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Abstract

:

The issue of sustainability is central to development strategies. Although this alignment is acknowledged and shared world-wide, territorial development in a sustainable light must also take the ongoing COVID-19 pandemic into consideration, specifically by evaluating the effects of COVID-19 on the global health, social order, and economic-environmental system. The research suggests a sensitivity index to gauge the degree of territorial sustainability taking the COVID-19 pandemic’s impacts into account. A study set of countries, as identified by the Organization for Economic Co-operation and Development (OECD), is used to test the developed index. The index evaluates a country’s performance in terms of economic, social, and environmental sustainability while also considering the relative risk of COVID-19. The proposed index measures territorial sustainability from a variety of angles by enabling comparisons between the circumstances before and after current shocks in the socioeconomic and environmental performance frames by pandemic emergency. The index was created using an integrated assessment method that was based on the Choquet Integral (CI) mathematical framework and Multi-Attributive Ideal-Real Comparative Analysis (MAIRCA). The study establishes a unique and up-scaling methodology for constructing the sensitivity index, significantly advancing the suggestions for sustainable accounting under uncertain circumstances at the territorial scale. Adopting indices that quantify territorial sustainability under uncertainty may help guide policy decisions from an investment programming viewpoint, particularly when it comes to allocating financial resources to the economic sectors most impacted by shock events such as the COVID-19 pandemic.
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1. Introduction


By 2019, the COVID-19 pandemic had begun to damage nations’ development and growth dynamics world-wide, as well as the attainment of the 17 sustainable objectives established in the United Nations’ Agenda 2030 [1,2]. According to the World Economic Forum’s International Monetary Fund (IMF) estimate for 2020, the global economic-social and environmental assets will suffer the worst crisis since the “Great Depression” of 1929 [3].



Since the emergency broadened to a world-wide scale (2020–2021), the pandemic had significant effects on people’s psychophysical health and sociality [4,5], national economic-productive performance [6], ecosystems condition [7], and climate change [8]. Inhibitions for halting the pandemic’s spread had an impact on social contacts [9], which also had an effect on the country’s manufacturing industry. Similar to the IMF report (2020), the global economy’s growth outlook for 2020 shrank by 3%, as opposed to a forecast for 3.3% economic growth. Global gross domestic product (GDP) decreased by 1.8% in the first quarter of 2020 compared to the same period in 2019 [3]. Instead, the pandemic revealed important functional connections between the state of the biophysical ecosystems. Particularly during the lockdown periods, there was a rise in biodiversity, a supply of ecological services, and an improvement in air quality [10]. Air pollution and greenhouse gas emissions significantly reduced as a result of decreased human activity. According to Le Quéré et al. (2020), daily CO2 emissions worldwide decreased 17% from the average level in 2019 [11].



The tourism industry, use of renewable energy sources, and educational system were all affected to an equal extent (World Economic Outlook, 2020). Even if the usage of renewable energy sources has risen, the World Travel and Tourism Council (WTTC) and the International Energy Agency (IEA) said that millions of jobs were at risk and that energy output had drastically decreased, respectively [12,13]. As a tactical move by industrialized nations to control the spread of the pandemic at the local level, the breakdown of the educational process in schools and higher education institutions reinforced the socio-economic disparities among students and their households significantly [14,15].



The highlighted impacts occur from exposure to a risk, such as a disturbance or stressor, which affects the important economic, social, and environmental elements that define the territory as a multidimensionally complex and fragile frame [6]. The United Nations (UN) asserted in its World Economic Situation and Prospects report for 2022 that efforts to stop the pandemic from spreading globally should serve as a roadmap for each nation to develop more resilient, egalitarian, and inclusive economies that are driven by sustainability objectives, encouraging investments to revive global trade, and lowering vulnerability to unexpected events [16].



This study suggests a sensitivity index that may be used to assess a territory’s long-term performance as well as its relative trends before and after an emergency outbreak. The creation of the index is intended within an integrated framework that takes into account sustainability and the risk associated with the COVID-19 pandemic. The framework is organized in accordance with the Multi-Attributive Ideal-Real Comparative Analysis (MAIRCA) methodology. The latter was linked with the logical-mathematical ideas of Choquet’s Integral (CI) for the aim of creating indices [17].



By utilizing the potential of each practical approach, the suggested evaluation model (MAIRCA-CI) integrates the MAIRCA phases with those of CI. In order to handle and resolve multi-criteria analysis instances where there is uncertainty, MAIRCA is based on a linear computational algorithm. It is primarily adaptable with other instruments, and it has a straightforward mathematical structure, which enables analysis that bridges the gap between ideal and empirical assessments [18]. As opposed to aggregative strategies based on geometric and arithmetic means, the CI enables the construction of indices by including the dependencies between assessment criteria for each alternative, establishing a mutual function between components, and adjusting the weighting parameter.



The remaining sections of the work are as follows: Section 2 highlights sustainable accounting in the context of vulnerability as discussed in the reference literature; Section 3 discusses the materials underlying the integrated process for index construction, specifically the description of the MAIRCA (3.1) and Choquet (3.2) approaches; Section 4 illustrates the logical-operational characteristics of the evaluation models used as a starting point for the definition of the integrated evaluation model (MAIRCA-CI); Section 5 includes the case-study; Section 6 details the findings and Section 7 presents the study’s conclusion.




2. Reviewing the Relevant Studies


In several ways, the vulnerability discussion broadens public awareness [19,20]. In the international scientific literature, attempts to assess the sustainability of a territory can also be examined in relation to its relationship with unforeseen interactions [21,22,23,24]. Multiple studies looked at the sudden shifts in territorial systems brought on by temperature trends, variations in the frequency and intensity of rain, and increasing susceptibility to natural disasters [25,26,27,28,29,30]. A growing agreement identifies that understanding of the effects and responses by the affected system must go beyond disruptions and stressors, and places the majority of the blame for vulnerability on the dynamics of the human–environment system under uncertain conditions [31]. Vulnerability must be taken into account with respect to the system as well as the numerous linkages that might influence its condition [32].



Robust vulnerability analyses are required, and the relationship between scientific issues and the needs of decision-making is improving [32]. The literature supports the application of vulnerability analysis when it: (i) refers to the coupled human–environment system and relative conditions; (ii) identifies some components affecting the vulnerability of the system; (iii) measures the degree of vulnerability of a specific location; (iv) makes it simpler to identify critical points that suggest decision makers’ actions; and (v) suggests the applicability of both quantitative and qualitative methodological approaches to manage information [19,20].



Regarding (v), the Risk-Hazard (RH) and Pressure-And-Release (PAR) models seem to be the most effective ways to demonstrate vulnerability [32]. RH seeks to understand how a risk affects an entity based on its sensitivity to the risk event and its exposure to it. The risk in the PAR model is intended to be a function of the perturbation, stressor, and vulnerability of the exposed unit. The assessment of the situations that might lead to hazard events and the requirement to comprehend vulnerability are the main points [33].



