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The increasing emission of greenhouse gases in modern life has motivated 
individuals and societies to take action to prevent or slow down climate 
change. International collaborations have also prioritized climate change by 
incorporating it into their agendas and developing relevant policies. This 
research proposes a multi-criteria decision-making approach based on 
neutrosophic sets, specifically the type-2 neutrosophic number (T2NN)–
Schweizer-Sklar–skewness impact through distributional evaluation 
(SITDE)–deviation-based pairwise assessment ratio technique (DEPART) 
model, for the climate change policy selection process. Within neutrosophic 
multi-criteria decision analytics, the most suitable policy is identified based 
on expert evaluations of the climate change policy selection criteria. The 
proposed neutrosophic multi-criteria decision analytics is applied by 
developing eight alternative climate change policies for the European Union 
(EU). Based on the findings, practical implications and recommendations are 
provided for EU policymakers.  

 
Keywords: 
Climate Change Governance; Policy 
Selection; Type-2 Neutrosophic Numbers; 
Skewness Impact Through Distributional 
Evaluation Method; Deviation-Based 
Pairwise Assessment Ratio Technique 

 

 
1. Introduction 
 

The climate crisis transcends the conventional understanding of an environmental issue defined 
merely by elevated atmospheric carbon concentrations [1]. Instead, it constitutes a profound 
structural rupture that unveils the inherent social and ecological constraints of development models 
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predicted on continuous economic growth [2]. This crisis challenges the foundational assumptions of 
industrial modernity, calling into question the long-term viability of growth-centric policy frameworks 
[3]. Moreover, it highlights the transformative approaches that integrate sustainability with social 
equity [4]. 

The degradation of natural systems can no longer be considered an isolated environmental 
anomaly; rather, it has emerged as a systemic crisis that poses a profound challenges to the 
sustainability of the global order [5]. In response to this escalating challenge, the European Union 
(EU) has moved beyond formulating a reactive political stance and has strategically positioned 
climate change as a central pillar of its normative influence [6]. This repositioning has contributed to 
the transformation of the EU's economic model and the redefinition of its role as a global actor [7]. 
Nevertheless, it is important to recognize that the EU's founding philosophy was primarily centered 
on securing intra-continental peace and fostering deeper economic integration. Environmental 
concerns were not initially part of the Union’s core agenda. Indeed, the institutional framework 
established by the 1957 Treaty of Rome prioritized economic objectives such as market integration, 
competition regulation, and the coordination of common agricultural policies [8]. 

However, since the 1980s, the growing global prominence of environmental issues (particularly 
the multidimensional impacts of climate change, the unsustainability of resource-intensive growth 
models, and mounting strategic concerns over energy security) has compelled the EU to adopt a more 
comprehensive and forward-looking approach to climate policy [9]. This shift reflects both an 
adaptation to emerging global challenges and a recalibration of the EU’s internal priorities and 
external identity in ecological transformation. 

In its pursuit of prominence as a normative power in the post-Cold War international order, the 
EU began to reframe environmental and climate policies not merely as issues of internal regulation, 
but as strategic instruments for extending its global influence and disseminating its core values [10]. 
Consequently, although climate change was not among the foundational concerns of the Union, it 
has gradually evolved into a central axis around which the EU’s identity, political orientation, and 
international role have been redefined. 

Within this evolving framework, the EU has adopted ambitious and comprehensive initiatives  
positioning environmental sustainability not solely as a policy objective, but as a foundational pillar 
of its broader agenda [11]. This agenda encompasses enhancing economic competitiveness, 
promoting social justice, and contributing to geopolitical stability. In doing so, the EU seeks to 
integrate climate action into the heart of its strategic vision, reinforcing its normative leadership in 
the global governance of sustainability. By 2050, the EU’s strategic vision of achieving a climate-
neutral continent offers a comprehensive framework for economic transformation, energy 
transition, and social inclusion [12,13]. This vision encompasses a broad spectrum of policy domains, 
including the reduction of carbon emissions, the integration of renewable energy sources, the 
promotion of circular economy practices, and the restructuring of both agricultural and industrial 
policies. 

The EU's climate policies extend beyond the objective of environmental sustainability. They are 
embedded within a multi-dimensional strategy aimed at enhancing economic resilience, addressing 
social inequalities, and strengthening the Union’s normative leadership on the global stage. Thus, 
climate action is not only a response to environmental imperatives but also a strategic instrument 
through which the EU seeks to deepen internal cohesion and assert a values-driven leadership role 
[14]. 

For the EU to assume and sustain international leadership in climate action, it is essential to 
implement effective and successful climate change policies. The motivation behind this study lies in 
the need to generate a diverse set of climate change policy (CCP) alternatives, based on different 



International Scientific Spectrum 

Volume 2, Issue 1 (2026) 153-191 

 

155 
 
 
 

perspectives, and to identify and recommend the most appropriate policy options for the EU. 
Accordingly, the primary objective of this research is to develop CCP alternatives tailored for the EU 
and to prioritize these alternatives based on a comprehensive set of evaluation criteria. 

Within this scope, the study aims to address the CCP selection problem using a multi-criteria 
decision-making (MCDM) approach integrated with neutrosophic logic, thereby proposing and 
validating a decision support system (DSS). To this end, multi-criteria decision analytics, referred to 
as the “Schweizer-Sklar based Type-2 Neutrosophic Number” – “Skewness Impact Through 
Distributional Evaluation” – “Deviation-Based Pairwise Assessment Ratio Technique” model 
(Schweizer-Sklar-T2NN-SITDE-DEPART), is proposed in this paper. This model enables the ranking of 
CCP alternatives by incorporating expert opinions and relevant criteria. 

The proposed hybrid method allows for the identification of the influence levels of experts with 
varying degrees of expertise within the decision-making (DM) process. To determine the significance 
of the criteria, the T2NN–SITDE method [15] is employed. Additionally, to enhance the robustness of 
T2NN-based operations, the T2NN–Schweizer-Sklar–Weighted Arithmetic Mean (T2NNSSWAM) 
aggregation operator (AO) [16,17] is used, which is based on Schweizer–Sklar t-norm and t-conorm 
functions. For the final ranking of CCP alternatives, DEPART [18] is utilized. Following the introduction 
of this hybrid methodology, the study proceeds to rank the alternative climate change policies for 
the EU using the T2NN-Schweizer-Sklar-SITDE-DEPART hybrid approach. 

 
1.1 Study Aims 

 
The main objective of this paper is to present a decision support framework for determining the 

most appropriate CCP for the EU. In addition, the study aims to achieve the following: 
 

i. To generate alternative CCP proposals for the EU, addressing diverse strategic and 
thematic dimensions of climate governance. 

ii. To identify and define a comprehensive set of CCP selection criteria that reflect the 
multifaceted goals of EU climate action, including sustainability, equity, innovation, and 
diplomacy. 

iii. To propose and apply a novel multi-criteria decision analytics (T2NN–Schweizer-Sklar–
SITDE–DEPART), which integrates neutrosophic set theory into an MCDM framework. 

iv. To determine expert participation levels in the DM process using T2NN sets, which allow 
for precise linguistic evaluation based on expert experience and confidence levels. 

v. To prioritize the CCP selection criteria using the T2NN-Schweizer–Sklar-SITDE method, 
marking the first extension of the SITDE weighting method with T2NN sets and the first 
integration of the Schweizer–Sklar-based T2NNSSWAM AO into the SITDE approach. 

vi. To rank the alternative CCP proposals using the DEPART method, applied here for the first 
time in conjunction with SITDE-derived criteria weights, offering a robust ranking 
mechanism based on both positive and negative deviations. 

vii. To assess the consistency of the hybrid method by comparing the results with those 
obtained from fourteen established MCDM methods and verifying the consistency 
through high correlation levels across methods. 

viii. To provide policy implications and strategic recommendations for EU climate 
policymakers based on the findings, offering insights for more informed, inclusive, and 
sustainable climate governance. 
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1.2 Study Contributions 
 
This study provides several theoretical, methodological, and practical contributions to the field 

of climate policy DM, particularly within the context of the EU. The main contributions are as follows: 
 

i. The study proposes and implements a novel T2NN–Schweizer-Sklar–SITDE–DEPART multi-
criteria decision analytic for selecting the most suitable CCP among alternatives for the 
EU. 

ii. Eight policy alternatives are developed to reflect different dimensions of climate change 
governance, providing a comprehensive and structured basis for EU policy evaluation. 

iii. Eleven CCP selection criteria are identified, reflecting the multi-dimensional aspects of 
effective climate policy, including sustainability, innovation, regional needs, and justice. 

iv. The proposed hybrid method incorporates T2NN, allowing for precise modeling of expert 
judgment, especially under uncertainty and linguistic ambiguity, which is common in 
policy DM. 

v. The SITDE method is, for the first time, extended using T2NN sets, enhancing its capability 
to handle vagueness in expert evaluations. 

vi. The study is the first to integrate the Schweizer–Sklar-based T2NNSSWAM AO with the 
SITDE method, enabling advanced aggregation of expert opinions through complex t-
norm and t-conorm structures. 

vii. Based on the findings, the study provides actionable insights and policy implications for 
EU decision-makers involved in the design and implementation of climate change 
strategies. 

 
This paper is structured into seven sections. Section 2 shows literature review on CCP of the EU. 

Section 3 introduces the T2NN–Schweizer-Sklar–SITDE–DEPART multi-criteria decision analytics. In 
Section 4, an application is conducted focusing on the ranking of climate change policies for the EU. 
Section 5 provides the results, Section 6 shows the implications, and Section 7 presents the study 
with the main findings and concluding remarks. 
 
2. Climate Change Policy of the European Union: A Literature Review 

 
Since the late 20th century, the accelerating impacts of climate change have evolved into far-

reaching crises in human history [19]. No longer confined to the realm of environmental concern, 
climate change has increasingly occupied a central position in global political discourse, influencing a 
wide array of economic, social, and security agendas [20]. This transformation has redefined climate 
change from a narrowly framed ecological issue into a multidimensional phenomenon that 
necessitates systemic policy responses across multiple sectors [21]. 

In confronting this multifaceted crisis, the EU has positioned as a leader in climate governance, 
aligning its institutional and policy frameworks with the evolving demands of climate action [22]. The 
EU’s approach goes beyond addressing the environmental consequences of global warming and 
natural disasters; it encompasses a holistic strategy that also covers the implications of climate 
change for economic growth, social equity, and international security [23]. This comprehensive 
strategy is embodied in the European Green Deal (EGD), which serves as the cornerstone of the EU’s 
climate agenda. The EGD integrates a wide array of targeted policies and instruments, including 
investments in green technologies [24], the implementation of carbon pricing mechanisms [25], the 
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establishment of a just transition framework [26], the pursuit of energy independence and security 
[27], and alignment with Sustainable Development Goals [28]. 

Through this transformative agenda, the EU seeks not only to decarbonize its internal systems 
but also to recalibrate its external engagement, positioning itself as a normative model for climate 
action at the global level. By integrating climate objectives into both domestic and foreign policy, the 
EU aspires to lead by example, demonstrating how climate resilience, economic competitiveness, 
and social cohesion can be pursued simultaneously within a sustainable development framework. 

Since the 1990s, the EU has assumed as a leader in climate governance by actively participating 
in major global agreements, such as the Kyoto Protocol [29]. Through concrete and measurable 
commitments to reducing gas emissions, the EU has consistently reinforced its position as a central 
actor in the global climate regime [30]. This leadership was further consolidated with the adoption 
of the 2015 Paris Agreement [31], under which the EU intensified its efforts by implementing more 
ambitious internal policies while fostering enhanced international cooperation in addressing climate 
change. Within this framework, the EGD has emerged as a pivotal initiative, articulating the EU’s 
objective of achieving carbon neutrality by 2050 [32]. The EGD offers a comprehensive and forward-
looking roadmap that redefines climate change not solely as an environmental concern, but as an 
issue deeply interconnected with economic transformation, social equity, and geopolitical stability 
[28]. By embedding climate objectives across a broad array of policy domains, the EGD signals a 
paradigm shift toward an integrated model of sustainable development [33]. 

Complementing this strategic vision, the 2021 policy document “Creating a Climate Resilient 
Europe: The EU’s New Strategy on Climate Change Adaptation” represents a critical milestone in 
deepening the EU's climate policy framework. This document outlines an integrated adaptation 
strategy that enhances the Union’s capacity to respond to climate risks while promoting sustainable 
development. It presents a multi-dimensional roadmap that aligns environmental resilience with 
economic durability and societal well-being. Importantly, the strategy underscores the necessity of 
viewing climate change not only as a global threat but also as a catalyst for systemic transformation. 
It promotes a science-based, cooperative approach that integrates long-term sustainability goals with 
shared responsibilities among Member States. In doing so, the EU positions climate adaptation as a 
strategic imperative (anchored in resilience, solidarity, and innovation) that reinforces its broader 
vision for a sustainable and climate-resilient future. 

The EU’s green transformation strategy illustrates a paradigm shift in which economic policies are 
not solely instruments for achieving environmental goals but are also reoriented to enhance global 
competitiveness [34]. This strategy seeks to position the EU as a leader in technological innovation 
and economic resilience by aligning economic systems with climate imperatives and fostering 
sustainability-driven advancements. The approach reflects a deliberate integration of ecological and 
economic objectives, promoting a harmonized model of development [35]. In specifically, the moving 
to a carbon-neutral economy is conceived not solely as an environmental initiative, but as a 
transformative process with far-reaching implications for energy systems, consumption behavior, 
labor markets, and regional development [34]. Accordingly, the EU’s climate strategy embodies the 
potential to establish a strategic development model that not only secures long-term sustainability 
but also redefines the Union’s role in global economic governance. 

In this context, the EU’s economic transformation strategy prioritizes a shift from fossil fuel–
based production models toward an economy grounded in renewable energy. As outlined in the EGD, 
investments in renewable technologies are not only aimed at lowering carbon emissions but are also 
positioned as key drivers of sustainable economic growth [36]. The EU seeks to diversify its energy 
portfolio, enhance energy security, and reduce dependency on imports. This strategic orientation 
also fosters innovation, with developments such as offshore wind farms and high-efficiency solar 
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panels strengthening the EU’s capacity to lead global energy markets and export advanced 
technologies. The EU’s climate policy thus serves as a catalyst for infrastructure modernization, green 
industry growth, and economic revitalization through significant public and private investment. 
Moreover, it enhances the EU’s ability to act autonomously in shaping its energy and economic 
policies, while reinforcing resilience against global disruptions [28]. Ultimately, the EU’s renewable 
energy strategy integrates environmental objectives with economic and geopolitical aims, reinforcing 
Europe’s leadership in the global energy transition and positioning it as a normative power in the 
evolving international order [37]. 

