

  sustainability-13-10512




sustainability-13-10512







Sustainability 2021, 13(19), 10512; doi:10.3390/su131910512




Article



Multi-Criteria Analysis of Green Bonds: Hybrid Multi-Method Applications



Antonio Lombardi Netto 1[image: Orcid], Valerio Antonio Pamplona Salomon 1,*[image: Orcid] and Miguel Angel Ortiz Barrios 2[image: Orcid]





1



Department of Production, School of Engineering, Universidade Estadual Paulista Júlio de Mesquita Filho, Guaratingueta 12516-410, Brazil






2



Department of Productivity and Innovation, Universidad de la Costa CUC, Barranquilla 081001, Colombia









*



Correspondence: valerio.salomon@unesp.br; Tel.: +55-12-3123-2232







Academic Editors: Marek Vochozka and Klaus Reiner Schenk-Hoppé



Received: 18 August 2021 / Accepted: 17 September 2021 / Published: 22 September 2021



Abstract

:

There is an increasing pressure by the community and customers forcing companies to insert environmental concerns in their practices. To help companies initiatives, the green bonds market was created. Our research question is “How to select bonds in a growing billion-dollar market?” This paper presents a multi-criteria decision analysis (MCDA) model to enable investors identify opportunities based not only in opinions, but grounded on objective facts. Analytic hierarchy process (AHP), complex proportional assessment (COPRAS), full consistency method (FUCOM), step-wise Weights Assessment Ratio Analysis (SWARA), and technique of order preference similarity to the ideal solution (TOPSIS) are MCDA methods applied in this paper. Top-fifteen green bonds ranked by specialized media were assessed with the proposed MCDA model. Criteria included the Environmental Performance Index (EPI) proposed by Yale University, and common financial indicators as assets, risks ( β ), and dividends. The new ranks from MCDA are compared each other and compared with the rank published by specialized media.
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1. Introduction


Developed by Yale University, the Environmental Performance Index (EPI) provides a data-drive summary of the state of sustainability around the world [1]. EPI is obtained with 32 indicators, across 11 categories under two policy objectives: ecosystem vitality and environmental health [2,3]. With EPI, it is possible to identify the greenest countries around the world.



Zooming into company-level, the increased pressures from community and environmentally conscious consumers force companies to insert environmental concerns in their management practices [4,5]. To help companies initiatives, green bonds were inserted in 2007, as bonds issued to support environmental projects [6]. As a matter of fact, the green bond market is a potential source of climate finance for developing countries [7].



Over 600 billion United States dollars (USD) were issued in green bonds in 2020, nearly doubling the 326 billion USD issued the year before [8]. This 53% growth, in a twelve-month basis, includes green, social and sustainability bonds. The multi-billion-dollar market is tracked by most popular financial services worldwide [9,10]. Nevertheless, most relevant investment funds have already moved assets on this path. The question is no longer if green bonds have a relevant market. The question is how to select bonds in this new reality. This is the main goal of this article: to offer a simple framework for bonds selection, beyond financial reports and reviews. This paper presents a multi-criteria decision analysis (MCDA) model to enable investors identify opportunities based not in opinions, but grounded on objective facts. Since green bonds are a new trend in corporate finance, the MCDA proposal for their assessment is the major novelty of this work. The application of MCDA methods allows decision-makers and policy-makers to consider the best alternative of an array of options based on multiple factors [11].



Green bonds assessment is the problem this work intents to solve. Despite there are green bonds ranked by specialized media, this paper presents alternative ranks, resulted from the application of MCDA methods. As presented in Section 2, MCDA was not previously applied in green bonds assessment. Therefore, there are two related contributions, one in the field of green bonds and another in the field of MCDA. This paper’s hypothesis is “MCDA methods may be applied for green bonds assessment”.



MCDA is divided in two branches: multi-attribute decision analysis and multi-objective decision analysis [12]. Multi-attribute deals with a finite number of alternatives, extremely, only two alternatives. Conversely, multi-objective analysis deals with larger sets of alternatives, even infinite alternatives [13]. This paper is on multi-attribute analysis, since a finite number of alternatives will be considered. This work does not deals with optimization, as for instance from an exhaustive analysis of all possible criteria and every available green bond. This is a major delimitation for this work.



There are dozens methods for MCDA [14]. Analytic hierarchy process (AHP), complex proportional assessment (COPRAS), full consistency method (FUCOM), step-wise weights assessment ratio analysis (SWARA), and technique of order preference similarity to the ideal solution (TOPSIS) are the MCDA methods applied in this paper. These methods were chosen, at first, because they are methods for multi-attribute analysis. At second, AHP and TOPSIS were chosen because they are traditional methods [15,16]. Since green bonds assessment with MCDA is unprecedented, the choice for consolidated methods sounds safer. To surpass AHP limitations, COPRAS, FUCOM, and SWARA, newer multi-attribute analysis methods [17] were also chosen to be applied. Then, the hybrid multi-method application brings strengths from traditional and newer methods, as presented in Section 3. Hybrid methods application is a new trend in MCDA literature [18,19].



Section 2 presents a literature review, highlighting the novelty of MCDA application in green bonds assessment. Section 3 presents methodology, with methods AHP, COPRAS, FUCOM, SWARA, and TOPSIS. Section 4 presents the results of the hybrid multi-method application. Section 5 presents a discussion on the main results. Finally, Section 6 presents conclusions and directions for future research.




2. Literature Review


Literature on green bonds is just beginning. The search TITLE-ABS-KEY (“green bond”) on Scopus Database resulted in only 265 documents, by 7 August 2021. None with AHP, COPRAS, FUCOM, MCDA, SWARA, and TOPSIS, in title, abstract or keywords (TITTLE-ABS-KEY). Therefore, there is a research gap on MCDA applications on green bonds. The objective of this paper is to present an MCDA model to green bonds assessment.



Table 1 presents an overview of most cited publications on green bonds. A similar overview was presented by Kucera, Vochozka and Rowland [20], for their research on the economic value added.



Publications on green bonds resulted varied findings, for instance, on benefits, on diversification, on preferences, or on volatility. The absence of MCDA in green bonds literature suggests a research gap: green bonds researches have been developed with single-criterion analyses. Therefore, this paper contributes to green bonds literature presenting an MCDA model for bonds assessment.



In this work, AHP [29] is applied to weight the criteria, with pairwise comparisons. When the set of alternatives and the set of criteria increase, the effort for the AHP application is also increased [30]. Therefore, FUCOM [31] and SWARA [32] are also applied to weight the criteria. COPRAS [33] and TOPSIS [34] are applied, in this work, to assess the alternatives, which are real green bonds.



The major topic for AHP and TOPSIS applications is supply chain management (SCM), but there are recent researches on sustainability [35]. COPRAS has been applied for the economic selection alternatives, mainly in manufacturing applications [36,37]. Literature on FUCOM and SWARA is incipient, as presented in Table 2. FUCOM application is a new trend in MCDA applied to engineering [38,39].



As expected due their greater age, AHP and TOPSIS publications individually overcome publications on COPRAS, FUCOM, and SWARA, together. Publications on AHP started in the 1970s, on TOPSIS in the 1980s, and on COPRAS in the 1990s. SWARA was only proposed in 2010, and FUCOM in 2018.



As presented in this section, this paper increases green bonds literature with MCDA application. This works also upgrades MCDA literature combining the application of traditional methods with newer methods, in a novel theme: Green bonds assessment.