The sensitivity to stressors and perturbations differs between the two models. The political economy, especially social structures and institutions, are not addressed by the RH in terms of modifying exposure causes and effects, and the PAR does not address the human–environment system vulnerability from an integrated viewpoint [33].



The implementation of assessment techniques and tools based on multi-criteria logic, taking into account many and diverse variables within the same decision-making environment, is recommended by the literature to overcome the conceptual limitations of RH-PAR. The Analytic Hierarchy Process, Goal Programming, and the Multi-Attributive Ideal-Real Comparative Analysis for solving ranking cases between alternatives are a few examples of appropriate evaluation methods and tools to support the sustainability implementation in planning/design practices that were reviewed by Morano et al. in 2021 [34]. The creation of composite indicators for gauging socioeconomic well-being and the relative variation following unexpected occurrences have also been covered in the reference literature [35,36,37,38,39,40,41,42,43]. Long et al. (2020) depicted the sustainable performance of an islands-set in China referring to ecological wellbeing performance by the integration of the Three-Dimensional Ecological Footprint and Urban-Scale Human Development Index [35]. Shah et al. (2019) used the Energy Security and Environmental Sustainability Index, which combines energy and environmental indicators, to monitor energy security and environmental sustainability of South Asian countries [36]. Hansuebsai et al. (2020) introduced an environmental performance index to evaluate the activities of a printing house based on three impacts: carbon footprint, volatile organic compound emissions, and waste [37]. Richter and Behnisch (2019) combined geostatistical methods (landscape structure metrics, spatial multi-criteria assessment, weighting approaches) and a multitude of data related to environmental concerns. Based on the multi-criteria assessment, an index of landscape functions was calculated [38]. Tokimatsu et al. (2018) showed how the sustainability indicator Genuine Savings can be endogenized within a general equilibrium model and used as a criterion for judging the impacts of such policies in terms of future well-being [39]. Lind (2019) referred to the Human Development Index, published annually since 1990 by the United Nations Development Programme, to reflect ‘development’ as evident in the actual progression of life expectancy, education, and income in the world [40]. Kalimeris et al. (2020) explored the relevance of three welfare indicators—the Human Development Index, the Index of Sustainable Economic Welfare, and the Genuine Progress Indicator—as a basis for evaluating the dependency of welfare and its major engine, the economy, on natural resources [41]. Pais et al. (2019) assessed sustainable development for 28 Organization for Economic Co-operation and Development countries by computing a comparable Genuine progress indicator [42]. Vukoszavlyev (2019) studied the connection of innovation in 126 countries by different well-being indicators and whether there are differences among geographical regions with respect to the Global Innovation Index [43].



These primary implementations focus on three main goals: (i) monitoring of the environment with energy usage [35,36,43,44]; (ii) study of the long-term consequences of territorial policies aimed (for example) at reducing the risk of natural catastrophes [37,38,39,45,46,47,48,49,50]; and (iii) tracking the economic growth at the country level in relation to the well-being status and ecosystem condition [39,40,41,42,43]. In the latter, the creation of sensitivity indices was put to the test in an effort to enhance knowledge of vulnerability and future forecasts of it in territorial analysis techniques. Many people in both fields concentrated on calculating the geometric and mathematical means; others, however, relied on the application of operational strategies widely used in game and decision theory, for example, the Choquet Integral.




3. Materials


The suggested methodological framework aims to express the performance related to territorial sustainability and, in particular, it is capable of describing the adaptability of sustainable territorial development assets to changes in the economic, social, and environmental conditions, taking into account before/after the COVID-19 pandemic conditions. In order to promote robust and dynamic decision-making systems for territorial development from a sustainable viewpoint, the suggested protocol of multi-criteria matrix aims to present a sensitivity evaluation index.



As previously stated, the suggested index is realized in accordance with the logical-operative flow of the MAIRCA combined with the CI. The following lists the stages for the MAIRCA (3.1) and CI (3.2) techniques.



3.1. The MAIRCA Method for Gap Analysis Implementation


Professor Dragan Pamučar of the Belgrade Defence University defined the MAIRCA approach [51]. It is based on the logical-operational notion of a “ideal solution” that is connected to the evaluation issue to be addressed [52], and it is often utilized and tested in a variety of decision settings, as well as in combination with various multi-criteria and geographic analytic approaches. In particular, Gigović et al. (2016) used geographic information systems and the MAIRCA technique to solve a scenario of choosing between two locations without a clear functional purpose for the development of new infrastructure [53]. In order to decrease the number of road fatalities, Pamučar et al. (2018) used an integrated evaluation procedure that used the Full Consistency Method and the MAIRCA when allocating level crossings [18]. By defining priorities for selection using the MAIRCA technique coupled with fuzzy principles, Pamučar et al. (2019) analyzed six potential territorial regions to identify the landing site of vehicles in combat operations [54]. In 2018, Badi and Ballem combined MAIRCA with the Best-Worst Method (BWM) [55]; Chatterjee et al. coupled MAIRCA with the Analytic Network Process [56]; in 2019, Ulutaş combined MAIRCA with Step-Wise Weight Assessment Ratio Analysis. To determine the ideal staffing level for an organization’s IT department [57], Aycin (2020) created the inter-criteria correlation (CRITIC) and MAIRCA methods [58], Arsić et al. (2019) conducted a multi-criteria evaluation with the adoption of BWM and MAIRCA methods [59]. In the research by Chatterjee et al. (2020), the MAIRCA method was used to evaluate environmentally friendly lightweight materials in terms of their performance in the automotive manufacturing sector [60].



Given the numerous implementations of the MAIRCA approach throughout the final decade of the twenty-first century, it is efficient in measuring the gaps for several choices in multiple contexts. The general evaluative scenario may have the optimal solution represented by that with the smallest total gap value [51,53].



The MAICA is very adaptable to various decision-scenarios due to its implementation capability in conjunction with other tools. In general, the MAIRCA is composed of operational matrix phases that are sequential and may be used as a guide for structuring decision-making analysis in terms of problem identification, impact assessment, values elicitation, information synthesis, applying the results to enhance decision-making, and challenging thinking. In order to gather appropriate data and support the single stage effectively so that it respects the nature of the decision scenario of reference, the integration of these stages with additional technologies is frequently necessary.



The six sequential steps that make up the MAIRCA approach stand out are as follows [18].



3.1.1. Step 1: Criteria Identification and Creating Initial Decision Matrix


Having identified which criteria Ci (with i = 1, …, n) to include in the evaluation of alternatives Aj (with j = 1, …, m), the values of the assessment criteria for each alternative are organized in a matrix (X) of the type:


  X =  [       A 1       …       A m       ]   [       x  11      ⋯     x  1 n        ⋮   ⋱   ⋮       x  m 1      ⋯     x  m n        ]   [       C 1     …     C n       ]   



(1)








3.1.2. Step 2: Determining the Alternative Priorities


Once the matrix (X) has been constructed, the principle of ordering alternatives is established. The Pamučar axiom of the MAIRCA method consists in the absence of a priority law to be applied in the process of selecting and ordering between alternatives [18]. Each alternative is of equal importance to the others.



