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ABSTRACT It is essential to supply the necessary electricity for both the increase in the quality of life of 

the citizens and the stable growth of the country's economy. For countries to have energy independence, they 

need to increase their electricity generation capacity. However, all alternatives required to increase electrical 

capacity have both advantages and disadvantages. Within this scope, it is not easy for countries to make the 

right investment decisions. Therefore, a comprehensive analysis is needed to determine the right investment 

policy. The purpose of this study is to evaluate the electricity production capacities of emerging markets. A 

new fuzzy decision-making model has been constructed to find a solution for this situation. The groups for 

the electricity production capacities are examined by the extension of DEMATEL with Quantum Spherical 

fuzzy sets and golden ratio. In the following stage, emerging seven economies are ranked by using QSF 

TOPSIS technique. This situation helps to understand which of these countries are more successful in 

generating electricity capacity effectively. The main novelty is to define the most significant electricity 

generation alternatives by a novel model that integrates DEMATEL and TOPSIS with QSFSs and golden 

ratio. The results demonstrate that solar photovoltaic is the most optimal way to increase electricity capacity 

of the countries. Additionally, China is the most successful emerging country to generate electricity in an 

efficient way. Countries should take some actions to increase their solar energy investments. First, it would 

be appropriate to provide tax exemptions to solar energy investors so that the costs of these projects can be 

decreased. Additionally, investments in solar energy technologies need to be further increased. 

INDEX TERMS electricity capacity, electricity production, sustainable investments, fuzzy decision-

making 

  

This article has been accepted for publication in IEEE Access. This is the author's version which has not been fully edited and 

content may change prior to final publication. Citation information: DOI 10.1109/ACCESS.2023.3255175

This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/

mailto:sm.muyeen@qu.edu.qa


 

  

I. INTRODUCTION 

Since electricity is used in all areas of life, it is a very 

important resource for human life. Electricity is very 

necessary to meet basic needs such as lighting, 

communication, and heating. Moreover, electricity is also a 

vital issue for national economies. Considering that the 

machines in the production process work with electricity, it 

is accepted that electricity is an important raw material. In 

other words, if electricity cannot be supplied, significant 

disruptions will occur in production processes, and this will 

lead to a decrease in investments [1]. As a result, the risk of 

shrinking the country's economy will increase. In summary, 

it is essential to supply the necessary electricity for both the 

increase in the quality of life of the citizens and the stable 

growth of the country's economy. 

If a country has sufficient fossil resources within its borders, 

that country can meet its electricity needs with its own 

means. On the other hand, countries that do not have 

sufficient fossil resources have to meet their needs by 

importing energy from another country. In other words, 

energy dependency problem arises in countries that do not 

have their own energy resources [2]. This situation leads to 

an increase in both political and economic risks in countries. 

A political tension to be experienced with a country from 

which energy is imported or the country may experience 

economic problems. Furthermore, the continuous import of 

energy causes countries to face the problem of current 

account deficit. In summary, it is necessary for countries to 

produce their own energy and achieve energy independence, 

both for political and economic stability. 

For countries to have energy independence, they need to 

increase their electricity generation capacity. In this context, 

countries can conduct research studies on the existence of 

possible fossil resources within their borders. In this process, 

seismic survey and drilling vessels and competent personnel 

are needed. With the existence of resources such as oil and 

natural gas that can be obtained as a result of these research, 

countries will be able to have their own energy resources. On 

the other hand, since fossil fuels cause carbon emissions, 

they create air pollution and are severely criticized in this 

regard. Another way to increase the electricity capacity of 

countries is nuclear energy. Thanks to nuclear power plants, 

it is possible to produce both high and uninterrupted 

electricity. On the other hand, the radioactive waste and the 

risk of accidents in power plants are the most critical aspects 

of nuclear energy [3]. 

Countries can also increase their electricity production 

capacity with renewable energy sources. Solar, geothermal, 

wind, hydroelectric and biomass are among the most widely 

known renewable energy types. One of the biggest 

advantages of these types of energy is that countries can 

obtain their own energy production and energy independence 

[4]. In addition, while generating electricity in these types of 

energy, natural factors are used instead of burning fossil 

fuels. Therefore, the carbon emission problem in renewable 

energy types can be minimized. On the other hand, 

investment costs in renewable energy projects are very high 

compared to other alternatives. This situation creates an 

obstacle to the increase of renewable energy investments. 

Furthermore, interruptions may occur while generating 

electricity with renewable energy types. The reason for this 

is that these projects are affected by climatic conditions. 

While solar energy is obtained less at night, wind turbines 

can produce less electricity in the seasons when the wind 

blows less. 

All alternatives required to increase electrical capacity have 

both advantages and disadvantages. In this context, it is not 

easy for countries to make the right investment decisions. In 

this process, both the current economic conditions and the 

climatic aspects of the countries should be taken into 

consideration. Therefore, a comprehensive analysis is 

needed to determine the right investment policy. Otherwise, 

it will not be possible for wrong energy investments to be 

sustainable in the long run. This will lead to unnecessary 

increases in costs and failure to meet energy dependency 

targets. In this process, multi-criteria decision-making 

techniques can be considered. In this way, it can be easier to 

determine the importance weights of different electricity 

generation alternatives. 

In this study, it is aimed to identify the electricity production 

capacities of emerging markets. A new fuzzy decision-

making model has been established with the aim of 

answering this question. The groups for the electricity 

production capacities are examined by the extension of 

DEMATEL with Quantum Spherical fuzzy sets and golden 

ratio. Next, emerging seven economies are ranked by using 

QSF TOPSIS technique so that it can be understood which 

of these countries are more successful in generating 

electricity capacity effectively.  

The main contributions of this study are demonstrated as 

follows.  

(i) The most significant electricity generation alternatives 

can be identified. This situation paves the way for countries 

to make appropriate energy investments. With the help of 

this analysis, optimal investment strategies can be presented 

to the countries so that electricity capacity can be increased 

in an efficient way. 

(ii) An examination has been conducted for emerging seven 

economies. These countries aim to reach a developed 

economy level. To reach this objective, the countries should 

increase industrial production. In this process, these 

countries need low-cost electricity. Therefore, the results 

obtained in this study are guiding both understanding the 

current performance of developing countries in electricity 

production and their future energy investment decisions.  
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(iii) Selecting DEMATEL increases the superiority of the 

generated model. Electricity generation alternatives can have 

an impact on each other. For example, making investments 

in solar energy projects can have a positive contribution on 

wind energy investments because similar energy 

technologies can be considered. Hence, identifying the 

critical electricity generation alternative is quite significant. 

Because of this issue, the causality relationships among these 

alternatives should be taken into consideration while 

defining the appropriate investment strategy. In summary, 

DEMATEL is one of the most optimal methods for this 

subject. 

(iv) Using TOPSIS in ranking the countries also provides 

some benefits. In the analysis process of TOPSIS, negative 

ideal solution is also considered in addition to the positive 

ideal one. This situation helps to make more effective 

evaluations. 

(v) In Spherical fuzzy sets, hesitancy conditions are taken 

into consideration. This situation provides to use a larger 

space in the examination. Hence, the results can be more 

appropriate. Additionally, with the help of integrating these 

sets with Quantum theory, the probabilities of different 

situations can be identified. Finally, in this study, golden 

ratio is used to calculate the degrees of Spherical fuzzy sets. 

Thus, the accuracy and the originality of the analysis results 

can be increased.  

The following part explains the literature evaluation. The 

third section shows the details of the methodology. The 

results are shared in the next part. In the final sections, 

discussions and conclusions are presented.  

II. LITERATURE REVIEW 

Fossil fuels are one of the oldest known ways of generating 

electricity. In this context, electricity is obtained by burning 

fossil resources such as coal and oil [5]. Bach et al. [6] 

focused on the energy market in Norway. They defined that 

since this process has been done for years, information about 

the process is more. On the other hand, according to Martins 

et al. [7], it is known that this alternative is easier compared 

to the others, since the existing fossil fuels in electricity 

production are burned. Moreover, Megía et al. [8] concluded 

that the low cost compared to others is one of the most 

important advantages of fossil fuels. Mohadesi et al. [9] 

stated that thanks to these positive aspects, fossil fuels are 

the most preferred way to generate electricity worldwide. 