Another critical aspect of the EU’s economic transformation is the integration of circular economy 
principles, which offer an alternative to the traditional linear model of consumption. By promoting 
resource efficiency through policies such as advanced recycling technologies, optimized waste 
management, and extended product life cycles, the EU aims to reduce its dependency on raw 
material imports while enhancing industrial cost efficiency. This strategic shift supports the EU’s 
broader climate policy objectives by fostering economic resilience and reducing vulnerabilities in 
global supply chains. Circular economic practices, particularly in key sectors such as electronics, not 
only contribute to lowering carbon emissions but also provide firms with a competitive edge in 
international markets [38]. Thus, the EU’s climate policy framework should be understood not solely 
as an environmental initiative, but as a strategic economic policy that enhances sustainability, boosts 
competitiveness, and positions the role of EU. 

Moreover, the transition toward a carbon-neutral economy is also reshaping the social 
dimensions of the EU’s economic structure, particularly in terms of labor markets and regional 
development dynamics [34]. The expansion of green technologies and renewable energy sectors has 
created new professional fields (ranging from energy efficiency experts to renewable energy 
technicians) highlighting the evolving nature of employment in a sustainable economy. To address 
potential disruptions, initiatives such as the Just Transition Mechanism have been implemented to 
retrain and reskill workers affected by the decline of fossil fuel industries, facilitating their integration 
into emerging green sectors. At the regional level, renewable energy investments have played a 
critical role in revitalizing carbon-intensive areas, thereby reducing spatial inequalities and enhancing 
local economic resilience. In this context, the EU’s green transformation strategy embodies a vision 
that merges sustainability with economic competitiveness and social equity [39]. Rather than offering 
a reactive response to immediate challenges, it seeks to proactively shape the future socio-economic 
order. Consequently, the EU has reframed climate change not merely as a threat but as a 
transformative force driving technological, economic, and social innovation, thereby reinforcing its 
global leadership and long-term strategic resilience. 

Within the realm of social policy, the EU has positioned climate justice as a central pillar of its 
green transformation strategy, embedding the transition within a framework that is responsive to 
societal needs and vulnerabilities. The EU’s approach reflects a deliberate effort to ensure that 
climate action both advances environmental objectives and promotes social equity and cohesion. 
Key initiatives, such as the Just Transition Fund, aim to support communities and workers in fossil 
fuel-dependent regions by safeguarding their socio-economic security and integrating them into a 
more sustainable future. These efforts go beyond financial assistance, encompassing education, 
training, and employment programs that facilitate workforce adaptation and mitigate the social costs 
of structural change. Furthermore, the EU has implemented targeted policies to combat energy 
poverty and promote inclusive access to the benefits of the green economy. By aligning climate policy 
with goals such as reducing income disparities and improving public health, the EU seeks to transform 
the green transition into a vehicle for broader social justice and human well-being, ensuring that no 
group is left behind on the path toward sustainability [40]. 
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The EU’s strategy, which is to combat climate change, has emerged as a critical policy domain 
that reinforces its leadership aspirations within the global climate regime and strengthens its role as 
a recognized actor in international affairs [41]. Particularly following the United States' withdrawal 
from the Kyoto Protocol, the EU's proactive stance in climate diplomacy has drawn significant 
attention, enhanced its global influence, and consolidated its status as a key player on the 
international stage. In a global system traditionally dominated by sovereign states, the EU’s 
supranational nature demonstrates that non-state actors can exert meaningful influence in global 
governance [42]. The EU’s leadership in climate diplomacy is rooted in its effective utilization of 
normative and civilian power. Its prominent role in shaping international frameworks (most notably 
the Paris Agreement) reflects its diplomatic capabilities and capacity for norm-setting, elevating its 
position as a standard-bearer in climate governance. This leadership has enabled the EU not only to 
pursue environmental objectives but also to serve as a unifying and guiding force in the international 
system. Green transformation initiatives and carbon neutrality targets exemplify the EU’s ability to 
transform the collective ambitions of its member states into a coherent and strategic global vision, 
embodying the distinctive nature of its non-state identity [43]. Climate diplomacy functions as a 
means of a tool that enhances the EU's legitimacy, soft power, and influence in global governance. 
Consequently, the EU’s leadership in the fight against climate change illustrates how its non-state 
actor identity can serve as a strategic asset, enabling it to shape international norms. 

Finally (and perhaps most significantly) the EU’s climate policy has functioned as a strategic 
catalyst for deepening European integration [44]. Initiatives such as the EGD have underscored the 
imperative for collective action, fostering unity among Member States through a shared vision for 
addressing climate change. This policy framework necessitates enhanced cooperation in key areas, 
including the harmonization of energy policies, the cross-border integration of renewable energy 
infrastructure, and the coordination of emission reduction targets. Such mechanisms have 
contributed to reinforcing institutional cohesion by aligning economic and environmental objectives 
across the EU [36]. For instance, the "Fit for 55" legislative package has brought national energy 
markets and industrial standards closer together through common regulatory frameworks and 
financial instruments [45]. This integration not only advances policy coordination but also fosters a 
stronger sense of European identity and solidarity that transcends national agendas. Furthermore, 
equity-oriented instruments such as the Just Transition Mechanism have facilitated the participation 
of less economically developed Member States, mitigated regional disparities, and embedded social 
solidarity into the Union’s transformation process. Accordingly, the EU’s climate strategy operates 
not merely as an environmental initiative, but as a strategic lever that enhances political and 
economic integration. By fostering interdependencies and common goals, climate policy contributes 
to the construction of a more cohesive and integrated European project. 

In conclusion, the EU has adopted a proactive and multidimensional approach to climate change, 
one that places environmental sustainability at the heart of its broader strategic vision. By interlinking 
ecological objectives with economic transformation and social equity, EU climate policy seeks secure 
long-term competitive advantages and global leadership. These efforts have established the EU not 
only as a principal actor in climate governance but also as an essential stakeholder in shaping the 
future of international cooperation. 
 
3. Methodology Framework 

 
This study addresses the critical task of formulating climate change policies within the EU and 

selecting the most effective policy alternative based on a comprehensive set of evaluation criteria. 
To facilitate this complex DM process, the study proposes the use of the T2NN–Schweizer-Sklar–
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SITDE–DEPART model as a robust multi-criteria decision analytics. This hybrid approach integrates 
multiple advanced computational techniques to handle the inherent uncertainties and complexities 
associated with expert evaluations in climate policy analysis. 

Within the methodology section, the foundational theoretical components are introduced in 
detail. These include the T2NN sets, which allow for the modeling of linguistic assessments with a 
high degree of precision by capturing uncertainty and imprecision. The Schweizer–Sklar t-norm and 
t-conorm operations are explained as fundamental mathematical tools used for aggregating expert 
opinions under uncertainty. Additionally, the T2NNSSWAM AO is presented, highlighting its novel 
application in synthesizing diverse expert judgments into a coherent collective evaluation. 

Following the introduction of these core components, the study systematically outlines the 
proposed hybrid method. Each phase of the method is described comprehensively, from the initial 
data collection and transformation of linguistic expert evaluations into T2NN sets, through to the 
weighting and aggregation of criteria using SITDE, and finally to the ranking of policy alternatives by 
applying DEPART. This multi-stage process is designed to ensure transparency, accuracy, and 
reliability in the DM framework. 

As the T2NN–Schweizer-Sklar–SITDE–DEPART model functions as an DSS system, it incorporates 
several input components essential to the DM process. These components include experts 

(𝛽 = {𝛽1, 𝛽2, … , 𝛽𝑝, … , 𝛽𝑃} (𝑝 = 1,2,… , 𝑃)), CCP criteria (𝛾 = {𝛾1, 𝛾2 , … , 𝛾𝑞 , … , 𝛾𝑄} (𝑞 =

1,2,… , 𝑄)), and alternative CCP options (𝜉 = {𝜉1, 𝜉2, … , 𝜉𝑏 , … , 𝜉𝐵} (𝑏 = 1,2,… , 𝐵)). The stages and 

sub-steps of the T2NN-Schweizer-Sklar-SITDE-DEPART hybrid method are outlined as follows: 

• Stage 1 − Determining the influence levels of experts based on experience levels using the T2NN 
approach. 
Step 1-1: Table 1 shows the scale to the levels of expertise level. Based on this scale, experts are 

categorized depending on expertise levels, resulting in the construction of an expertise level matrix. 
This matrix is then revised using the T2NN approach for achieving the T2NN-based expertise level 

matrix (𝔓̃ = [𝔓̃𝑝]𝑃). 

 
Table 1  
The scale corresponds to the levels of expertise [46] 
Scale for expertise levels T2NNs 

Very-poor (VP) ⟨ (0.20,0.20,0.10), (0.65,0.80,0.85), (0.45,0.80,0.70) ⟩ 
Poor (P) ⟨ (0.35,0.35,0.10), (0.50,0.75,0.80), (0.50,0.75,0.65) ⟩ 

Medium-poor (MP) ⟨ (0.40,0.30,0.35), (0.50,0.45,0.60), (0.45,0.40,0.60) ⟩ 
Medium (M) ⟨ (0.50,0.45,0.50), (0.40,0.35,0.50), (0.35,0.30,0.45) ⟩ 

Medium-good (MG) ⟨ (0.60,0.45,0.50), (0.20,0.15,0.25), (0.10,0.25,0.15) ⟩ 
Good (G) ⟨ (0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20) ⟩ 

Very-good (VG) ⟨ (0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05) ⟩ 

 
Step 1-2: T2NN-based expertise level matrix can be converted to numerical-based expertise level 

matrix (𝔓 = [𝔓𝑝]𝑃) by fuzzification (∝ (𝔓̃𝑝)) (Score Function) which is presented in Eq. (1). 

 

𝔓𝑝 =∝ (𝔓̃𝑝) =
1

12
(8 + (𝑇𝑇𝔓̃𝑝

(𝑙) + 2 (𝑇𝐼𝔓̃𝑝
(𝑙)) + 𝑇𝐹𝔓̃𝑝

(𝑙)) − (𝐼𝑇𝔓̃𝑝
(𝑙) + 2 (𝐼𝐼𝔓̃𝑝

(𝑙)) + 𝐼𝐹𝔓̃𝑝
(𝑙)) −

(𝐹𝑇𝔓̃𝑝
(𝑙) + 2 (𝐹𝐼𝔓̃𝑝

(𝑙)) + 𝐹𝐹𝔓̃𝑝
(𝑙))) ; (𝑝 = 1, … , 𝑃)|(∝ (𝔓̃𝑝) ∈ [0,1]).

 (1) 
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Step 1-3: To compute the influence levels matrix (𝛿 = [𝛿𝑝]𝑃) for experts, linear normalization 

can be done by employing Eq. (2). 
 

𝛿𝑝 =
𝔓𝑝

∑ 𝔓𝑝
𝑃
𝑝=1

; (𝑝 = 1,… , 𝑃). (2) 

 

• Stage 2 − Prioritization of climate change policy selection criteria using the T2NN-SITDE method. 

Step 2-1: Each CCP(𝜉𝑏) is assessed by experts (𝛽𝑝) based on the CCP selection criteria (𝛾𝑞) using 

Table 2. These assessments are then transformed into T2NN form as based-CCP evaluation matrices 

(𝔎̃(𝛽𝑝) = [𝔎̃𝑏𝑞
(𝛽𝑝)]

𝐵𝑄
) where 𝔎̃𝑏𝑞

(𝛽𝑝); (𝑏 = 1,2,… , 𝐵;  𝑞 = 1,2,… , 𝑄;  𝑝 = 1,2,… , 𝑃). 

 
Table 2 
Scale for assessing the climate change policies [46] 

Linguistic variable T2NNs 

Very low (VL) (0.20, 0.20, 0.10), (0.65, 0.80, 0.85), (0.45, 0.80, 0.70) 
Low (L) (0.35, 0.35, 0.10), (0.50, 0.75, 0.80), (0.50, 0.75, 0.65) 
Medium low (ML) (0.40, 0.30, 0.35), (0.50, 0.45, 0.60), (0.45, 0.40, 0.60) 
Medium (M) (0.50, 0.45, 0.50), (0.40, 0.35, 0.50), (0.35, 0.30, 0.45) 
Medium high (MH) (0.60, 0.45, 0.50), (0.20, 0.15, 0.25), (0.10, 0.25, 0.15) 
High (H) (0.70, 0.75, 0.80), (0.15, 0.20, 0.25), (0.10, 0.15, 0.20) 
Very high (VH) (0.95, 0.90, 0.95), (0.10, 0.10, 0.05), (0.05, 0.05, 0.05) 

 
Step 2-2: To aggregate assessments, the T2NNSSWAM AO (Eq. (3)), which is based on the 

Schweizer–Sklar operations, is employed. As a result, the T2NN-based aggregated CCP evaluation 

matrix (𝔎̃ = [𝔎̃𝑏𝑞]𝐵𝑄) is obtained. 

 

𝑇2𝑁𝑁𝑆𝑆𝑊𝐴𝑀(𝔎̃(𝛽1), 𝔎̃(𝛽2), … , 𝔎̃(𝛽𝑝), … , 𝔎̃(𝛽𝑃)) =⊕𝑝=1
𝑃 𝛿𝑝𝔎̃

(𝛽𝑝).  (3) 

 

The experts’ influence levels vector 𝛿𝑝 = (𝛿1, 𝛿2, … , 𝛿𝑝, … , 𝛿𝐺) has interrelation with 𝔎̃(𝛽𝑝)(𝑝 =

1,2,… , 𝑃). Also, 𝛿𝑝 > 0, ∑ 𝛿𝑝
𝑃
𝑝=1 = 1, and 𝜂 < 0. 

Step 2-3: T2NN-based aggregated CCP evaluation matrix can be converted to numerical-based 

aggregated CCP evaluation matrix (𝔎 = [𝔎𝑏𝑞]𝐵𝑄) by employing the score function (∝ (𝔎̃𝑏𝑞)) which 

is presented in Eq. (4). 