The priority of the j-th alternative   ( P  r   A j    )   is calculated according to the following algebraic equalities (2):


  P  r   A j    =  1 m  ;     ∑   j = 1  m  P  r   A j    = 1  



(2)








3.1.3. Step 3: Construction of the Theoretical Rating Matrix


The elements of the Theoretical Rating Matrix    (   T p   )    are obtained considering the priority factors of j-th alternative with respect to the i-th criterion. Specifically, the elements    t   p  i j       of    T p    are obtained by multiplying the priorities   P  r   A j      by the corresponding weight factor    (   w j   )   . The matrix    T p    [m × m] takes on the following algebraic configuration (3):


    T p    =  [        Pr    A 1    ·  w 1     ⋯      Pr    A 1    ·  w m       ⋮   ⋱   ⋮        Pr    A m    ·  w 1     ⋯      Pr    A m    ·  w m       ]    



(3)








3.1.4. Step 4: Defining the Real Rating Matrix


The matrix    T r    is derived from the combination of the matrix    T p    and that of the initial decision (X). Equations (4) and (5) evaluate the    T r    elements in accordance with the greatest and lowest values of the j-th alternative to the i-th criterion, respectively. The generic component    t   r  i j       of    T r    is considered the weighted average value of the results from the (4) and (5).


    t   r  ij       =  t   p  ij     ·    (   x  ij   −      x    ij  −   )     (   x  ij  +  −      x    ij  −   )      



(4)






    t   r  ij       =  t   p  ij     ·    (   x  ij   −      x    ij  +   )     (   x  ij  −  −      x    ij  +   )      



(5)







In (4) and (5),    x  i j  +    is the highest value of the numerical series relating to the criterion (Ci) by which Aj is assessed [   x  i j  +  = m a x  (   x 1  ,    x 2  ,   ⋯ ,    x m   )  ] ;   meanwhile    x  i j  −    identifies the corresponding lowest value [   x  i j  −  = m i n  (   x 1  ,    x 2  ,   ⋯ ,    x m   )  ] .  




3.1.5. Step 5: Computation of Total Gap Matrix


The difference between the matrix X e    T r    gives the Total Gap Matrix (G) which assumes an algebraic configuration of the type:


   G =  T p  −  T r      =  [       g  11      ⋯     g  1 n        ⋮   ⋱   ⋮       g  1 m      ⋯     g  m n        ]    











The value of    g  i j     in G matrix is commensurate with the difference between the    T p    e    T r   , i.e., the matrices representing respectively the reference value of the i-th criterion with respect to the j-th alternative (   t   p  i j     ) ,   and the corresponding real value as a result of evaluations carried out on the basis of pre-established reference targets (   t   r  i j     ) .  




3.1.6. Step 6: Final Value of the Alternatives


In view of the (G) matrix, it is possible to derive the final score (Qj) for the alternative (Aj) on the basis of the relative differences in values in    T p    e    T r    for each criterion Ci (con i = 1, …, n). The parameter (Qj) can be calculated by means of the geometric series such as Equation (6) below:


   Q j  =   ∑   i = 1  n   g  ij    



(6)







From the Qj values it is possible to identify the alternative (Aj) whose performance characteristics differ, significantly or not, from the target values of each criterion (Ci). When the differential between    t   p  ij          e   t     r  ij       of the alternative Aj tends to zero, the Aj is performing in consideration of the (Ci).



In order to overcome Jean-Pierre Brans’ problems with prioritizing techniques amongst alternatives, the MAIRCA approach was created [61], but the lack of thresholds for preference and/or indifference in the aggregate of the gaps of each choice is one of its limitations in terms of compensation. Due to the interaction between the components and the mutual numerical differential, the Choquet Integral (CI) stands out as an aggregation operator from weighted average operators to close this gap. The CI and the associated stages for the development of composite evaluation indices enabling the prioritizing of alternatives based on the relative trade-offs of each criterion are discussed in the next sub-section. The CI’s description is relevant to Section 4 in regard to the MAIRCA-CI evaluation framework.





3.2. The Choquet Integral


The most popular weighted average operators are generalized in Choquet integrals. Choquet’s measures appear to be practical modeling tools for the mutual interdependencies in interacting decision systems, as in the Decision Theory. Murofushi and Soneda investigate reciprocity between the components in more detail [62,63]. As a gauge of the relative weight of the various assessment criteria, they employed the Shapley value. Grabisch and Roubens noticed the idea of using indices to quantify the significance and degree of interaction between subsets, and they subsequently applied it to the multi-criteria analysis theory [64,65].



The implementation of CI developed in the twenty-first century. In complex decision-making systems, Meyer and Ponthière used the CI to express individual preferences [66,67,68,69]. In order to create indices based on interactions between performance indicators and pre-established reference objectives, Carraro et al. (2013) employed the CI [70]. Merad et al. (2013), Bertin et al. (2018), Bottero et al. (2015) and (2018), Branke et al. (2016), and Campagnolo et al. (2018) all conducted similar exercises [71,72,73,74,75,76]. Grabisch et al. (2008) used CI together with participative methodologies to determine how much each evaluation criterion should matter in light of stakeholder assessments [77].



In light of the literature references, a baseline operation is discernible. The following is an explanation.



Given a set N = {l, 2, …, n}—i.e., a finite set of n interacting elements, the components of N may represent decision agents, or even criteria characterizing a multi-criteria decision problem. A discrete Choquet measure on the set N is a function   μ : P  ( N )  →  [  0 , 1  ]    that satisfies the following two conditions, the boundary (1) and monotony condition (2), respectively:




	
μ (0) = 0; μ(D) = 1;



	
for any S, T⊆D, S⊆T⊆D → μ(S) ≤ μ(T) ≤ μ(D).








The quantity μ(S), with S ⊆ N, represents the value of the coalition S without the other elements in N\S. The μ(T) refers to the Choquet measure in a subset T of the analysis-domain D, whereas the μ(D) concerns the Choquet measure on the analysis-domain border.



If μ(i) represents the weight of i, in 1992 Murofushi proposed the use of an importance index within the framework of the multi-criteria decision theory. The same was introduced in 1953 by Shapley in Game Theory, defining the Shapley power index [62,78].