Zamparas [10] identified that the carbon gas that occurs 

while generating electricity with fossil fuels causes 

significant air pollution. This problem both negatively 

affects people's health and reduces the productivity of sectors 

such as agriculture. Yüksel and Mikhaylov [11] discussed 

that some actions are being taken to solve the carbon 

emission problem caused by fossil fuels. In this context, Due 

et al. [12] suggested the use of clean energy sources. 

Furthermore, carbon capture and separation technology is 

another application considered for handling fossil fuels 

without harming the environment. 

Nuclear energy is also one of the preferred directions for 

countries to increase their own electricity capacity. To obtain 

electricity with nuclear energy, the protons and neutrons in 

the nuclei of atoms must be separated from each other [13]. 

In this way, a very strong heat emerges, and electricity is 

produced with the power of the steam obtained [14]. To 

produce more electricity, uranium element, which has many 

protons, is preferred in nuclear reactors. According to Yüksel 

and Dinçer [15], the absence of carbon emissions is one of 

the most important advantages of nuclear energy. 

Zawalińska et al. [16] identified that uninterrupted and high 

amounts of electricity can be obtained from nuclear reactors. 

On the other hand, Usman et al. [17] underlined that 

radioactive wastes generated as a result of the production of 

nuclear energy are the most discussed subject of this type of 

energy. Bandyopadhyay and Rej [18] highlighted that 

effective disposal of these wastes is vital. Otherwise, nuclear 

energy threatens the lives of living things. Yuan et al. [19] 

reached a conclusion that nuclear reactor accidents that have 

happened before also make investors and people nervous. 

Another way to increase a country's electricity generation 

capacity is through renewable energy sources. In these 

energy alternatives, natural resources are taken into 

consideration instead of burning fossil fuels [20]. Yang et al. 

[21] explained that the resources needed in this process are 

never exhausted and therefore these alternatives are called 

renewable. According to Xie et al. [22], the biggest 

advantage of renewable energy sources is that they do not 

cause carbon emissions. Moreover, Karatop et al. [23] 

defined that countries can have energy independence by 

producing their own energy thanks to renewable energy 

projects. On the other hand, He et al. [24] discussed that the 

most important disadvantage of renewable energy projects is 

high investment costs. Wind energy is one of the most 

popular types of renewable energy [25]. In this process, 

electricity is produced by the motive power of the blowing 

wind. On the other hand, Aquila et al. [26] stated that the 

most important disadvantage of wind energy is that the 

energy production value is not constant since the wind is not 

continuous. This situation causes the uncertainty in the 

amount of electricity production to increase. 

Solar energy is one of the most widely used renewable 

energy types. In this process, the sun rays coming to the solar 

panels are converted into electrical energy. Kou et al. [27] 

demonstrated thattThanks to the new technology developed, 

solar energy is one of the clean energy sources with the 

lowest investment cost. This provides a significant 

competitive advantage to solar energy projects. 

Nevertheless, Li et al. [28] concluded that some negative 

aspects also lead to a decrease in the efficiency of solar 

energy projects. Especially at night and in winter, solar 

energy is less [29]. This situation causes the amount of 

electricity produced to be less. Halden et al. [30] determined 

that the location is also one of the important aspects for the 

performance of solar energy projects. The fact that it cannot 

be installed in every area prevents the increase in the number 
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of solar energy projects. However, Vaka et al. [31] denoted 

that with new solar energy technologies, it has become 

possible to install small-scale solar panels. This contributes 

significantly to the increase of solar energy projects. 

In geothermal energy, another type of renewable energy, 

steam from underground hot thermal waters is used. Lund 

and Toth [32] explained that unlike solar and wind energy, 

geothermal energy is not affected by climatic conditions. In 

other words, thanks to geothermal energy, it is possible to 

generate electricity around the clock [33]. According to 

Lebbihiat et al. [34], despite these issues, there are some 

disadvantages in the process of obtaining electricity with 

geothermal energy. Yüksel et al. [35] identified that in this 

process, if the source water obtained from the underground 

is not returned to this source, a water problem occurs in the 

region. This situation causes agricultural production in the 

region to be adversely affected. Gong et al. [36] explained 

that another disadvantage of geothermal energy is that it 

allows electricity generation only to countries with thermal 

water resources. Therefore, the inability of every country to 

make these investments is considered as an important 

problem [37]. 

In hydroelectric energy, electricity is obtained from the 

motive power of flowing water. Gyamfi et al. [38] indicated 

that established hydroelectric power plants have a long life. 

This also contributes to the increase of efficiency in 

electricity generation. On the other hand, according to Fan et 

al. [39], there are some criticisms of hydroelectric energy. In 

the region where hydroelectric power plants are built, some 

disasters such as floods may occur due to the deterioration of 

the natural balance. Lu et al. [40] discussed that hydroelectric 

power plants and dams can be very expensive to build. 

Electricity production with biomass energy is also obtained 

by burning agricultural and animal wastes. The fact that the 

efficiency is not very high is one of the most criticized 

aspects of biomass energy [41]. Obtaining and using the 

products used to generate electricity with biomass energy 

can take a long time [42]. This situation negatively affects 

the performance of their investments [43]. 

There are many different alternatives to obtaining electricity. 

However, each alternative has different advantages and 

disadvantages. Therefore, it is very difficult for countries to 

make the right investment decisions to increase their 

electricity production capacity. In this context, it is necessary 

to determine the most accurate electricity generation method 

with a comprehensive analysis. In this study, it is aimed to 

identify the electricity production capacities of emerging 

markets. For this purpose, 10 different groups for electricity 

production capacities are evaluated.  

III. METHODOLOGY 

The methods used in the analysis are explained in this 

section.  

 

A. QSFSs with Golden Ratio 

In quantum mechanics, the probabilities are taken into 

consideration. In this framework, the amplitude and the 

phase angle items are used. The details of these mechanics 

are identified in Equations (1)-(3). |𝑄(|𝑢 >)| = 𝜑2 denotes 

the amplitude result and it can have values between 0 and 1. 

Additionally, 𝜍 refers to the set of collective events. Phase 

angel is shown as 𝜃 and |𝜑1|
2 identifies the belief degree 

[44].  

𝑄(|𝑢 >) = 𝜑𝑒𝑗𝜃                                                         (1)          

|𝜍 > = {|𝑢1 >, |𝑢2 >,… , |𝑢𝑛 >}                                (2) 

∑ |𝑄(|𝑢 >)||𝑢>⊆|𝜍> = 1                                              (3) 

 

Quantum theory is considered with Spherical fuzzy sets (𝐴̃𝑆) 
in this proposed model. The condition of these sets is that the 

square sum of the membership, non-membership and 

hesitation parameters (μ, ν, π) should get value between 0 

and 1. These sets are defined in Equations (4) and (5) [45].  

𝐴̃𝑆 = {⟨𝑢, (𝜇𝐴𝑆(𝑢), 𝑣𝐴𝑆(𝑢), ℎ𝐴𝑆(𝑢))|𝑢 ∈ 𝑈}               (4) 

0 ≤ 𝜇𝐴𝑆
2 (𝑢) + 𝑣𝐴𝑆

2 (𝑢) + ℎ𝐴𝑆
2 (𝑢) ≤ 1 , ∀𝑢∈ 𝑈            (5) 

The integration of the probabilities to 𝐴̃𝑆 is shown in 

Equation (6). In this scope, 𝜍𝜇𝐴̃𝑆
, 𝜍𝑣𝐴̃𝑆

, and 𝜍ℎ𝐴̃𝑆
 give 

information about the degrees.  

|𝜍𝐴𝑆 > = {⟨𝑢, (𝜍𝜇𝐴̃𝑆
(𝑢), 𝜍𝑣𝐴̃𝑆

(𝑢), 𝜍ℎ𝐴̃𝑆
(𝑢))|𝑢 ∈ 2

|𝜍𝐴̃𝑆
>
}         (6) 

The amplitude and phase angles are given in Equations (7) 

and (8). 

𝜍 = [𝜍𝜇 . 𝑒
𝑗2𝜋.𝛼 , 𝜍𝑣 . 𝑒

𝑗2𝜋.𝛾, 𝜍ℎ . 𝑒
𝑗2𝜋.𝛽]                     (7) 

𝜑2 = |𝜍𝜇(|𝑢𝑖 >)|                                                  (8) 

With the aim of increasing originality and the accuracy of the 

proposed model, the degrees are computed with golden ratio 

(G). Equations (9) and (10) demonstrate the operations of 

this ratio. The small and large quantities are indicated by b 

and a [46]. 