𝔎𝑏𝑞 =∝ (𝔎̃𝑏𝑞) =
1

12
(8 + (𝑇𝑇𝔎̃𝑏𝑞

(𝑙) + 2 (𝑇𝐼𝔎̃𝑏𝑞
(𝑙)) + 𝑇𝐹𝔎̃𝑏𝑞

(𝑙)) − (𝐼𝑇𝔎̃𝑏𝑞
(𝑙) + 2 (𝐼𝐼𝔎̃𝑏𝑞

(𝑙)) +

𝐼𝐹𝔎̃𝑏𝑞
(𝑙)) − (𝐹𝑇𝔎̃𝑏𝑞

(𝑙) + 2 (𝐹𝐼𝔎̃𝑏𝑞
(𝑙)) + 𝐹𝐹𝔎̃𝑏𝑞

(𝑙))) ; (∝ (𝔎̃𝑏𝑞) ∈ [0,1]). 

(4) 

 
Step 2-4: The numerical-based CCP evaluation matrix is attained as the initial decision matrix 

(𝔎 = [𝔎𝑏𝑞]𝐵𝑄) for using in SITDE method. Using Eq. (5), the normalized CCP evaluation matrix 

(𝔒 = [𝔒𝑏𝑞]𝐵𝑄) is calculated. 
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𝔒𝑏𝑞 =

{
 

 
𝑚𝑖𝑛

1≤⋯<𝑞<⋯≤𝑄
(𝔎𝑏𝑞)

𝔎𝑏𝑞
 𝑓𝑜𝑟 𝑞 ∈ 𝛾+ 

𝔎𝑏𝑞

𝑚𝑎𝑥
1≤⋯<𝑞<⋯≤𝑄

(𝔎𝑏𝑞)
𝑓𝑜𝑟 𝑞 ∈ 𝛾−

; (𝑏 = 1,… , 𝐵; 𝑞 = 1,… , 𝑄). (5) 

 

Step 2-5: By performing Eq. (6), the skewness matrix (𝔏 = [𝔏𝑞]𝑄) is obtained. 

 

𝔏𝑞 =
𝐵

(𝐵−1)(𝐵−2)
∑ (

𝔒𝑏𝑞−𝔒̅𝑞

𝜎𝑞
)
3

𝐵
𝑏=1 ; (𝑞 = 1,… , 𝑄),  (6) 

 
herein 𝜎𝑞 refers to the standard deviation and 𝔒̅𝑞 shows mean value for each criterion. 

Step 2-6: By using Eq. (7), the normalized skewness matrix (𝔑 = [𝔑𝑞]𝑄) is obtained. 

 

𝔑𝑞 = 𝑙𝑜𝑔 |((𝔏𝑞 + 1) + (| 𝑚𝑖𝑛
1≤⋯<𝑞<⋯≤𝑄

(𝔏𝑞)| + 1))| ; (𝑞 = 1,… , 𝑄). (7) 

 

Step 2-7: To obtain the weights of the CCP criteria (𝛿 = [𝛿𝑝]𝑃), linear normalization can be done 

by employing Eq. (8). 
 

𝜁𝑞 =
𝔑𝑞

∑ 𝔑𝑞
𝑄
𝑞=1

; (𝑞 = 1,… , 𝑄), (8) 

 

herein 𝜁𝑞 = (𝜁1, 𝜁2, … , 𝜁𝑞 , … , 𝜁𝑄) for 𝜁𝑞ϵ [0,1] with the constrain as ∑ 𝜁𝑞
𝑄
𝑞=1 = 1. 

• Stage 3 − Prioritization of climate change policies using the DEPART method. 
Step 3-1: The crisp-based aggregated CCP matrix is considered as the initial decision matrix 

(𝔎 = [𝔎𝑏𝑞]𝐵𝑄) (Step 2-4) for DEPART. Using Eq. (9), the normalized CCP evaluation matrix 

(𝔐 = [𝔐𝑏𝑞]𝐵𝑄
) is calculated. 

 

𝔐𝑏𝑞 =
𝔎𝑏𝑞

√∑ (𝔎𝑏𝑞)
2𝐵

𝑏=1

; (𝑏 = 1,… , 𝐵; 𝑞 = 1,… , 𝑄). (9) 

 

Step 3-2: The best values (𝔄 = [𝔄𝑞]𝑄) and the worst values (𝔅 = [𝔅𝑞]𝑄) can be obtained by 

performing Eq. (10) and Eq. (11), respectively. 
 

𝔄𝑞 = {
𝑚𝑎𝑥

1≤⋯<𝑏<⋯≤𝐵 
(𝔐𝑏𝑞)  for 𝑞 ∈ 𝛾

+ 

𝑚𝑖𝑛
1≤⋯<𝑏<⋯≤𝐵 

(𝔐𝑏𝑞)  for 𝑞 ∈ 𝛾
−
; (𝑞 = 1,2,… , 𝑄),  (10) 

 

𝔅𝑞 = {
𝑚𝑖𝑛

1≤⋯<𝑏<⋯≤𝐵 
(𝔐𝑏𝑞)  for 𝑞 ∈ 𝛾

+ 

𝑚𝑎𝑥
1≤⋯<𝑏<⋯≤𝐵 

(𝔐𝑏𝑞)  for 𝑞 ∈ 𝛾
+
; (𝑞 = 1,2,… , 𝑄).  (11) 
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Step 3-3: The positive-based deviations matrix (ℭ = [ℭ𝑏𝑞]𝐵𝑄) and the negative-based deviations 

matrix (𝔇 = [𝔇𝑏𝑞]𝐵𝑄) are computed by Eq. (12) and Eq. (13), respectively. 

 

ℭ𝑏𝑞 = |𝔐𝑏𝑞 − 𝔄𝑞|; (𝑏 = 1,2,… , 𝐵; 𝑞 = 1,2,… , 𝑄),  (12) 

  

𝔇𝑏𝑞 = |𝔐𝑏𝑞 − 𝔅𝑞|; (𝑏 = 1,2,… , 𝐵; 𝑞 = 1,2,… , 𝑄).  (13) 

 
Step 3-4: The positive pairwise matrix (ℨ = [ℨ𝑏𝑏′]𝐵𝐵) and the negative pairwise matrix 

(𝔜 = [𝔜𝑏𝑏′]𝐵𝐵) are computed by employing Eq. (14) and Eq. (15), respectively. 
 

ℨ𝑏𝑏′ = ∑ (𝜁𝑞 (
ℭ𝑏𝑞+𝑚𝑎𝑥(ℭ𝑏𝑞)

ℭ𝑏′𝑞+𝑚𝑎𝑥(ℭ𝑏𝑞)
))𝑄

𝑞=1 ; (𝑏, 𝑏′ = 1,2,… ,𝐵)|𝑏 ≠ 𝑏′,  (14) 

 

𝔜𝑏𝑏′ = ∑ (𝜁𝑞 (
𝔇𝑏′𝑞+𝑚𝑖𝑛(𝔇𝑏𝑞)

𝔇𝑏𝑞+𝑚𝑖𝑛(𝔇𝑏𝑞)
))𝑄

𝑞=1 ; (𝑏, 𝑏′ = 1,2,… , 𝐵)|𝑏 ≠ 𝑏′,  (15) 

 

herein 𝑚𝑎𝑥(ℭ𝑏𝑞) indicates the maximum values (ℭ = [ℭ𝑏𝑞]𝐵𝑄) (for positive deviation), 𝑚𝑖𝑛(𝔇𝑏𝑞) 

is the minimum values (𝔇 = [𝔇𝑏𝑞]𝐵𝑄) (for negative deviation). Also, if 𝑏 = 𝑏′, then ℨ𝑏𝑏′ = 𝔜𝑏𝑏′ =

1. In addition, 𝜁𝑞 refers the weight values of CCP criteria. 

Step 3-5: The aggregated pairwise values (𝔛 = [𝔛𝑏𝑏′]𝐵𝐵) is computed by using Eq. (16) 
(𝜃 ∈ [0,1]). 

 
𝔛𝑏𝑏′ = 𝜃ℨ𝑏𝑏′ + (1 − 𝜃)𝔜𝑏𝑏′ ; (𝑏, 𝑏

′ = 1,2,… , 𝐵).  (16) 
 
herein, 𝜃 parameter refers to the significant level of the aggregated pairwise values. 

Step 3-6: The sum pairwise deviation ratio matrix (𝔗 = [𝔗𝑏]𝐵) is computed by using Eq. (17). 
 

𝔗𝑏 = ∑ 𝔛𝑏𝑏′
𝐵
𝑏=1 ; (𝑏, 𝑏′ = 1,2,… , 𝐵).  (17) 

 
Step 3-7: The ranking matrix (𝜇 = [𝜇𝑏]𝐵) of the climate change policies is calculated by using Eq. 

(18). 
 

𝜇𝑏 =
1

𝐵
∑

𝔛𝑏𝑏′

𝔗𝑏

𝐵
𝑏=1 ; (𝑏, 𝑏′ = 1,2,… , 𝐵).  (18) 

 
The T2NN–Schweizer-Sklar–SITDE–DEPART is shown in Figure 1. 

 
4. Case Study: Ranking of Climate Change Policies for the European Union 
4.1 Decision Model for Climate Change Policies Selection 
4.1.1 Expert group for assessing climate change policies 

 
An expert panel consisting of ten specialists was established to evaluate the climate change 

policies designed based on the identified CCP selection criteria. These experts possess extensive 
research backgrounds and academic expertise in EU affairs and climate policy. The detailed profiles 
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of the expert group, including their affiliations, areas of specialization, and relevant publications, are 
presented in Table 3. 

 

 
Fig. 1. Diagram of the T2NN–Schweizer-Sklar–SITDE–DEPART multi-criteria decision analytics 

 
Through structured consultations and interviews, the expert panel systematically assessed each 

proposed CCP against the predetermined criteria. Their evaluations were gathered using linguistic 
assessments, which were subsequently converted into initial decision matrices. These matrices 
served as the input for the application of the T2NN–Schweizer-Sklar–SITDE–DEPART multi-criteria 
decision analytics. This rigorous expert-driven approach ensured that the DM process incorporated 
diverse perspectives and domain knowledge, thereby improving the robustness of the policy ranking 
outcomes. 
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Table 3 
Expert group 

Experts Levels Professions 

𝛽1 Good Postdoctoral researcher in climate action science 
𝛽2 Very good Retired professor of EU politics and environmental politics 
𝛽3 Medium poor Associate professor of European politics and climate change politics 
𝛽4 Good Senior associate researcher on EU institutions at the European Commission 
𝛽5 Good Professor of environmental policy and law at the Centre for Climate Change 
𝛽6 Good Associate professor of environmental climate change and European Union 
𝛽7 Very good Professor of sustainable development, specializing in sustainability governance 

𝛽8 Very good Professor of European Union politics and climate change policies 
𝛽9 Very good Professor of European Union politics 
𝛽10 Very good Retired professor of international relations and European politics 

 
4.1.2 Criteria for climate change policies selection 

To establish CCP, the EU considers criteria according to various priorities. The definition of the 
criteria is based on various strategic and geopolitical factors. The framework of these criteria is drawn 
based on literature, regional and global policies, and EU practices. Moreover, the criteria are derived 
from Europe-specific challenges. In shaping CCP, the EU has relied both on global influential 
regulations and regional instruments. For this, the EU considers regulatory instruments such as the 
European Climate Law, the European Green Deal, the Paris Agreement, and the Climate Change 
Adaptation Strategy to be guiding. 

In setting the CCP criteria, the EU believes that it can demonstrate an important leadership 
position and that regional harmonization can have an impact on the global level. In this 
understanding, it can be said that the EU focuses on policymaking in three main stages. These are the 
formulation of the main objectives, the establishment of instruments or mechanisms for the 
implementation of the objectives, and finally the determination of the coverage and impact capacity 
of the objectives. 

When determining the CCP criteria, firstly, in the target setting phase, it values basic criteria such 
as green economy and sustainability. Secondly, at the stage of determining the instruments, 
important criteria such as EU regulations (regulations), energy efficiency, scientific approach, and 
financing mechanisms. In the third stage, where the impact capacity is determined, it values criteria 
such as fair transition, labor harmonization, international cooperation, environmental justice, and 
social inclusion (Figure 2): 
 

i. Greenhouse gas emissions reduction capacity (𝛾1) − A central criterion for evaluating the 
effectiveness of climate change policies within the EU is their capacity to reduce 
greenhouse gas emissions in alignment with the Union’s long-term climate neutrality 
targets [47]. The EU aims to reduce greenhouse gas emissions by 55% by 2030 and achieve 
net-zero emissions by 2050 [48], as part of its overarching vision of a “climate-neutral 
Europe.” To achieve this target, the EU uses both regulatory and market-based tools, 
including the Emissions Trading System [49], carbon pricing mechanisms, carbon taxation, 
and the Carbon Border Adjustment Mechanism [50]. This policy approach reflects a hybrid 
model that integrates environmental governance with market-driven tools, consistent 
with neoliberal economic principles. Nevertheless, while these instruments are 
technically effective in curbing emissions, the criterion also demands that reduction 
strategies be implemented within a broader socio-economic context. Therefore, policies 
should not only be evaluated based on their technical capacity to reduce emissions but 
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also on their ability to integrate social equity considerations and support a just transition, 
ensuring inclusiveness and public legitimacy. 

ii. Promotion of renewable energy sources (𝛾2) − The prioritization of renewable energy 
deployment (particularly wind, solar, hydroelectric, and sustainably sourced biomass) 
constitutes a fundamental criterion in the formulation of effective climate change policies 
[51,52]. Shifting from fossil fuels to low-carbon energy systems is a key part of the EU’s 
climate strategy. The widespread use of renewable energy sources helps reduce 
greenhouse gas emissions and improves energy security by reducing dependence on 
external energy suppliers. Consequently, the promotion of renewables serves dual 
strategic purposes: advancing environmental sustainability and reinforcing the EU’s 
energy sovereignty and strategic autonomy. As such, the development and 
implementation of policies that accelerate the renewable energy transition are key 
indicators of commitment to both climate mitigation and long-term geopolitical 
resilience. 

iii. Legal and institutional enforceability (𝛾3) − A strong legal and institutional framework is 
essential for evaluating the effectiveness and sustainability of climate change policies 
[53]. The EU has established a comprehensive governance structure that ensures the 
binding implementation of its environmental objectives. Through legally enforceable 
instruments (such as directives, regulations, and strategic frameworks) the EU translates 
climate commitments into actionable mandates. Notably, the European Climate Law 
legally commits Member States to achieving climate neutrality by 2050, thereby 
reinforcing accountability and ensuring transparent monitoring mechanisms. However, 
while this legal rigor strengthens policy credibility and continuity, it may also introduce 
implementation challenges. Overregulation and stringent administrative requirements 
are often criticized for elevating compliance costs and potentially diminishing global 
economic competitiveness. Therefore, the degree to which a climate policy balances legal 
enforceability with practical implementation ability should be considered a key selection 
criterion in assessing its overall viability and strategic value for the EU. 

