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Abstract

Climate change has become one of the most pressing global challenges,
with its impacts intensifying in recent years. For Tiirkiye, addressing
climate change is critical due to its growing economy, rising emissions,
and vulnerability to environmental risks. This study underscores the
importance of comparing Tiirkiye's climate change performance with G7
countries using Environmental Performance Index (EPI) data to identify
gaps and opportunities for improvement. The aim of this study is to
compare Tiirkiye's climate change performance with that of G7 countries
by utilizing Environmental Performance Index (EPI) data and applying a
hybrid MPSI-MABAC methodology. A hybrid Multi-Perspective
Strategic  Integration (MPSI) and Multi-Attributive  Border
Approximation Area Comparison (MABAC) methodology was applied
to rank the countries based on climate-related criteria. Among these,
"Projected cumulative emissions to 2025 relative to carbon budget" (C10)
was identified as the most significant factor. The findings reveal that the
United Kingdom, Germany, and France lead in performance, while
Tiirkiye and Canada are the lowest-ranked. This analysis provides
valuable insights to governments, businesses and researchers for shaping
national policies and fostering international cooperation to combat
climate change effectively.

Keywords: Environmental Performance Index (EPI), Climate Change,
Tiirkiye, MPSI, MABAC.

Oz

iklim degisikligi, etkilerinin son yillarda daha da siddetlenmesiyle
birlikte, en acil kiiresel zorluklardan biri haline gelmistir. Tiirkiye igin
iklim degisikligi ile miicadele, biiyiiyen ekonomisi, artan emisyonlar1 ve
cevresel risklere kars1 kirilganlig1 nedeniyle biiyiik onem tasimaktadir. Bu
calisma, Tirkiye'nin iklim degisikligi performansmi G7 ilkeleriyle
karsilastirmanin = Onemini  vurgulamakta ve bu karsilastirmayi,
iyilestirilmesi gereken alanlar1 ve firsatlari belirlemek amaciyla Cevresel
Performans Endeksi (EPI) verilerini kullanarak gergeklestirmektedir.
Caligmanin amaci, Tirkiye'nin iklim degisikligi performansini G7
iilkeleriyle karsilastirmak, en kritik kriter olan "2025'e kadar karbon
biitgesine gore projeksiyonlu kiimiilatif emisyonlar" (C10) odak
noktasinda giiglii ve zayif yonlerini belirlemektir. Ulkeler, Cok Yonlii
Stratejik Entegrasyon (MPSI) ve Cok Nitelikli Sinir Yaklasim Alani
Kiyaslamasi (MABAC) hibrit metodolojisi kullanilarak iklimle ilgili
kriterler temelinde siralanmistir. Bulgular, Birlesik Krallik, Almanya ve
Fransa'nin performansta 6nde oldugunu, Tiirkiye ve Kanada'nin ise en
diisiik siralarda yer aldigini ortaya koymaktadir. Bu analiz, hitkiimetler,
isletmeler ve arastirmacilar i¢in ulusal politikalarin sekillendirilmesi ve
iklim degisikligiyle etkili bir sekilde miicadele edilmesi amaciyla
uluslararasi is birligini tesvik edecek degerli bilgiler sunmaktadir.

Anahtar Kelimeler: Cevresel Performans Indeksi (CPI), Iklim
Degisikligi, Tiirkiye, MPSI, MABAC.
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Comparative Assessment of Climate Change Performance: Tiirkiye vs. G7 Countries Using a
Hybrid MPSI-MABAC Approach

The changing climate has been one of the major global issues of the past few decades; indeed, its effects
are worsened day by day and widens its circle (Khanna et al., 2022). The rising temperature globally,
intensified extremes of weather patterns, loss of biodiversity, and disturbance in ecosystems have
already called for an instant unified international response (Abbass et al., 2022). Climate change is no
longer an issue of the future; rather, it is well evident in most parts of the globe and is increasingly
affecting human health, food security, and economic stability. These newly emerging risks have placed
management of climate change at the forefront among governments, institutions, and individuals
(Newell et al., 2021).

This study used the MPSI-MABAC hybrid method to determine position and ranking of Tiirkiye among
the G7 countries. The G7 countries are exceptional in terms of environmental performance since they
have high-level technologies, powerful economic capabilities, and comprehensive environmental
policies (Zhao et al., 2023). Besides, these countries are ranked in frontier positions with regard to
developing and implementing new approaches for the achievement of sustainable development. Their
set standards, therefore, regarding renewable energy, emission reduction, and nature conservation
become the benchmark for other countries (Wang et al., 2024). The G7's environmental performance is
central, therefore, to global efforts toward combating climate change and promoting environmental
sustainability (Fatima et al., 2024). A comparison of Tiirkiye with the G7 nations within the framework
of the Environmental Performance Index (EPI) will, therefore, be important in assessing the efforts of
Tiirkiye to reach environmental sustainability and catch up with global standards (Karahan et al., 2025).
G7 nations are normally characterized by developed economies, very strict environmental policies, and
highly developed infrastructures. Comparisons like these will therefore provide indications of the
weaknesses and strengths of environmental performance that will be of real value to policymakers and
strategic planners (Wang et al., 2024). Comparisons will also play a key role in the international
collaboration on climate change and optimize the contribution of Tiirkiye to global environmental goals.

For Tiirkiye, combating climate change is of particular importance (Xu et al., 2022) Having a rapidly
growing economy, rapid urbanization, and rising greenhouse gas emissions, the country reaches a fork
in the road (Taneja and Ozen, 2023). Furthermore, Tiirkiye's landscape renders it vulnerable to all kinds
of negative environmental risks like droughts, floods, and heatwaves that may have potential huge
implications for its economy and society (Arslan, 2023). These issues need to be addressed by inclusive
policies and strategies capable of reconciling economic growth with environmental sustainability
(Cakmaker et al., 2023). It recognizes urgency, and over the couple of last years, Tiirkiye has taken
important steps: investments in renewable energy, energy efficiency projects, and ratification of the
Paris Climate Agreement-all signals of a deepening commitment to integrating climate action into
national development agendas (Deniz et al., 2024).