3. Methodology


3.1. Generalities


This paper presents combined applications of different methods of MCDA in the assessment of green bonds. Figure 1 presents the steps of the proposed research methodology, inside the boxes of a flow-chart.



In the first step, the criteria and alternatives for multi-criteria analysis are identified with data and information collected from literature on financial markets and green bonds. The next step is weighting the criteria with applications of AHP, FUCOM, and SWARA. If data provided by experts were not consistent, in the AHP application, inconsistent data needs to be revised. If the consistency is okay, next step is the assessment of alternatives (green bonds) with COPRAS and TOPSIS. In the final step, green bonds ranking with MCDA is compared with Kiplinger’s rank [40]. Kiplinger is a North-American media outlet specialized in investments forecasts and analysis, founded in Washington, DC, back in the 1920s, and nowadays part of the Dennis Publishing Ltd., a British independent corporation. Kiplinger’s rank is similar to Benzinga’s, Bloomberg’s, and Stock Rover’s, to name a few. While most data regarding bonds trade are usually charged [41], Kiplinger’s rank is free. Considering data used on such assessments are streamed from stock exchanges directly, there are no questions regarding quality or reliability [42,43].



Mutually exclusive and collectively exhaustive (MECE) are desirable features for a set of criteria [44]. Collectively exhaustive criteria means that all important factors are being considered in decision-making. Mutually exclusive criteria are independent of each other. If any dependencies are identified between the criteria or between the alternatives, then the Analytic Network Process (ANP) method is preferable for MCDA than AHP, FUCOM, or SWARA. This is because ANP takes in consideration inner and outer dependency [45]. In AHP Theory, the analysis of benefits, opportunities, costs, and risks (BOCR Model) has been successfully applied for the determination of MECE criteria [46].



From green bonds literature (Table 1) and Kiplinger database, seven indicators identified as criteria for MCDA application, alphabetically by acronym, are:




	
Assets (AST): Volume of capital invested on each fund, expressed in USD.



	
Risk (BET, for Greek letter beta,  β ): Risk exposure of a company, stock, fund or any other form of investment traded in open market.



	
Dividend Yield (DIV): How much a company pays yearly on dividends per its stock prices. It is a ratio that express the profitability of an investment.



	
Country’s EPI (EPI): Environmental Performance Index of bond’s country, as in Yale’s 2020 ranking.



	
Share (SHR): The cost of each participation quota on a fund, in USD.



	
Expenses (XPS): Administrative costs of each fund, expressed as a percentage for every dollar invested by a group or individual.



	
Returns (YTD, from year-to-date): Amount of profits or losses realized by a given investment, since the first trade of the current calendar year, in USD.








Figure 2 associates the set of criteria, proposed in this paper to assess green bonds, with the elements of BOCR Model. As it can be seen, all four elements of BOCR were considered in the set of criteria. Therefore, this is an exhaustive set of criteria, according to AHP Theory.



According to Figure 2, AST and EPI and YTD were criteria associated with benefits, id est, certain and favourable factors; DIV were associated with opportunities, i.e., uncertain favourable factors. Aligned with COPRAS Theory, all these four criteria may be considered as beneficial criteria. SHR and XPS were associated with costs, i.e., certain unfavourable factors, and BET is a risk, i.e., uncertain unfavourable factor. In addition, according to COPRAS, BET, SHR, and XPS are non-beneficial criteria.



As presented in Section 4, three experts on financial market provided data for weighting criteria in AHP, FUCOM, and SWARA:




	
Expert 1 is a professional consultant with extensive experience in banking and international business consulting. He also acts as a lecturer for business and engineering colleges. As a PhD candidate, Expert 1 has the most scholar profile from the three experts. He was 49 years old in June 2021, when he provided data for this research.



	
Expert 2 is a private investor, risk-taker levering investments in pursue for returns above market average. Recently graduated in a major course of industrial engineering, she moved her professional career to investment analysis already before her graduation. She was 25 years old in June 2021.



	
Expert 3 is an investment fund manager, bearing a conservative position, accepting risks with caution, and pursuing safer returns. He has a bachelor degree in Economics and a Master in Business Administration. Expert 3 was 43 years old when he provided data for this research.








Therefore, there are three different positions from data provided by experts: Risk aversion (Expert 3), risk neutrality (Expert 1), and risk seeking (Expert 2). These positions results from their investor’s profiles: Aggressive (Expert 2), conservative (Expert 3), and moderate (Expert 1).




3.2. Analytic Hierarchy Process


AHP is a leading MCDA method [15] in diverse areas, such as chemical engineering, computer science, ecology, energy sector, health sector, higher education sector, manufacturing, mathematical advances, and supply chain management [47]. One important limitation of AHP is on the number of alternatives and criteria. Due the use of pairwise comparison matrices, a three-level hierarchy model must have no more than nine criteria or alternatives [48]. This limitation is one of the main reasons for a new trend in MCDA literature: hybrid-method application, mainly with AHP and TOPSIS [49]. This paper moves ahead this trend by combining AHP with COPRAS, FUCOM, and SWARA.



In AHP, weights for the criteria, usually named priorities, are obtained normalizing the right eigenvector   w = [  w j  ]   of the pairwise comparison matrix   A = [  a  i j   ]  , as in Equation (1), where   λ  m a x    is its maximum eigenvalue.


  A w =  λ  m a x   w  



(1)







Usually, in AHP, the vector of weights    w ^  =  [   w j  ^  ]    is normalized from the eigenvector, as in Equation (2), for all   j = 1 ,  2 …  n  .


    w j  ^  =   w j    ∑  j = 1  n   w j     



(2)







Consistency checking is one of the great advantages of AHP against other MCDA methods. A consistent pairwise matrix A satisfies    a  i j   =  a  i k    a  k j    , for all   i = 1 ,  2 …  n  ,   j = 1 ,  2 …  n  , and   k = 1 ,  2 …  n  , resulting in    λ  m a x   = n  , where n is the number of criteria. Consistency index  μ  is a measure of consistency of a pairwise matrix, as in Equation (2).


  μ =    λ  m a x   − n   n − 1    



(3)







Consistency ratio   C R   is a better measure since it compares  μ  with a random index   R I  , computed by Oak Ridge Laboratory with more than 50,000 matrices [29], as in Equation (4).


  C R =  μ  R I    



(4)







Consistent matrices have    λ  m a x   = n  , then   μ = 0   and   C R = 0  . Inconsistent matrices have at least one comparison, and its reciprocal,    a  i j   ≠  a  i k    a  k j    , resulting in    λ  m a x   > n  . It is desirable that   C R ≤ 0.1  , then A may be accepted, meaning “conformity with previous practice” [50], i.e., it means that experts did not change their minds, when fulfilling a pairwise comparison matrix.




3.3. Full Consistency Method


“Too many comparisons” is a frequent complaint expressed by AHP users [51]. For   n = 7   criteria,   n ( n − 1 ) / 2 = 21   comparisons are needed for a complete pairwise matrix. Incomplete pairwise comparisons (IPC) is an algorithm proposed to reduce the required number of comparisons for pairwise comparison matrices [52]. With IPC only   n = 7   comparisons will be needed. But, due to its complexity, IPC was, de facto, not applied in practice [53].