iv. Sustainability integration (𝛾4) − A fundamental criterion for assessing EU climate change 
policies is their adherence to the principle of sustainability, which encompasses 
environmental, economic, and social dimensions. The EU’s climate policies aim to support 
the sustainable use of natural resources while protecting ecosystems and meeting the 
needs of present and future generations [54]. This multi-dimensional approach views 
sustainability both as environmental protection, and as a key part of a broader 
development strategy [55]. Key initiatives, such as the EGD, exemplify this criterion by 
prioritizing the advancement of a circular economy model. However, an important 
evaluative consideration is the policy’s ability to reconcile potential conflicts between 
economic interests and sustainability goals. Policies that marginalize social or 
environmental objectives in favor of short-term economic gains undermine the holistic 
vision of sustainability and present a significant barrier to achieving the EU’s climate 
neutrality target by 2050. Thus, the best climate policies are those that effectively 
integrate sustainability principles across all sectors and scales, balancing economic 
development with ecological preservation and social equity. 

v. Energy efficiency (𝛾5) − Energy efficiency constitutes a critical criterion for evaluating EU 
climate change policies, as it directly supports both energy security and greenhouse gas 
emission reduction objectives [56]. Policies that promote higher efficiency in energy 
production and consumption enable the delivery of greater benefits while reducing 
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environmental harm. Enhancing efficiency reduces reliance on fossil fuels, thereby 
diminishing the ecological footprint of energy use [57]. In addition, energy efficiency 
measures in industrial and residential sectors provide competitive advantages in the EU 
market by improving performance and reducing costs. Therefore, energy efficiency is 
important not only for environmental sustainability but also for economic viability. 
Furthermore, social engagement and behavioral compliance are indispensable 
components of effective energy efficiency strategies; sustainable gains require 
widespread public awareness and adherence. Therefore, the most effective climate 
policies are those that integrate technological improvements with mechanisms fostering 
societal participation to secure long-term and systemic energy efficiency improvements. 

vi. Technological infrastructure and innovation (𝛾6) − A key criterion for selecting the EU’s 
climate policies is their promotion of technological infrastructure and innovation [58]. The 
EU’s green economy emphasizes low-carbon production supported by advanced 
technologies, recognized globally as essential to combating climate change. Effective 
policies must ensure not only the development but also the equitable distribution of 
critical infrastructures (such as energy grids, digital networks, and green transport) across 
member states. This approach aligns with the EU’s science-based policymaking, relying on 
data and scientific evidence from sources like the IPCC and environmental research. 
Grounding climate policies in empirical knowledge ensures rational, legitimate, and 
effective strategies beyond political debate. 

vii. Financial viability and equity (𝛾7) − Effective and sustainable climate policies require 
robust financial support [59]. The EGD funding mechanisms, combined with mobilizing 
private investments, form the economic foundation for the EU’s climate transition. Given 
the economic disparities among member states, harmonizing financial contributions is 
challenging. Instruments such as the Just Transition Mechanism address these imbalances 
by providing targeted financial aid, thereby fostering social cohesion and political stability. 
Consequently, climate finance is essential not only as an implementation tool but also to 
ensure the EU’s climate policies are equitable, inclusive, and sustainable. 

viii. Just transition and labor market inclusivity (𝛾8) − A successful climate policy must ensure 
a just transition that mitigates the negative impacts of the green transformation on the 
labor market [60]. This involves integrating workers from fossil fuel sectors into the 
emerging low-carbon economy, ensuring fair distribution of economic and social costs to 
maintain social cohesion and political stability. The EU’s Just Transition Fund is a key 
instrument addressing financial and social disparities between member states during this 
process [28]. Labor market inclusion enhances the legitimacy and social acceptance of 
climate policies by reducing inequalities linked to structural change. Reskilling and 
upskilling are essential to prepare the workforce for new opportunities in sectors like 
battery production, wind, and solar energy. Adequate training infrastructure and 
dedicated funding are necessary to support these efforts. Complementary initiatives such 
as regional development programs and the European Skills Agenda provide strategic 
frameworks to facilitate workforce adaptation. Overall, just transition policies promote 
social inclusivity and economic feasibility, strengthening the resilience and sustainability 
of the EU’s climate change strategy. 

ix. Multilateral cooperation and flexible integration (𝛾9) − Effective climate policy within the 
EU must be grounded in robust multilateral cooperation that reflects the global nature of 
climate change [61]. A participatory governance structure engaging regional and global 
actors is essential to ensure coordinated action for the common good. Equitable burden-
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sharing, where states assume responsibilities commensurate with their capacities, is a 
critical principle guiding such cooperation. However, implementing common climate 
policies is challenging because EU member states have different economic structures and 
varying levels of dependence on energy. Resistance from regions that depend heavily on 
carbon-intensive industries shows how difficult it is to align and harmonize climate 
commitments. In this context, the EU’s climate diplomacy serves as a vital instrument to 
foster internal cohesion and assert global leadership, as exemplified by its role in the Paris 
Agreement. To address internal disparities and facilitate effective policy execution, 
strategies such as differentiated integration and flexible adaptation are necessary. These 
approaches enable the EU to accommodate heterogeneity among member states while 
maintaining collective progress toward climate objectives. Thus, the capacity to balance 
multilateral cooperation with adaptive, flexible mechanisms is a key criterion in evaluating 
the effectiveness of the EU’s climate change policies [10]. 

x. Commitment to environmental justice and social inclusion (𝛾10) − A comprehensive 
climate policy should include environmental justice by considering the social impacts of 
the green transition [20]. The EU’s approach emphasizes equitable responsibility for 
environmental harm and the fair distribution of benefits arising from climate action [62]. 
Policies should ensure protection and support for workers adversely impacted by the 
phase-out of fossil fuel sectors, as well as vulnerable populations, including low-income 
groups potentially affected by energy transitions. Prioritizing social inclusion and fairness 
in DM processes is essential to enhance the legitimacy, acceptance, and sustainability of 
climate policies. Consequently, the degree to which a climate strategy promotes just, and 
inclusive transformation constitutes a vital criterion for evaluating the effectiveness and 
equity of the EU’s climate change policies. 

xi. Promotion of inclusive societal participation and public awareness (𝛾11) − An effective 
climate policy must recognize society not merely as a passive recipient but as an active 
agent in implementing climate action [89]. The EU’s approach emphasizes the essential 
role of broad-based participation across all social sectors to enhance the legitimacy, 
durability, and impact of climate change policies. Fostering a grassroots sense of 
responsibility and engagement is vital for achieving sustained outcomes and reinforcing 
the policy’s foundation. Moreover, transparent collaboration between EU institutions, 
environmental organizations, and an informed public accelerates policy implementation 
and effectiveness. Thus, the extent to which a climate policy facilitates inclusive societal 
involvement and prioritizes public awareness through education and outreach constitutes 
a key criterion for evaluating the success of the EU’s climate change strategy [63]. 
 

4.1.3 Climate change policies as alternatives 
 
The EU has played a major and long-standing role in global efforts to combat climate change. Its 

goal of becoming climate neutral by 2050 is supported by policies like the European Green Deal, the 
Climate Law, and “Fit for 55”, which focus on clean energy, cutting emissions, and adapting to climate 
change [28]. However, despite all these efforts, the continued increase in global emissions, the 
limited impact of EU policies, and the existence of low-binding commitments at the international 
level point to the inadequacies of the current approach.  

 



International Scientific Spectrum 

Volume 2, Issue 1 (2026) 153-191 

 

169 
 
 
 

 
Fig. 2. Decision model for selecting climate change policy 

 
Although the EU produces about 7% of global greenhouse gas emissions, its impact is limited 

globally due to increasing emissions from major economies like China, the United States, and India 
[64]. In addition, the voluntary structure of the Paris Agreement reduces accountability, and stronger 
and more inclusive actions are needed to meet the 1.5°C goal. At this point, the EU needs to go 
beyond its current strategy and evaluate alternative policy approaches.  

This study presents a comprehensive list of alternative policies for the EU on climate change. To 
ensure the consistency and necessity of the alternative policies, successful and unsuccessful policies 
from the past were analyzed, revisions appropriate to the current situation were evaluated, and the 
international relations environment was considered. For this purpose, a literature review was 
conducted, including academic sources, strategy documents, international agreement texts, and 
other regulatory practices. Each alternative policy presents an independent proposal and 
implementation framework, and while some proposals may be compatible with each other, others 
may have different orientations. This diversity is important for the EU to develop flexibility and a 
multidimensional strategic mindset in achieving its climate goals. The main aim of the study is to 
identify weaknesses in current policies and suggest more effective, inclusive, and realistic climate 
policy options: 
 

i. Policy proposal – 1 (flexible cooperation policy with global powers) (𝜉1) − Although the EU 
seeks to lead global climate action, the limits of acting alone are becoming more evident 
[65]. The EU's have only around 7 percent greenhouse gas emissions. However, emissions 
continue to increase in major economies such as China, the US, and India [64]. This picture 
shows that the EU needs more strategic and flexible co-operation with global powers to 
achieve its climate goals. Although the Paris Agreement has an inclusive structure, it 
remains weak in terms of bindingness and accountability as it is based on voluntary 
national contribution declarations (NDCs). With current commitments, the world is on a 
warming path of approximately 3°C, well above the 1.5°C limit. This situation highlights 
the need for multilateral co-operation supported by more stringent monitoring 
mechanisms and more robust commitments. In particular, the effective and responsible 
engagement of the major powers responsible for the bulk of global emissions plays a 
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critical role. Actively involving these actors in the process will increase both the 
inclusiveness and effectiveness of climate governance [66]. Following the Copenhagen 
Summit in 2009, the EU revised its climate diplomacy strategy, strengthened its relations 
with major global actors, and started to show more flexibility in its positions [67]. This 
approach was decisive for the success of the Paris Agreement, highlighting the EU's 
diplomatic capacity to prioritize global cooperation. As a result, a policy of flexible co-
operation can contribute to both maintaining the EU's global leadership role and building 
a more inclusive and accountable climate governance. This approach can be considered 
as a strong alternative strategy that overcomes the limitations of existing policies and puts 
international cohesion at the center. 

ii. Policy proposal – 2 (international cooperation-based policy under the EU’s global 

leadership) (𝜉2) − The EU should adopt the strategy of ‘global climate leadership and co-
operation’ as an alternative policy approach within the scope of climate diplomacy. The 
necessity of this approach stems from the fact that the problem of climate change is global 
in nature. It will not be enough for the EU to reduce its emissions alone. However, it is 
imperative to reduce emissions and mainstream climate action worldwide. The EU 
therefore endeavors to assume leadership at the international level by utilizing its 
normative power and green diplomacy tools. With its ambitious climate policies and 
values-based approach, the EU is often described as a “green normative power” in global 
climate governance [68]. This position offers the EU the opportunity to be a steering force 
in global climate negotiations. For instance, in recent years, the EU has assumed the role 
of a ‘leader-mediator’, building bridges with developing countries against changing 
geopolitical balances and strengthening the ground for consensus in negotiations [22]. 
Based on the axis of climate justice, international development co-operation, and 
inclusiveness, this policy aims to reinforce the EU's global leadership in the climate field 
while leaving no one behind. Developing more inclusive co-operation in reducing carbon 
emissions, disseminating green technologies and increasing climate finance is imperative 
to limit global warming as envisaged by the Paris Agreement. The EU and its member 
states provide the largest share of public climate finance in the world, contributing around 
one-third of total global climate funding. In addition, the EU emphasizes technical 
assistance, technology transfer, and financing by establishing equitable partnerships with 
developing countries. Thus, the resilience of vulnerable societies disproportionately 
affected by climate change is supported and contribution is made to reduce global 
inequalities. This alternative policy approach to be adopted by the EU can contribute to 
the realization of its goal of leading a fairer and more effective climate struggle on a global 
scale by observing the principle of climate justice through green diplomacy and 
development cooperation instruments. 

iii. Policy proposal – 3 (harmonization-oriented policy based on regional interest for EU needs) 
(𝜉3) − The alternative climate policy proposed under the EU Regional Adaptation Policy 
fills an important gap in terms of regional justice and resilience gaps in the EU. Different 
regions in the EU are affected by climate change in different ways and have unequal 
capacities to adapt. As emphasized by the European Environment Agency, differences in 
vulnerability and exposure to climate change persist and current adaptation efforts are 
insufficient for disadvantaged groups and regions. This situation is contrary to the 
principle of climate justice and necessitates a regional adaptation-oriented policy. 
Research results show that many regions with high climate risks lack the experience, 
capacity, and resources to adapt [69]. Failure to support these regions will deepen the 
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existing resilience gap and create regional injustice within the EU. Therefore, a cohesion 
policy that considers different levels of vulnerability and empowers fragile regions is 
essential for the sustainability of the EU. Such a policy favors leadership-based 
governance, with leading members taking on a ‘locomotive’ role. It is recognized that 
some member states are much further ahead in climate policies than others, such as 
Germany [70]. These examples could accelerate the achievement of EU-wide climate 
targets by disseminating good practices and mobilizing lagging regions. Moreover, binding 
rules backed by tough sanctioned regional governance mechanisms would prevent non-
compliance and ensure that all members fulfil their commitments. An assessment of EU 
climate law reveals that the success of GHG reduction targets depends on strict 
implementation and enforcement mechanisms [71]. This alternative policy, which 
considers regional differences, offers a fair and effective way to reduce emissions as well 
as build sustainability and climate resilience in every region. It will also contribute to 
securing the achievement of the EU's climate goals based on regional justice and 
resilience.  