Shapley’s power index (or Shapley’s value) for each element i  ∈  N (   θ   μ       ( i )    )   is measured by means of the following Equation (7):


    θ   μ       ( i )    =   ∑    T    ⊆ N \ i       (  n − 1 − t  )  ! t !   n !     [  μ     (  T ∪ i  )  −    μ     ( T )  ] =    =  1 n      ∑   t = 0   n − 1      (      n − 1      t     )    − 1     ∑    T    ⊆ N \ i    [  μ     (  T ∪ i  )  −    μ     ( T )  ]     



(7)







The (7) can take on a compact algebraic connotation as that follows (8):


   θ   μ       ( i )    =  1   | N |  !     ∑   π ∈  π N    μ  (  CI ( π , i  )  ∪  { i }  ) − μ  (  CI ( π , i  )  )  



(8)







The Shapley value of an element i expresses the contribution of i to all possible coalitions (π) with other components. Shapley values, for any element i in N, are always positive, assuming values between [0÷1].



Based on the Shapley value of each element   μ  (   x   ( i )     )    it is possible to define the corresponding Choquet integral    C μ   ( x )    as follows (9):


   C μ   ( x )  =   ∑   i = 1  n   x   ( i )     [  θ  (   x   ( i )     )  −    θ   (   x   (  i + 1  )     )   ]  =  x   ( i )     [  θ  (   x   ( i )     )  −    θ   (   x   (  i + 1  )     )   ]  =    θ   (   x   ( i )     )   [       x     ( i )    −  x   (  i − 1  )     ]   



(9)









4. The MAIRCA-CI Model


For the purpose of creating assessment indices with which to quantify the variability of the reference decision scenario from a sustainable perspective, the suggested model incorporates the MAIRCA properties together with those that distinguish the CI. The Shapley value and Choquet measure will be used, respectively, for the assignment of weights to each analytical element and for the formulation of a sensitivity index, as per the methodological framework of MAIRCA, which has been agreed to be kept. The methodologically integrated approach (MAIRCA-CI) put forward facilitates the assessment of the territorial circumstances in regard to any potential discrepancy of their sustainable frame brought on by unforeseen occurrences such as the COVID-19 pandemic. Public and private decision-makers can greatly benefit from the monitoring of sustainability levels even in the face of abrupt changes in socioeconomic and environmental systems when restructuring strategic development assets to be used at the territorial scale and, as a result, when redistributing available financial resources among development projects.



Following are the phases that define the proposed MAIRCA-CI assessment model’s flow:



Step 1: Criteria identification and creating initial decision matrix (X);



Step 2: Determining the Priorities of Alternatives (    Pr    A j    )   and weights factors by means of Shapley measure. Construction of the Theoretical and Real Rating Matrix (   T p  ,      T   r  )  ;



Step 3: Computation of Total Gap Matrix (G) and Index construction with Choquet integral.



The theoretical and practical premises supporting the suggested paradigm of analysis include:




	
linear ordering of the assessment criteria so that they may be compared in a predetermined order i (where i = 1, …, n) in accordance with the set of criteria’s consistency (of index i);



	
evaluation of each criterion’s weighting elements using the Shapley measure, which considers the i-th criterion’s varying degree of coupling with the other criteria of order (i − 1). The preferences of possible stakeholders in the decision-making process are not taken into account while applying the Shapley formula;



	
decision-makers’ preferences are not used to determine how each alternative is weighted; rather, an egalitarian significance factor is used to do so.



	
The following subsections detail each stage.








4.1. Criteria Identification and Creating Initial Decision Matrix (X)


The sustainable assessment of each potential alternative is conducted using the proper evaluation criteria and performance indicators to quantify and qualitatively analyze each criterion. The criteria and relative indicators should be chosen in accordance with the following factors: (i) the particulars of the evaluation case to be solved; (ii) the sustainability dimensions to be examined for each alternative; and (iii) the likelihood of measuring each criterion via a particular indicator in relation to the availability of geo-referenced and NOR data, information systems, and the analysis scale of reference. The criteria Ci (with i = 1, …, n) screened according to the principles of inclusion/exclusion illustrated above found elements in the initial decision matrix X where the indicators values for each criterion (matrix columns) can be organized in correspondence to each alternative Aj (with j = 1, …, m). The initial decision matrix takes on a configuration of the type in (1).



In order to be able to compare each j-th alternative to the other, it is necessary to normalize the values of X, so as to obtain the     X ¯     in which to include the results by the normalization practice. The normalization process must respect both the theoretical framework and the properties of available data.



There are several ways to put it into practice [79,80]. The “Min-Max” normalization intended for the suggested technique of analysis is recommended, whereby the normalized indicators (In) have an identical range [0, 1] by subtracting the minimum value and dividing by the range of indicator values i as follows:


   I n  =    x i  −   min  i  x     max  i  x −   min  i  x    



(10)







In (10),    x i    is the value of the indicator referred to the i-th criterion,     min  i  x   the minimum of the numerical series relative to the i-th indicator;     max  i  x   refers to the maximum of the series itself.




4.2. Determining the Priorities of Alternatives and Weights Factors by Means of Shapley Measure. Construction of the Theoretical and Real Rating Matrix (   T  p ,    T r  )  


Starting by the X-matrix we proceed to the construction of the Theoretical Rating Matrix (   T p  )   of which each element    t   p  i j       is obtained by multiplying the priority factor of the single alternative by the weight of the i-th criterion. The i-weights are estimated using the Shapley measure (see Equation (7)). By integrating (7) into (2),    T p    is reshaped as follows:


    T p    =  [      P  r   A 1    ·  θ   μ       ( 1 )       ⋯    P  r   A 1    ·  θ   μ       ( m )         ⋮   ⋱   ⋮      P  r   A m    ·  θ   μ       ( 1 )       ⋯    P  r   A m    ·  θ   μ       ( m )         ]    



(11)




namely,


    T p    =  [      P  r   A 1         …      P  r   A m         ]  ·  [       θ   μ       ( 1 )       …     θ   μ       ( m )         ]    



(12)







The    θ   μ       ( i )      are calculated on the basis of the amount of the criteria. Equation (8) in Section 4 is used for their assessment. On the basis of the values of Tp it is possible, then, to realize the Real Rating Matrix    T r    as described within Step 4 of 4.1 in Section 4.




4.3. Computation of Total Gap Matrix (G) and Index Construction with Choquet Measurement


The last step of the proposed analysis model is the construction of the Total Gap Matrix (G) based on the difference between the average of the values extracted from (4) and (5) with the values of the initial evaluation matrix constructed within Step 1. As function of the differentials related to the matrix G, valuation indices are determined for the j-th alternative. By using the Choquet measurement and the algebraic formulation (9) in Section 4, the evaluation index j is created.