𝐺 =
𝑎

𝑏
                                                                (9) 

𝐺 =
1 + √5

2
= 1.618…                              (10) 
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The amplitudes of hesitancy/non-membership degrees and 

phase angle of QSFSs are denoted by Equations (11)-(13). 

𝜍ℎ = 1 − 𝜍𝜇 − 𝜍𝑣                                        (11) 

𝜍𝑣 =
𝜍𝜇

𝐺
                                                        (12) 

𝛼 = |𝜍𝜇(|𝑢𝑖 >)|                                          (13) 

Equations (14) and (15) include the phase angles of non-

member and hesitancy degrees. 

𝛾 =
𝛼

𝐺
                                                          (14) 

𝛽 = 1 − 𝛼 − 𝛾                                            (15) 

The details of QSFSs (𝐴̃𝜍 and 𝐵̃𝜍) are indicated in Equations 

(16)-(19).  

𝜆 ∗ 𝐴̃𝜍 =

{
 
 

 
 

(1 − (1 −

𝜍𝜇𝐴̃
2)
𝜆
)

1

2
𝑒
𝑗2𝜋.(1−(1−(

𝛼𝐴̃
2𝜋
)
2
)
𝜆

)

1
2

, 𝜍𝑣𝐴̃
𝜆𝑒

𝑗2𝜋.(
𝛾𝐴̃
2𝜋
)
𝜆

, ((1 − 𝜍ℎ𝐴̃
2)
𝜆
−

(1 − 𝜍𝜇𝐴̃
2 − 𝜍ℎ𝐴̃

2)
𝜆
)

1

2
𝑒
𝑗2𝜋.((1−(

𝛽
𝐴̃
2𝜋
)
2

)

𝜆

−(1−(
𝛼
𝐴̃
2𝜋
)
2
−(

𝛽
𝐴̃
2𝜋
)
2

)

𝜆

)

1
2

}
 
 

 
 

 , 𝜆 >

0                                                                                                             (16)  

𝐴̃𝜍
𝜆
=

{
 
 

 
 

𝜍𝜇𝐴̃
𝜆𝑒𝑗2𝜋.(

𝛼𝐴̃
2𝜋
)
𝜆

, (1 − (1 −

𝜍𝑣𝐴̃
2)

𝜆

)

1

2

𝑒
𝑗2𝜋.(1−(1−(

𝛾𝐴̃
2𝜋
)
2
)

𝜆

)

1
2

 , ((1 − 𝜍𝑣𝐴̃
2)

𝜆

− (1 −

𝜍𝑣𝐴̃
2 − 𝜍ℎ𝐴̃

2)
𝜆

)

1

2

𝑒
𝑗2𝜋.((1−(

𝛾𝐴̃
2𝜋
)
2
)

𝜆

−(1−(
𝛾𝐴̃
2𝜋
)
2
−(

𝛽𝐴̃
2𝜋
)
2

)

𝜆

)

1
2

 

}
 
 

 
 

, 

𝜆 > 0                                                                                   (17) 

𝐴̃𝜍⊕ 𝐵̃𝜍 =

{
 

 

(𝜍𝜇𝐴̃
2 + 𝜍𝜇𝐵̃

2 −

𝜍𝜇𝐴̃
2𝜍𝜇𝐵̃

2)
1

2𝑒
𝑗2𝜋.((

𝛼𝐴̃
2𝜋
)
2
+(

𝛼𝐵̃
2𝜋
)
2
−(

𝛼𝐴̃
2𝜋
)
2
(
𝛼𝐵̃
2𝜋
)
2
)

1
2

 , 𝜍𝑣𝐴̃𝜍𝑣𝐵̃𝑒
𝑗2𝜋.((

𝛾𝐴̃
2𝜋
)(
𝛾𝐵̃
2𝜋
))
, ((1 −

𝜍𝜇𝐵̃
2)𝜍ℎ𝐴̃

2 + (1 − 𝜍𝜇𝐴̃
2)𝜍ℎ𝐵̃

2 −

𝜍ℎ𝐴̃
2𝜍ℎ𝐵̃

2)

1

2
𝑒
𝑗2𝜋.((1−(

𝛼𝐵̃
2𝜋
)
2
)(
𝛽𝐴̃
2𝜋
)
2

+(1−(
𝛼𝐴̃
2𝜋
)
2
)(
𝛽𝐵̃
2𝜋
)
2

−(
𝛽𝐴̃
2𝜋
)
2

(
𝛽𝐵̃
2𝜋
)
2

)

1
2

}
 

 

  (18) 

𝐴̃𝜍⊗ 𝐵̃𝜍 =

{
 

 

𝜍𝜇𝐴̃𝜍𝜇𝐵̃𝑒
𝑗2𝜋.(

𝛼
𝐴̃
2𝜋
)(
𝛼𝐵̃
2𝜋
)
, (𝜍𝑣𝐴̃

2 + 𝜍𝑣𝐵̃
2 −

𝜍𝑣𝐴̃
2𝜍𝑣𝐵̃

2)
1

2𝑒
𝑗2𝜋.((

𝛾𝐴̃
2𝜋
)
2
+(

𝛾𝐵̃
2𝜋
)
2
−(

𝛾𝐴̃
2𝜋
)
2
(
𝛾𝐵̃
2𝜋
)
2
)

1
2

 , ((1 − 𝜍𝑣𝐵̃
2)𝜍ℎ𝐴̃

2 + (1 −

𝜍𝑣𝐴̃
2)𝜍ℎ𝐵̃

2 −

𝜍ℎ𝐴̃
2𝜍ℎ𝐵̃

2)

1

2
𝑒
𝑗2𝜋.((1−(

𝛾𝐵̃
2𝜋
)
2
)(
𝛽
𝐴̃
2𝜋
)
2

+(1−(
𝛾
𝐴̃
2𝜋
)
2
)(
𝛽𝐵̃
2𝜋
)
2

−(
𝛽
𝐴̃
2𝜋
)
2

(
𝛽𝐵̃
2𝜋
)
2

)

1
2

}
 

 

   (19)   

 

B. The Extension of DEMATEL with QSFSs 

There may be several different factors that affect a subject. 

DEMATEL is used to determine the most important one 

among these factors. Furthermore, this approach makes it 

possible to determine the cause-effect relationship between 

these criteria [47]. In this study, DEMATEL technique is 

developed by integrating with QSFSs. After obtaining 

evaluations, relation matrix (𝜍) is established with Equation 

(20) [48]. 

𝜍𝑘= 

[
 
 
 
 
0 𝜍12 ⋯ ⋯ 𝜍1𝑛
𝜍21 0 ⋯ ⋯ 𝜍2𝑛
⋮ ⋮ ⋱ ⋯ ⋯
⋮ ⋮ ⋮ ⋱ ⋮
𝜍𝑛1 𝜍𝑛2 ⋯ ⋯ 0 ]

 
 
 
 

                    (20) 

Next, aggregated values are computed by Equation (21). 

𝜍 =

{
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 (21) 

The values are defuzzified by Equation (22). 

𝐷𝑒𝑓𝜍𝑖 = 𝜍𝜇𝑖 + 𝜍ℎ𝑖 (
𝜍𝜇𝑖

𝜍𝜇𝑖 + 𝜍𝑣𝑖
) + (

𝛼𝑖
2𝜋
)

+ (
𝛾𝑖
2𝜋
)(

(
𝛼𝑖
2𝜋
)

(
𝛼𝑖
2𝜋
) + (

𝛽𝑖
2𝜋
)
)     (22) 

Normalized values (B) are calculated with Equations (23) 

and (24). 
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𝐵 =
𝜍

𝑚𝑎𝑥1≤𝑖≤𝑛 ∑ 𝜍𝑖𝑗
𝑛
𝑗=1

                       (23) 

0 ≤ 𝑏𝑖𝑗 ≤ 1                                           (24) 

Equation (25) is considered to establish total relation matrix 

(C). 

lim
𝑘→∞

(𝐵 + 𝐵2 +⋯+ 𝐵𝑘) = 𝐵(𝐼 − 𝐵)−1       (25) 

The sums of the columns/rows (E and D) and threshold value 

(a) are computed for the identification of causal directions 

and weights with Equations (26)-(28). 