iv. Policy proposal – 4 (climate diplomacy and policy based on cultural and normative power) 
(𝜉4) − The EU is developing an alternative policy approach by reframing climate diplomacy 
in terms of ‘values-based governance’. This approach combines the EU's soft power with 
global climate leadership. The EU aims to be effective through values and persuasion 
rather than military or economic coercion [72]. Climate change is not just a technical issue; 
it is a global problem connected to human rights, nature, and climate justice. Therefore, 
by centering human dignity, the intrinsic value of the environment, and the principle of 
just transition in its climate policies, the EU positions itself as a ‘normative power’, i.e. an 
actor seeking to spread universal norms and values [73]. The 2023 Council conclusions 
also emphasized that the EU should pursue climate action based on human rights, social 
justice, equity, and inclusiveness. This value-oriented stance lends legitimacy to the EU's 
climate leadership and reinforces its normative influence at the global level. Another pillar 
of this policy is the international dissemination of EU values through public diplomacy. 
The EU tries to convince other countries to take more ambitious climate actions through 
diplomatic initiatives and communication strategies in multilateral platforms. This soft 
power strategy enables the EU to become a ‘model power’ in global climate governance, 
while at the same time aiming to shape the global climate regime with democratic values. 
In this way, it will be able to present itself as a role model through such climate policies. 
The EU's value-based climate leadership is seen as an alternative and balancing power, 
especially in the face of the risk of actors such as China filling the vacuum in an 
authoritarian manner after the periodic withdrawals of the US [72]. In this way, the EU 
can bring the concerns of both the developed North and the developing South on a 
common ground by playing the role of mediator and catalyst in climate negotiations. 
Value-based climate diplomacy should not only rely on normative discourses but should 
be supported by concrete policies. The EU has made the 2050 net-zero target legally 
binding with the European Climate Act and established strict mechanisms such as the 
Emissions Trading System [28]. This is a symbol of determination to protect environmental 
values. Similarly, in the international arena, the pursuit of binding commitments to 
accelerate the implementation of the Paris Agreement is seen as a complement to value-
oriented diplomacy. In short, the EU can demonstrate effective and legitimate leadership 
in the fight against climate change by combining both soft power elements (e.g. norm 
dissemination, persuasion, reputation) and hard law, i.e. binding regulations and 



International Scientific Spectrum 

Volume 2, Issue 1 (2026) 153-191 

 

172 
 
 
 

sanctions. This alternative policy approach is essential for the EU's global role as it 
addresses the climate crisis as a matter of moral leadership and offers a model for 
sustainable global climate governance in the long term. 

v. Policy proposal – 5 (integration of the green transition into the European labor market and 

just transition priority policy) (𝜉5) − Policies towards climate targets carry the risk of 
deepening existing social inequalities if the social justice dimension is not taken into 
consideration. Steps to reduce fossil fuel use can create economic ‘winners’ and ‘losers’. 
This may lead to new injustices for disadvantaged groups [74]. In fact, the European Green 
Deal recognized this risk and, in 2019, adopted the principle of “leaving no one behind. 
The international scientific community also highlights that a just transition is very 
important in climate policies. The green transition cuts jobs in coal and oil, but creates 
new jobs in renewable energy and energy efficiency. Without adequate social protection 
for affected workers and regions, this structural change can risk severe unemployment 
and economic decline. Therefore, strengthening social protection networks for fossil fuel-
dependent sector employees, creating new employment areas in low-carbon sectors, and 
providing new skills to the labor force through comprehensive vocational training 
programs should be the main tools of this policy [74]. For the success of climate policies, 
governance processes should be inclusive. Workers, local communities, and other 
stakeholders should be included in the DM and implementation stages, thus ensuring 
distributional justice and participation. Otherwise, disproportionate sharing of the costs 
and benefits of transformation may create social reaction and resistance in vulnerable 
groups. A just transition approach can also advance climate action through social 
consensus and aim for a transformation that is fully in line with the social sustainability 
principles of the European Green Deal. 

vi. Policy proposal – 6 (geopolitical approach based on regional differentiation) (𝜉6) − There 
is a need for an adaptation strategy that considers regional differences in EU climate 
policies. Climate change impacts are not the same across all regions in the EU. Especially 
Southern Europe is much more vulnerable than Northern Europe due to extreme heat 
waves, droughts, water scarcity, and forest fires. The report shows that climate change 
affects European regions differently, increasing inequalities. Southern regions are usually 
more negatively affected, while northern regions may even experience some benefits. 
Analyses by the EU Commission’s Joint Research Centre show a clear north–south divide 
in the impacts of climate change, with welfare losses in Southern Europe being much 
higher than in Northern Europe. There are also criticisms that current EU adaptation 
policies do not adequately address the most vulnerable regions and groups [75]. Under 
these circumstances, it is imperative to adopt an adaptation model that considers regional 
vulnerability differences instead of a homogenous climate policy. Such a "North-South 
Climate Adaptation Strategy" will focus on taking adaptation measures according to the 
needs of different regions by realizing the principle of climate justice. This approach aims 
to increase the capacity of regional resilience by transferring more financial and technical 
resources to southern countries. Experts warn that if equality is not observed in 
adaptation policies, existing vulnerabilities may be reinforced, or new injustices may arise. 
Therefore, fair use of resources will help make sure no region is left behind in climate 
change. A fair adaptation strategy that considers regional differences will reinforce 
political cohesion by strengthening intra-EU solidarity against the climate crisis. 
Therefore, the alternative policy titled "EU North-South Climate Adaptation Strategy" is 
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considered a necessary approach for the EU in the contexts of climate justice, regional 
resilience gaps, resource justice, and union solidarity.  

vii. Policy proposal – 7 (climate migration and inclusivity for intergenerational justice) (𝜉7) − 
Extreme weather and environmental damage caused by climate change increase forced 
migration around the world. For example, the World Bank says up to 70 million people in 
sub-Saharan Africa may need to move because of climate change by 2050. This situation 
can be considered as the ‘threat multiplier’ of climate change. It jeopardizes climate 
security by creating new humanitarian crises with its impact. Current EU policies, on the 
other hand, largely focus on ensuring border security and deterring migration flows and 
fall short of finding lasting solutions to climate-induced migration. From an 
intergenerational climate justice perspective, this approach based solely on protecting 
borders carries the risk of transferring the burden of the climate crisis to the younger 
generations of the future and to vulnerable communities that are not responsible for the 
crisis. For these reasons, as an alternative policy for the EU, a strategy centered on the 
climate-migration nexus to increase adaptive capacity in source regions is proposed. This 
approach includes establishing early warning systems in regions vulnerable to climate 
change (e.g. Africa and the Middle East), strengthening resilience to disasters, supporting 
community-based development programs, and pursuing a climate-focused, inclusive 
foreign policy. The aim is to ensure that people can live a safe life where they are and 
reduce the pressure of forced displacement caused by climate change. Such a proactive 
adaptation and resilience strategy will mobilize the EU's foreign policy instruments to 
increase stability in source countries and contribute to preventing future uncontrolled 
migration movements. This policy option, based on climate security and climate justice, 
supports the EU’s long-term goals and also promotes fairness between generations. 

viii. Policy proposal – 8 (promoting technological innovation in climate change) (𝜉8) − It has 
an accelerating and complementary function to the ongoing efforts as an alternative 
policy that encourages technological innovation in the process of achieving the current 
climate targets of the EU. Innovative approaches such as artificial intelligence-supported 
energy systems, green entrepreneurship, science diplomacy, and localized climate 
solutions make it possible to reduce emissions. Indeed, environmentalist technological 
breakthroughs through green entrepreneurship play a critical role in reducing harmful 
emissions on a global scale and trigger social transformation [76]. In addition to 
environmental benefits, these technological innovations also strengthen the 
competitiveness of the EU economy. Although the EU is a global leader in developing 
climate-neutral technologies, more efforts are needed to bring these innovations to 
market and spread them widely. Innovation-driven climate governance is therefore 
indispensable for both accelerating sustainable development and maintaining the EU's 
industrial leadership. Additionally, policy that fosters technological innovation contributes 
to the EU's influence in the international arena through science diplomacy and technology 
transfer. Science and technology facilitate the realization of global climate agreements by 
providing strategic support to diplomatic efforts, and the Paris Climate Agreement is an 
important example. Through this policy, the EU will be able to support and drive climate 
action around the world through research collaborations and green technology sharing, 
thus strengthening its strategic position both by having a voice in global climate 
governance and by disseminating its values.  
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4.2 Selection of the Best Climate Change Policy using T2NN–Schweizer-Sklar–SITDE–DEPART 
 
The steps of the T2NN–Schweizer-Sklar–SITDE–DEPART are presented for selection the most 

appropriate CCP alternative for the EU. 

• Stage 1 − Determining the impact levels of experts based on experience levels using the T2NN 
approach. 
Step 1-1: In the expert consultations conducted for the selection of climate change policies for 

the EU, the experts' levels of expertise in EU affairs and climate change policies were determined 

based on the scale presented in Table 1. Then, the T2NN-based expertise level matrix (𝔓̃ = [𝔓̃𝑝]𝑃) 

was obtained (Table A1 in Appendix). 

Step 1-2: The crisp-based expertise level matrix (𝔓 = [𝔓𝑝]𝑃) was obtained (Table A1) using the 

score function (∝ (𝔓̃𝑝)) (Eq. (1)). 

Step 1-3: The matrix (𝛿 = [𝛿𝑝]𝑃) representing the weights of experts was computed by linear 

normalization (Eq. (2)) (Table 4). 
 

Table 4 
Influence levels of experts’ matrix 
Experts 𝜷𝟏 𝜷𝟐 𝜷𝟑 𝜷𝟒 𝜷𝟓 𝜷𝟔 𝜷𝟕 𝜷𝟖 𝜷𝟗 𝜷𝟏𝟎 
𝛿𝑝 0.0921 0.1070 0.0816 0.0921 0.0921 0.1070 0.1070 0.1070 0.1070 0.1070 

 

• Stage 2 − Prioritization of climate change policy selection criteria using the T2NN-SITDE method. 
Step 2-1: Based on individual interviews with each expert, the climate change policies were 

assessed by the experts according to the CCP selection criteria using the evaluation scale provided in 

Table 2 (Shown in Table A2). Then, the T2NN-based CCP evaluation matrices (𝔎̃(𝛽𝑝) = [𝔎̃𝑏𝑞
(𝛽𝑝)]

𝐵𝑄
) 

are constructed (Table A3). 
Step 2-2: Using the T2NNSSWAM AO (Eq. (3)) (𝜂 = −1), T2NN-based aggregated CCP evaluation 

matrix (𝔎̃ = [𝔎̃𝑏𝑞]𝐵𝑄
) (Table A4) was obtained. 

Step 2-3: The crisp-aggregated CCP evaluation matrix (𝔎 = [𝔎𝑏𝑞]𝐵𝑄) (Table A5) was computed 

by performing the Eq. (4). 

Step 2-4: The normalized CCP evaluation matrix (𝔒 = [𝔒𝑏𝑞]𝐵𝑄) (Table A6) was calculated (Eq. 

(5)). 

Step 2-5: The skewness matrix (𝔏 = [𝔏𝑞]𝑄
) (Table A6) was calculated (Eq. (6)). 

Step 2-6: The normalized skewness matrix (𝔑 = [𝔑𝑞]𝑄
) was calculated (Table A6) (Eq. (7)). 

Step 2-7: The weights of the CCP criteria matrix (𝛿 = [𝛿𝑝]𝑃) was calculated (Eq. (8)) (Table 5). 

 
Table 5 
Weights of the climate change policy criteria matrix 

Criteria 𝜸𝟏 𝜸𝟐 𝜸𝟑 𝜸𝟒 𝜸𝟓 𝜸𝟔 𝜸𝟕 𝜸𝟖 𝜸𝟗 𝜸𝟏𝟎 𝜸𝟏𝟏 

𝛿𝑝 0.1011 0.1080 0.0957 0.1087 0.1079 0.0959 0.0980 0.0868 0.0880 0.0468 0.0631 

Rank 4th 2nd 7th 1st 3rd 6th 5th 9th 8th 11th 10th 
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• Stage 3 − Prioritization of climate change policies using the DEPART method. 

Step 3-1: The normalized CCP evaluation matrix (𝔐 = [𝔐𝑏𝑞]𝐵𝑄) (Table A7) for DEPART was 

calculated (Eq. (9)). 

Step 3-2: The best possible value matrix (𝔄 = [𝔄𝑞]𝑄) and the worst possible value matrix 

(𝔅 = [𝔅𝑞]𝑄) were calculated (Eq. (10) and Eq. (11)) (Table A7). 

Step 3-3: The positive-based deviations matrix (ℭ = [ℭ𝑏𝑞]𝐵𝑄) (Table A8) and the negative-based 

deviations matrix (𝔇 = [𝔇𝑏𝑞]𝐵𝑄
) (Table A9) were determined (Eq. (12) and Eq. (13)). 

Step 3-4: The positive pairwise values (ℨ = [ℨ𝑏𝑏′]𝐵𝐵) (Table A10) and the negative pairwise 
values (𝔜 = [𝔜𝑏𝑏′]𝐵𝐵) (Table A11) were determined (Eq. (14) and Eq. (15)). 

Step 3-5: The aggregated pairwise values (𝔛 = [𝔛𝑏𝑏′]𝐵𝐵) (Table A12) were calculated under 𝜃 =
0.5 (Eq. (16)). 

Step 3-6: The sum pairwise values (𝔗 = [𝔗𝑏]𝐵) (Table A12) were calculated (Eq. (17)). 
Step 3-7: The ranking matrix (𝜇 = [𝜇𝑏]𝐵) of the climate change policies was calculated (Eq. (17)) 

(Table 6). 
 

Table 6 
Ranks of the climate change policy matrix 
Climate change policies 𝜸𝟏 𝜸𝟐 𝜸𝟑 𝜸𝟒 𝜸𝟓 𝜸𝟔 𝜸𝟕 𝜸𝟖 

𝜇𝑏  0.1229 0.1391 0.1210 0.1519 0.1215 0.1072 0.0952 0.1413 
Rank 4th 3rd 6th 1st 5th 7th 8th 2nd 

 
4.3 Checking Robustness 
4.3.1 Robustness checks 

 
In the study conducted to support CCP selection in the EU, the T2NN–Schweizer-Sklar–SITDE–

DEPART was proposed and implemented. During the application process, alternative CCP options 
were generated for the EU, and the selection of the most appropriate policy was carried out based 
on expert evaluations. As a result of the application, "policy proposal – 4 (climate diplomacy and 
policy based on cultural and normative power)" was identified as the most suitable policy. To assess 
the robustness of the proposed model as well as validate the reliability of the obtained result, robust 
tests were conducted. Then, three sensitivity analysis scenarios were developed. 