The EPI has become one of the most important metrics by which countries compare their responses to
climate change and the environment (Usubiaga-Liafo and Ekins, 2021). EPI utilizes data-driven
scrutiny in facilitating an impartial analysis of country rankings on varied measures of sustainability,
including but not limited to emission curtailment, renewable energy, and implementations of
environmental policy In this study, data from the Climate Change section of the EPI 2024 Report were
used (EPI, 2024). Benchmarking of Tiirkiye with G7 countries (advanced economies with
comprehensive climate policy) therefore has the value added of highlighting areas where it remains
behind and is able to learn something from global best practice. Comparative assessment identifies areas
of environmental performance that show scope for approximation to global standards (Karahan et al.,
2025). This study focuses on G7 countries due to their leading role in global environmental governance,
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advanced technologies, and strong policy frameworks. While acknowledging the importance of
emerging economies within the G20, the scope here is limited to Western OECD countries to benchmark
Tiirkiye against the most developed economies with established environmental policies.

It is fairly important in this case to apply the MCDM methodology since it frames multi-dimensional
problems-in this case, climate change problems-within a decision-making framework (Zevdu et al.,
2024). MCDM methods may allow the consideration of a lot of criteria at a time, and hence provide a
system to rank options and determine the most important factors on performance (Ghaleb, 2020). The
article has adopted a hybrid approach, combining Multi-Perspective Strategic Integration with Multi-
Attributive Border Approximation Area Comparison, which gives an overall analytic model for
measuring performance in climate change for Tiirkiye with respect to G7 countries on key indicators.

Literature Review

During the past years, several MCDM methods have been applied to climate change performance-based
problems, sustainability, energy, and environmental issues (Alsanousi et al., 2024; Karahan et al., 2025;
Bajdor and Korpysa, 2025). These works collect extensive data from, for instance, the Environmental
Performance Index, Climate Change Performance Index, and the Global Green Growth Institute, which
can provide access to quite informative data reflecting the intricacy of climate change and sustainability.
In their study Ay¢in and Cakin (2019) used Entropy, Gray Relational Analysis (GRA) and Multi
Objective Optimization on the basis of Ratio Analysis (MOORA) methods to measure the
environmental performance of the countries with using data from EPI. The aim of Mohaghar et. al.
(2019)’s study is to prioritize the OECD Countries based on their EPI Indicators. They used Shannon
ENTROPHY and TOPSIS hybrid method. Altintas (2021a) used ROV and MAUT to assess the climate
change protection performance of G20 countries based on data derived from CCPL. In his study Altintag
(2021b) aimed to calculate the significance levels of the EPI components of the countries in question
by using the ENTROPY method based on the data of the components that make up the EPI of 19
countries in the G20 group for 2020 and to measure the environmental performance of countries with
the ENTROPY-based ROV, ARAS and COPRAS methods. With using CRITIC and CoCoSo hybrid
method Acar (2022) aimed to compare the performances of OECD countries between 2015 and 2019
within the context of socio-economic global indices. Gokgoéz and Yalcin (2022) researched
environmental and energy sustainability with CRITIC, VIKOR, and CoCoSo methodologies using
OECD data for the period from 2012 to 2018. The authors show the merits of the methods they have
applied for the assessment of environmental sustainability within the context of developed economies.
Kisa (2022) used ENTROPY-WASPAS hybrid method with the aim of evaluating the environmental
performances of OECD countries with using the data taken form EPI. Esiyok et al. (2023), Entropy,
CRITIC, EDAS, LOPCOW MCDM methods to be used for finding the environmental performance
ranking of G7 countries and Tiirkiye from data taken in the Global Green Growth Index. They figured
out that indicator of efficient use of sustainable resource is a strong determinant on country's
environmental performance. Senir (2024) utilized ENTROPY, COPRAS, and WASPAS approaches for
assessing the dimensions of sustainability in environmental matters using data taken from the
Environmental Performance Index. In the paper of Puska et al. (2024) was assessed the effectiveness of
the implementation of climate change management strategies across European Union (EU) member
states, based on data from the CCPI using the MABAC MCDM method. Kose et al. (2024) aimed at
investigating activities about climate change before and during the COVID-19 pandemic based on G-
20 countries. They used the PROMETHEE and MEREC hybrid MCDM method in this study. Karahan
et al. (2025) aimed to find out Tiirkiye’s environmental performance was evaluated using the Entropy-
based PROMETHEE method with using international EPI 2022 data. Bajdor and Korpysa (2025)
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environmental performance of the countries using data taken from EPI with using TOPSIS method. The
relevant literature about the Sustainability of Countries is presented in Table 1.