In the FUCOM Algorithm [31], only   n − 1   comparisons, generating a spanning tree [54], are required. The greatest advantage of FUCOM against IPC is its simplicity. However, FUCOM needs more interaction from the experts. At first, every expert need to rank the set of criteria, starting with the criterion that is expected to have the highest weight to the criterion of the least weight. For the ranked set of criteria   C = {  C k  ,   C  k + 1   ,   C  k + 2   …   C  k + n   }  , experts need to provide pairwise comparisons, named “comparative priority”   ϕ  k / k + 1   . In this paper, Saaty Fundamental Scale [29], a linear 1–9 scale, will be used, for   a  i j    in AHP, and for   ϕ  k / k + 1    in FUCOM, besides the use of this scale is not mandatory in FULCOM.



The weight of criteria   w k   in FUCOM must satisfy two conditions presented in Equations (5) and (6), for all   k = 1 ,  2 …  n  :


    w k   w  k + 1    =  ϕ  k / k + 1    



(5)






    w k   w  k + 2    =  (  ϕ  k / k + 1   )   (  ϕ  ( k + 1 ) / ( k + 2 )   )   



(6)







Equation (6) results from mathematical transitivity     w k   w  k + 2    =   w k   w  k + 1      w  k + 1    w  k + 2     . When both conditions are satisfied, the deviation for full consistency  χ  is minimum, i.e.,   χ = 0  . The weights of criteria   w k   are obtained with Model (7), for all   k = 1 ,  2 …  n  :


     min χ       subject to       |   w k   w  k + 1    −  ϕ  k / k + 1   | ≤ χ       |   w k   w  k + 2    −  (  ϕ  k / k + 1   )   (  ϕ  ( k + 1 ) / ( k + 2 )   )  | ≤ χ        ∑  k = 1  n   w k  = 1        w k  ≥ 0     



(7)








3.4. Step-Wise Weighting Assessment Ratio Analysis


SWARA has some similarities with FUCOM, despite having been developed earlier [17]. For instance, at first, the set of criteria needs to be ranked, from most important to the least. Then, criteria must be pairwise compared, but, as in FUCOM, only   n − 1   comparisons are needed. The first fundamental difference with SWARA is that Saaty Fundamental Scale is not adopted for the pairwise comparisons. Comparisons   s k   are the relative importance, i.e., how much one criterion is more important than another, in percentage, expressed in the   [ 0 ,  1 ]   interval. Comparison   s 1   is between   C 1   and   C 2  ,   s 2   is between   C 2   and   C 3  ... and   s  n − 1    is between   C  n − 1    and   C n  .



In the next step, coefficients   κ k   are obtained for the criteria, as in Equation (8), for all   k = 1 ,  2 …  n  .


   κ k  = {     1         if  k = 1       1 +  s k         if  k > 1      



(8)







Initial weights   q k   are obtained for the criteria, as in Equation (9), for all   k = 1 ,  2 …  n  .


   q k  = {     1          if  k = 1         q  k − 1   /  κ k           if  k ≥ 1      



(9)







Final weights   w k   are obtained for the criteria, as in Equation (10), for all   k = 1 ,  2 …  n  .


   w k  =   q k    ∑  j = 1  n   q k     



(10)








3.5. Complex Proportional Assessment


There are available data for green bonds performance on all criteria presented in Section 3.1. However, these performances are measured in different units as US dollars, for AST, SHR, and YTD, or percentages for EPI and XPS, and even with ratios for BET and DIV. Different measures cannot be summed. They can be barely compared, at first glance. Perhaps, they can be subjectively compared by an expert after seeing them again, twice or more.



MCDA provides an objective way to operate and work with these measures. This is done with the major tool of multi-attribute analysis: The decision matrix   X = [  x  i j   ]  , composed by performances of alternatives i regarding the criteria j, with   i = 1 ,  2 …  m   and   j = 1 ,  2 …  n  .



In COPRAS, X must be firstly normalized to   R = [  r  i j   ]  , as in Equation (11), for all   i = 1 ,  2 …  m   and   j = 1 ,  2 …  n  .


   r  i j   =   x  i j     ∑  j = 1  n   x  i j      



(11)







Then, the normalized decision matrix R must be weighted to   D = [  d  i j   ]  , as in Equation (12), where   w j   are the weights of criteria, for all   i = 1 ,  2 …  m   and   j = 1 ,  2 …  n  .


   d  i j   =  r  i j    w j   



(12)







Criteria must be identified as “beneficial” or “non-beneficial” [36]. Then, for every Alternative i weighted normalized performances must be summed for beneficial,   s +  , and non-beneficial criteria,   s −  , as in Equations (13) and (14), for all   i = 1 ,  2 …  m  :


   s i +  =  ∑  j = 1  n   d  i j     for beneficial criteria   



(13)






   s i −  =  ∑  j = 1  n   d  i j     for non - beneficial criteria   



(14)







Then, the significance of alternative i,   q i  , is obtained with Equation (15), for   i = 1 ,  2 …  m  .


   q i  =  s i +  +   min  (  s i −  )   ∑  i = 1  m   s i −     s i −   ∑  i = 1  m    min (  s i −  )   s i −      



(15)







Finally, relative utility of Alternative i,   u i  , is obtained with Equation (16), for   i = 1 , 2 , 3 … m  .


   u i  =   q i   max (  q i  )    



(16)







Despite the same name, U is not the linear utility function, as in Multi-Attribute Utility Theory [30]. Eventually, a COPRAS application may result alternatives without zero utilities and even negative utilities. Alternative i with the highest utility,    u i  = 1  , is the best one.




3.6. Technique of Order Preference by Similarity to Ideal Solution


The first step to assess alternatives with TOPSIS is also a normalization of decision matrix X. Among several normalization procedures proposed in TOPSIS Theory, the max-min linear procedure was adopted in this research, due the consistency of this procedure. A case study on Turkish financial market [55] qualified this normalization procedure as reliable for TOPSIS, according to four conditions: (i) similar statistical distribution properties, (ii) similar identification of best and poor performers, (iii) similar ranking of alternatives, and (iv) equivalent performance scores. Furthermore, the consistency of the max-min linear normalization in TOPSIS was confirmed by other studies [56,57].



Equations (17) and (18) present the max-min linear normalization procedure of   V = [  v  i j   ]  , for all   i = 1 ,  2 …  m   and   j = 1 ,  2 …  n  :


   v  i j   =   x  i j    max (  x  i j   )    



(17)







Equation (17) is applicable for criteria to be maximized, i.e., the “beneficial” criteria, in COPRAS. For criteria to be minimized, or the “non-beneficial”, Equation (18) must be applied, for all   i = 1 ,  2 …  m   and   j = 1 ,  2 …  n  .


   v  i j   =   min (  x  i j   )   x  i j     



(18)







A special case for Equation (18) occurs when   min (  x  i j   ) = 0  . In this case,    v  i j   = 1  , for    x  i j   = min  (  x  i j   )   , and    v  i j   = 0  , for all other   x  i j   . Then,   v  i j    becomes a binary variable for this j.