5. Case-Study


The aim is to assess and analyze the degree of sustainable development of OECD nations in light of the socio-economic and environmental consequences of the COVID-19 pandemic crisis. Each nation must pay close attention to the execution of investments targeted at attaining the sustainable development goals of the Agenda 2030, according to international governmental and other legal measures for the post-COVID-19 recovery period. By gathering information pertaining to the second quarter of 2020, the influence of COVID-19 on the performance of sustainable development within the triple profile of economic-social and environmental for 35 OECD nations was examined (1. Australia, 2. Austria, 3. Belgium, 4. Canada, 5. Chile, 6. Colombia, 7. Czech Republic, 8. Denmark, 9. Estonia, 10. Finland, 11. France, 12. Germany, 13. Greece, 14. Hungary, 15. Iceland, 16. Ireland, 17. Israel, 18. Italy, 19. Japan, 20. Korea, 21. Latvia, 22. Lithuania, 23. Luxembourg, 24. Mexico, 25. Netherlands, 26. New Zealand, 27. Norway, 28. Poland, 29. Portugal, 30. Slovak Republic, 31. Slovenia, 32. Spain, 33. Sweden, 34. Switzerland, 35. Turkey).



The three processes at the core of the MAIRCA-CI integrated assessment model (see Section 4) are used to advance the case study’s development in terms of:



Step 1: Defining sustainability criteria and creating the initial study-set evaluation matrix;



Step 2: Weighting the evaluation sustainability criteria;



Step 3: Constructing the sensitivity index with Choquet measurement.



Each of the steps above is devolved into a subsection as follows.



5.1. Defining Sustainability Criteria and Creating the Initial Study-Set Evaluation Matrix


To ascertain the sustainable level for the countries under study, acceptable criteria and corresponding performance indicators must be identified while putting up the first decision matrix. The OECD, European Union, and United Nations sustainable development goals were used to generate the sustainable development indicators for OECD nations. The OECD database’s Green Growth Indicators were specifically taken into account. The 35 OECD nations are included in the database [81].



The case study’s indicators were chosen using clear sustainability benchmarks to highlight the essential elements of green growth: (1) environmental protection; (2) economic productivity; and (3) social well-being. For each significant aspect, indicators characteristic of the reference dimension are considered, such as production-based CO2 emissions (C1), real GDP per capita (C2), and life expectancy at birth (C3). Through comparable units of measurement, such as tons for C1, dollars for C2, and years for C3, the indicators under consideration are related to measurable things. These metrics were chosen to monitor nations’ advancements toward green growth in support of territorial decision-making frameworks. It makes sense to assume that, based on the particular evaluative scenario, further and more indications may also be used.



In addition to the sustainability indicators (C1, C2, C3), the Inform COVID-19 Risk Index (C4) is also taken into consideration as an additional performance indicator to identify countries at risk from health and humanitarian impacts of COVID-19 that could overwhelm current national response capacity, and therefore lead to a need for additional international assistance. The adoption of C4 for each nation supports giving early reaction measures for the key pandemic consequences priority. The following website has information about C4: https://drmkc.jrc.ec.europa.eu/inform-index/INFORM-COVID-19 (last accessed: 20 December 2022).



Table 1 provides the initial decision matrix with C1, C2, C3, and C4 values for each of the 35 countries analyzed. Table 2 contains the values numbers of Table 1 normalized by means of the algebraic expression (10) in Section 4 in order to standardize data to the same measurement scale.




5.2. Weighting the Evaluation Sustainability Criteria


The Theoretical Rating Matrix (   T p   ) by estimating the priority factor (  P  r   A j    )   according to the number of reference alternatives (Aj) for the weight of each criterion. The estimation of the i-th weight (with i = 1, …, 4) is performed via Equation (8) of Section 3. Table 3 shows the theoretical rating matrix (   T p  )   related to the case study.



On the basis of the information included in the    T p   , we proceed to create the Real Rating Matrix    (   T r   )    via the mathematical formula described within Step 4 of 4.1 in Section 4. Table 4 presents the Tr specific of the case-study examined.




5.3. Constructing the Sensitivity Index with Choquet Measurement


The Total Gap Matrix (G) is shown in Table 5 as a prerequisite to the building of the assessment index of each country’s sustainability level commensurate with the relevant degree of risk from COVID-19. The Choquet Integral is then used to define the sustainable evaluation index of the studied nations (see Section 3.2). The Choquet Integral adopts the following algebraic form in regard to the selected case study:


       C   μ     i   =  ∑  i = 1   35       C 1       ∗ C 1 +     C 2     ∗ C 2 +     C 3     ∗ C 3 +     C 4     ∗ C 4 +     C 1 , C 2     +     C 1             +     C 2     × m i n   C 1 , C 2   +       C 1 , C 3     +     C 1     +     C 3       × m i n   C 1 , C 3           +       C 1 , C 4     +     C 1     +     C 4       × m i n   C 1 , C 4           +       C 2 , C 3     +     C 2     +     C 3       × m i n   C 2 , C 3           +       C 2 , C 4     +     C 2     +     C 4       × m i n   C 2 , C 4           +       C 3 , C 4     −     C 3     −     C 4       × m i n   C 3 , C 4   + [ 1 − ( { C 1 , C 2 } ) − ( { C 1 , C 3 } )         − ( { C 1 , C 4 } ) − ( { C 2 , C 3 } ) − ( { C 2 , C 4 } ) − ( { C 3 , C 4 } ) + ( { C 1 } ) + ( { C 2 } ) + ( { C 3 } )         + ( { C 4 } ) ] × m i n ( C 1 , C 2 , C 3 , C 4 )     



(13)







The {C1}, {C2}, {C3}, {C4}, {C1, C2}, {C1, C3}, {C1, C4}, {C2, C3}, {C2, C4}, {C3, C4} are in Table 3.





6. Discussion


The significance of the interdependencies between pandemic risk and sustainable level at territorial scale can be considered in light of the results (see Table 5 and Table 6) obtained by the application of the proposed evaluation model.



The COVID-19 pandemic’s effects on each of the 35 nations’ partial (Table 5) and overall (Table 6) sustainability performance may be tractable through the MAIRCA-CI model. Even in the presence of uncertainty and variability in the reference decision-making environment, analysis of the numerical values in Table 5 and Table 6 enables observations about the performance of each country from the perspective of economic, social, and environmental sustainability.



The Total Gap matrix of country values for each indicator is shown by Table 5. Each indicator’s reading provides information on the change in performance, if any. Observe how a decrease in the danger of pandemic exposure is matched by a marked improvement in the nation’s performance, first economically and then socially. Considering the real GDP per capita trade-off values in relation to those typical of COVID-19, for instance, in the countries of Luxembourg, Sweden, and Norway shows how exposure to dangerous occurrences may alter a region’s level of productivity and innovation, thereby slowing down the nation’s sustainable economic progress [43]. In addition, it is evident that high pandemic risk values correlate with decline in the community’s social and physical well-being from the standpoint of social sustainability. Consider the situations of Colombia, Mexico, and Latvia as examples. This demonstrates how a territory’s human development, as measured by social welfare within the community, may be influenced by exposure to the danger of population-destabilizing events, whether that exposure is high or low [40].