Table 1

Related literature for Climate Change Performance of Countries analysis using MCDM

Authors Methods Sector Years Index

zAgf;“ and Cakin ENTROPY, GRA, MOORA Environmental Performance 2018 EPI

Mohaghar et al., 2019 SHANNON ENTROPY, TOPSIS Environmental Performance 2016 EPI

li h P i

Altintas, 2021a ROV, MAUT Climate Change Protection | CCPI
Performance

Altintas, 2021b ENTROPY, ROV, ARAS, COPRAS  Environmental Performance EPI

Acar, 2022 CRITIC, CoCoSo Socio Economic Performance OECD
Envi tal and E 2012-

Gokgdz and Yalcin, 2022 CRITIC, VIKOR, CoCoSo nvironmentat anc Enerey OECD
Sustainability 2018

Kisa, 2022 ENTROPY, WASPAS Environmental Performance 2020 EPI
Envi tal Perfi 2010-

Esiyok et al., 2023 ENTROPY, CRITIC EDAS fvironmental Feriormance GGGI
Rankings 2020

Senir, 2024 ENTROPY, COPRAS, WASPAS Environmental Sustainability =~ 2022 EPI

Puska et al., 2024 MABAC Climate Change 2024 CCPI
Management

Kose et al., 2024 MEREC Climate Change 2024 CCPI
Performances

Karahan et al., 2025 Entropy-based PROMETHEE Environmental Performance 2022 EPI

Bajdor and Korpysa, 2025 TOPSIS Environmental Performance 2022 EPI

Methodology

In this study, MPSI-MABAC novel hybrid method has been developed and proposed for finding the
situation and ranking the Tiirkiye among G7 countries in terms of climate change performances. The
methodological flow of the research is conducted in two stages. In Stage 1, the weights of the criteria
are calculated using the MPSI method. Stage 2, the final utility function values of the countries are
calculated using the MABAC method and country rankings are obtained.

MPSI-MABAC Hybrid Model

The two stage MPSI-MABAC hybrid model has been proposed to rank the environmental performance
of countries. Let (a‘lg) = {Jll,cflz, ...,c}q"[‘} (t=12,..,T) represent alternatives and (C,) =
{C1,Cy, ...,Cu} (v =1,2,..., 1) represent criteria. The steps of the proposed MPSI-MABAC hybrid
model are outlined as follows:

Stage 1: Calculating the weighting of criteria with MPSI method (Gligori¢ et. al., 2022)

Step 1: A decision matrix (D = [D‘SW]TU’) consisting of U’ criteria and T alternatives is formed is

obtained. This decision matrix is constructed as shown in Eq. (1).
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Dll Dlu‘ DlU
D = [Dgu'] = .Dt_,l o leu' DEU’: ,(t_" = 1,2, ,T, 0 = 1,2, ,U) (1)
Dl;l M Dgu e D"[‘U’

Step 2: The decision matrix is normalized using Eq. (2) and (3) respectively. Hence, the normalized
decision matrix (N = [N‘S"]TU’) is obtained.

— Dt_;u‘ P . .
Ny = “ax Dy’ for beneficial criteria )
t=1,2,..,T
min Dy,
N.. = t=1,2,..., T b icial . . (3)
w = D—,for non — beneficial criteria
tw

Step 3: The mean value matrix (I = [M,]y) is obtained by using Eq. (4).
_ 13T
9:)’tU’ - fZ;:l Ngu' (4)
Step 4: the preference variation matrix (¥ = [¥,]iy) is obtained by using Eq. (5).
T 2
Yy = Z§:1(Nt;u' - EUEU’) ()

Step 5: The criteria weight matrix (w = [wy]y) is obtained by using Eq. (6).

__%v
vy (6)

Wy

Stage 2: Ranking the alternatives with MABAC method (Pamuéar and Cirovié, 2015)

Step 6: Firstly, the decision matrix in Step 1 is created. Then, the normalized decision matrix
(N = [NW]TU“) elements are obtained by Eq. (7).

Doy 1 () bone ficial eriter
max (Dgu)— min (Dw)’for 6’Tl€flCla criteria

_ t=1,2,...,T t=1,2,..,T
Nt;u‘ - Dgw— max (Dgw) (7)

1=1,2,0.,T .. s
- ; for non — beneficial criteria
1 o (D)= g, (D) / /

Step 7: The weighted decision matrix (Hl = [mtu]w) is obtained by using Eq. (8).

gy = wu(Ngw +1) (8)
Step 8: The boundary proximity area (BPA) matrix (‘B = [‘BE]T) is obtained by using Eq. (9).

B, = (M- 1) ©)
Step 9: The distance matrix of alternatives (D = [DW]TU’) to the BPA is obtained by using Eq. (10).
Opr = Mgy — By, (10)

Curr Res Soc Sci (2025), 11(2) 442



Step 10: The final distance matrix (Y = [Y'5]T) is obtained by using Eq. (11). The most suitable option

is determined as the alternative with the highest value.

Y, = Xi=1 O (1
The algorithm of the MPSI-MABAC hybrid model is presented in Table 2.

Table 2

Algorithm-1

The goal of this algorithm is to evaluate the performance of alternatives using MPSI-

Algorith
lgorithm MABAC model.

As a set of alternatives (Jlg) = {c/q,l,chz, ...,JZT} t=12,..,T) and criteria (C,) =
Input {6y .., Cp}(w=12,..,1) for calculating weighting of criteria matrix (w =

[w,]y) and ranking of alternatives matrix (Y = [YE]T)'
Output Assessing the performance of alternatives.
Step 1 Obtain the decision matrix (D = [DW]TU) (Eq. (1)).
Step 2 Obtain the normalized decision matrix (N = [Nm]w) using Eq. (2) and Eq. (3).
Step 3 Obtain the mean value matrix (I = [M,];) using Eq. (4).
Step 4 Obtain the preference variation matrix (¥ = [¥,],,) using Eq. (5).
Step 5 Obtain the criteria weighting matrix (v = [w,]y) using Eq. (6).
Step 6 Obtain the normalized decision matrix (N = [NW] ) using Eq. (7).

(0
Step 7 Obtain the weighted decision matrix (H_[ = [H‘lt;w] ) using Eq. (8).
U
Step 8 Obtain the BPA matrix (33 = [‘Bg] ) using Eq. (9).
T

Step 9 Obtain the distance matrix (D = [D‘S"’]TU) using Eq. (10).
Step 10 Obtain final distance matrix (Y = [Y,;]T) using Eq. (11). The highest value of ¥ is the

best option.
End.