𝐷 = [∑ 𝑒𝑖𝑗
𝑛
𝑗=1 ]

𝑛𝑥1
                               (26) 

𝐸 = [∑ 𝑒𝑖𝑗
𝑛
𝑖=1 ]

1𝑥𝑛
                                (27) 

𝛼 = 
∑ ∑ [𝑒𝑖𝑗]

𝑛
𝑗=1

𝑛
𝑖=1

𝑁
                                     (28) 

C. The Extension of TOPSIS with QSFSs 

There may be different alternatives for a subject. To choose 

between these alternatives, the TOPSIS technique can be 

considered. This method is used together with QSFSs in the 

model created [49]. Decision matrix (X) is constructed with 

the evaluations as in Equation (29).   

𝑋𝑘= 

[
 
 
 
 
0 𝑋12 ⋯ ⋯ 𝑋1𝑚
𝑋21 0 ⋯ ⋯ 𝑋2𝑚
⋮ ⋮ ⋱ ⋯ ⋯
⋮ ⋮ ⋮ ⋱ ⋮
𝑋𝑛1 𝑋𝑛2 ⋯ ⋯ 0 ]

 
 
 
 

                   (29) 

Defuzzification and normalization are made by Equations 

(22) and (30). 

𝑟𝑖𝑗 = 
𝑋𝑖𝑗

√∑ 𝑋𝑖𝑗
2𝑚

𝑖=1

.                                               (30)  

The weights are calculated for these values with Equation 

(31). 

𝑣𝑖𝑗 = 𝑤𝑖𝑗 × 𝑟𝑖𝑗                                              (31) 

The positive/negative ideal solutions (𝐴+/𝐴−) are computed 

by Equations (32) and (33). 

𝐴+ = {𝑣1𝑗 , 𝑣2𝑗 , … , 𝑣𝑚𝑗} = {max 𝑣1𝑗  𝑓𝑜𝑟 ∀  𝑗 ∈ 𝑛},      (32)  

 𝐴− = {𝑣1𝑗 , 𝑣2𝑗 , … , 𝑣𝑚𝑗} = {min 𝑣1𝑗  𝑓𝑜𝑟 ∀  𝑗 ∈ 𝑛}.      (33)  

With Equations (34) and (35), the distances of best/worst 

results are defined. 

𝐷𝑖
+ = √∑ (𝑣𝑖𝑗 − 𝐴𝑗

+)
2
 𝑛

𝑗=1                              (34)  

𝐷𝑖
− =  √∑(𝑣𝑖𝑗 − 𝐴𝑗

−)
2

𝑛

𝑗=1

                               (35) 

Finally, relative closeness is used for alternative ranking as 

in Equation (36). 

𝑅𝐶𝑖 =  
𝐷𝑖
−

𝐷𝑖
+ + 𝐷𝑖

−                                             (36) 

D. The Extension of VIKOR with QSFSs 

In this study, a comparative evaluation is also made by using 

VIKOR to test the reliability of the findings. VIKOR 

methodology is also used to rank alternatives. The first three 

steps of this model are the same as TOPSIS [50]. After that, 

Equation (37) is used for the calculation of the best and worst 

values (𝑓𝐽
∗ and 𝑓𝑗

−). 

𝑓𝐽
∗ = 𝑚𝑎𝑥

𝑖
𝑥̃𝑖𝑗 , and 𝑓𝑗

− = 𝑚𝑖𝑛
𝑖
𝑥̃𝑖𝑗 ,                          (37)                                                                                         

Equations (38) and (39) are considered for mean group utility 

and maximal regret. 

𝑆̃𝑖 = ∑ 𝑤̃𝑗
(|𝑓̃𝑗

∗
−𝑥𝑖𝑗|)

(|𝑓̃𝑗
∗
−𝑓̃𝑗

−
|)

𝑛
𝑖=1                                      (38)   

𝑅̃𝑖 = 𝑚𝑎𝑥𝑗 [𝑤̃𝑗
(|𝑓̃𝑗

∗
−𝑥𝑖𝑗|)

(|𝑓̃𝑗
∗
−𝑓̃𝑗

−
|)
]                                 (39) 

Finally, regarding the ranking of the factors, Equation (40) is 

taken into consideration.  

𝑄̃𝑖 = 𝑣 (𝑆̃𝑖 − 𝑆̃
∗) (𝑆̃− − 𝑆̃∗)⁄ + (1 −

𝑣) (𝑅̃𝑖 − 𝑅̃
∗) (𝑅̃− − 𝑅̃∗)⁄                                  (40) 

E. Proposed Model 

A new model is proposed by extending DEMATEL and 

TOPSIS with QSFSs and golden ratio to evaluate electricity 

generation capacities. The groups for the electricity 

production capacities are examined by QSF DEMATEL and 

emerging seven economies are ranked by using QSF 

TOPSIS. Figure 1 explains the steps in this model. 
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FIGURE 1. Model 

 

IV. ANALYSIS RESULTS 

The results of the model are given for each stage separately.  

A. Weighting the groups for the electricity production 
capacities 

The groups for the electricity production capacities are 

identified based on the Eurostat and Standard International 

Energy Product Classification (SIEC) as in Table 1. 

TABLE 1. Main Fuel Groups for Electricity Production Capacities 

Groups 

Combustible fuels (CBF) 

Solar thermal (STH) 

Solar photovoltaic (SPH) 

Wind (WID) 

Tide, wave, ocean (TVO) 

Hydro (HDR) 

Pure and mixed hydro power (PXP) 

Pumped hydro power (PHP) 

Nuclear fuels and other fuels (NFF) 

Geothermal (GRL) 

Combustible fuels refer to the materials that can easily be 

burnt. Solar energy technologies are examined in two groups 

as thermal and photovoltaic systems. Regarding solar 

thermal, heat from sunlight is used. In solar photovoltaic 

systems, the sun's rays come to the panels and electricity is 

obtained by the mechanism here. In wind energy, wind 

power is used, and in ocean and wave energies, the thrust 

created by the waves formed in the seas is considered. In 

hydroelectric energy, electricity is obtained from the 

movement power of the stream. In nuclear energy, protons 

and neutrons in the nucleus of the atom are separated from 

each other. Electricity is generated by the resulting extreme 

heat. Geothermal energy, on the other hand, produces 

electricity by using the steam of hot thermal waters 

underground. 

The questions are created by comparing these energy 

generation ways. These questions are asked to the expert 

team that consists of three people (PLE). They work as top 

managers in international energy generation companies for 

27-33 years. They evaluated the questions by using five 

different scales that are explained in Table A1. Table A2 

states the evaluations. Average values (Table A3), score 

values (Table A4), normalized matrix (Table A5) and total 

relation matrix (Table A6) are established in the following 

steps. Impact directions are constructed as in Table 2. 

TABLE 2. Impact Directions 

Impact directions 

CBF→(SPH,NFF) 

STH→(SPH,WID,NFF) 

SPH→(CBF,STH,WID,TVO,NFF) 

WID→(CBF,STH,SPH,TVO,NFF) 

TVO→(STH,SPH,WID,NFF) 

HDR→(CBF,STH,SPH,WID,TVO,NFF) 

PXP→(CBF,STH,SPH,WID,TVO,NFF) 

PHP→(CBF,STH,SPH,WID,TVO,HDR,PXP,NFF) 

NFF→(CBF,STH,SPH,WID,TVO) 

GRL→(CBF,STH,SPH,WID,TVO,NFF) 
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It is concluded that pumped hydro power, pure and mixed 

hydro power and hydro are the most influencing alternative 

of energy generation. Moreover, nuclear fuels are defined as 

the most influenced alternative. Finally, the weights of these 

alternatives are calculated, and the results are indicated in 

Table 3.  

TABLE 3. Weights 

 Weights Rankings 

CBF .0999 8 

STH .1000 5 

SPH .1002 1 

WID .1001 2 

TVO .1000 6 

HDR .0999 9 

PXP .0998 10 

PHP .1001 4 

NFF .1001 3 

GRL .1000 7 

The results denote that solar photovoltaic is the most optimal 

way to increase electricity capacity of the countries. Wind 

energy also plays an essential role in this circumstance. 

Similarly, nuclear powers are also important in this regard. 

However, as can be seen from Table 3, the difference 

between criterion weights is very low. According to the 

results obtained, solar energy is determined as the most 

optimal way to increase electrical capacity. But the low 

difference between criterion weights indicates that other 

issues are also important. However, if investors have to make 

a choice due to budget constraints, it is recommended that 

they give priority to solar energy projects. In this way, it will 

be possible to increase the electrical capacity efficiently. In 

this context, it is determined that allocating a budget for solar 

energy technologies would be the right investment decision. 