In the next step, the normalized decision matrix V needs to be weighted by criteria weights w, resulting in   Y = [  y  i j   ]  , as in Equation (19), for all   i = 1 ,  2 …  m   and   j = 1 ,  2 …  n  .


   y  i j   =  v  i j    w j   



(19)







Besides the TOPSIS name refers to ideal solution, this method also works with the anti-ideal solution, also referred as negative ideal solution. Positive ideal solution   a +  , and negative ideal solution   a −   can be obtained as in Equations (20) and (21), for all   i = 1 ,  2 …  m   and   j = 1 ,  2 …  m  .


   a j +  = max  (  y  i j   )   



(20)






   a j −  = max  (  y  i j   )   



(21)







Then, Euclidean distances to negative ideal solution    d −  =  [  d i −  ]    and to positive ideal solution    d +  =  [  d i +  ]  +   are obtained with Equations (22) and (23), for all   i = 1 ,  2 …  n  .


   d i −  =    ∑  j = 1  n    (  y  i j   −  a j −  )  2     



(22)






   d i −  =    ∑  j = 1  n    (  y  i j   −  a j −  )  2     



(23)







Finally, closeness coefficients   c i   are obtained, as in Equation (24), for all   i = 1 ,  2 …  n  .


   c i −  =   d i −    d i −  +  d i +     



(24)







When weighted performances   y  i j    of alternatives i are closer to   a +   than   a −  , then    c i  ≥ 0.5  .





4. Results


4.1. Criteria Weighting


4.1.1. AHP Application


Table 3 presents a pairwise comparison matrix   A 1   and the normalized weights of criteria    w ^  1  . Superscript 1 indicates that comparisons were provided by Expert 1. As presented in Section 3.1, Expert 1 has moderate profile for investing, and risk neutral position. The consistency ratio,    C  R 1   ≈ 0.077   indicates that   A 1   can be accepted.



Table 4 presents weights of criteria for Experts 1, 2, and 3. Weights from Experts 2 and 3 resulted from consistent comparison matrices, respectively, with   C  R 2  ≈ 0.098   and   C  R 3  ≈ 0.097  .



Dividend yield (DIV) and returns to-date (YTD) are the top-two criteria for all experts. This was expected, since Experts 1, 2, and 3 have expertise as investors in traditional bonds markets. Expert 3 is a conservative investor, with risk aversion. Then, Risks (BET) is the third criteria for this expert. BET’s weight is higher for Expert 3 than for other experts, because Expert 3 considers more the impact of risks for bonds selections than Experts 1 and 2. Conversely, BET is the bottom-one criteria for Expert 2, which is an aggressive risk-taker investor. For Expert 2, YTD has more than 40% of weight. Again, very expected result, since this is an aggressive investor, seeking for returns.



EPI, the only non-financial criterion, had a low weight for Experts 1 and 3. EPI had the lowest weight for both aggressive investor, Expert 2, and for the moderate neutral-to-risk Expert 1. On the other hand, for the conservative investor, Expert 3, EPI has the third highest weight.




4.1.2. FUCOM Application


For Expert 1, the ranked set of criteria is    C 1   = { Y T D ,  D I V ,  B E T ,  A S T ,  S H R ,  X P S ,     E P I }  . As in AHP, superscript 1 indicates data collected from Expert 1. Table 5 presents   n − 1   pairwise comparisons  ϕ  between Criterion k and Criterion   k + 1  , for   k = 1 ,  2 …  6  , and their resulting weights, in raw and normalized.



Table 6 presents weights of criteria from Experts 1, 2, and 3. Criteria set from Experts 2 and 3 were    C 2   =   {YTD, DIV, AST, XPS, SHR, EPI, BET} and    C 3   =   {YTD, DIV, BET, EPI, XPS, AST, SHR}.



Dividend yield (DIV) and returns to-date (YTD) are the top-two criteria for all experts, also with FUCOM, as with AHP. However, for Expert 1, Risks (BET) were tied-first with DIV and YTD. FUCOM application results tied weights from all experts. For Expert 2 Assets (AST) and Expenses (XPS) tied-second with DIV. Surprisingly, for Expert 3, BET tied-third with Share (SHR). More surprisingly, BET’s weight was higher for moderate investor Expert 2 than for conservative investor Expert 1. Experts were consulted about the result, confirming their comparison and expressing some understanding on results: “I do care about risk, but risks are not everything”, said Expert 3.




4.1.3. SWARA Application


After AHP and FUCOM applications, experts were asked to compared again the set of criteria, but not with Saaty Scale. Table 7 presents   n − 1   relative importance   s 1   of Criterion k over Criterion   k + 1  , according to Expert 1, for   k = 1 ,  2 …  6  , and their resulting weights, in raw and normalized.



Table 8 presents weights of criteria from Experts 1, 2, and 3.



As for AHP and FUCOM, Dividend yield (DIV) and Returns to-date (YTD) are the top-two criteria for all experts, also with SWARA. Other results with SWARA are very close, or almost the same with the ones with AHP. Despite SWARA required less comparisons than AHP, and the same ones asked to experts for FUCOM, AHP’s and SWARA’s results are very much closer than FUCOM’s and SWARA’s.





4.2. Alternatives Assessment


4.2.1. COPRAS Application


Table 9 presents the decision matrix X. Data were collected from https://epi.yale.edu (accessed on 17 September 2021) and https://www.kiplinger.com (accessed on 17 September 2021). Bonds names were suppressed for confidentiality reasons. After all, despite their data, including their names, are public data, this paper is not intended to advertise or to promote individual green bonds.



Table 10 presents the normalized decision matrix R, obtained from X, as in Equation (11).



Table 11 presents the normalized weighted decision matrix D, obtained with R multiplied by weights from Expert 1 for AHP   w 1  , as in Equation (12).



Assets (AST), Dividend Yield (DIV), Country’s EPI, and Returns (YTD) were considered as beneficial criteria. Conversely, Expenses (XPS), Risks (BET), and Share (SHR) were considered as non-beneficial criteria.



Table 12 presents the relative utilities   u i e   for green bonds i, according to Experts e, for all   e = 1 ,  2 ,  3   and   i = 1 ,  2 … 15  .




4.2.2. TOPSIS Application


Table 13 presents the normalized decision matrix V, obtained from X, as in Equation (17) (applied for AST, DIV, EPI, and YTD) and Equation (18) (applied for BET, SHR, and XPS).



Table 14 presents the normalized weighted decision matrix Y, obtained with R multiplied by weights from Expert 1 for AHP   w 1  , as in Equation (19). Negative ideal solution   a −   and positive ideal solution   a +   are also presented.



Table 15 presents the closeness coefficients   c i e   for green bonds i, according to Experts e, for all   e = 1 ,  2 ,  3   and   i = 1 ,  2 … 15  .






5. Discussion


Table 16 presents ranks of Kiplinger’s top-fifteen green bonds with MCDA methods applications. The ranks resulted from criteria weights according to Expert 1, a moderate neutral-to-risk investor.



Bond 1, ranked first by Kiplinger, was also ranked first by Expert 1, with almost all methods. The only exception was with FUCOM–COPRAS application ranking Bond 1 in second. Bond 11 was the most up-ranked green bond, moving up to second, third, or fourth ranks, depending on the MCDA method applied. Bonds 3 and 5 have also better ranks with MCDA than in the original Kiplinger’s rank. On the other hand, Bonds 2, 4, and 8 were the most down-ranked green bonds. And, Bond 15 was in the bottom-ranks.



Ranks resulted from COPRAS applications were moderately correlated with original Kiplinger’s rank. Spearman’s rank correlation coefficient   r s   [58] varied from 0.55 to 0.59 for the three COPRAS applications. Ranks resulted with TOPSIS were not correlated with Kiplinger’s. For TOPSIS applications,   r s   varies from 0.13 to 0.28.



Table 17 and Table 18 present more ranks of Kiplinger’s top-fifteen green bonds with MCDA methods applications. These ranks resulted from criteria weights according to Experts 2 and 3, respectively, an aggressive risk-taker investor and a conservative investor with risk aversion.