Application

Climate change is the biggest global challenge of our time, and it affects all natural systems, human
economies, and societies at unprecedented scales (Abbass et al., 2022). Its importance has grown due
to its wide range of impacts, from extreme weather to rise in sea level, loss of biodiversity, to food and
water security (Muluneh, 2021). All these implications give a signal about the urgency of mitigating
climate change and adapting to its consequences (Kemp et al., 2022). Being under constant drought and
flood threats or other climatic dangers, addressing climate change is of prime significance for Tiirkiye
(Giovanis and Ozdamar, 2024). At the same time, as a developing nation with the necessity of economic
growth, there is also a double responsibility for Tiirkiye in reducing GHG emissions and attaining
sutainable development (Adebayo et al., 2022). EPI is central to comparative analysis and assessment
of nations' environmental policy and performance. The EPI was designed by Yale University and
typically provides a composite methodology in ranking countries based on various indicators: air
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quality, biodiversity, climate policy, and resource efficiency. For example, the EPI provides useful
information on climate change in terms of tracking countries' adherence to global climate goals. Such
information will, therefore, be quite relevant to identify gaps and chances for climate action (EPI, 2024).
For Tiirkiye, it is quite pertinent to be evaluated by the EPI and compared with the G7 countries. Such
a comparison can provide a general view of the position of Tiirkiye in the world and which one is in the
best place regarding climate policy (Karahan et al., 2025). The substantial disparity highlights the need
for Tirkiye to strengthen its environmental policy framework and set more ambitious targets for
transitioning to a low-carbon economy. Furthermore, basing such a comparison on EPI data allows
Tiirkiye to benchmark itself against other developed economies, which is necessary for developing
better policies on climate change (Agbulut et al., 2023). These efforts are not only significant in terms
of the environmental sustainability of Tiirkiye but also vital for gaining a better reputation in the global
fight against climate change.

Criteria and Alternatives

Criteria are taken from EPI 2024 Report’s Climate Change’s 11 main criteria which are “Adjusted
emissions growth rate for carbon dioxide (C1)”, “Adjusted emissions growth rate for carbon dioxide
(country-specific targets) (C2)”, “Adjusted emissions growth rate for methane (C3)”, “Adjusted
emissions growth rate for F-gases (C4)”, “Adjusted emissions growth rate for nitrous oxide (C5)”,
“Adjusted emissions growth rate for black carbon (C6)”, “Net carbon fluxes due to land cover change
(C7)”, “GHG growth rate adjusted by emissions intensity (C8)”, “GHG growth rate adjusted by per
capita emissions (C9)”,” Projected emissions in 2050 (C10)” and “Projected cumulative emissions to
2050 relative to carbon budget (C11)”. (EPI, 2024)

Adjusted emissions growth rate for carbon dioxide (C1): This is the measure of a country's CO2
emissions over time as an indicator of whether or not that nation's policies and activities actually reduce
this critical greenhouse gas, allowing for economic growth or other national circumstances that might
affect the emissions trend.

Adjusted emissions growth rate for carbon dioxide (country-specific targets) (C2): Like the previous
criterion, this criterion considers the growth in CO2 reduction commitment. That means accountability
regarding country level targets set within international climate commitments.

Adjusted emissions growth rate for methane (C3): Methane, being a potent GHG, is accounted for
under this criterion to identify its emission trend. This allows the adjustments to consider the ways of
agriculture, the mode of energy production, and mitigations made accordingly.

Adjusted emissions growth rate for F-gases (C4): This criterion considers the fluorinated gas growth
rate; thus, they are synthetic, very powerful gases. It takes into account industrial policy cuts and F-
gases substitution.

Adjusted emissions growth rate for nitrous oxide (C5): Nitrous oxide, mainly from agriculture, is taken
into consideration in this indicator because of its growth rate, whereas in the adjustment, efforts are
considered at the level of control of fertilizers and industrial emissions.

Adjusted emissions growth rate for black carbon (C6): This is an Emissions Trend Indicator of black
carbon, one of the Short-Lived Climate Pollutants (SLCPs). It gives an indication of the level of effort
at limiting sources of the gas, such as diesel engines and biomass burning.

Net carbon fluxes due to land cover change (C7): The indicator is to account for balance between
carbon emissions and uptake owing to land-use change-for example, deforestation or reforestation-and
the contribution that land management makes toward carbon sequestration
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GHG growth rate adjusted by emissions intensity (C8): It is an increase in GHG emissions about the
economic output of a nation and reflects progress in decoupling the growth of the economy from the
growth of emissions. It reflects progress in the use of energy efficiency and cleaner technology.to
improve energy efficiency and adopt cleaner technologies.

GHG growth rate adjusted by per capita emissions (C9): This criterion normalizes the GHG emission
trend by population size for equitably comparing the growth in GHG emission for nations with a varying
population base.

Projected emissions in 2050 (C10): 1t forecasts the greenhouse gas emissions of a country in 2050,
showing a long-term perspective perhaps for the climatic effect of the emissions. This suggests the need
for haste in embracing viable mitigation strategies.

Projected cumulative emissions to 2050 relative to carbon budget (C11): 1t compares and contrasts a
country's cumulative emissions by 2050 with the available global remaining carbon budget to limit
warming to specific targets. This indicates the need for maintaining emissions within sustainable
thresholds.

Alternatives are Tiirkiye (A1), United States (A2), United Kingdom (A3), Canada (A4), France (AS),
Germany (A6), Italy (A7), Japan (AS8).

Calculating the Weighting of Criteria Using MPSI Method

Calculating the weighting of criteria with MPSI method

Step 1: A decision matrix consisting of § alternatives and 11 criteria is formed as in Eq. (1). The decision
matrix is shown in Table 3.