B. Ranking the electricity production capacities of 
emerging markets for the sustainable investments 

Secondly, an analysis has been performed for emerging 

economies that are Brazil, Russia, India, China, Indonesia, 

Turkey and Mexico. Evaluations are presented in Table A7. 

Average values (Table A8), score values (Table A9), 

normalized values (Table A10) and weighted matrix (Table 

A11) are established. Finally, ranking results of the emerging 

economies are indicated in Table 4. 

TABLE 4. Ranking Results 

 D+ D- RCi Ranking 

BRAZIL .005 .001 .163 7 

RUSSIA .004 .001 .287 6 

INDIA .003 .003 .424 3 

CHINA  .003 .003 .520 1 

INDONESIA .004 .002 .401 4 

TURKEY .004 .003 .425 2 

MEXICO .004 .002 .369 5 

The distances to the best (𝐷𝑖
+) and worst alternatives (𝐷𝑖

−) 

for each criterion are computed by using Equations (34) and 

(35). Similarly, the relative closeness to the ideal solutions 

(𝑅𝐶𝑖) is computed with Equation (36). It is stated that China 

is the most successful emerging country to generate 

electricity in an efficient way. Similarly, it is also defined 

that Turkey makes also effective investment decisions to 

generate electricity. However, Russia and Brazil are on the 

last ranks in this context.  

Additionally, the countries are also ranked by using VIKOR 

methodology. In this framework, it is aimed to make a 

comparative evaluation so that the reliability of the ranking 

results can be measured. Table 5 gives information about the 

comparative analysis results. 

TABLE 5. Comparative Results 

 
Ranking with 

TOPSIS 

Ranking with 

VIKOR 

BRAZIL 7 7 

RUSSIA 6 6 

INDIA 3 3 

CHINA  1 1 

INDONESIA 4 4 

TURKEY 2 2 

MEXICO 5 5 

Table 5 explains that the ranking results of both TOPSIS and 

VIKOR are the same. Thus, it is understood that the findings 

of the proposed model are coherent and reliable.  

V. DISCUSSIONS 

Increasing electricity capacity is of vital importance for 

countries. Electricity is both a substance that people 

frequently use in their daily lives and one of the most basic 

raw materials in the industrial production of enterprises. In 

this context, countries aim to increase electricity production 

by taking some actions. The important point here is to choose 

the right way to increase electricity production. Each 

alternative to be considered in electricity generation has 

different advantages and disadvantages. In this context, it is 

necessary to determine the most accurate electricity 

generation path with a comprehensive analysis. 

This situation is more important for developing countries. 

These countries aim to increase their industrial production 

aggressively and grow their economies rapidly. The biggest 

risk in this process is that these countries do not choose the 

right method while increasing their electricity production. In 

this case, developing countries can cause significant damage 

to the environment while growing their economies. As a 

result, important problems such as global warming can 

become even more dangerous. As a result of increasing the 

electricity production capacity with incorrect investments, 

the economic growth of the countries cannot be stable. This 

is because the cost of electricity generation is likely to be 

unstable in the long run. 
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According to the results obtained in this study, PV solar 

panels are the most important method in increasing 

electricity production capacity. While generating electricity 

with solar energy, the damage to the environment is 

minimized because no carbon gas is released into the 

atmosphere in this process. In addition, there have been very 

serious technological developments in the process of 

generating electricity with solar panels, especially in recent 

years. This contributes to a significant reduction in the costs 

of solar energy. Therefore, solar energy has become an 

environmentally friendly and low-cost way of generating 

electricity. Therefore, it would be appropriate for countries 

to give priority to this area in their energy investments.  

In this context, countries need to take some actions to 

increase their solar energy investments. First of all, it would 

be appropriate to provide tax exemptions to solar energy 

investors. Low tax rates will attract the attention of investors 

as it will contribute to the reduction of costs. In addition, 

investments in solar energy technologies need to be further 

increased. In this context, it will be possible for solar energy 

projects to gain competitive advantage thanks to new 

applications such as microgeneration energy technologies. 

Thus, it will be possible to increase the solar panels, which 

are concluded to be the most optimal for increasing the 

electricity capacity. Moreover, thanks to the investments to 

be made in solar energy technologies, it will be possible to 

reduce the energy storage costs even more. This will help 

stabilize the amount of electricity produced from solar 

panels. 

Adenle [51] made an evaluation for the energy market in 

Africa. It is identified that countries should focus mainly on 

solar energy technologies. This situation helps to minimize 

the costs amount so that solar energy projects can attract the 

attention of the investors. Graziano et al. [52] made a similar 

examination for the energy investment opportunities in the 

United States. Hernandez et al. [53] also reached similar 

conclusions. They mainly discussed that in the near future, 

the costs of the solar energy projects can compete with the 

fossil fuels. However, some researchers also focused on the 

significance of other electricity generation ways. Karim et al. 

[54] and Ahmed et al. [55] evaluated the key issues to 

increase electricity capacities for different countries. They 

indicated that nuclear energy investments should be 

prioritized. 

VI. CONCLUSIONS 

This study aims to examine the electricity production 

capacities of emerging markets. A new model has been 

created to evaluate this condition. The groups for the 

electricity production capacities are evaluated by the 

integrated version of DEMATEL with Quantum Spherical 

fuzzy sets and golden ratio. Later, emerging seven 

economies are ranked by using QSF TOPSIS technique so 

that it can be much easier to understand which of these 

countries are more successful in generating electricity 

capacity effectively. It is concluded that solar photovoltaic is 

the most optimal way to increase electricity capacity of the 

countries. Furthermore, China is the most successful 

emerging country to generate electricity in an efficient way.  

The main novelty is to define the most significant electricity 

generation alternatives by a novel model that integrates 

DEMATEL and TOPSIS with QSFSs and golden ratio. The 

limitation in this study is focusing on only emerging 

economies. On the other hand, the issue of electricity 

generation capacity is also of vital importance for developed 

countries. These countries also aim to grow their economies. 

To achieve this goal, they need to increase their industrial 

production. In summary, these countries should also increase 

their electricity generation capacities. In this context, the 

importance weight of the roads in the criteria set in this study 

should also be calculated for developed economies. In 

addition, another limitation of this study is the generalization 

of the analyzes to developing countries. In other words, with 

the results of the analysis in this study, it is aimed to present 

a general perspective for all developing countries. However, 

some of the clean energy types may differ depending on the 

geographical conditions of the countries. Therefore, country-

specific analyzes should be performed in future studies. In 

this way, it will be possible to produce different strategies for 

each country. 
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Appendix 

TABLE A1. Linguistic scales and golden cut-based quantum spherical fuzzy numbers 

for Groups for Countries Possibility Degrees QSFSs 

no (NO) worst (WT) .40 [√. 16𝑒𝑗2𝜋..4, √. 10𝑒𝑗2𝜋..25, √. 74𝑒𝑗2𝜋..35] 

some (ME) bad (BD) .45 [√. 20𝑒𝑗2𝜋..45, √. 13𝑒𝑗2𝜋..28, √. 67𝑒𝑗2𝜋..27] 

fair (IR) normal (NL) .50 [√. 25𝑒𝑗2𝜋..50, √. 15𝑒𝑗2𝜋..31, √. 60𝑒𝑗2𝜋..19] 

powerful (WR) nice (NI) .55 [√. 30𝑒𝑗2𝜋..55, √. 19𝑒𝑗2𝜋..34, √. 51𝑒𝑗2𝜋..11] 

perfect (FC) perfect (PC) .60 [√. 36𝑒𝑗2𝜋..6, √. 22𝑒𝑗2𝜋..37, √. 42𝑒𝑗2𝜋..03] 