According to Expert 2’s criteria weights, Bond 1 was also top ranked. However, not so best as for Expert 1, Bond 1 was third ranked with AHP–COPRAS. Bonds 3 and 5 were also in the top. Bonds 2, 4 and 8 were also down ranked in Table 17. Expert 2’s criteria weights favoured Bond 15, no longer being the last bond with any MCDA method.



Despite more variable, ranks with Expert 2’s weights were more correlated with original Kiplinger’s rank. Ranks resulted with AHP–COPRAS were less correlated, with    r s  ≈ 0.41  . All other ranks kept or increased their   r s  . For instance,   r s   for FUCOM–TOPSIS’s rank increased from 0.13, according to Expert 1, to 0.45 according to Expert 2.



According to Expert 3’s criteria weights, Bond 1 was top ranked with all MCDA methods. Bonds 3 and 5 were also in the top. Bonds 2, 4 and 8 were also down ranked in Table 18. As for Expert 2’s criteria weights, Bond 15 was also favoured, not being the last bond with any MCDA method application.



Ranks with Expert 2’s weights had two patterns of correlation with original Kiplin-ger’s rank. Ranks resulted with COPRAS were more correlated, with   r s   from 0.48 to 0.55. Ranks resulted with TOPSIS had    r s  ≈ 0.16  . Correlation with TOPSIS was deeply impacted by Bond 4 worst performance, due the poor performance of the bond in YTD.



In addition to differences in results, the paper showed differences in processes. Experts were unanimous in their preference for the pair of methods SWARA–COPRAS. Among them, only Expert 1 had previously applied MCDA methods, also in a Sustainability problem, but with AHP and TOPSIS [13]. In the case of evaluating green bonds, SWARA proved to be more efficient than AHP and more effective than FUCOM. After all, SWARA required only six comparisons against the 21 required by AHP. COPRAS application provided better discriminated performance of alternatives, regarding risks (BET), than TOPSIS did. Experts 1 and 2 clearly preferred criteria weights with AHP and SWARA.




6. Conclusions


This paper achieved its main objective presenting a hybrid MCDA assessment of green bonds, with applications of AHP, COPRAS, FUCOM, SWARA, and TOPSIS. Consistent pairwise comparison matrices were provided on the criteria, by three experts in financial market. Data were collected from specialized database as Kiplinger magazine and Yale University’s Center for Environmental Law & Policy.



As it could be expected, different ranks were obtained with different experts and different methods of MCDA. However, there is moderate positive correlation between some ranks. Outstandingly, all the ranks coincided in the pole position. Coincidence is an indication those ranks pointing for the same direction. Divergence was due to different ranking methodologies. Data collected from different experts was another source for diverging results. Despite their expertise in investment analysis, experts’ profiles differ on decision-making behavior regarding risks: from risk aversion to risk seeking, including risk neutrality. Considering objective and subjective positions from different decision-makers, results are not matter of validation, comparing to a “correct answer” [59].



The green bonds assessment with multi-method MCDA applications is the major novelty of this paper. Literature searches have not found an MCDA study in the promising field of green bonds. In addition to the unprecedented application of MCDA in this field, the paper innovated with the application of novel MCDA methods, in a hybrid way with traditional methods.



Future research directions include the extension of green bonds from other countries than the United Kingdom (Bond 10) and the United States of America (all other bonds. This was a major delimitation of this work. As a recommendation, when aiming bonds for another country, it is very important to contact experts on investment analysis from that country, or in markets where those bonds are traded.



Other MCDA methods may also include incorporating decision approaches as Delphi Method or Fuzzy Systems. Dependency and feedback among criteria could be incorporated to another model, with the ANP. In addition, techniques for group decision-making may be useful for aggregating data from experts.



Experts expressed their preference for newer methods, COPRAS and SWARA, over traditional MCDA methods, AHP and TOPSIS. However, this finding needs to be interpreted with caution, as this paper presents only one study. As a consequence, more cases are needed to confirm their opinion as a fact.







Author Contributions


Conceptualization, A.L.N.; methodology, A.L.N. and V.A.P.S.; software, A.L.N.; validation, A.L.N.; formal analysis, A.L.N.; investigation, A.L.N.; resources, A.L.N.; data curation, A.L.N.; writing—original draft preparation, A.L.N. and V.A.P.S.; writing—review and editing, V.A.P.S. and M.A.O.B.; visualization, A.L.N., V.A.P.S. and M.A.O.B.; supervision, V.A.P.S.; project administration, A.L.N.; funding acquisition, V.A.P.S. All authors have read and agreed to the submitted version of the manuscript.




Funding


The APC was funded by CAPES–Coordenação de Aperfeiçoamento de Pessoal de Nível Superior, Brazil.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


The 2020 EPI is released under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License. Therefore, the 2020 EPI, including the scores, report, policymakers’ summary, and other material on https://epi.yale.edu (accessed on 17 September 2021), may be used, according to the terms of that license. Complimentary data were collected online from www.kiplinger.com (accessed on 17 September 2021), an open-access financial magazine.




Acknowledgments


Authors are deeply grateful to anonymous reviewers for their comments and suggestion for improving this paper.




Conflicts of Interest


The authors declare no conflict of interest.




Abbreviations


The following abbreviations are used in this manuscript:



	AHP
	Analytic Hierarchy Process



	ANP
	Analytic Network Process



	AST
	Assets



	BET
	Risk (for Greek letter beta,  β )



	BOCR
	Benefits, opportunities, costs, and risks



	COPRAS
	Complex Proportional Assessment



	CR
	Consistency ratio



	DIV
	Dividend yield



	EPI
	Environmental Performance Index



	FUCOM
	Full Consistency Method



	GDM
	Group decision making



	i.e.
	id est



	IPC
	Incomplete Pairwise Comparisons



	MCDA
	Multi-criteria decision analysis



	MECE
	Mutually exclusive and collectively exhaustive



	RI
	Random index



	SHR
	Share



	SWARA
	Step-wise Weights Assessment Ratio Analysis



	TITLE-ABS-KEY
	Title–abstract–keywords search



	TOPSIS
	Technique of Order Preference by Similarity to Ideal Solution



	USD
	United States dollar



	XPS
	Expenses



	YTD
	Returns (from year-to-date)
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Figure 1. Research methodology. 
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Figure 2. Set of criteria associated with BOCR Model. 
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Table 1. Most cited publications on green bonds.
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	Reference
	Year
	Citations
	Main Findings





	[21]
	2019
	93
	Low impact of investors pro-environmental preferences on bond prices.



	[22]
	2018
	63
	Green bonds have negligible diversification benefits for investors in corporate and treasury markets.



	[23]
	2020
	49
	Firm’s issuance of green bonds is beneficial to its existing shareholders.



	[24]
	2018
	r48
	Liquidity has explanatory power for the yield spread of green bonds.



	[25]
	2018
	48
	Financial and corporate green bonds trade tighter than their comparable non-green bonds, and government-related bonds on the other hand trade marginally wider.



	[26]
	2019
	44
	Green bonds are more financially convenient than non-green ones, then they can potentially play a major role in greening the economy without penalizing financially the issuers.



	[27]
	2019
	41
	The issuer’s reputation or green third-party verification are essential to reduce informational asymmetries, avoid suspicion of green bond washing, and produce relatively more convenient financing conditions.



	[28]
	2016
	42
	Asian economies should focus on reducing financial barriers towards renewable energy projects.



	[6]
	2016
	41
	A shock in the conventional bond market tends to spillover into the green bond market, where this spillover effect is variable over time.