Table 3

The Decision Matrix

cl GE cﬂ (-:4, cE 66 c'.'-’ GS 69 Iﬂ‘llill cll

<y 40.90 25.00 28.00 30.20 16.90 100.00 51.90 36.60 30.80 0.70 44.20
iz 57.70 33.30 50.50 46.70 55.20 100.00 50.20 52.50 35.50 0.00 50.10
<13 74.30 77.30 58.60 56.80 52.50 86.50 47.00 67.10 61.60 100.00 91.60
iy 52.50 27.10 65.70 41.40 44.30 100.00 49.80 4830 33.10 4.10 45.20
g 60.90 59.10 69.10 73.30 70.10 100.00 51.10 59.10 53.60 12.80  77.70
Ag 68.30 56.90 87.00 55.70 85.70 97.80 52.10 62.60 53.40 1490  78.40
7 55.90 45.40 51.90 40.50 56.70 100.00 52.90 54.60 48.00 9.20 67.60

g 63.10 48.40 72.30 40.60 63.30 100.00 50.50 61.10 52.80 10.00 76.90

Step 2: Since all criteria are benefit criteria, the normalized decision matrix is obtained by using only
Eq. (2). The normalized decision matrix is shown in Table 4.
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Table 4

Normalized Decision Matrix

cl 62 63 cq. cE cﬁ c'.'-’ ES cB Iﬂllill cll

<1 05505 03234 03218 04120 0.1972 1.0000  0.9811 0.5455 0.5000 0.0070  0.4825
<1z 07766 04308 05805 0.6371 0.6441 1.0000  0.9490 0.7824 0.5763  0.0000  0.5469
<3 1.0000 1.0000 06736 07749 0.6126  0.8650  0.8885 1.0000 1.0000  1.0000  1.0000
e 07066 03506 07552 0.5648  0.5169 1.0000  0.9414 0.7198 0.5373  0.0410  0.4934
<5 08197 07646 07943 1.0000 0.8180 1.0000  0.9660 0.8808 0.8701  0.1280  0.8483
“le 09192 07361 1.0000 07599 1.0000 09780  0.9849 0.9329 0.8669 0.1490  0.8559
<l 07524 05873 05966 0.5525  0.6616 1.0000 1.0000 0.8137 0.7792  0.0920  0.7380

iz 08493 0.6261 08310 05539 0.7386 1.0000  0.9546 09106 0.8571  0.1000  0.8395

Step 3: The mean value matrix is obtained using Eq. (4). Mean value matrix is shown in Table 5.

Table 5

Mean Value Matrix

cl 62 cﬂ c‘lﬂ cE Iﬂ‘l.’-.- c'.'-' EB 69 clll I:1"11

T 07968  0.6024  0.6941  0.6569 0.6486  0.9804 09582 0.8232 07484  0.1896  0.7256

Step 4: The preference variation matrix is obtained using Eq. (5). The preference variation matrix is
shown in Table 6.

Table 6

Preference Variation Matrix

cl GE EE ':34‘ cE I:136. c'.'-' cB GB clﬂl cll

Tr 01308 03737 02875 02326 03829 00156  0.0083 0.1438 02408 07711  0.2653

Step 5: The importance levels of the criteria were determined by using Eq. (6). The criteria weight
matrix is shown in Table 7.

Table 7

Criteria Weight Matrix

E.| EI EI Ei EI r:h E" E: E!‘ E'|D E.“
Bl 0.0458 0.1310  0.1008 0.0815 0.1342 0.0055 0.0029 0.0504 0.0844 0.2703 0.0930
Ranking 9 3 4 7 2 10 11 8 6 1 5
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Ranking the alternatives with MABAC method

Step 6: The decision matrix in Table 3 was also used in the alternative ranking method. Normalization
was performed using Eq. (7). The normalized decision matrix is shown in Table 8.

Table 8

Normalized Decision Matrix

cl ':32 cﬂ cq, (35 cl’i c'.'-’ GS cEI Iﬂlllill cll

<11 00000 0.0000 0.0000 0.0000 0.0000 1.0000 0.8305 0.0000 0.0000 0.0070  0.0000
<tz 05030 0.1587 03814 03828 05567 1.0000 0.5424 05213  0.1526  0.0000  0.1245
<t3  1.0000 1.0000 05186 0.6172 05174 0.0000 0.000 1.0000 1.0000 1.0000  1.0000
e 03473 00402  0.6390 02599 03983  1.0000 04746 03836 0.0747  0.0410  0.0211
<5 05988 06520 0.6966 1.0000 0.7733  1.0000 0.6949 07377 07403  0.1280  0.7068
g 0.8204 06099 1.0000 05916 1.0000 0.8370 0.8644 0.8525 07338 0.1490  0.7215
<l 04491 03901 04051 02390 05785 1.0000 1.0000 0.5902 0.5584  0.0920  0.4937

la 06647 04474 07508 02413 0.6744  1.0000 05932  0.8033 0.7143  0.1000  0.6899

Step 7: Weighted decision matrix is obtained by using Eq. (8). The weighted decision matrix is shown
in Table 9.

Table 9

Weighted Decision Matrix

Iﬂl EZ eﬂ e.q.. I:::*"E 66 e'.'-’ 68 69 I53‘1!} ell

<1 00458 0.1310 0.1008 0.0815 0.1342 0.0110 0.0053 0.0504 0.0844 02722  0.0930
<tz 00689 01518 0.1392 01128 02089 00110 00045 0.0767 0.0973 02703  0.1046
<t3 00917 02620 0.1531 0.1319 02037 0.0055 0.0029 0.1008 0.1688 0.5407  0.1860
<ta 00618 01363 0.1652 01027 01877 00110 00043 0.0698 0.0907 02814  0.0950
<ls 00733 02164 0.1710 01631 02380 00110 0.0049 0.0876 0.1469 03049  0.1588
<5 00834 02109 02016 0.1298 02684 00101  0.0054 00934 0.1464 03106  0.1601
<17 00664 01821 01416 0.1010 02119 0.0110  0.0058 00802 0.1316 02952  0.1389

<z 00763 01896 01765 0.1012 02247 0.0110  0.0046 0.0909 0.1447 02974  0.1572
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Step 8: The BPA matrix was obtained using Eq. (9). The BPA matrix is shown in Table 10.