TABLE A2. Evaluations for the groups 

PLE 1 

 CBF STH SPH WID TVO HDR PXP PHP NFF GRL 

CBF  IR IR IR ME IR ME IR ME FC 

STH ME  WR FC WR ME ME IR WR IR 

SPH ME FC  FC WR IR IR IR WR ME 

WID IR FC FC  WR IR IR IR WR IR 

TVO ME WR WR WR  ME IR IR WR ME 

HDR IR IR IR IR IR  WR WR WR ME 

PXP IR IR IR IR IR IR  IR IR ME 

PHP IR IR IR IR IR IR FC  IR ME 

NFF ME WR WR WR IR WR IR IR  ME 

GRL IR ME ME ME ME IR ME IR ME  

PLE 2 

 CBF STH SPH WID TVO HDR PXP PHP NFF GRL 

CBF  IR IR IR ME IR ME IR IR FC 

STH IR  WR FC WR ME ME IR WR IR 

SPH ME FC  IR WR IR IR IR WR IR 

WID IR FC IR  WR IR IR IR WR IR 

TVO IR WR WR WR  ME IR IR WR ME 

HDR IR IR IR IR IR  WR WR WR IR 

PXP IR IR IR IR IR IR  IR IR ME 

PHP IR IR IR IR IR IR FC  IR IR 

NFF IR IR IR WR IR WR IR IR  ME 

GRL IR ME ME ME IR IR IR IR IR  

PLE 3 

 CBF STH SPH WID TVO HDR PXP PHP NFF GRL 

CBF  IR IR IR ME IR ME IR ME FC 

STH ME  WR FC WR ME ME IR FC IR 

SPH ME FC  FC FC IR IR IR WR ME 

WID IR FC FC  FC IR IR IR FC IR 

TVO ME FC WR WR  ME IR IR WR ME 

HDR IR FC IR IR IR  WR WR FC ME 

PXP IR IR IR IR FC IR  IR IR ME 

PHP IR IR FC FC IR IR FC  FC ME 

NFF ME FC WR WR IR WR IR IR  ME 

GRL FC ME ME ME ME IR ME IR ME  
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TABLE A3. Average values of quantum spherical fuzzy numbers for the groups 

 CBF STH SPH WID TVO 

CBF  [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] [
√. 20𝑒𝑗2𝜋..45,

√. 13𝑒𝑗2𝜋..28,

√. 67𝑒𝑗2𝜋..27
] 

STH [
√. 22𝑒𝑗2𝜋..47,

√. 13𝑒𝑗2𝜋..29,

√. 65𝑒𝑗2𝜋..25

]  [
√. 30𝑒𝑗2𝜋..55,

√. 19𝑒𝑗2𝜋..34,

√. 51𝑒𝑗2𝜋..11

] [
√. 36𝑒𝑗2𝜋..60,

√. 22𝑒𝑗2𝜋..37,

√. 42𝑒𝑗2𝜋..03
] [

√. 30𝑒𝑗2𝜋..55,

√. 19𝑒𝑗2𝜋..34,

√. 51𝑒𝑗2𝜋..11

] 

SPH [
√. 20𝑒𝑗2𝜋..45,

√. 13𝑒𝑗2𝜋..28,

√. 67𝑒𝑗2𝜋..27
] [

√. 36𝑒𝑗2𝜋..60,

√. 22𝑒𝑗2𝜋..37,

√. 42𝑒𝑗2𝜋..03
]  [

√. 33𝑒𝑗2𝜋..57,

√. 20𝑒𝑗2𝜋..35,

√. 49𝑒𝑗2𝜋..11
] [

√. 32𝑒𝑗2𝜋..57,

√. 20𝑒𝑗2𝜋..35,

√. 48𝑒𝑗2𝜋..09
] 

WID [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] [
√. 36𝑒𝑗2𝜋..60,

√. 22𝑒𝑗2𝜋..37,

√. 42𝑒𝑗2𝜋..03
] [

√. 33𝑒𝑗2𝜋..57,

√. 20𝑒𝑗2𝜋..35,

√. 49𝑒𝑗2𝜋..11
]  [

√. 32𝑒𝑗2𝜋..57,

√. 20𝑒𝑗2𝜋..35,

√. 48𝑒𝑗2𝜋..09
] 

TVO [
√. 22𝑒𝑗2𝜋..47,

√. 13𝑒𝑗2𝜋..29,

√. 65𝑒𝑗2𝜋..25

] [
√. 32𝑒𝑗2𝜋..57,

√. 20𝑒𝑗2𝜋..35,

√. 48𝑒𝑗2𝜋..09
] [

√. 30𝑒𝑗2𝜋..55,

√. 19𝑒𝑗2𝜋..34,

√. 51𝑒𝑗2𝜋..11

] [
√. 30𝑒𝑗2𝜋..55,

√. 19𝑒𝑗2𝜋..34,

√. 51𝑒𝑗2𝜋..11

]  

HDR [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] [
√. 29𝑒𝑗2𝜋..54,

√. 18𝑒𝑗2𝜋..33,

√. 54𝑒𝑗2𝜋..15

] [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] 

PXP [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] [
√. 29𝑒𝑗2𝜋..54,

√. 18𝑒𝑗2𝜋..33,

√. 54𝑒𝑗2𝜋..15

] 

PHP [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] [
√. 29𝑒𝑗2𝜋..54,

√. 18𝑒𝑗2𝜋..33,

√. 54𝑒𝑗2𝜋..15

] [
√. 29𝑒𝑗2𝜋..54,

√. 18𝑒𝑗2𝜋..33,

√. 54𝑒𝑗2𝜋..15

] [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] 

NFF [
√. 22𝑒𝑗2𝜋..47,

√. 13𝑒𝑗2𝜋..29,

√. 65𝑒𝑗2𝜋..25

] [
√. 31𝑒𝑗2𝜋..55,

√. 19𝑒𝑗2𝜋..34,

√. 51𝑒𝑗2𝜋..13

] [
√. 29𝑒𝑗2𝜋..54,

√. 18𝑒𝑗2𝜋..33,

√. 54𝑒𝑗2𝜋..15

] [
√. 30𝑒𝑗2𝜋..55,

√. 19𝑒𝑗2𝜋..34,

√. 51𝑒𝑗2𝜋..11

] [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] 

GRL [
√. 29𝑒𝑗2𝜋..54,

√. 18𝑒𝑗2𝜋..33,

√. 54𝑒𝑗2𝜋..15

] [
√. 20𝑒𝑗2𝜋..45,

√. 13𝑒𝑗2𝜋..28,

√. 67𝑒𝑗2𝜋..27
] [

√. 20𝑒𝑗2𝜋..45,

√. 13𝑒𝑗2𝜋..28,

√. 67𝑒𝑗2𝜋..27
] [

√. 20𝑒𝑗2𝜋..45,

√. 13𝑒𝑗2𝜋..28,

√. 67𝑒𝑗2𝜋..27
] [

√. 22𝑒𝑗2𝜋..47,

√. 13𝑒𝑗2𝜋..29,

√. 65𝑒𝑗2𝜋..25

] 

 HDR PXP PHP NFF GRL 

CBF [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] [
√. 20𝑒𝑗2𝜋..45,

√. 13𝑒𝑗2𝜋..28,

√. 67𝑒𝑗2𝜋..27
] [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] [
√. 22𝑒𝑗2𝜋..47,

√. 13𝑒𝑗2𝜋..29,

√. 65𝑒𝑗2𝜋..25

] [
√. 36𝑒𝑗2𝜋..60,

√. 22𝑒𝑗2𝜋..37,

√. 42𝑒𝑗2𝜋..03
] 

STH [
√. 20𝑒𝑗2𝜋..45,

√. 13𝑒𝑗2𝜋..28,

√. 67𝑒𝑗2𝜋..27
] [

√. 20𝑒𝑗2𝜋..45,

√. 13𝑒𝑗2𝜋..28,

√. 67𝑒𝑗2𝜋..27
] [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] [
√. 32𝑒𝑗2𝜋..57,

√. 20𝑒𝑗2𝜋..35,

√. 48𝑒𝑗2𝜋..09
] [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] 

SPH [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] [
√. 30𝑒𝑗2𝜋..55,

√. 19𝑒𝑗2𝜋..34,

√. 51𝑒𝑗2𝜋..11

] [
√. 22𝑒𝑗2𝜋..47,

√. 13𝑒𝑗2𝜋..29,

√. 65𝑒𝑗2𝜋..25

] 

WID [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] [
√. 32𝑒𝑗2𝜋..57,

√. 20𝑒𝑗2𝜋..35,

√. 48𝑒𝑗2𝜋..09
] [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] 

TVO [
√. 20𝑒𝑗2𝜋..45,

√. 13𝑒𝑗2𝜋..28,

√. 67𝑒𝑗2𝜋..27
] [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] [
√. 30𝑒𝑗2𝜋..55,

