Croatia. In some cases, changes in the
weights of individual criteria did not cause any
significant shifts in the rankings, e.g., in the case of the
ACS, ADW, or HAD criteria, where the shifts in the
ranking concerned only a few countries. The results

Page 977



obtained, however, indicate that sensitivity analysis is a
handy tool in multi-criteria analysis, enabling the
examination of individual variants, taking into account
changes in criteria weights and, thus, the analysis of
individual event variants.

Moreover, the sensitivity analysis results indicate
that modifying different environmental criteria
significantly affects most countries' rankings, except
France and Germany, which consistently maintain
stable positions across all criterion changes. Countries
such as Slovakia, the Czech Republic, and Croatia often
show positive increases, while Estonia, Latvia, and
Malta usually experience decreases depending on the
modified criterion. Specific criteria such as access to
improved sanitation and drinking water and exposure to
pollution show a more significant impact on country
rankings, affecting almost all countries analyzed. The
analysis highlights the robustness of the environmental
scores of some countries, while others show greater
sensitivity to changes in the weighting of specific
environmental indicators. This highlights the
importance  of understanding how individual
environmental factors affect the overall sustainability
rankings..

5. Discussion

This article presents its contribution as the DSS
framework to the existing body of work on
environmental efficiency in several significant ways
beyond mere technical and methodological
improvements. First, this article highlights and
addresses gaps in the current methodologies used to
calculate the Environmental Performance Index (EPI).
Specifically, it points out that previous analyses often
needed to consider the detailed, hierarchical nature of
the EPI's partial factors. By proposing a DSS framework
that includes the use of the Technique for Order
Preference by Similarity to Ideal Solutions (TOPSIS)
with Sensitivity Analysis, we offer a more nuanced and
comprehensive approach to aggregating the EPI
indicators. This advancement allows for a more accurate
reflection of environmental performance by considering
the imprecision and significance of individual criteria.
Secondly, this article emphasizes the advantage of
Multi-Criteria Decision-Making (MCDM) methods
over simpler additive models. MCDM methods, like
TOPSIS, enable decision-makers to consider
disproportionate and contradictory impacts, leading to
more balanced and informed decisions. This is crucial
in environmental policies where various factors must be
weighed and optimized simultaneously. By integrating
the proposed DSS framework, the article enhances the
practical application of EPI in policy-making and
environmental management.

Moreover, this study contributes to filling existing
gaps in the literature by providing an objective analysis
of the significance of individual EPI criteria. Previous
studies often needed a detailed examination of how
these criteria should be weighted and aggregated. By
adopting the TOPSIS and Sensitivity Analysis, we offer
a structured approach to determine the importance of
each criterion, thereby providing a more transparent and
actionable = DSS  framework  for  evaluating
environmental performance. By proposing
modifications to the EPI calculation method, this article
offers practical guidelines for countries looking to
improve their environmental performance. The detailed
methodology and case studies presented in the paper
provide a roadmap for policymakers to follow. This not
only aids in enhancing national environmental policies
but also facilitates international comparisons and
benchmarking. And, at last, this article advances the
field of environmental performance evaluation by
demonstrating the effective use of MCDM methods in
DSS’s domain. It shows how these methods can be
applied to a real-world problem, providing a robust
framework for future studies. Applying these methods
to EU countries serves as a DSS framework that can be
adapted and applied to other regions and contexts, thus
broadening the scope and impact of the research.

The study's novelty is rooted in its innovative
methodological approach (DSS framework), detailed
consideration of hierarchical EPI factors, objective
analysis of criteria significance, application of advanced
MCDM methods, practical policy guidelines, and
systematic validation across multiple regions and time
periods. These contributions significantly enhance
environmental performance evaluations' accuracy,

reliability, and applicability.
6. Conclusion

This study comprehensively evaluates the
Environmental Performance Index (EPI) through the
lens of Multi-Criteria Decision-Making (MCDM)
methods, specifically using the TOPSIS method
combined with sensitivity analysis, proposed as a new
DSS framework. The results demonstrate the efficacy of
this approach in producing a more nuanced and accurate
assessment of environmental performance across
European Union countries. The innovative Decision
Support System (DSS) framework proposed in this
study addresses a research gap in the existing
methodologies, offering a robust tool for policymakers
to evaluate and improve environmental policies.

The findings highlight the importance of
considering the hierarchical nature of EPI factors and
the need for objective weighting of individual criteria.
The sensitivity analysis underscores how changes in
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criterion weights can significantly impact the rankings,
providing valuable insights for policy adjustments.
Countries like Finland, France, and Germany emerged
as leaders in environmental performance, while others,
such as the Czech Republic, Slovakia, and Hungary,
needed significant policy improvements.

In conclusion, this study advances the field of
environmental performance evaluation by
demonstrating the effective use of MCDM methods in
developing a DSS framework. The proposed approach
provides a detailed and actionable tool for policymakers
and sets the stage for future research to build upon these
findings and address global environmental challenges
more effectively.

6.1. Limitations of the study

There are several limitations to the presented study,
the most important of which is the fact that the study is
limited to European Union (EU) countries. This means
the findings may not directly apply to other regions with
different environmental challenges and policies. EPI
calculations rely on data from international
organizations, research institutions, academia, and
government agencies. Any inaccuracies or biases in
these data sources could affect the results. Additionally,
the availability and quality of data may vary across
countries. While the study proposes using the TOPSIS
method with Sensitivity Analysis, it only partially
explores other MCDM methods like AHP, CRITIC,
VIKOR, or PROMETHEE, which could provide
different insights or complement the findings. The study
uses data from specific years (2014, 2016, 2018, 2020,
and 2022). Changes in environmental policies,
economic conditions, and other factors between these
years might influence the EPI, and the study may not
fully capture these dynamic changes. The study uses
equal weights for criteria in the TOPSIS method, which
may not reflect the true importance of each criterion.
Different weighting schemes could yield different
results. The hierarchical nature of the EPI's partial
factors adds complexity to the interpretation of results.
Policymakers might find it challenging to derive
actionable insights without a deep understanding of the
MCDM methods used.

6.2. Future research directions

Future research should include non-EU countries to
compare environmental performance on a global scale.
This would help in understanding the effectiveness of
environmental policies in diverse contexts. Exploring
other MCDM methods such as AHP, CRITIC, VIKOR,
and PROMETHEE could provide a more
comprehensive evaluation  of  environmental

performance and address any current methods'
limitations. Conducting longitudinal studies to track
changes in EPI over a more extended period could offer
deeper insights into the long-term impacts of
environmental policies and external factors such as
economic changes or technological advancements.
Improving data quality and incorporating more real-
time data sources could enhance the accuracy of the EPI
calculations. Collaborations with more data providers
and using advanced data collection technologies could
be beneficial. Performing sector-specific analyses (e.g.,
energy, agriculture, transportation) could help identify
areas where specific interventions are most needed and
effective. This would provide more targeted
recommendations for policymakers. Conducting
sensitivity analysis on the weighting schemes used in
the aggregation process could help understand the
robustness of the findings. This would involve testing
different weights for the criteria to see how they impact
the final EPI scores. Integrating EPI with other socio-
economic indicators such as GDP, Human Development
Index (HDI), and social inequality measures could
provide a more holistic view of sustainability and
development. Evaluating the impact of specific
environmental policies on EPI scores could help identify
best practices and successful policy frameworks. This
could involve case studies of countries with
significantly improved EPI scores.

Future studies can build on the current findings by
addressing these limitations and pursuing these research
directions to provide more comprehensive and
actionable insights into environmental performance and
policy effectiveness.
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