Table 10
BPA Matrix

el GE [33 ﬂq, 65 66 c? 68 cS‘ cll] cll

To 00697 01804 0.1533 01132 02061 0.0099 00046 00797 0.1227 03134  0.1326

Step 9: The distance matrix of alternatives was obtained using Eq. (10). The distance matrix of
alternatives is shown in Table 11.

Table 11

Distance Matrix of Alternatives

Iﬂl EE EE elt- I::”"5 ES e'.'-’ EB EB Iﬂllill ell

""q'l -0.0238  -0.0493  -0.0526  -0.0317  -0.0719 0.0010 0.0007 -0.0293  -0.0383 -0.0412 -0.0396
""q'E -0.0008  -0.0286  -0.0141 -0.0004 0.0028 0.0010 -0.0002  -0.0030  -0.0254 -0.0431 -0.0280
'C"q'H 0.0220 0.0817 -0.0003 0.0187 -0.0025 -0.0045 -0.0017 0.0212 0.0461 0.2273 0.0535
""q'*’e -0.0079  -0.0441 0.0119 -0.0105  -0.0185 0.0010 -0.0004  -0.0099  -0.0320 -0.0320 -0.0376
""q'E 0.0036 0.0361 0.0177 0.0499 0.0319 0.0010 0.0003 0.0079 0.0242 -0.0085 0.0262
c"q'é 0.0138 0.0306 0.0482 0.0166 0.0623 0.0001 0.0008 0.0137 0.0236 -0.0028 0.0276
""q".'-' -0.0032 0.0018 -0.0117  -0.0122 0.0057 0.0010 0.0012 0.0005 0.0088 -0.0182 0.0064

""q'B 0.0067 0.0093 0.0231 -0.0120 0.0186 0.0010 0.0000 0.0113 0.0220 -0.0160 0.0246

Step 10: The final distance matrix was obtained using Eq. (11). Thus, the ranking of the alternatives
was obtained. The final distance matrix of alternatives is shown in Table 12.

Table 12

Final Distance Matrix

Ay A Ag Ay A A Aq Asg
Y -0,3759 -0,1397 0,4614 -0,1799 0,1902 0,2345 -0,0200 0,0885
Ranking 8 6 1 7 3 2 5 4

Results and Implications

This study has ranked Tiirkiye among the G7 in environmental performance by using the MPSI-
MABAC hybrid approach. The G7 countries have set the benchmarks for sustainability with cutting-
edge technologies, very strong economies, and stringent environmental regulations. They usually define
the standards of renewable energy, emission reduction, and conservation at the global level. Therefore,
an international comparison of Tiirkiye using the EPI framework will certainly offer some insights into
the progress of Tiirkiye and areas where it needs help. Such comparisons enable policy-makers to
recognize areas of strength/weakness so as to initiate better international cooperation towards enhancing
Tiirkiye's stature in climate-related issues. Comparisons will also play a key role in the international
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collaboration on climate change and optimize the contribution of Tiirkiye to global environmental goals.
In decision model a total of eleven criteria taken from EPI 2024 Climate Change part. The importance
weights of the criteria were determined using the MPSI method as follows: ”Projected emissions in
2050 (C10)”, “Adjusted emissions growth rate for nitrous oxide (C5)”, “Adjusted emissions growth rate
for carbon dioxide (country-specific targets) (C2)”, “Adjusted emissions growth rate for methane (C3)”,
“Projected cumulative emissions to 2050 relative to carbon budget (C11)”, “GHG growth rate adjusted
by per capita emissions (C9)”, “Adjusted emissions growth rate for F-gases (C4)”, “GHG growth rate
adjusted by emissions intensity (C8)”, “Adjusted emissions growth rate for carbon dioxide (C1)”,
“Adjusted emissions growth rate for black carbon (C6)” and “Net carbon fluxes due to land cover
change (C7)” (EPI, 2024).

In the ranking, "Projected cumulative emissions to 2025 relative to carbon budget" C10 was ranked as
the most important criterion, while "Net carbon fluxes due to land cover change" C7 was ranked as the
least important; this is because the MPSI-MABAC methodology focuses on the assessment of the
criteria in their relation with their strategic importance and role for ensuring the attainment of global
objectives on climate. C10 also gives further guidance on how the country's path is compatible with the
global carbon budget, underlining what this means for long-term climate stabilization. Given its direct
connection to countries staying within sustainable carbon limits, it clearly guides basic policy
mechanisms for achieving global climate goals. Its bigger picture of cumulative emissions also
corresponds to the long-term goals of international climate policy and, therefore, is a core indicator of
international and national performance (Fujimori et al., 2021). On the other hand, the C7 indicator only
calculates the net carbon fluxes due to land cover change-a valuable metric, but narrower in scope
according to reports. While afforestation and deforestation are very important in land management with
respect to carbon sequestration, the local effects from these activities may not add up to the level of
systemwide change which will be required to move beyond climate change (Li et al., 2022). For this
reason, the applicability of this criterion is reduced when compared with the broad-ranging impacts of
cumulative emissions. It thus follows that while C7 does have its role in the system of climate change
mitigation, its position is relatively insignificant compared to the success of general global climate
policy.