The performance of nations under each criterion in respect to their own degree of riskiness may also be analyzed using the suggested assessment model, but the MAIRCA-CI model enables a synthetic comparison of geographical realities. In fact, the synthetic index in Table 6 takes into consideration both the COVID-19 risk component and individual variations in sustainability performance. Note that it is a measure of the effect—whether favorable or unfavorable—on the potential for sustainable development in each country. It should go without saying that using a single numerical parameter makes it easier to carry out tasks targeted at resolving ranking situations in relation to the world-wide context of study. Comparisons across geographic realities can be restricted to the year of information retrieval or by calculating the index to a year earlier or before the zero-reference year; it is feasible to compare the loss or gain in sustainable performance by nation.



According to Table 6, Colombia, Hungary, Latvia, Lithuania, Mexico, and the Slovak Republic all saw variations in sustainability performance during the first quarter of 2020, with values for the indicators ranging from 20% to 85%.



The trend line of the index that summarizes each country’s sustainability performance and that which refers to its unique risk factor via COVID are shown in Figure 1 as follows. The indicator values for the nations included in the study set are also shown.



The COVID-19 pandemic broke out in the second quarter of 2020, at which time the sustainability performances of the various nations were compared to those of the same quarter the year before. This is to emphasize the influence of the COVID-19 hazard on territorial performance, as in the case study examined, in comparison to a baseline setting free of pandemic risk. The suggested MAIRCA-CI assessment approach is used to reassess the sustainable assessment indices across the 35 research nations. The indices for 2020 and 2019 are suggested in Figure 2. For each country, the percentage difference between the indices is provided.



It is conceivable that some areas’ economic, social, and environmental sustainability performance has significantly declined as a result of the information gathered. Some of the first nations to observe the pandemic’s quick spread between 2019 and 2020 are France (−16.30%), Italy (−19.66%), and Korea (−27.58%). These circumstances should be explored in light of their insightful characteristics from an environmental, economic, and social point of view. However, depending on how risky they are in terms of COVID-19, as shown by their individual Inform COVID-19 Risk Index scores, there is a minor drop in their sustainability levels. Last but not least, there are examples of nations’ own economic, social, and environmental sustainability improving, as in the situations of Luxembourg (+32.62%), Mexico (+14.09%), and Latvia (+12.72%), some of the last nations to be affected by the pandemic catastrophe at the start of the global emergency.




7. Conclusions


In light of the case study’s findings, complex decision-making systems can benefit from simplification in their management and resolution due to the MAIRCA-CI model’s multi-criteria nature, which enables it to simultaneously take into account various aspects and keys to reading the landscape within a single framework from a sustainability-sensitive perspective. The suggested sensitivity index is even framed as a tool capable of capturing recognized assessment criteria via the use of performance indicators accepted globally by organizations such as the OECD. The use of artificial risk indices of COVID-19, such as the one in the suggested case study, has also made it possible to qualify the suggested assessment model in a dynamic way, allowing for the adaptation and application of the algorithm in a variety of temporal scenarios, even during an epidemic emergency, in order to monitor the long-term viability of the study system. The construction of a synthetic assessment index with which to qualitatively convey the influence that the risk from COVID-19 had on the level of economic, social, and environmental sustainability of the region resulted from the integration of the MAIRCA model with the integral CI. Consequently, methods of monitoring and evaluation at a territorial level are made easier. In particular, policymakers may benefit from the monitoring and assessment phase of sustainability performance trends as they plan and allocate resources for spatial development projects. Understanding the nature of territorial sustainable development aids decision-makers in making sound financial resource allocations and adhering to a distribution criterion suitable for the economic, social, and environmental particularities of the target setting.



The choice of sustainability indicators to be used in the assessment phase, the use of indices that summarize the level of uncertainty related to the disasters in study, and the application of the technique at a scale other than territorial are all examples of research constraints. Regarding this final consideration, research focuses will include putting the proposed MAIRCA-CI model to the test at the city scale, taking a variety of indicators into consideration, and looking into the possibility of expressing the shocks through other measurement indices that are not necessarily qualitative but are more closely related to the dynamics of the relevant territorial/urban context.
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Figure 1. Evolution of the research nations’ sustainability levels in respect to their own risk tolerance according to COVID-19. Examples of a strong relationship between territorial riskiness and sustainability are given. 
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Figure 2. Alterations in the sustainability levels of the study nations, taking into account the corresponding evaluation indices between 2019 and 2020 using the suggested accounting method. 
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Table 1. Initial decision matrix of alternatives assessed under the four criteria.
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	Production-Based

CO2 Emissions

[Tonnes]
	Real GDP

per Capita

[USD]
	Life Expectancy

at Birth

[Years]
	Inform COVID-19 Risk Index

[0–10]





	Australia
	375.98
	46,225.27
	83.64
	2.10



	Austria
	57.27
	48,737.82
	81.77
	3.00



	Belgium
	83.31
	44,906.81
	81.86
	2.80



	Canada
	523.19
	43,446.19
	82.67
	2.00



	Chile
	79.74
	21,662.19
	80.42
	3.10



	Colombia
	70.35
	12,524.04
	77.53
	4.30



	Czech Republic
	84.34
	36,059.28
	79.57
	3.40



	Denmark
	25.57
	52,109.98
	81.11
	2.10



	Estonia
	8.60
	33,214.55
	78.89
	3.00



	Finland
	35.70
	44,480.50
	82.14
	2.10



	France
	258.23
	41,170.83
	82.86
	3.00



	Germany
	585.26
	47,499.52
	81.57
	2.20



	Greece
	46.59
	26,536.37
	82.47
	3.30



	Hungary
	43.63
	30,473.28
	77.04
	3.40



	Iceland
	1.47
	52,977.67
	83.22
	2.50



	Ireland
	31.63
	88,490.38
	82.51
	3.00



	Israel
	57.97
	39,534.71
	83.19
	2.70



	Italy
	280.37
	35,211.43
	83.71
	3.20



	Japan
	1.024.07
	40,416.16
	84.79
	2.30



	Korea
	570.74
	41,654.84
	83.20
	4.80



	Latvia
	6.37
	28,294.46
	75.46
	3.40



	Lithuania
	10.79
	35,362.04
	76.11
	2.80



	Luxembourg
	7.48
	104,591.30
	82.47
	0.00



	Mexico
	381.00
	16,989.68
	75.24
	3.70



	Netherlands
	134.71
	52,493.26
	82.49
	2.50



	New Zealand
	33.10
	40,784.45
	82.51
	2.10



	Norway
	36.11
	60,470.83
	82.63
	1.80



	Poland
	267.64
	31,305.22
	78.94
	3.10



	Portugal
	37.33
	30,997.88
	82.29
	2.80



	Slovak Republic
	26.50
	31,640.41
	77.72
	3.30



	Slovenia
	11.76
	35,061.91
	81.54
	2.60



	Spain
	194.79
	34,250.05
	83.74
	2.80



	Sweden
	32.14
	50,412.39
	83.03
	2.20



	Switzerland
	34.12
	66,240.84
	83.97
	1.90



	Turkey
	366.11
	28,160.55
	77.99
	3.90
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Table 2. Initial decision matrix, of which the values were normalized by means of formula (10) in Section 4.
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	Production-Based