Source: Scopus Database (2021).
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Table 2. Publications on MCDA.






Table 2. Publications on MCDA.





	Subject
	Overall
	2019
	2020
	2021
	2021/Overall





	MCDA
	49,261
	4638
	5402
	3579
	7.3%



	AHP
	41,512
	3811
	4380
	2833
	6.8%



	TOPSIS
	11,227
	1430
	1778
	1329
	11.8%



	COPRAS
	1246
	114
	127
	98
	7.8%



	SWARA
	299
	56
	62
	55
	18.4%



	FUCOM
	53
	14
	15
	15
	28.3%







Source: Scopus Database (2021).
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Table 3. Pairwise comparison matrix and normalized weights of criteria from Expert 1 (AHP).
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	Criterion
	AST
	BET
	DIV
	EPI
	SHR
	XPS
	YTD
	Weight





	Assets (AST)
	1
	1/3
	1
	7
	3
	3
	1
	17.1%



	Risk (BET)
	3
	1
	1
	7
	1
	5
	1/3
	18.4%



	Dividend Yield (DIV)
	1
	1
	1
	9
	3
	3
	1
	20.7%



	Country’s EPI
	1/7
	1/7
	1/9
	1
	1/5
	1/5
	1/9
	2.1%



	Share (SHR)
	1/3
	1
	1/3
	5
	1
	3
	1/3
	10.2%



	Expenses (XPS)
	1/3
	1/5
	1/3
	5
	1/3
	1
	1/5
	5.5%



	Returns (YTD)
	1
	3
	1
	9
	3
	5
	1
	26.1%
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Table 4. Weights of criteria with AHP.
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	Criterion
	Expert 1
	Expert 2
	Expert 3





	AST
	17.1%
	14.8%
	3.8%



	BET
	18.4%
	1.7%
	22.1%



	DIV
	20.7%
	20.2%
	25.6%



	EPI
	2.1%
	3.1%
	12.4%



	SHR
	10.2%
	7.3%
	1.7%



	XPS
	5.5%
	12.5%
	4.6%



	YTD
	26.1%
	40.4%
	29.8%
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Table 5. Pairwise comparisons and weights of criteria from Expert 1 (FUCOM).
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	Criterion
	YTD
	DIV
	BET
	AST
	SHR
	XPS
	EPI
	Raw

Weight
	Normal.

Weight





	YTD
	1
	1
	
	
	
	
	
	1
	28.7%



	DIV
	
	1
	1
	
	
	
	
	1
	28.7%



	BET
	
	
	1
	3
	
	
	
	1
	28.7%



	AST
	
	
	
	1
	3
	
	
	1/3
	9.6%



	SHR
	
	
	
	
	1
	3
	
	1/9
	3.2%



	XPS
	
	
	
	
	
	1
	5
	1/27
	1.1%



	EPI
	
	
	
	
	
	
	1
	1/135
	0.2%
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Table 6. Weights of criteria with FUCOM.
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	Criterion
	Expert 1
	Expert 2
	Expert 3





	AST
	9.6%
	16.0%
	3.8%



	BET
	28.7%
	0.7%
	11.5%



	DIV
	28.7%
	16.0%
	34.5%



	EPI
	0.2%
	0.6%
	3.8%



	SHR
	3.2%
	3.2%
	11.5%



	XPS
	1.1%
	16.0%
	0.4%



	YTD
	28.7%
	48.0%
	34.5%
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Table 7. Pairwise comparisons and weights of criteria from Expert 1 (SWARA).
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	Criterion
	YTD
	DIV
	BET
	AST
	SHR
	XPS
	EPI
	Raw

Weight
	Normal.

Weight





	YTD
	1
	0.25
	
	
	
	
	
	1
	26.4%



	DIV
	
	1
	0.15
	
	
	
	
	0.800
	21.2%



	BET
	
	
	1
	0.10
	
	
	
	0.696
	18.4%



	AST
	
	
	
	1
	0.70
	
	
	0.632
	16.7%



	SHR
	
	
	
	
	1
	0.85
	
	0.372
	9.8%



	XPS
	
	
	
	
	
	1
	1.50
	0.201
	5.3%



	EPI
	
	
	
	
	
	
	1
	0.080
	2.1%
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Table 8. Weights of criteria with SWARA.
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	Criterion
	Expert 1
	Expert 2
	Expert 3





	AST
	16.7%
	15.5%
	5.5%



	BET
	18.4%
	2.4%
	20.9%



	DIV
	21.2%
	20.9%
	24.1%



	EPI
	2.1%
	4.3%
	12.0%



	SHR
	9.8%
	7.6%
	3.1%



	XPS
	5.3%
	12.9%
	6.8%



	YTD
	26.4%
	36.5%
	27.7%
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Table 9. Decision matrix.
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	Bond
	AST [USD]
	BET
	DIV
	EPI
	SHR [USD]
	XPS
	YTD [USD]





	1
	13,200,000,000
	1.03
	1.05
	69.3
	40.97
	0.14%
	12.02



	2
	478,000,000
	0.90
	0.93
	69.3
	98.22
	0.49%
	5.51



	3
	27,610,000,000
	0.86
	0.40
	69.3
	60.70
	0.84%
	13.23



	4
	7,880,000,000
	0.95
	0.18
	69.3
	44.02
	0.98%
	7.95



	5
	16,500,000,000
	1.20
	1.20
	69.3
	95.23
	0.15%
	13.05



	6
	7,300,000,000
	1.20
	1.30
	69.3
	44.90
	0.25%
	6.38



	7
	5,400,000,000
	1.20
	1.60
	69.3
	79.21
	0.20%
	8.68



	8
	5,500,000,000
	1.20
	0.40
	69.3
	23.24
	0.46%
	−19.17



	9
	1,100,000,000
	0.99
	1.20
	69.3
	104.77
	0.20%
	12.85



	10
	870,000,000
	0.99
	0.95
	81.3
	33.06
	0.78%
	5.00



	11
	917,000,000
	0.96
	1.25
	69.3
	37.49
	0.35%
	16.03



	12
	834,000,000
	0.00
	0.50
	69.3
	44.00
	0.40%
	5.00



	13
	6,600,000,000
	1.13
	1.53
	69.3
	10.55
	0.64%
	5.00



	14
	783,000,000
	1.57
	2.02
	69.3
	27.63
	0.18%
	−1.71



	15
	193,000,000
	1.01
	0.70
	69.3
	23.67
	0.10%
	5.00
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Table 10. Normalized decision matrix for COPRAS.






Table 10. Normalized decision matrix for COPRAS.





	Bond
	AST
	BET
	DIV
	EPI
	SHR
	XPS
	YTD





	1
	0.139
	0.068
	0.069
	0.066
	0.053
	0.020
	0.127



	2
	0.005
	0.059
	0.061
	0.066
	0.0128
	0.069
	0.058



	3
	0.290
	0.057
	0.026
	0.066
	0.079
	0.119
	0.140



	4
	0.083
	0.063
	0.012
	0.066
	0.057
	0.139
	0.084



	5
	0.173
	0.079
	0.079
	0.066
	0.124
	0.021
	0.138



	6
	0.077
	0.079
	0.086
	0.066
	0.058
	0.035
	0.067



	7
	0.057
	0.079
	0.105
	0.066
	0.103
	0.028
	0.092



	8
	0.058
	0.079
	0.026
	0.066
	0.030
	0.065
	−0.202



	9
	0.012
	0.065
	0.077
	0.066
	0.136
	0.028
	0.136



	10
	0.009
	0.065
	0.063
	0.077
	0.043
	0.110
	0.053



	11
	0.010
	0.063
	0.082
	0.066
	0.049
	0.050
	0.169



	12
	0.009
	0.000
	0.033
	0.066
	0.057
	0.057
	0.053



	13
	0.069
	0.074
	0.101
	0.066
	0.014
	0.091
	0.053



	14
	0.008
	0.103
	0.133
	0.066
	0.036
	0.025
	−0.018



	15
	0.002
	0.066
	0.046
	0.066
	0.031
	0.142
	0.053
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Table 11. Normalized weighted decision matrix with Expert 1’s AHP weights for COPRAS.