The ranking of the countries including Tiirkiye in terms of climate change performance was calculated
using the MABAC method. The final ranking of the countries is as follows: “United
Kingdom>Germany>France>Japan>Italy>United States>Canada>Tiirkiye”. According to this ranking,
United Kingdom was determined as the leading country according to EPI 2024 Report followed by
Germany. Tiirkiye was determined as the last country.

The main reason why the United Kingdom, Germany, and France take the leading positions in the index
is huge success in carbon emissions reduction (Kang et al., 2020). The UK has abandoned the use of
fossil fuels and heavily invested in renewable energy; it has perfectly performed the implementation of
a national climate change mitigation plan. Germany proudly boasts of achieving highly developed
technologies in energy efficiency and renewable energy use, in addition recording excellent success in
low-carbon technology adoption. But France has optimized its nuclear power utilization to manage its
emission and has been working extensively to reduce its carbon footprint.

Middle performers like Japan and Italy have weaker emission reduction processes and limitation issues
in carbon emission reduction policy (Palea and Drogo, 2020; Honma et al., 2023). Japan has tussled
with the implementation of sustainable energy, especially in relation to natural disasters and its nuclear
energy crisis that delayed some of its initiatives. Italy has mixed performance in carbon emission
reduction and delays in renewable energy transition (Krug et al., 2023). The low rankings of Canada
and Tiirkiye can largely be attributed to their continued reliance on carbon-intensive energy sources and
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the slow pace of decarbonization policies relative to other countries. In Canada, the economy remains
significantly tied to fossil fuel extraction and export, particularly oil sands, which contribute to
persistently high per capita emissions. In Tiirkiye, rapid economic growth, increasing energy demand,
and dependence on coal and natural gas have hindered substantial emission reductions, while the
transition to renewable energy has progressed more slowly compared to leading nations. (Liu et al.,
2022). Nevertheless, despite some progress, Tirkiye still faces structural challenges—particularly the
fact that renewables accounted for only around 42 % of total electricity generation as of July 2025
(including roughly 11.8 % from solar, 10.2 % from wind, and 13.1 % from hydroelectric sources) which
indicating that both the utilization of renewable energy and the implementation of environmental policy
remain insufficiently robust. (Inang, 2025). Besides, failure to reach the goals concerning the reduction
of emissions and lack of efficient nationwide measures to prevent climate change directly influences
the position of Tiirkiye in the rating (Ozdemir, 2023).

Comparative and Sensitivity Analysis for MPSI-MABAC Hybrid Method
Comparative Analysis

The consistency test will be necessary to validate and compare the results obtained by using the
proposed MPSI-MABAC hybrid method for choosing the best renewable energy alternative with the
results of proven and tested MCDM methods taken from the literature. This is for comparison
consistency. For this reason, MPSI-MABAC hybrid method was compared with Multi-Attributive
Border Approximation Area Comparison Method (MARCOS), Relative Allocation Method (RAM),
Simple Additive Weighting (SAW), Technique for Order of Preference by Similarity to Ideal Solution
(TOPSIS) and Weighted Aggregated Sum Product Assessment (WASPAS) (Wang et al., 2016, Stevi¢ et
al., 2020, Alrasheedi et al., 2023, Sotoudeh-Anvari; 2023, Kara et al., 2024, Radulescu and Radulescu;
2024).

Table 13

Comparative Analysis’ Results

MABAC MARCOS RAM SAW TOPSIS WASPAS
! 0.0000 8 0.0000 8 0.0000 8 0.0000 8 0.0000 8 0.0000 8
i 02821 6 0.6202 6 0.1151 7 0.2476 6 0.1274 6 0.0152 7
HAa 1.0000 1 1.0000 1 1.0000 1 1.0000 1 1.0000 1 1.0000 1
g

02341 7 0.5039 7 0.1215 6 0.2158 7 0.1217 7 0.2080 6
As 0.6762 3 0.9808 3 03516 3 0.5958 3 02714 3 0.5383 3
s 0.7290 2 09978 2 0.3888 2 0.6532 2 03059 2 0.5933 2
A7 0.4251 5 0.7727 5 0.2258 5 03753 5 0.1847 5 03564 5
s 0.5546 4 0.8811 4 0.2803 4 04842 4 0.2230 4 04342 4

Ranking of the alternatives in this comparison study has been carried out by the MABAC, MARCOS,
RAM, SAW, TOPSIS, and WASPAS methods (Neeraj et al., 2021). Speaking generally, all methods
have ranked the United Kingdom as first, which is the most desirable alternative. On the opposite side,
however, was Tiirkiye, ranking in the last position because it was the least desirable alternative. The
intermediate positions were occupied by France, Germany, Italy, and Japan, and each method placed
these alternatives nearly the same. France and Germany occupied positions 3 and 2, while Italy and
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Japan were placed in positions 5 and 4, respectively. United States placed 6th under certain methods
but tended to stay 7th. These results depict that these various approaches consider the nearly the same.
On the other hand, all the approaches did select United Kingdom as the most preferred alternative.
MABAUC, in this respect, has especially been superior to the others as it takes multiple criteria into
consideration more equitably and broadly. MABAC performs a boundary approximation analysis for
the more precise presentation of the performance of each alternative by measuring the closeness of
alternatives to the ideal solution and how much each alternative deviate from it. By this feature, United
Kingdom can take precedence as the most preferred alternative. Through the MABAC method,
secondly, the differences and limitations between the criteria are better managed, showing more stable
and reliable rankings. Such properties render MABAC more consistent and reliable, particularly for
complicated decision-making issues like the evaluation of the performance of climate change where
several and sometimes contradictory criteria are taken into account. Comparative analysis results shown
on Fig. 1.