In Scenario 1, the 𝜃 parameter used in DEPART, which serves as the alternative ranking 
component of the hybrid model, varied within the [0,1] interval. This helped us see how different 
weights for positive and negative deviations change the final ranking of climate policies when forming 
the combined pairwise matrix. Figure 3 shows the ranking of EU climate change policies under 
Scenario 1. As the weight of the positive deviation values, a rise in the scores of the fourth, seventh, 
and eighth policies were observed, whereas minor decreases occurred in the scores of the remaining 
policies. However, no change occurred in the final policy rankings, demonstrating that T2NN–
Schweizer-Sklar–SITDE–DEPART is robust under Scenario 1. 
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Fig. 3. Ranking of the climate changing policy according to the first sensitivity 
analysis 

 
In Scenario 2, the 𝜂 parameter of the T2NNSSWAM AO, which represents the strength of the 

hybrid method in aggregating expert assessments, was varied with negative values in the range of -1 
to -100. As shown in Figure 4, the final scores of the climate change policies remain nearly identical 
across different values of the 𝜂 parameter. Consistently, "policy proposal – 4 (climate diplomacy and 
policy based on cultural and normative power)" was identified as the top-ranked policy across all 
aggregation processes. These findings further confirm the robustness of the hybrid method under 
Scenario 2. 

 

 
Fig. 4. Result of the second sensitivity analysis 
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In Scenario 3, a stepwise elimination was applied. Initially, Policy 7 was removed from the decision 
model, followed sequentially by Policies 6, 5, 3, 1, and 2. After each removal, the proposed hybrid 
method was re-applied. Across all iterations, "policy proposal – 4 (climate diplomacy and policy based 
on cultural and normative power)" remained the top-ranked option, consistent with the main 
analysis findings. As illustrated in Figure 5, the ranking score of Policy 4 progressively increased.  

 

 
Fig. 5. Result of the third sensitivity analysis 

 
Table 7 presents the updated policy rankings at each stage of the scenario. 

 
Table 7 
Ranking of the climate changing policy according to third sensitivity analysis 

Scenarios Ranking of the policies Best policy 

Result “𝜉4 ≻ 𝜉8 ≻ 𝜉2 ≻ 𝜉1 ≻ 𝜉5 ≻ 𝜉3 ≻ 𝜉6 ≻ 𝜉7” Pol. prop. – 4 
Removed pol. proposal-7 “𝜉4 ≻ 𝜉8 ≻ 𝜉2 ≻ 𝜉1 ≻ 𝜉5 ≻ 𝜉3 ≻ 𝜉6” Pol. prop. – 4 
Removed pol. proposal-6 “𝜉4 ≻ 𝜉8 ≻ 𝜉2 ≻ 𝜉1 ≻ 𝜉3 ≻ 𝜉5” Pol. prop. – 4 
Removed pol. proposal-5 “𝜉4 ≻ 𝜉8 ≻ 𝜉2 ≻ 𝜉1 ≻ 𝜉3” Pol. prop. – 4 
Removed pol. proposal-3 “𝜉4 ≻ 𝜉8 ≻ 𝜉2 ≻ 𝜉1” Pol. prop. – 4 
Removed pol. proposal-1 “𝜉4 ≻ 𝜉8 ≻ 𝜉2” Pol. prop. – 4 
Removed pol. proposal-2 “𝜉4 ≻ 𝜉8” Pol. prop. – 4 

 
In conclusion, the findings from all three sensitivity analysis scenarios confirm the robustness and 

stability of the T2NN–Schweizer-Sklar–SITDE–DEPART multi-criteria decision analytics, reinforcing its 
reliability in the selection of EU climate change policies. 
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4.3.2 Comparative checks 
 
To analyze the consistency of the results of T2NN–Schweizer-Sklar–SITDE–DEPART, various 

alternative ranking methods were used to generate independent rankings of CCP alternatives. These 
results were then compared with the findings of the main study. The alternative ranking methods 
used for the comparison analysis include: ARTASI, MABAC [77], MARCOS [78], RAM [79], SAW, TOPSIS 
[80], AROMAN [81], WASPAS [82], ARLON [83], WEDBA [84], CoCoSo [85], RATGOS [86], RAWEC [87], 
and CORASO. 

As shown in Figure 6, the ranking scores obtained through each method were normalized using 
the max–min normalization to ensure standardization.  

 

 
Fig. 6. Ranking values for the comparative analysis 

 
Table 8 presents the resulting CCP rankings for each method. It was observed that in all methods, 

"policy proposal – 4 (climate diplomacy and policy based on cultural and normative power)" was 
ranked as the top-performing alternative, fully aligned with the primary research result. 

Furthermore, when evaluating the overall rankings, it was found that (except for TOPSIS, 
WASPAS, WEDBA, and RATGOS) all remaining methods produced identical policy orderings to those 
obtained using the proposed hybrid method. In the TOPSIS results, the second and eighth policies as 
well as the third and fifth policies swapped positions. In WASPAS and WEDBA, only the third and fifth 
policies exchanged places. In RATGOS, the second and eighth policies were switched. 

Table 9 provides a correlation analysis between T2NN–Schweizer-Sklar–SITDE–DEPART and the 
other ranking methods. The findings show a very high level of correlation, indicating strong 
consistency between the DEPART-based results and those of the alternative ranking approaches. 
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Table 8 
Rankings according to the comparative analysis 
Methods Ranking of the climate changing policies Best policy 

This study “𝜉4 ≻ 𝜉8 ≻ 𝜉2 ≻ 𝜉1 ≻ 𝜉5 ≻ 𝜉3 ≻ 𝜉6 ≻ 𝜉7” Pol. prop. – 4 
ARTASI “𝜉4 ≻ 𝜉8 ≻ 𝜉2 ≻ 𝜉1 ≻ 𝜉5 ≻ 𝜉3 ≻ 𝜉6 ≻ 𝜉7” Pol. prop. – 4 
MABAC “𝜉4 ≻ 𝜉8 ≻ 𝜉2 ≻ 𝜉1 ≻ 𝜉5 ≻ 𝜉3 ≻ 𝜉6 ≻ 𝜉7” Pol. prop. – 4 

MARCOS “𝜉4 ≻ 𝜉8 ≻ 𝜉2 ≻ 𝜉1 ≻ 𝜉5 ≻ 𝜉3 ≻ 𝜉6 ≻ 𝜉7” Pol. prop. – 4 
RAM “𝜉4 ≻ 𝜉8 ≻ 𝜉2 ≻ 𝜉1 ≻ 𝜉5 ≻ 𝜉3 ≻ 𝜉6 ≻ 𝜉7” Pol. prop. – 4 
SAW “𝜉4 ≻ 𝜉8 ≻ 𝜉2 ≻ 𝜉1 ≻ 𝜉5 ≻ 𝜉3 ≻ 𝜉6 ≻ 𝜉7” Pol. prop. – 4 

TOPSIS “𝜉4 ≻ 𝝃𝟐 ≻ 𝝃𝟖 ≻ 𝜉1 ≻ 𝝃𝟑 ≻ 𝝃𝟓 ≻ 𝜉6 ≻ 𝜉7” Pol. prop. – 4 
AROMAN “𝜉4 ≻ 𝜉8 ≻ 𝜉2 ≻ 𝜉1 ≻ 𝜉5 ≻ 𝜉3 ≻ 𝜉6 ≻ 𝜉7” Pol. prop. – 4 
WASPAS “𝜉4 ≻ 𝜉8 ≻ 𝜉2 ≻ 𝜉1 ≻ 𝝃𝟑 ≻ 𝝃𝟓 ≻ 𝜉6 ≻ 𝜉7” Pol. prop. – 4 
ARLON “𝜉4 ≻ 𝜉8 ≻ 𝜉2 ≻ 𝜉1 ≻ 𝜉5 ≻ 𝜉3 ≻ 𝜉6 ≻ 𝜉7” Pol. prop. – 4 
WEDBA "𝜉4 ≻ 𝜉8 ≻ 𝜉2 ≻ 𝜉1 ≻ 𝝃𝟑 ≻ 𝝃𝟓 ≻ 𝜉6 ≻ 𝜉7” Pol. prop. – 4 
CoCoSo “𝜉4 ≻ 𝜉8 ≻ 𝜉2 ≻ 𝜉1 ≻ 𝜉3 ≻ 𝜉1 ≻ 𝜉6 ≻ 𝜉7” Pol. prop. – 4 
RATGOS “𝜉4 ≻ 𝝃𝟐 ≻ 𝝃𝟖 ≻ 𝜉1 ≻ 𝜉5 ≻ 𝜉3 ≻ 𝜉6 ≻ 𝜉7” Pol. prop. – 4 
RAWEC “𝜉4 ≻ 𝜉8 ≻ 𝜉2 ≻ 𝜉1 ≻ 𝜉5 ≻ 𝜉3 ≻ 𝜉6 ≻ 𝜉7” Pol. prop. – 4 
CORASO “𝜉4 ≻ 𝜉8 ≻ 𝜉2 ≻ 𝜉1 ≻ 𝜉5 ≻ 𝜉3 ≻ 𝜉6 ≻ 𝜉7” Pol. prop. – 4 
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This study 1.0 0.997 0.998 0.996 0.994 0.997 0.982 0.988 0.992 0.997 0.987 0.994 0.997 0.997 0.997 
ARTASI  1.0 0.999 1.0 0.999 1.0 0.993 0.996 0.997 1.0 0.996 0.999 0.997 1.0 1.0 
MABAC   1.0 0.999 0.998 0.999 0.989 0.996 0.996 0.999 0.995 0.999 0.997 0.999 0.999 
MARCOS    1.0 0.999 1.0 0.994 0.997 0.998 1.0 0.996 0.999 0.997 1.0 1.0 
RAM     1.0 0.999 0.993 0.997 0.998 0.999 0.996 0.998 0.992 0.999 0.999 
SAW      1.0 0.993 0.996 0.997 1.0 0.996 0.999 0.997 1.0 1.0 
TOPSIS       1.0 0.997 0.995 0.994 0.997 0.995 0.988 0.994 0.994 
AROMAN        1.0 0.997 0.997 1.0 0.999 0.991 0.997 0.997 
WASPAS         1.0 0.998 0.997 0.997 0.991 0.998 0.998 
ARLON          1.0 0.996 0.999 0.997 1.0 1.0 
WEDBA           1.0 0.998 0.989 0.996 0.996 
COCOSO            1.0 0.995 0.999 0.999 
RATGOS             1.0 0.997 0.997 
RAWEC              1.0 1.0 
CORASO               1.0 

 
5. Results 

 
In this study, the EU’s CCP-making process was taken as a model to improve the mechanisms for 

policy selection. Eight different climate policy options were developed to find the most effective way 
to address climate change in the EU. These policy proposals addressed various strategic dimensions: 
policy proposal 1 focused on flexible cooperation, policy proposal 2 emphasized international 
collaboration, policy proposal 3 targeted regional needs, policy proposal 4 was grounded in cultural 
and normative power through climate diplomacy, policy proposal 5 highlighted the integration of 
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green transition efforts, policy proposal 6 promoted regional differentiation, policy proposal 7 
centered on intergenerational justice, and policy proposal 8 prioritized technological innovation. To 
rank these policy alternatives, a comprehensive evaluation framework was developed based on 
expert assessments. In this context, T2NN–Schweizer-Sklar–SITDE–DEPART was proposed and 
implemented. The application of this multi-criteria decision analytics produced three key outcomes. 

The first outcome involved determining the impact of the participating experts by using T2NN 
sets. This stage linked the experts' DM impact to their levels of expertise. The result indicated a 
dominance of highly experienced experts in the process, as evidenced by the ranking “𝛽2 = 𝛽6 = 𝛽7 = 
𝛽8 = 𝛽9 = 𝛽10 > 𝛽1 = 𝛽4 = 𝛽5 > 𝛽3”, which shows that most contributions came from individuals with 
extensive subject-matter knowledge. 

The second outcome addressed the prioritization of 11 evaluation criteria developed specifically 
for the EU context. These criteria were weighted using the T2NN–Schweizer-Sklar–SITDE method: 
"sustainability integration" (𝛾4) > "promotion of renewable energy sources" (𝛾2) > "energy 
efficiency" (𝛾5) > "greenhouse gas emissions reduction capacity" (𝛾1) > "financial viability and 
equity" (𝛾7) > "technological infrastructure and innovation" (𝛾6) > "legal and institutional 
enforceability" (𝛾3) > "multilateral cooperation and flexible integration" (𝛾9) > "just transition and 
labor market inclusivity" (𝛾8) > "promotion of inclusive societal participation and public awareness" 
(𝛾11) > "commitment to environmental justice and social inclusion" (𝛾10). The most influential 
criterion was identified as "sustainability integration", underlining the strategic importance of long-
term and systemic sustainability in EU climate policy. In contrast, the criterion with the least influence 
was "commitment to environmental justice and social inclusion". This relatively low ranking was 
attributed to the emphasis on strategic and structural priorities over socially inclusive elements at 
the macro-policy level. 

The third outcome was the ranking of the CCP alternatives, determined using DEPART based on 
the previously established criteria weights: "policy proposal – 4 (climate diplomacy and policy based 
on cultural and normative power)" (𝜉4) > "policy proposal – 8 (promoting technological innovation 
in climate change)" (𝜉8) > "policy proposal – 2 (international cooperation-based policy under the EU’s 
global leadership)" (𝜉2) > "policy proposal – 1 (flexible cooperation policy with global powers)" (𝜉1) 
> "policy proposal – 5 (integration of the green transition into the European labor market and just 
transition priority policy)" (𝜉5) > "policy proposal – 3 (harmonization-oriented policy based on 
regional interest for EU needs)" (𝜉3) > "policy proposal – 6 (geopolitical approach based on regional 
differentiation)" (𝜉6) > "policy proposal – 7 (climate migration and inclusivity for intergenerational 
justice)" (𝜉7). The analysis revealed that policy proposal 4, which emphasizes climate diplomacy and 
is rooted in cultural and normative power, was ranked as the most successful policy alternative. This 
result suggests that a holistic and values-based diplomatic strategy is perceived by experts as the 
most effective approach for the EU’s leadership. 

In addition to these results, three sensitivity scenarios were conducted to test the proposed 
hybrid method. In each scenario, the findings consistently supported the original rankings. The first 
scenario tested the impact of altering the 𝜃 parameter within DEPART, the second examined the 
variation of the 𝜂 parameter within the T2NNSSWAM AO, and the third involved the systematic 
removal of policies from the decision model to observe the persistence of "policy proposal – 4 
(climate diplomacy and policy based on cultural and normative power)" as the top-ranked 
alternative. 