Table 11. Normalized weighted decision matrix with Expert 1’s AHP weights for COPRAS.





	Bond
	AST
	BET
	DIV
	EPI
	SHR
	XPS
	YTD





	1
	0.02377
	0.01251
	0.01428
	0.00139
	0.00541
	0.00110
	0.03315



	2
	0.00086
	0.01086
	0.01263
	0.00139
	0.01306
	0.00380
	0.01514



	3
	0.04959
	0.01049
	0.00538
	0.00139
	0.00806
	0.00655
	0.03654



	4
	0.01419
	0.01159
	0.00248
	0.00139
	0.00581
	0.00765
	0.02192



	5
	0.02958
	0.01454
	0.01635
	0.00139
	0.01265
	0.00116
	0.03602



	6
	0.01317
	0.01454
	0.01780
	0.00139
	0.00592
	0.00193
	0.01749



	7
	0.00975
	0.01454
	0.02174
	0.00139
	0.01051
	0.00154
	0.02401



	8
	0.00992
	0.01454
	0.00538
	0.00139
	0.00306
	0.00358
	−0.05272



	9
	0.00205
	0.01196
	0.01594
	0.00139
	0.01387
	0.00154
	0.03550



	10
	0.00154
	0.01196
	0.01304
	0.00162
	0.00439
	0.00605
	0.01383



	11
	0.00171
	0.01159
	0.01697
	0.00139
	0.00500
	0.00275
	0.04411



	12
	0.00154
	0.00000
	0.00683
	0.00139
	0.00581
	0.00314
	0.01383



	13
	0.01180
	0.01362
	0.02091
	0.00139
	0.00143
	0.00501
	0.01383



	14
	0.00137
	0.01895
	0.02753
	0.00139
	0.00367
	0.00138
	−0.00470



	15
	0.00034
	0.01214
	0.00952
	0.00139
	0.00316
	0.00781
	0.01383
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Table 12. Results with COPRAS application.






Table 12. Results with COPRAS application.





	

	

	
AHP

	

	

	
FUCOM

	

	

	
SWARA

	




	
Bond

	
    u 1    

	
    u 2    

	
    u 3    

	
    u 1    

	
    u 2    

	
    u 3    

	
    u 1    

	
    u 2    

	
    u 3    






	
1

	
1

	
0.956

	
0.813

	
1

	
0.992

	
1

	
1

	
1

	
1




	
2

	
0.306

	
0.412

	
0.533

	
0.412

	
0.331

	
0.489

	
0.320

	
0.352

	
0.438




	
3

	
0.949

	
1

	
0.776

	
0.894

	
1

	
0.789

	
0.948

	
0.963

	
0.775




	
4

	
0.408

	
0.509

	
0.495

	
0.424

	
0.475

	
0.433

	
0.412

	
0.454

	
0.438




	
5

	
0.847

	
0.982

	
0.850

	
0.929

	
0.907

	
0.933

	
0.866

	
0.898

	
0.843




	
6

	
0.510

	
0.649

	
0.636

	
0.600

	
0.500

	
0.644

	
0.515

	
0.528

	
0.584




	
7

	
0.582

	
0.719

	
0.738

	
0.729

	
0.593

	
0.800

	
0.588

	
0.620

	
0.697




	
8

	
−0.367

	
−0.456

	
−0.336

	
−0.529

	
−0.703

	
−0.644

	
−0.392

	
−0.546

	
−0.506




	
9

	
0.561

	
0.754

	
0.804

	
0.741

	
0.678

	
0.856

	
0.577

	
0.657

	
0.742




	
10

	
0.306

	
0.421

	
0.533

	
0.400

	
0.314

	
0.478

	
0.309

	
0.343

	
0.449




	
11

	
0.653

	
0.904

	
0.907

	
0.859

	
0.814

	
1

	
0.670

	
0.769

	
0.854




	
12

	
0.245

	
0.404

	
1

	
0.306

	
0.280

	
0.367

	
0.247

	
0.287

	
0.360




	
13

	
0.490

	
0.579

	
0.626

	
0.600

	
0.449

	
0.644

	
0.495

	
0.500

	
0.573




	
14

	
0.265

	
0.386

	
0.467

	
0.400

	
0.119

	
0.478

	
0.268

	
0.231

	
0.404




	
15

	
0.255

	
0.570

	
0.514

	
0.341

	
0.288

	
0.411

	
0.268

	
0.296

	
0.382
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Table 13. Normalized decision matrix for TOPSIS.
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	Bond
	AST
	BET
	DIV
	EPI
	SHR
	XPS
	YTD





	1
	0.478
	0
	0.520
	0.852
	0.075
	0.714
	0.750



	2
	0.017
	0
	0.460
	0.852
	0.031
	0.204
	0.344



	3
	1
	0
	0.198
	0.852
	0.050
	0.119
	0.825



	4
	0.285
	0
	0.089
	0.852
	0.070
	0.102
	0.496



	5
	0.598
	0
	0.594
	0.852
	0.032
	0.667
	0.814



	6
	0.264
	0
	0.644
	0.852
	0.068
	0.400
	0.398



	7
	0.196
	0
	0.792
	0.852
	0.039
	0.500
	0.536



	8
	0.199
	0
	0.201
	0.852
	0.944
	0.217
	−1.196



	9
	0.040
	0
	0.594
	0.852
	0.029
	0.500
	0.802



	10
	0.032
	0
	0.470
	1
	1
	0.128
	0.312



	11
	0.033
	0
	0.619
	0.852
	0.082
	0.286
	1



	12
	0.030
	1
	0.248
	0.852
	0.070
	0.250
	0.312



	13
	0.239
	0
	0.757
	0.852
	0.290
	0.156
	0.312



	14
	0.028
	0
	1
	0.852
	0.111
	0.556
	−0.107



	15
	0.007
	0
	0.347
	0.852
	0.129
	1
	0.312
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Table 14. Normalized weighted decision matrix with Expert 1’s AHP weights for TOPSIS.
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	Bond
	AST
	BET
	DIV
	EPI
	SHR
	XPS
	YTD





	1
	0.0817
	0
	0.1076
	0.0179
	0.008
	0.039
	0.196



	2
	0.003
	0
	0.095
	0.018
	0.003
	0.011
	0.090



	3
	0.171
	0
	0.041
	0.018
	0.005
	0.007
	0.215



	4
	0.049
	0
	0.018
	0.018
	0.007
	0.006
	0.130



	5
	0.102
	0
	0.123
	0.018
	0.003
	0.037
	0.212



	6
	0.045
	0
	0.133
	0.018
	0.007
	0.022
	0.104



	7
	0.034
	0
	0.163
	0.018
	0.004
	0.027
	0.140



	8
	0.034
	0
	0.042
	0.018
	0.096
	0.012
	−0.312



	9
	0.007
	0
	0.123
	0.018
	0.003
	0.028
	0.209



	10
	0.006
	0
	0.097
	0.021
	0.102
	0.007
	0.081



	11
	0.006
	0
	0.128
	0.018
	0.008
	0.016
	0.261



	12
	0.005
	0.184
	0.051
	0.018
	0.007
	0.014
	0.081



	13
	0.041
	0
	0.157
	0.018
	0.030
	0.009
	0.081



	14
	0.005
	0
	0.207
	0.018
	0.011
	0.031
	−0.028



	15
	0.001
	0
	0.072
	0.018
	0.013
	0.055
	0.081



	   a +   
	0.171
	0.184
	0.207
	0.021
	0.102
	0.055
	0.261



	   a −   
	0.001
	0
	0.018
	0.018
	0.003
	0.006
	−0.312
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Table 15. Results with TOPSIS application.