CO2 Emissions
	Real GDP

per Capita
	Life Expectancy

at Birth
	Inform COVID-19 Risk Index





	Australia
	0.3662
	0.3661
	0.8796
	0.4375



	Austria
	0.0546
	0.3933
	0.6838
	0.6250



	Belgium
	0.0800
	0.3517
	0.6932
	0.5833



	Canada
	0.5102
	0.3359
	0.7780
	0.4167



	Chile
	0.0765
	0.0993
	0.5424
	0.6458



	Colombia
	0.0674
	0.0000
	0.2398
	0.8958



	Czech Republic
	0.0810
	0.2556
	0.4534
	0.7083



	Denmark
	0.0236
	0.4300
	0.6147
	0.4375



	Estonia
	0.0070
	0.2247
	0.3822
	0.6250



	Finland
	0.0335
	0.3471
	0.7225
	0.4375



	France
	0.2511
	0.3112
	0.7979
	0.6250



	Germany
	0.5709
	0.3799
	0.6628
	0.4583



	Greece
	0.0441
	0.1522
	0.7571
	0.6875



	Hungary
	0.0412
	0.1950
	0.1885
	0.7083



	Iceland
	0.0000
	0.4394
	0.8356
	0.5208



	Ireland
	0.0295
	0.8251
	0.7613
	0.6250



	Israel
	0.0553
	0.2934
	0.8325
	0.5625



	Italy
	0.2727
	0.2464
	0.8869
	0.6667



	Japan
	1.0000
	0.3030
	1.0000
	0.4792



	Korea
	0.5567
	0.3164
	0.8335
	1.0000



	Latvia
	0.0048
	0.1713
	0.0230
	0.7083



	Lithuania
	0.0091
	0.2481
	0.0911
	0.5833



	Luxembourg
	0.0059
	1.0000
	0.7571
	0.0000



	Mexico
	0.3711
	0.0485
	0.0000
	0.7708



	Netherlands
	0.1303
	0.4341
	0.7592
	0.5208



	New Zealand
	0.0309
	0.3070
	0.7613
	0.4375



	Norway
	0.0339
	0.5208
	0.7738
	0.3750



	Poland
	0.2603
	0.2040
	0.3874
	0.6458



	Portugal
	0.0351
	0.2007
	0.7382
	0.5833



	Slovak Republic
	0.0245
	0.2076
	0.2597
	0.6875



	Slovenia
	0.0101
	0.2448
	0.6597
	0.5417



	Spain
	0.1890
	0.2360
	0.8901
	0.5833



	Sweden
	0.0300
	0.4115
	0.8157
	0.4583



	Switzerland
	0.0319
	0.5835
	0.9141
	0.3958



	Turkey
	0.3566
	0.1698
	0.2880
	0.8125
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Table 3. The Theoretical Rating Matrix (   T p  )   where weight factors for each possible combination between the evaluation criteria were defined using the mathematical expression in Section 4.2.
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   T p    =

	

	
    {   C  1  }    

	
    {   C  2  }    

	

	

	




	
Aj

	
0.001429

	
0.000952

	
0.000952

	
0.000714

	
0.167
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Table 4. The values of the Real Rating Matrix (   T r  )   for the case study. Each numerical element was defined by means of the formulas (4) and (5) in Section 3.1.
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	C1
	C2
	C3
	C4