√. 19𝑒𝑗2𝜋..34,

√. 51𝑒𝑗2𝜋..11

] [
√. 20𝑒𝑗2𝜋..45,

√. 13𝑒𝑗2𝜋..28,

√. 67𝑒𝑗2𝜋..27
] 
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HDR  [
√. 30𝑒𝑗2𝜋..55,

√. 19𝑒𝑗2𝜋..34,

√. 51𝑒𝑗2𝜋..11

] [
√. 30𝑒𝑗2𝜋..55,

√. 19𝑒𝑗2𝜋..34,

√. 51𝑒𝑗2𝜋..11

] [
√. 32𝑒𝑗2𝜋..57,

√. 20𝑒𝑗2𝜋..35,

√. 48𝑒𝑗2𝜋..09
] [

√. 22𝑒𝑗2𝜋..47,

√. 13𝑒𝑗2𝜋..29,

√. 65𝑒𝑗2𝜋..25

] 

PXP [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

]  [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] [
√. 20𝑒𝑗2𝜋..45,

√. 13𝑒𝑗2𝜋..28,

√. 67𝑒𝑗2𝜋..27
] 

PHP [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] [
√. 36𝑒𝑗2𝜋..60,

√. 22𝑒𝑗2𝜋..37,

√. 42𝑒𝑗2𝜋..03
]  [

√. 29𝑒𝑗2𝜋..54,

√. 18𝑒𝑗2𝜋..33,

√. 54𝑒𝑗2𝜋..15

] [
√. 22𝑒𝑗2𝜋..47,

√. 13𝑒𝑗2𝜋..29,

√. 65𝑒𝑗2𝜋..25

] 

NFF [
√. 30𝑒𝑗2𝜋..55,

√. 19𝑒𝑗2𝜋..34,

√. 51𝑒𝑗2𝜋..11

] [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

]  [
√. 20𝑒𝑗2𝜋..45,

√. 13𝑒𝑗2𝜋..28,

√. 67𝑒𝑗2𝜋..27
] 

GRL [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] [
√. 22𝑒𝑗2𝜋..47,

√. 13𝑒𝑗2𝜋..29,

√. 65𝑒𝑗2𝜋..25

] [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] [
√. 22𝑒𝑗2𝜋..47,

√. 13𝑒𝑗2𝜋..29,

√. 65𝑒𝑗2𝜋..25

]  

TABLE A4. Score function of the groups for quantum spherical fuzzy sets 

 CBF STH SPH WID TVO HDR PXP PHP NFF GRL 

CBF .000 1.236 1.236 1.236 1.236 1.236 1.236 1.236 1.243 1.236 

STH 1.243 .000 1.236 1.236 1.236 1.236 1.236 1.236 1.245 1.236 

SPH 1.236 1.236 .000 1.269 1.245 1.236 1.236 1.236 1.236 1.243 

WID 1.236 1.236 1.269 .000 1.245 1.236 1.236 1.236 1.245 1.236 

TVO 1.243 1.245 1.236 1.236 .000 1.236 1.236 1.236 1.236 1.236 

HDR 1.236 1.266 1.236 1.236 1.236 .000 1.236 1.236 1.245 1.243 

PXP 1.236 1.236 1.236 1.236 1.266 1.236 .000 1.236 1.236 1.236 

PHP 1.236 1.236 1.266 1.266 1.236 1.236 1.236 .000 1.266 1.243 

NFF 1.243 1.259 1.243 1.236 1.236 1.236 1.236 1.236 .000 1.236 

GRL 1.266 1.236 1.236 1.236 1.243 1.236 1.243 1.236 1.243 .000 

TABLE A5. Normalized relation matrix 

 CBF STH SPH WID TVO HDR PXP PHP NFF GRL 

CBF .000 .110 .110 .110 .110 .110 .110 .110 .111 .110 

STH .111 .000 .110 .110 .110 .110 .110 .110 .111 .110 

SPH .110 .110 .000 .113 .111 .110 .110 .110 .110 .111 

WID .110 .110 .113 .000 .111 .110 .110 .110 .111 .110 

TVO .111 .111 .110 .110 .000 .110 .110 .110 .110 .110 

HDR .110 .113 .110 .110 .110 .000 .110 .110 .111 .111 

PXP .110 .110 .110 .110 .113 .110 .000 .110 .110 .110 

PHP .110 .110 .113 .113 .110 .110 .110 .000 .113 .111 

NFF .111 .112 .111 .110 .110 .110 .110 .110 .000 .110 

GRL .113 .110 .110 .110 .111 .110 .111 .110 .111 .000 
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TABLE A6. Total Relation Matrix 

 CBF STH SPH WID TVO HDR PXP PHP NFF GRL 

CBF 19.980 20.100 20.112 20.101 20.087 20.000 20.010 20.000 20.113 20.032 

STH 20.095 20.015 20.127 20.116 20.102 20.014 20.025 20.014 20.128 20.047 

SPH 20.148 20.168 20.082 20.172 20.157 20.068 20.079 20.068 20.182 20.101 

WID 20.152 20.173 20.188 20.075 20.161 20.072 20.083 20.072 20.187 20.104 

TVO 20.095 20.115 20.127 20.116 20.003 20.014 20.025 20.014 20.128 20.047 

HDR 20.142 20.164 20.175 20.163 20.150 19.963 20.073 20.062 20.176 20.094 

PXP 20.116 20.136 20.149 20.138 20.126 20.036 19.948 20.036 20.150 20.068 

PHP 20.222 20.243 20.258 20.246 20.230 20.142 20.153 20.043 20.258 20.175 

NFF 20.129 20.151 20.162 20.150 20.137 20.049 20.059 20.049 20.063 20.081 

GRL 20.150 20.169 20.181 20.170 20.157 20.068 20.080 20.068 20.182 20.001 

TABLE A7. Evaluations 

PLE 1 

 CBF STH SPH WID TVO HDR PXP PHP NFF GRL 

BRAZIL NL NL PC BD BD BD BD PC NI PC 

RUSSIA NI NI BD PC NI NI NI NI PC NI 

INDIA NL BD PC BD BD BD NI PC PC NI 

CHINA  BD PC NL NL BD NI PC NI PC PC 

INDONESIA PC NI BD NI PC NL BD PC NI NL 

TURKEY NL BD BD BD BD NI NI NI BD PC 

MEXICO NI BD PC NL BD NI NI NI NI NI 

PLE 2 

 CBF STH SPH WID TVO HDR PXP PHP NFF GRL 

BRAZIL NL NI PC BD BD BD NI NI NI PC 

RUSSIA NI BD BD NL BD NI NL NI NI NI 

INDIA BD BD PC BD BD BD NI PC PC NI 

CHINA  PC PC BD BD NL BD PC NI NI NI 

INDONESIA PC BD PC NI PC NL BD NI NI NL 

TURKEY NL BD BD BD BD NI NI NI BD PC 

MEXICO BD PC PC NL BD NI NI NI NI NI 

PLE 3 

 CBF STH SPH WID TVO HDR PXP PHP NFF GRL 

BRAZIL NL NL PC BD BD BD BD PC NI PC 

RUSSIA NI NI BD PC NI NI NI NI PC NI 

INDIA NL PC PC PC NI BD NI PC PC NI 

CHINA  BD NI NL NI PC NI PC NI BD B 

INDONESIA PC PC BD NI NI PC BD PC NI NL 

TURKEY NL NI BD BD PC NI NI NI PC PC 

MEXICO NI BD PC NL NI BD NI NI NI NI 
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TABLE A8. Average values 

 CBF STH SPH WID TVO 

BRAZIL [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] [
√. 27𝑒𝑗2𝜋..52,

√. 16𝑒𝑗2𝜋..32,

√. 57𝑒𝑗2𝜋..18

] [
√. 36𝑒𝑗2𝜋..60,

√. 22𝑒𝑗2𝜋..37,

√. 42𝑒𝑗2𝜋..03
] [

√. 20𝑒𝑗2𝜋..45,

√. 13𝑒𝑗2𝜋..28,

√. 67𝑒𝑗2𝜋..27
] [

√. 20𝑒𝑗2𝜋..45,

√. 13𝑒𝑗2𝜋..28,

√. 67𝑒𝑗2𝜋..27
] 