Furthermore, to validate the consistency of the proposed T2NN–Schweizer-Sklar–SITDE–DEPART 
multi-criteria decision analytics, it was compared against fourteen well-established MCDM methods. 
The results showed a high degree of alignment across all methods, with "policy proposal – 4 (climate 
diplomacy and policy based on cultural and normative power)" consistently ranked as the best-
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performing alternative. Except for minor variations in ranking positions among a few policies in four 
of the comparison methods (TOPSIS, WASPAS, WEDBA, and RATGOS), the general order remained 
highly consistent. Correlation analysis further confirmed a strong agreement between T2NN–
Schweizer-Sklar–SITDE–DEPART and the alternative ranking methods, indicating the robustness of 
the presented neutrosophic model. 

In conclusion, the T2NN–Schweizer-Sklar–SITDE–DEPART is demonstrated to be a reliable, 
consistent, and applicable tool for determining the best climate change policies within the EU. Its 
capacity to integrate expert judgment, prioritize complex criteria, and evaluate multiple policy 
scenarios provides significant value for strategic climate governance and policy development. 
 
6. Implications 

 
The findings of this study are important for methods, practice, and policy-making. These 

implications provide valuable insights for all partners involved in climate policy formulation. 
 
6.1 Methodological Implications 
 

i. The study introduces the novel T2NN–Schweizer-Sklar–SITDE–DEPART, thus expanding 
the boundaries of DM models by integrating neutrosophic theory with advanced 
aggregation and ranking techniques. 

ii. SITDE is extended for the first time using T2NNs, enhancing its ability to process linguistic 
and uncertain expert evaluations with greater precision. 

iii. The Schweizer-Sklar-based T2NNSSWAM AO is applied in combination with SITDE, 
enabling complex and flexible modeling of decision-maker opinions through t-norm and 
t-conorm logic. 

iv. DEPART is employed in combination with SITDE-derived weights, offering a robust 
alternative ranking approach based on positive and negative deviations. This dual-
deviation mechanism strengthens the objectivity of prioritization processes. 

 
6.2 Practical Implications 
 

i. The study presents a replicable and transparent multi-criteria decision analytics for 
prioritizing climate change policies, which can be applied in other regional or international 
contexts beyond the EU. 

ii. By systematically incorporating expert knowledge through T2NN linguistic evaluations, 
the methodology bridges the gap between theoretical modeling and practical DM needs. 

iii. "Sustainability integration" emerged as the most influential policy selection criterion, 
indicating that long-term and system-wide integration of sustainability considerations 
should be central to any climate policy evaluation framework. 

 
6.3 Implications for EU Policy Makers 
 

i. The results offer a scientifically grounded prioritization of eight alternative climate policy 
proposals tailored to the EU’s needs, guiding policymakers in selecting the most effective 
strategies. 

ii. Among the proposed alternatives, "policy proposal – 4 (climate diplomacy and policy 
based on cultural and normative power)" is identified as the most successful approach. 
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This suggests that climate strategies incorporating soft power and global engagement may 
yield the most effective results for the EU. 

iii. The neutrosophic multi-criteria decision analytics enables EU institutions to manage 
uncertainty and linguistic ambiguity in policy assessment processes, enhancing the 
robustness and transparency of strategic decisions. 

 
7. Conclusions 

 
This study developed model for the selection of the best alternative policies tailored for the EU. 

In this context, eight alternative climate policy proposals were constructed, and 11 selection criteria 
were identified to guide the DM process. A novel T2NN–Schweizer-Sklar–SITDE–DEPART model was 
introduced, integrating neutrosophic logic and advanced MCDM techniques. The method effectively 
incorporates expert knowledge and linguistic assessments, enabling a nuanced evaluation of policy 
options in the presence of uncertainty and vagueness. 

The integration of the T2NN framework allowed for a more sensitive representation of expert 
opinions, particularly in addressing the ambiguity and subjectivity inherent in linguistic evaluations. 
Prioritization of the selection criteria was achieved using the extended SITDE method, which was, for 
the first time, adapted to work with T2NN sets. Additionally, the aggregation process was significantly 
improved by employing the Schweizer–Sklar operation-based T2NNSSWAM operator, facilitating a 
robust synthesis of expert judgments through complex mathematical operations. 

The DEPART method was employed to rank the policies based on the weighted criteria. Its 

integration with the T2NN−SITDE weighting mechanism represents a novel application in climate 
policy evaluation. DEPART’s dual consideration of positive and negative deviations ensured a rigorous 
and balanced ranking of the proposed alternatives. The evaluation process identified "sustainability 
integration" as the best criterion in understanding policy effectiveness, emphasizing the importance 
of embedding sustainability principles across all stages of climate policymaking. 

Among the eight proposed alternatives, "policy proposal – 4 (climate diplomacy and policy based 
on cultural and normative power)", which focuses on climate diplomacy and the normative power of 
the EU, was identified as the most effective strategy. This outcome underscores the potential of 
leveraging cultural and normative influence in global climate governance. Sensitivity analysis showed 
that the results are stable, and comparisons with 14 other ranking methods confirmed strong 
agreement, supporting the reliability of the findings. 
 
7.1. Study Limitations  

 
Although the study makes useful contributions to climate policy decision-making and methods, it 

also has some limitations that should be noted. These limitations offer direction for ongoing research 
and contextualize the findings within the scope of the current investigation: 
 

i. The proposed DM framework relies heavily on linguistic evaluations provided by a panel 
of experts. Although the use of T2NN helps capture uncertainty and subjectivity in these 
assessments, the inherent bias and variability in expert opinions may still influence the 
final outcomes. 

ii. The eight alternative climate change policies were designed specifically for the EU 
context. As a result, the findings may not be directly generalizable to other geopolitical 
regions with differing socio-economic, cultural, or environmental conditions. 
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iii. The T2NN–Schweizer-Sklar–SITDE–DEPART multi-criteria decision analytics is 
computationally intensive and requires a high level of technical understanding to 
implement effectively. This complexity may pose challenges for policymakers or 
practitioners unfamiliar with advanced models. 

 
7.2 Suggestions for Future Research 

 
In this paper, several recommendations are proposed to guide future research, enhance DM 

processes, and inform EU climate policy development: 
 

i. Policymakers and stakeholders are encouraged to adopt advanced hybrid MCDM 
approaches, such as the T2NN-Schweizer–Sklar-SITDE-DEPART method, to effectively 
evaluate and prioritize climate policy alternatives under uncertainty and vagueness. 

ii. The identified 11 climate policy selection criteria should be periodically reviewed and 
updated in response to emerging scientific evidence, policy trends, and global climate 
commitments to maintain their relevance and accuracy. 

iii. To facilitate adoption by non-technical users, simplified software interfaces or digital 
platforms based on the hybrid methodology should be developed to support real-time 
DM by policymakers and environmental agencies. 

iv. Given the prominence of "policy proposal – 4 (climate diplomacy and policy based on 
cultural and normative power)", the EU is advised to further explore and invest in 
culturally-driven diplomatic strategies that reinforce climate leadership through 
normative influence. 
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Appendix: Supplementary Tables 
 

Table A1 
Numerical-based expert participation level matrix 

Experts Expertise level T2NN-based expertise level matrix (𝕻̃ = [𝕻̃𝐩]𝐏) 𝕻𝐩 

𝛽1 Good (G) ⟨ (0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20) ⟩ 0.800 
𝛽2 Very good (VG) ⟨ (0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05) ⟩ 0.929 
𝛽3 Medium poor (MP) ⟨ (0.40,0.30,0.35), (0.50,0.45,0.60), (0.45,0.40,0.60) ⟩ 0.708 
𝛽4 Good (G) ⟨ (0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20) ⟩ 0.800 
𝛽5 Good (G) ⟨ (0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20) ⟩ 0.800 
𝛽6 Good (G) ⟨ (0.70,0.75,0.80), (0.15,0.20,0.25), (0.10,0.15,0.20) ⟩ 0.929 
𝛽7 Very good (VG) ⟨ (0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05) ⟩ 0.929 
𝛽8 Very good (VG) ⟨ (0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05) ⟩ 0.929 
𝛽9 Very good (VG) ⟨ (0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05) ⟩ 0.929 
𝛽10 Very good (VG) ⟨ (0.95,0.90,0.95), (0.10,0.10,0.05), (0.05,0.05,0.05) ⟩ 0.929 
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Table A2 
Linguistic-based climate change policy evaluation matrices 

 𝝃𝒃 𝜸𝟏 𝜸𝟐 𝜸𝟑 𝜸𝟒 𝜸𝟓 𝜸𝟔 𝜸𝟕 𝜸𝟖 𝜸𝟗 𝜸𝟏𝟎 𝜸𝟏𝟏 

𝛽1  

𝜉1 MG G G MG G G MG MG MG MG MG 
𝜉2 G G G MG MG G G MG MG MG MG 
𝜉3 MG G G MG G M M M MG M MG 
𝜉4 MG G G MG G G MG MG G G MG 
𝜉5 MG MG MG MG MG M M MG G MG M 
𝜉6 MG MG MG MP M MG MP M MG MG MG 
𝜉7 M MG M G M MG M MG M MG M 
𝜉8 MG MG MG MG MG MG MG M MG M M 

 𝝃𝒃 𝜸𝟏 𝜸𝟐 𝜸𝟑 𝜸𝟒 𝜸𝟓 𝜸𝟔 𝜸𝟕 𝜸𝟖 𝜸𝟗 𝜸𝟏𝟎 𝜸𝟏𝟏 

𝛽2  

𝜉1 G MG G M MG MG MG MG G M MG 
𝜉2 G G G G MG G MG G G MG MG 
𝜉3 M MG G MG MG MG M MG MG M M 
𝜉4 G G G G G G G G G VG G 
𝜉5 G MG MG MG G VG MG VG MG M MG 
𝜉6 MG M MG M MG M M M MG M MG 
𝜉7 M M MG M M M M MG M MG MG 
𝜉8 G G MG G VG VG G VG MG M MG 

⁝ ⁝ 
 𝝃𝒃 𝜸𝟏 𝜸𝟐 𝜸𝟑 𝜸𝟒 𝜸𝟓 𝜸𝟔 𝜸𝟕 𝜸𝟖 𝜸𝟗 𝜸𝟏𝟎 𝜸𝟏𝟏 

𝛽10  

𝜉1 MG MG G M MG M MG MG G MG MG 
𝜉2 VG G VG MG MG MG MG MG MG MG M 
𝜉3 M MG VG MG MG M M M MG MG M 
𝜉4 G G VG G G G G MG G G MG 
𝜉5 MG M MG MP M MP M MG M M M 
𝜉6 MG MP MG MP MG M MP M MP M M 
𝜉7 M MP MG M MP M M MP M MP MP 
𝜉8 G MG M M M M MG M MG M M 

 
Table A3 
T2NN based-climate change policy evaluation matrices* 

 𝝃𝒃 
𝜸𝟏 

𝑇𝑇
𝔎̃
(𝛽𝑝)

(𝑙) 𝑇𝐼
𝔎̃
(𝛽𝑝)

(𝑙) 𝑇𝐹
𝔎̃
(𝛽𝑝)

(𝑙) 𝐼𝑇
𝔎̃
(𝛽𝑝)

(𝑙) 𝐼𝐼
𝔎̃
(𝛽𝑝)

(𝑙) 𝐼𝐹
𝔎̃
(𝛽𝑝)

(𝑙) 𝐹𝑇
𝔎̃
(𝛽𝑝)

(𝑙) 𝐹𝐼
𝔎̃
(𝛽𝑝)

(𝑙) 𝐹𝐹
𝔎̃
(𝛽𝑝)

(𝑙) 

𝛽1 

𝜉1 0.60 0.45 0.50 0.20 0.15 0.25 0.10 0.25 0.15 
𝜉2 0.70 0.75 0.80 0.15 0.20 0.25 0.10 0.15 0.20 
𝜉3 0.60 0.45 0.50 0.20 0.15 0.25 0.10 0.25 0.15 
𝜉4 0.60 0.45 0.50 0.20 0.15 0.25 0.10 0.25 0.15 
𝜉5 0.60 0.45 0.50 0.20 0.15 0.25 0.10 0.25 0.15 
𝜉6 0.60 0.45 0.50 0.20 0.15 0.25 0.10 0.25 0.15 

𝜉7 0.50 0.45 0.50 0.40 0.35 0.50 0.35 0.30 0.45 
𝜉8 0.60 0.45 0.50 0.20 0.15 0.25 0.10 0.25 0.15 

* T2NN numbers are shown only for the first expert depending on the first criterion. The same transformation 
is applied to the other experts and criteria 
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Table A4 
T2NN-based aggregated climate change policy evaluation matrix 

𝝃𝒃 
𝜸𝟏 

𝑻𝑻 𝑻𝑰 𝑻𝑭 𝑰𝑻 𝑰𝑰 𝑰𝑭 𝑭𝑻 𝑭𝑰 𝑭𝑭 
𝜉1 0.9222 0.9165 0.9269 0.0689 0.0712 0.0729 0.0524 0.0655 0.0662 
𝜉2 0.9448 0.9298 0.9470 0.0630 0.0656 0.0537 0.0452 0.0503 0.0516 
𝜉3 0.9028 0.8981 0.9000 0.0838 0.0767 0.0897 0.0669 0.0854 0.0783 
𝜉4 0.9213 0.9175 0.9275 0.0683 0.0725 0.0742 0.0529 0.0651 0.0680 
𝜉5 0.9091 0.9102 0.9153 0.0714 0.0732 0.0833 0.0556 0.0735 0.0732 
𝜉6 0.9062 0.9022 0.9054 0.0751 0.0697 0.0833 0.0556 0.0800 0.0697 
𝜉7 0.9003 0.8973 0.8991 0.0918 0.0870 0.0968 0.0823 0.0885 0.0909 
𝜉8 0.9218 0.9190 0.9291 0.0675 0.0735 0.0742 0.0529 0.0639 0.0688 