Figure 1

The Comparative Analysis Results

=@=—=MABAC ==@=MARCOS RAM ~ e=@=SAW  ==@==TOPSIS WASPAS
Al
1,0000
0,8000
A8 A2

A7

Sensitivity Analysis

The analysis of sensitivity was done step by step to observe the stability, reliability, and robustness of
the model applied in the study. In this analysis, one by one all the alternatives are eliminated, and the
change in ranking of alternatives is checked to find out to which alternatives the model is sensitive. In
other words, it is a sensitivity analysis where there is only one variable (alternative) that is tested as an
attempt to explain the way the model output is affected (Guo and Dias, 2020). The ranking didn’t change
with the removal of an alternative every time. In case the ranking does not show much variation, then
the model is said to be robust. From the sensitivity analysis, it was observed that with the removal of
the alternatives one by one, no change in the ranking was noticed. This shows that the model is very
stable, robust, and reliable.
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Table 14

Sensitivity Analysis’ Results

T’l }.—t Tt T-t

Ranking : Ranking : Ranking : Ranking
Ay -0.3759 8 - - - - - -
A, -0.1397 6 -0.2345 6 03177 6 - -
#, 0.4614 1 0.4169 1 0.3823 1 0.4054 1
Ay -0.1799 7 -0.2855 7 - - - -
s 0.1902 3 0.1670 3 0.1230 3 0.0517 3
g 0.2345 2 0.2486 2 0.2220 2 0.1532 2
7 -0.0200 5 -0.1095 5 -0.1786 5 03040 5
g 0.0885 4 0.0427 4 -0.0086 4 -0.0950 4
" Ranking " Ranking " Ranking
A . . _ . . .
Ay i i . . . .
Ay 0.3905 1 0.3475 1 0.3424 1
Ay - - - - - .
g -0.0575 3 -0.1187 3 - -
A 0.0711 2 -0.0316 2 -0.1708 2
g i i i i i i
g -0.2050 4 - - - -
Conclusions

The EPI is a comprehensive tool that evaluates countries' efforts to address environmental challenges,
including climate change, air quality, biodiversity, and water resources, based on various indicators.
Tiirkiye ranks 8th out of 8 countries in the EPI which highlights the urgent need for interventions to
improve its environmental performance. The low ranking reflects significant gaps in critical areas such
as emissions reduction, renewable energy adoption, and climate policy implementation, particularly in
key criteria like “Projected emissions in 2050 (C10),” “Adjusted emissions growth rate for nitrous oxide
(C5),” and “Adjusted emissions growth rate for carbon dioxide (C2).” These criteria are central to
assessing a country's long-term climate trajectory and indicate Tiirkiye’s insufficient progress in
meeting emission reduction targets.

As a result of this study “Projected emissions in 2050 (C10)”, “Adjusted emissions growth rate for
nitrous oxide (C5)”, “Adjusted emissions growth rate for carbon dioxide (country-specific targets)
(C2)” are the most important criteria, respectively. In this context; implications have been made for
government, business and researchers. These are as follows:

What is obviously required is that governments, especially in Tiirkiye, must develop better climate
policy and strategy. Investments in renewable energy, energy efficiency, and more ambitious carbon
emission reduction targets remain the sure route for Tiirkiye to improve its rank in climate performance
and get closer to global standards. Second, international cooperation should be made a priority by
governments through close interaction with several leading countries like the United Kingdom,
Germany, and France. They will benefit from lessons from their state-of-the-art strategies, the sharing
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of best practices, and international climate agreements that will all help Tiirkiye devise more robust
approaches. Given the projected cumulative emissions to 2025 in relation to the carbon budget C10,
governments must ensure long-term strategies on emission reduction to help realize the global carbon
budget and contribute to climate stabilization. However, according to the 2024 EPI report, Tiirkiye’s
projected cumulative greenhouse gas emissions by 2050 exceed the carbon budget aligned with the
global 1.5°C target by approximately 44.2%. This indicates that Tiirkiye’s current emission reduction
policies are insufficient to meet international climate goals. Consequently, to achieve its net-zero target
by 2053, Tiirkiye needs to strengthen its mitigation strategies and implement more effective climate
actions to align its emissions trajectory with global climate stabilization objectives (EPI, 2024). It is
important to consider the contrasting environmental policies between the Trump and Biden
administrations in the USA, which may influence future rankings and emission trajectories. This study
considers current policy frameworks but acknowledges that ongoing political shifts could affect the
environmental performance of the USA within the G7.

Firms, particularly in both Canada and Tiirkiye, play a critical role in addressing climate change.
Besides decreasing their individual carbon footprint, firms need to incorporate sustainable strategies
into their operations that would contribute towards meeting the entire climate objectives. Low-carbon
projects and energy efficiency technologies need to be prioritized to become competitive in the global
market, where most countries have stringent environmental policies. Besides that, it is required to
implement broader Corporate Social Responsibility policies about climate change that raise their
reputation and attract climate-sensitive consumers and investors. They also need to look at investment
in renewable energies and play a role in an agenda of transformation toward the green economy through
the momentum that de-carbonization processes are acquiring globally.

Further research by extending the study to more criteria or to other MCDM methods might give more
insightful results with regard to the best climate strategies. Policy gaps that jeopardize successful
climate action, especially in countries such as Tiirkiye, and new policy solutions that could accelerate
action-issues such as carbon tax or economic incentives for the use of renewable energies-are other
subjects to which researchers should pay close attention. More research in the field of technology
development, such as CCS or new renewable energy technologies, could be the basis for devising
effective solutions to amplify global climate action. While this study provides valuable insights by
comparing Tiirkiye with the G7, future research could expand the scope to include the G20 and
European Union for a more comprehensive analysis, especially considering Tiirkiye’s commitment to
the EU Green Deal.
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