Table 15. Results with TOPSIS application.





	

	

	
AHP

	

	

	
FUCOM

	

	

	
SWARA

	




	
Bond

	
    c 1    

	
    c 2    

	
    c 3    

	
    c 1    

	
    c 2    

	
    c 3    

	
    c 1    

	
    c 2    

	
    c 3    






	
1

	
0.672

	
0.817

	
0.690

	
0.634

	
0.844

	
0.738

	
0.675

	
0.802

	
0.685




	
2

	
0.281

	
0.332

	
0.363

	
0.297

	
0.323

	
0.374

	
0.285

	
0.332

	
0.361




	
3

	
0.497

	
0.618

	
0.467

	
0.416

	
0.662

	
0.467

	
0.496

	
0.595

	
0.465




	
4

	
0.245

	
0.294

	
0.308

	
0.244

	
0.294

	
0.242

	
0.246

	
0.291

	
0.308




	
5

	
0.517

	
0.702

	
0.535

	
0.466

	
0.743

	
0.580

	
0.520

	
0.684

	
0.534




	
6

	
0.319

	
0.355

	
0.383

	
0.324

	
0.331

	
0.366

	
0.322

	
0.364

	
0.385




	
7

	
0.433

	
0.524

	
0.504

	
0.453

	
0.515

	
0.567

	
0.439

	
0.523

	
0.501




	
8

	
0.355

	
0.375

	
0.361

	
0.345

	
0.380

	
0.366

	
0.354

	
0.371

	
0.360




	
9

	
0.451

	
0.607

	
0.532

	
0.461

	
0.629

	
0.588

	
0.457

	
0.586

	
0.526




	
10

	
0.460

	
0.658

	
0.524

	
0.458

	
0.707

	
0.602

	
0.464

	
0.619

	
0.501




	
11

	
0.509

	
0.678

	
0.585

	
0.512

	
0.703

	
0.655

	
0.515

	
0.650

	
0.575




	
12

	
0.350

	
0.168

	
0.427

	
0.412

	
0.129

	
0.260

	
0.350

	
0.189

	
0.428




	
13

	
0.368

	
0.376

	
0.431

	
0.397

	
0.335

	
0.482

	
0.373

	
0.388

	
0.429




	
14

	
0.334

	
0.321

	
0.389

	
0.363

	
0.292

	
0.417

	
0.338

	
0.336

	
0.392




	
15

	
0.238

	
0.293

	
0.314

	
0.250

	
0.292

	
0.262

	
0.238

	
0.312

	
0.326
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Table 16. Ranks with MCDA methods applications according to Expert 1.
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AHP

	
AHP

	
FUCOM

	
FUCOM

	
SWARA

	
SWARA




	
Bond

	
COPRAS

	
TOPSIS

	
COPRAS

	
TOPSIS

	
COPRAS

	
TOPSIS






	
1

	
1

	
1

	
2

	
1

	
1

	
1




	
2

	
10

	
13

	
10

	
13

	
10

	
13




	
3

	
2

	
4

	
1

	
7

	
2

	
4




	
4

	
9

	
14

	
8

	
15

	
9

	
14




	
5

	
3

	
2

	
3

	
3

	
3

	
2




	
6

	
7

	
12

	
7

	
12

	
7

	
12




	
7

	
5

	
7

	
6

	
6

	
5

	
7




	
8

	
15

	
9

	
15

	
11

	
15

	
9




	
9

	
6

	
6

	
5

	
4

	
6

	
6




	
10

	
10

	
5

	
11

	
5

	
11

	
5




	
11

	
4

	
3

	
4

	
2

	
4

	
3




	
12

	
14

	
10

	
13

	
8

	
14

	
10




	
13

	
8

	
8

	
9

	
9

	
8

	
8




	
14

	
12

	
11

	
14

	
10

	
12

	
11




	
15

	
13

	
15

	
12

	
14

	
12

	
15
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Table 17. Ranks with MCDA methods applications according to Expert 2.
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AHP

	
AHP

	
FUCOM

	
FUCOM

	
SWARA

	
SWARA




	
Bond

	
COPRAS

	
TOPSIS

	
COPRAS

	
TOPSIS

	
COPRAS

	
TOPSIS






	
1

	
3

	
1

	
2

	
1

	
1

	
1




	
2

	
12

	
11

	
10

	
11

	
10

	
12




	
3

	
1

	
5

	
1

	
5

	
2

	
5




	
4

	
10

	
13

	
8

	
12

	
9

	
14




	
5

	
2

	
2

	
3

	
2

	
3

	
2




	
6

	
7

	
10

	
7

	
10

	
7

	
10




	
7

	
6

	
7

	
6

	
7

	
6

	
7




	
8

	
15

	
9

	
15

	
8

	
15

	
9




	
9

	
5

	
6

	
5

	
6

	
5

	
6




	
10

	
11

	
4

	
11

	
3

	
11

	
4




	
11

	
4

	
3

	
4

	
4

	
4

	
3




	
12

	
13

	
15

	
13

	
15

	
13

	
15




	
13

	
8

	
8

	
9

	
9

	
8

	
8




	
14

	
14

	
12

	
14

	
14

	
14

	
11




	
15

	
9

	
14

	
12

	
13

	
12

	
13
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Table 18. Ranks with MCDA methods applications according to Expert 3.
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AHP

	
AHP

	
FUCOM

	
FUCOM

	
SWARA

	
SWARA




	
Bond

	
COPRAS

	
TOPSIS

	
COPRAS

	
TOPSIS

	
COPRAS

	
TOPSIS






	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
2

	
10

	
12

	
10

	
10

	
10

	
12




	
3

	
3

	
7

	
2

	
8

	
4

	
7




	
4

	
9

	
15

	
9

	
15

	
10

	
15




	
5

	
2

	
3

	
3

	
5

	
3

	
3




	
6

	
7

	
11

	
7

	
11

	
7

	
11




	
7

	
6

	
6

	
5

	
6

	
6

	
5




	
8

	
15

	
13

	
15

	
12

	
15

	
13




	
9

	
5

	
4

	
6

	
4

	
5

	
4




	
10

	
11

	
5

	
11

	
3

	
9

	
6




	
11

	
4

	
2

	
4

	
2

	
2

	
2




	
12

	
14

	
9

	
14

	
14

	
14

	
9




	
13

	
7

	
8

	
8

	
7

	
8

	
8




	
14

	
11

	
10

	
12

	
9

	
12

	
10




	
15

	
13

	
14

	
12

	
13

	
13

	
14
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