𝝃𝒃 
𝜸𝟐 

𝑻𝑻 𝑻𝑰 𝑻𝑭 𝑰𝑻 𝑰𝑰 𝑰𝑭 𝑭𝑻 𝑭𝑰 𝑭𝑭 
𝜉1 0.9083 0.9080 0.9126 0.0725 0.0721 0.0833 0.0556 0.0753 0.0721 
𝜉2 0.9311 0.9228 0.9362 0.0672 0.0726 0.0668 0.0520 0.0589 0.0637 
𝜉3 0.9068 0.9041 0.9078 0.0743 0.0704 0.0833 0.0556 0.0784 0.0704 
𝜉4 0.9201 0.9168 0.9264 0.0686 0.0727 0.0752 0.0531 0.0659 0.0686 
𝜉5 0.9167 0.9083 0.9176 0.0792 0.0770 0.0795 0.0633 0.0737 0.0733 

𝜉6 0.9026 0.8973 0.8990 0.0827 0.0751 0.0886 0.0642 0.0862 0.0762 
𝜉7 0.8998 0.8969 0.8986 0.0928 0.0883 0.0976 0.0840 0.0893 0.0924 
𝜉8 0.9297 0.9171 0.9307 0.0691 0.0673 0.0658 0.0500 0.0628 0.0593 
⁝ ⁝ 

𝝃𝒃 
𝜸𝟏𝟏 

𝑻𝑻 𝑻𝑰 𝑻𝑭 𝑰𝑻 𝑰𝑰 𝑰𝑭 𝑭𝑻 𝑭𝑰 𝑭𝑭 
𝜉1 0.9043 0.8981 0.9000 0.0785 0.0701 0.0848 0.0580 0.0838 0.0705 
𝜉2 0.9058 0.9038 0.9074 0.0775 0.0746 0.0864 0.0607 0.0796 0.0753 
𝜉3 0.9056 0.9059 0.9101 0.0797 0.0805 0.0897 0.0669 0.0787 0.0824 
𝜉4 0.9342 0.9182 0.9338 0.0702 0.0668 0.0623 0.0503 0.0607 0.0570 

𝜉5 0.9033 0.9022 0.9052 0.0852 0.0835 0.0931 0.0740 0.0828 0.0864 
𝜉6 0.9039 0.9000 0.9024 0.0811 0.0751 0.0880 0.0637 0.0833 0.0763 
𝜉7 0.9007 0.8970 0.8980 0.0887 0.0835 0.0944 0.0752 0.0894 0.0856 

𝜉8 0.9026 0.9013 0.9043 0.0860 0.0845 0.0937 0.0747 0.0841 0.0873 

 
Table A5 
Numerical-aggregated climate change policy evaluation matrix 
𝝃𝒃 𝜸𝟏 𝜸𝟐 𝜸𝟑 𝜸𝟒 𝜸𝟓 𝜸𝟔 𝜸𝟕 𝜸𝟖 𝜸𝟗 𝜸𝟏𝟎 𝜸𝟏𝟏 

𝜉1 0.9290 0.9215 0.9240 0.9154 0.9210 0.9183 0.9208 0.9163 0.9283 0.9143 0.9167 

𝜉2 0.9422 0.9333 0.9425 0.9211 0.9194 0.9210 0.9205 0.9208 0.9267 0.9200 0.9177 
𝜉3 0.9130 0.9201 0.9385 0.9195 0.9328 0.9125 0.9131 0.9124 0.9191 0.9139 0.9159 
𝜉4 0.9288 0.9281 0.9446 0.9229 0.9287 0.9299 0.9283 0.9197 0.9417 0.9376 0.9341 

𝜉5 0.9223 0.9212 0.9202 0.9173 0.9185 0.9266 0.9139 0.9316 0.9167 0.9158 0.9118 
𝜉6 0.9194 0.9135 0.9186 0.9098 0.9169 0.9151 0.9094 0.9111 0.9157 0.9130 0.9150 
𝜉7 0.9068 0.9058 0.9137 0.9107 0.9032 0.9090 0.9077 0.9109 0.9074 0.9134 0.9086 
𝜉8 0.9292 0.9325 0.9264 0.9185 0.9362 0.9354 0.9271 0.9349 0.9194 0.9133 0.9109 
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Table A6 
Normalized climate change policy evaluation matrix, skewness matrix, and normalized skewness 
matrix 
𝝃𝒃 𝜸𝟏 𝜸𝟐 𝜸𝟑 𝜸𝟒 𝜸𝟓 𝜸𝟔 𝜸𝟕 𝜸𝟖 𝜸𝟗 𝜸𝟏𝟎 𝜸𝟏𝟏 
𝜉1 0.9760 0.9830 0.9889 0.9938 0.9806 0.9898 0.9857 0.9942 0.9776 0.9986 0.9911 
𝜉2 0.9624 0.9705 0.9695 0.9877 0.9823 0.9869 0.9861 0.9893 0.9792 0.9924 0.9900 
𝜉3 0.9932 0.9845 0.9735 0.9894 0.9682 0.9961 0.9941 0.9984 0.9873 0.9990 0.9920 
𝜉4 0.9763 0.9760 0.9672 0.9858 0.9725 0.9774 0.9778 0.9905 0.9637 0.9738 0.9727 
𝜉5 0.9831 0.9834 0.9929 0.9918 0.9833 0.9809 0.9932 0.9778 0.9898 0.9970 0.9965 
𝜉6 0.9862 0.9916 0.9946 1.0000 0.9850 0.9933 0.9981 0.9998 0.9910 1.0000 0.9930 
𝜉7 1.0000 1.0000 1.0000 0.9990 1.0000 1.0000 1.0000 1.0000 1.0000 0.9996 1.0000 
𝜉8 0.9758 0.9714 0.9863 0.9905 0.9647 0.9717 0.9790 0.9743 0.9870 0.9997 0.9975 

𝔏𝑞 0.0226 0.5075 -0.3184 0.5565 0.4936 -0.3102 -0.1745 -0.8277 -0.7631 -2.4445 -1.9005 

𝔑𝑞 0.6500 0.6948 0.6155 0.6991 0.6936 0.6164 0.6304 0.5583 0.5660 0.3010 0.4055 

 
Table A7 
Normalized climate change policy evaluation matrix, the best possible value matrix, and the worst 
possible value matrix 
𝝃𝒃 𝜸𝟏 𝜸𝟐 𝜸𝟑 𝜸𝟒 𝜸𝟓 𝜸𝟔 𝜸𝟕 𝜸𝟖 𝜸𝟗 𝜸𝟏𝟎 𝜸𝟏𝟏 
𝜉1 0.3555 0.3534 0.3518 0.3530 0.3531 0.3525 0.3548 0.3522 0.3560 0.3523 0.3537 
𝜉2 0.3605 0.3579 0.3588 0.3552 0.3525 0.3535 0.3547 0.3540 0.3554 0.3544 0.3541 
𝜉3 0.3494 0.3528 0.3573 0.3546 0.3576 0.3503 0.3518 0.3507 0.3525 0.3521 0.3534 

𝜉4 0.3554 0.3559 0.3597 0.3559 0.3561 0.3570 0.3576 0.3535 0.3611 0.3612 0.3604 
𝜉5 0.3529 0.3532 0.3503 0.3537 0.3522 0.3557 0.3521 0.3581 0.3516 0.3528 0.3518 
𝜉6 0.3518 0.3503 0.3497 0.3508 0.3515 0.3513 0.3504 0.3502 0.3512 0.3517 0.3530 
𝜉7 0.3470 0.3473 0.3479 0.3512 0.3463 0.3489 0.3497 0.3502 0.3480 0.3519 0.3505 
𝜉8 0.3556 0.3576 0.3527 0.3542 0.3590 0.3591 0.3572 0.3594 0.3526 0.3519 0.3514 
𝔄𝑞 0.3605 0.3579 0.3597 0.3559 0.3590 0.3591 0.3576 0.3594 0.3611 0.3612 0.3604 

𝔅𝑞 0.3470 0.3473 0.3479 0.3508 0.3463 0.3489 0.3497 0.3502 0.3480 0.3517 0.3505 

 
Table A8 
Positive deviations matrix 
𝝃𝒃 𝜸𝟏 𝜸𝟐 𝜸𝟑 𝜸𝟒 𝜸𝟓 𝜸𝟔 𝜸𝟕 𝜸𝟖 𝜸𝟗 𝜸𝟏𝟎 𝜸𝟏𝟏 
𝜉1 0.0050 0.0045 0.0079 0.0029 0.0058 0.0066 0.0029 0.0072 0.0051 0.0090 0.0067 
𝜉2 0.0000 0.0000 0.0008 0.0007 0.0065 0.0055 0.0030 0.0054 0.0057 0.0068 0.0063 
𝜉3 0.0112 0.0051 0.0023 0.0013 0.0013 0.0088 0.0058 0.0087 0.0087 0.0091 0.0070 
𝜉4 0.0051 0.0020 0.0000 0.0000 0.0029 0.0021 0.0000 0.0059 0.0000 0.0000 0.0000 
𝜉5 0.0076 0.0047 0.0093 0.0021 0.0068 0.0034 0.0055 0.0013 0.0096 0.0084 0.0086 
𝜉6 0.0087 0.0076 0.0099 0.0050 0.0074 0.0078 0.0072 0.0092 0.0100 0.0095 0.0074 
𝜉7 0.0136 0.0105 0.0118 0.0047 0.0127 0.0102 0.0079 0.0092 0.0131 0.0093 0.0099 
𝜉8 0.0049 0.0003 0.0070 0.0017 0.0000 0.0000 0.0004 0.0000 0.0085 0.0094 0.0090 
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Table A9 
Negative deviations matrix 
𝝃𝒃 𝜸𝟏 𝜸𝟐 𝜸𝟑 𝜸𝟒 𝜸𝟓 𝜸𝟔 𝜸𝟕 𝜸𝟖 𝜸𝟗 𝜸𝟏𝟎 𝜸𝟏𝟏 

𝜉1 0.0085 0.0060 0.0039 0.0022 0.0068 0.0036 0.0051 0.0021 0.0080 0.0005 0.0031 
𝜉2 0.0136 0.0105 0.0110 0.0044 0.0062 0.0046 0.0049 0.0038 0.0074 0.0027 0.0035 
𝜉3 0.0024 0.0055 0.0095 0.0037 0.0114 0.0014 0.0021 0.0006 0.0045 0.0003 0.0028 
𝜉4 0.0084 0.0085 0.0118 0.0050 0.0098 0.0081 0.0079 0.0034 0.0131 0.0095 0.0099 
𝜉5 0.0060 0.0059 0.0025 0.0029 0.0059 0.0068 0.0024 0.0080 0.0036 0.0011 0.0012 
𝜉6 0.0048 0.0029 0.0019 0.0000 0.0053 0.0024 0.0007 0.0001 0.0032 0.0000 0.0025 
𝜉7 0.0000 0.0000 0.0000 0.0003 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 
𝜉8 0.0086 0.0102 0.0048 0.0034 0.0127 0.0102 0.0075 0.0092 0.0046 0.0001 0.0009 

 
Table A10 
Pairwise positive deviation ratio matrix 
𝝃𝒃 𝝃𝟏 𝝃𝟐 𝝃𝟑 𝝃𝟒 𝝃𝟓 𝝃𝟔 𝝃𝟕 𝝃𝟖 
𝜉1 1.0000 0.8887 1.0288 0.8072 1.0232 1.1369 1.2540 0.8780 
𝜉2 1.1497 1.0000 1.1796 0.9293 1.1767 1.3069 1.4428 1.0124 
𝜉3 1.0038 0.8891 1.0000 0.8014 1.0242 1.1338 1.2512 0.8753 

𝜉4 1.2646 1.1241 1.2869 1.0000 1.2989 1.4324 1.5753 1.1248 
𝜉5 0.9989 0.8878 1.0247 0.8104 1.0000 1.1292 1.2391 0.8591 
𝜉6 0.8836 0.7853 0.9033 0.7107 0.8992 1.0000 1.1028 0.7730 
𝜉7 0.8064 0.7165 0.8239 0.6469 0.8169 0.9124 1.0000 0.7059 

𝜉8 1.1811 1.0542 1.2072 0.9636 1.1853 1.3371 1.4757 1.0000 

 
Table A11 
Pairwise negative deviation ratio matrix 
𝝃𝒃 𝝃𝟏 𝝃𝟐 𝝃𝟑 𝝃𝟒 𝝃𝟓 𝝃𝟔 𝝃𝟕 𝝃𝟖 
𝜉1 1.0000 0.9049 1.0506 0.8350 1.0296 1.1596 1.3508 0.9067 
𝜉2 1.1195 1.0000 1.1710 0.9333 1.1506 1.2969 1.5093 1.0149 
𝜉3 0.9815 0.8840 1.0000 0.8113 1.0086 1.1315 1.3165 0.8862 
𝜉4 1.2157 1.0977 1.2638 1.0000 1.2533 1.4039 1.6279 1.1107 
𝜉5 0.9929 0.8966 1.0412 0.8307 1.0000 1.1458 1.3241 0.8828 
𝜉6 0.8667 0.7837 0.9054 0.7209 0.8882 1.0000 1.1656 0.7838 
𝜉7 0.7536 0.6801 0.7852 0.6242 0.7666 0.8699 1.0000 0.6805 
𝜉8 1.1333 1.0263 1.1864 0.9522 1.1456 1.3101 1.5232 1.0000 

 
Table A12 
Aggregated pairwise deviation ratio matrix and sum pairwise deviation 
ratio matrix 
𝝃𝒃 𝝃𝟏 𝝃𝟐 𝝃𝟑 𝝃𝟒 𝝃𝟓 𝝃𝟔 𝝃𝟕 𝝃𝟖 
𝜉1 1.0000 0.8968 1.0397 0.8211 1.0264 1.1482 1.3024 0.8924 
𝜉2 1.1346 1.0000 1.1753 0.9313 1.1636 1.3019 1.4760 1.0137 
𝜉3 0.9927 0.8865 1.0000 0.8063 1.0164 1.1326 1.2839 0.8807 
𝜉4 1.2402 1.1109 1.2754 1.0000 1.2761 1.4181 1.6016 1.1178 
𝜉5 0.9959 0.8922 1.0329 0.8205 1.0000 1.1375 1.2816 0.8710 
𝜉6 0.8751 0.7845 0.9043 0.7158 0.8937 1.0000 1.1342 0.7784 
𝜉7 0.7800 0.6983 0.8046 0.6356 0.7918 0.8911 1.0000 0.6932 
𝜉8 1.1572 1.0402 1.1968 0.9579 1.1655 1.3236 1.4995 1.0000 

𝔗𝑏 8.1758 7.3094 8.4290 6.6886 8.3334 9.3531 10.5791 7.2471 
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