	Australia
	0.001020

0.000409
	0.000811

0.000142
	0.000952

0.000000
	0.000031

0.000683



	Austria
	0.000135

0.001293
	−0.000653

0.000173
	−0.000661

0.000291
	−0.000311

0.000404



	Belgium
	0.000207

0.001221
	0.001169

0.000173
	0.000674

0.000278
	0.000248

0.000466



	Canada
	0.001429

0.000000
	0.000744

0.000208
	0.000800

0.000152
	0.000000

0.000714



	Chile
	0.000197

0.001231
	0.000220

0.000733
	0.000451

0.000502
	0.000342

0.000373



	Colombia
	0.000171

0.001257
	0.000000

0.000952
	0.000000

0.000952
	0.000714

0.000000



	Czech Republic
	0.000210

0.001381
	0.000566

0.000000
	0.000318

0.000635
	0.000435

0.000280



	Denmark
	0.000047

0.001381
	0.000952

0.000000
	0.000558

0.000395
	0.000031

0.000683



	Estonia
	0.000000

0.001429
	0.000498

0.000455
	0.000212

0.000740
	0.000311

0.000404



	Finland
	0.000075

0.001353
	0.082307

−0.081355
	0.000136

0.000816
	−0.000009

0.000723



	France
	0.000693

0.000736
	0.076181

−0.075229
	0.000137

0.000815
	−0.000008

0.000722



	Germany
	0.001601

−0.000172
	0.087894

−0.086942
	0.000135

0.000817
	−0.000009

0.000723



	Greece
	0.000105

0.001323
	0.049097

−0.048144
	0.000137

0.000816
	−0.000007

0.000722



	Hungary
	0.000097

0.001331
	0.056383

−0.055430
	0.000127

0.000826
	−0.000007

0.000722



	Iceland
	−0.000020

0.001448
	0.098033

−0.097081
	0.000138

0.000814
	−0.000008

0.000723



	Ireland
	0.000064

0.001365
	0.163759

−0.162806
	0.000137

0.000816
	−0.000008

0.000722



	Israel
	0.000137

0.001292
	0.073153

−0.072201
	0.000138

0.000814
	−0.000008

0.000722



	Italy
	0.000754

0.000674
	0.065152

−0.064200
	0.000139

0.000813
	−0.000007

0.000722



	Japan
	0.002819

−0.001391
	0.074785

−0.073832
	0.000141

0.000811
	−0.000009

0.000723



	Korea
	0.001561

−0.000132
	0.077077

−0.076125
	0.000138

0.000814
	−0.000005

0.000720



	Latvia
	−0.000006

0.001435
	0.052350

−0.051398
	0.000124

0.000829
	−0.000007

0.000722



	Lithuania
	0.000006

0.001422
	0.065431

−0.064478
	0.000125

0.000827
	−0.000008

0.000722



	Luxembourg
	−0.000003

0.001432
	0.193558

−0.192605
	0.000137

0.000816
	−0.000012

0.000726



	Mexico
	0.001034

0.000395
	0.031428

−0.030476
	0.000123

0.000829
	−0.000007

0.000721



	Netherlands
	0.000350

0.001078
	0.097137

−0.096184
	0.000137

0.000816
	−0.000008

0.000723



	New Zealand
	0.000068

0.001361
	0.075466

−0.074514
	0.000137

0.000816
	−0.000009

0.000723



	Norway
	0.000076

0.001352
	0.111901

−0.110949
	0.000137

0.000815
	−0.000009

0.000724



	Poland
	0.000719

0.000709
	0.057923

−0.056970
	0.000130

0.000822
	−0.000008

0.000722



	Portugal
	0.000080

0.001349
	0.057354

−0.056401
	0.000136

0.000816
	−0.000008

0.000722



	Slovak Republic
	0.000050

0.001379
	0.058543

−0.057591
	0.000128

0.000824
	−0.000007

0.000722



	Slovenia
	0.000009

0.001420
	0.064875

−0.063923
	0.000135

0.000817
	−0.000008

0.000723



	Spain
	0.000517

0.000912
	0.063373

−0.062420
	0.000139

0.000813
	−0.000008

0.000722



	Sweden
	0.000065

0.001363
	0.093285

−0.092333
	0.000138

0.000815
	−0.000009

0.000723



	Switzerland
	0.000071

0.001358
	0.122580

−0.121628
	0.000139

0.000813
	−0.000009

0.000724



	Turkey
	0.000992

0.000436
	0.052103

−0.051150
	0.000128

0.000824
	−0.000007

0.000721
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Table 5. The Total Gap Matrix (  G )   specifically for the case-study. Their elements (gij) are deduced from the difference between the normalized values of Table 2 and the average of each couple of values in Table 4.
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	C1
	C2
	C3
	C4





	Australia
	0.713218
	0.850867
	0.999524
	0.043121



	Austria
	0.144473
	0.818277
	0.707969
	0.347780



	Belgium
	0.137533
	0.230172
	0.472907
	0.477904



	Canada
	0.146464
	0.594059
	0.333130
	0.608339



	Chile
	0.137533
	0.230367
	0.472907
	0.477904



	Colombia
	0.119280
	−0.000476
	−0.000476
	0.999643



	Czech Republic
	0.146383
	0.594252
	0.333130
	0.608339



	Denmark
	0.032267
	0.999524
	0.585167
	0.043121



	Estonia
	−0.000714
	0.522197
	0.222244
	0.434425



	Finland
	0.051937
	0.806792
	0.754358
	0.043121



	France
	0.484396
	0.723185
	0.871264
	0.434425



	Germany
	1.119901
	0.883057
	0.659636
	0.086599



	Greece
	0.073108
	0.353496
	0.808410
	0.564860



	Hungary
	0.067354
	0.452948
	−0.080540
	0.608339



	Iceland
	−0.014571
	1.021443
	0.930715
	0.217034



	Ireland
	0.044036
	1.918547
	0.813449
	0.434425



	Israel
	0.095230
	0.681854
	0.925186
	0.303991



	Italy
	0.527404
	0.572641
	1.011237
	0.521382



	Japan
	1.972652
	0.704120
	1.186907
	0.130078



	Korea
	1.091695
	0.735411
	0.927541
	1.217034



	Latvia
	−0.005047
	0.397908
	−0.339219
	0.608339



	Lithuania
	0.003545
	0.576446
	−0.233241
	0.347469



	Luxembourg
	−0.002888
	2.325280
	0.807658
	−0.869922



	Mexico
	0.722975
	0.112333
	−0.375701
	0.738773



	Netherlands
	0.244360
	1.009206
	0.811322
	0.217034



	New Zealand
	0.046886
	0.713424
	0.813678
	0.043121



	Norway
	0.052743
	1.210731
	0.834226
	−0.087314



	Poland
	0.502666
	0.473964
	0.230718
	0.477904



	Portugal
	0.055113
	0.466201
	0.778636
	0.347469



	Slovak Republic
	0.034068
	0.482432
	0.031196
	0.564860



	Slovenia
	0.361099
	0.548355
	1.015164
	0.347469



	Spain
	0.045021
	0.956640
	0.898683
	0.086599



	Sweden
	0.048873
	1.356490
	1.053216
	−0.043835



	Switzerland
	0.694021
	0.394525
	0.075269
	0.825730



	Turkey
	0.048873
	1.356490
	1.053216
	−0.043835
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Table 6. The Table 6 expresses the Choquet Integral index of the 35-countries study. The specific value is obtained by the formula (13).






Table 6. The Table 6 expresses the Choquet Integral index of the 35-countries study. The specific value is obtained by the formula (13).









	
	     C μ   ( i )     





	Australia
	1.0301



	Austria
	0.8259



	Belgium
	0.5993



	Canada
	0.7509



	Chile
	0.5999



	Colombia
	0.1280



	Czech Republic
	0.7508



	Denmark
	0.4008



	Estonia
	0.3896



	Finland
	0.4816



	France
	1.3527



	Germany
	1.0787



	Greece
	0.6714



	Hungary
	0.1758



	Iceland
	0.6151



	Ireland
	0.8870



	Israel
	0.7241



	Italy
	1.4570



	Japan
	1.3713



	Korea
	2.2938



	Latvia
	−0.2679



	Lithuania
	−0.1350



	Luxembourg
	−0.7043



	Mexico
	−0.0852



	Netherlands
	0.9129



	New Zealand
	0.4613



	Norway
	0.3644



	Poland
	0.9233



	Portugal
	0.5978



	Slovak Republic
	0.3178



	Slovenia
	1.0762



	Spain
	0.5829



	Sweden
	0.5264



	Switzerland
	0.7605



	Turkey
	0.5264
















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
Aaym]
pUeIazZyIMG
uapamsg
uneds
BTUSAOTS
srgqnday] yeaors
reSnyro ]
pueog
AeMION
PUEaZ MaN
SpueLIaaN
OOXAN
Smoquuaxn
PRIETRT]
PIAJE]
a0y

wede|

A

[aeIs]
puefal]
puefad]
AreBumyy
EREE1 Y
Aueunan
aoueL]
puequL
PTI0)SY
Frewnag]
srqnday yoaz>
PIQUIOIO )
MO
epewe)
umiBag
RISy
eIfeI)SNY

—o—[2019] —@—[2020]





nav.xhtml


  land-12-00432


  
    		
      land-12-00432
    


  




  





media/file0.png





media/file2.png
Aoyyang,
PUBISZ)IMG
uapamg

uredg

CIUAAO]G
a1qnday| yeaols
eSmuiog
pue[oq

KemioN
pue[eaz maN

SpuepayjaN

[orIs]

puepalj

= puead]
ullJllllllllwlb..m.mm:ﬂmlll

o e RN B o Nt e B e ot

————

Auewian
aduer]
puetuty
BIU03SH
yrewua(]

sriqnday yoaz)

epeue))
wnijag
eLgsny
eljensny

«evvevees C4. Inform COVID-19 Risk index

[ C2. Real GDP per capita

0 C1. Production-based CO2 emissions
C3. Life expectancy at birth

——=== Cp (i)





media/file3.jpg
et
g s
g
)
fioy
Pz
spnagex
oo
Smoquy
sy
wy

e

e

st

e
rdagper>
o
o

e
untipg
oy

sy

——[2019] —e—{2020]





media/file1.jpg