RUSSIA [
√. 30𝑒𝑗2𝜋..55,

√. 19𝑒𝑗2𝜋..34,

√. 51𝑒𝑗2𝜋..11

] [
√. 27𝑒𝑗2𝜋..52,

√. 16𝑒𝑗2𝜋..32,

√. 57𝑒𝑗2𝜋..18

] [
√. 20𝑒𝑗2𝜋..45,

√. 13𝑒𝑗2𝜋..28,

√. 67𝑒𝑗2𝜋..27
] [

√. 33𝑒𝑗2𝜋..57,

√. 20𝑒𝑗2𝜋..35,

√. 49𝑒𝑗2𝜋..11
] [

√. 27𝑒𝑗2𝜋..52,

√. 16𝑒𝑗2𝜋..32,

√. 57𝑒𝑗2𝜋..18

] 

INDIA [
√. 24𝑒𝑗2𝜋..48,

√. 14𝑒𝑗2𝜋..30,

√. 62𝑒𝑗2𝜋..22
] [

√. 27𝑒𝑗2𝜋..52,

√. 16𝑒𝑗2𝜋..32,

√. 57𝑒𝑗2𝜋..18

] [
√. 36𝑒𝑗2𝜋..60,

√. 22𝑒𝑗2𝜋..37,

√. 42𝑒𝑗2𝜋..03
] [

√. 27𝑒𝑗2𝜋..52,

√. 16𝑒𝑗2𝜋..32,

√. 57𝑒𝑗2𝜋..18

] [
√. 24𝑒𝑗2𝜋..48,

√. 14𝑒𝑗2𝜋..30,

√. 62𝑒𝑗2𝜋..22
] 

CHINA [
√. 27𝑒𝑗2𝜋..52,

√. 16𝑒𝑗2𝜋..32,

√. 57𝑒𝑗2𝜋..18

] [
√. 29𝑒𝑗2𝜋..54,

√. 18𝑒𝑗2𝜋..33,

√. 54𝑒𝑗2𝜋..15

] [
√. 24𝑒𝑗2𝜋..48,

√. 14𝑒𝑗2𝜋..30,

√. 62𝑒𝑗2𝜋..22
] [

√. 27𝑒𝑗2𝜋..52,

√. 16𝑒𝑗2𝜋..32,

√. 57𝑒𝑗2𝜋..18

] [
√. 28𝑒𝑗2𝜋..52,

√. 16𝑒𝑗2𝜋..32,

√. 58𝑒𝑗2𝜋..19

] 

INDONESIA [
√. 36𝑒𝑗2𝜋..60,

√. 22𝑒𝑗2𝜋..37,

√. 42𝑒𝑗2𝜋..03
] [

√. 30𝑒𝑗2𝜋..55,

√. 19𝑒𝑗2𝜋..34,

√. 51𝑒𝑗2𝜋..11

] [
√. 27𝑒𝑗2𝜋..52,

√. 16𝑒𝑗2𝜋..32,

√. 57𝑒𝑗2𝜋..18

] [
√. 30𝑒𝑗2𝜋..55,

√. 19𝑒𝑗2𝜋..34,

√. 51𝑒𝑗2𝜋..11

] [
√. 34𝑒𝑗2𝜋..58,

√. 21𝑒𝑗2𝜋..36,

√. 45𝑒𝑗2𝜋..07

] 

TURKEY [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] [
√. 24𝑒𝑗2𝜋..48,

√. 14𝑒𝑗2𝜋..30,

√. 62𝑒𝑗2𝜋..22
] [

√. 20𝑒𝑗2𝜋..45,

√. 13𝑒𝑗2𝜋..28,

√. 67𝑒𝑗2𝜋..27
] [

√. 20𝑒𝑗2𝜋..45,

√. 13𝑒𝑗2𝜋..28,

√. 67𝑒𝑗2𝜋..27
] [

√. 27𝑒𝑗2𝜋..52,

√. 16𝑒𝑗2𝜋..32,

√. 57𝑒𝑗2𝜋..18

] 

MEXICO [
√. 27𝑒𝑗2𝜋..52,

√. 16𝑒𝑗2𝜋..32,

√. 57𝑒𝑗2𝜋..18

] [
√. 27𝑒𝑗2𝜋..52,

√. 16𝑒𝑗2𝜋..32,

√. 57𝑒𝑗2𝜋..18

] [
√. 36𝑒𝑗2𝜋..60,

√. 22𝑒𝑗2𝜋..37,

√. 42𝑒𝑗2𝜋..03
] [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] [
√. 24𝑒𝑗2𝜋..48,

√. 14𝑒𝑗2𝜋..30,

√. 62𝑒𝑗2𝜋..22
] 

 HDR PXP PHP NFF GRL 

BRAZIL [
√. 20𝑒𝑗2𝜋..45,

√. 13𝑒𝑗2𝜋..28,

√. 67𝑒𝑗2𝜋..27
] [

√. 24𝑒𝑗2𝜋..48,

√. 14𝑒𝑗2𝜋..30,

√. 62𝑒𝑗2𝜋..22
] [

√. 34𝑒𝑗2𝜋..58,

√. 21𝑒𝑗2𝜋..36,

√. 45𝑒𝑗2𝜋..07

] [
√. 30𝑒𝑗2𝜋..55,

√. 19𝑒𝑗2𝜋..34,

√. 51𝑒𝑗2𝜋..11

] [
√. 36𝑒𝑗2𝜋..60,

√. 22𝑒𝑗2𝜋..37,

√. 42𝑒𝑗2𝜋..03
] 

RUSSIA [
√. 30𝑒𝑗2𝜋..55,

√. 19𝑒𝑗2𝜋..34,

√. 51𝑒𝑗2𝜋..11

] [
√. 29𝑒𝑗2𝜋..54,

√. 18𝑒𝑗2𝜋..33,

√. 54𝑒𝑗2𝜋..15

] [
√. 30𝑒𝑗2𝜋..55,

√. 19𝑒𝑗2𝜋..34,

√. 51𝑒𝑗2𝜋..11

] [
√. 34𝑒𝑗2𝜋..58,

√. 21𝑒𝑗2𝜋..36,

√. 45𝑒𝑗2𝜋..07

] [
√. 30𝑒𝑗2𝜋..55,

√. 19𝑒𝑗2𝜋..34,

√. 51𝑒𝑗2𝜋..11

] 

INDIA [
√. 20𝑒𝑗2𝜋..45,

√. 13𝑒𝑗2𝜋..28,

√. 67𝑒𝑗2𝜋..27
] [

√. 30𝑒𝑗2𝜋..55,

√. 19𝑒𝑗2𝜋..34,

√. 51𝑒𝑗2𝜋..11

] [
√. 36𝑒𝑗2𝜋..60,

√. 22𝑒𝑗2𝜋..37,

√. 42𝑒𝑗2𝜋..03
] [

√. 36𝑒𝑗2𝜋..60,

√. 22𝑒𝑗2𝜋..37,

√. 42𝑒𝑗2𝜋..03
] [

√. 30𝑒𝑗2𝜋..55,

√. 19𝑒𝑗2𝜋..34,

√. 51𝑒𝑗2𝜋..11

] 

CHINA [
√. 27𝑒𝑗2𝜋..52,

√. 16𝑒𝑗2𝜋..32,

√. 57𝑒𝑗2𝜋..18

] [
√. 34𝑒𝑗2𝜋..58,

√. 21𝑒𝑗2𝜋..36,

√. 45𝑒𝑗2𝜋..07

] [
√. 30𝑒𝑗2𝜋..55,

√. 19𝑒𝑗2𝜋..34,

√. 51𝑒𝑗2𝜋..11

] [
√. 30𝑒𝑗2𝜋..55,

√. 19𝑒𝑗2𝜋..34,

√. 51𝑒𝑗2𝜋..11

] [
√. 34𝑒𝑗2𝜋..58,

√. 21𝑒𝑗2𝜋..36,

√. 45𝑒𝑗2𝜋..07

] 

INDONESIA [
√. 29𝑒𝑗2𝜋..54,

√. 18𝑒𝑗2𝜋..33,

√. 54𝑒𝑗2𝜋..15

] [
√. 20𝑒𝑗2𝜋..45,

√. 13𝑒𝑗2𝜋..28,

√. 67𝑒𝑗2𝜋..27
] [

√. 34𝑒𝑗2𝜋..58,

√. 21𝑒𝑗2𝜋..36,

√. 45𝑒𝑗2𝜋..07

] [
√. 30𝑒𝑗2𝜋..55,

√. 19𝑒𝑗2𝜋..34,

√. 51𝑒𝑗2𝜋..11

] [

√. 25𝑒𝑗2𝜋..50,

√. 15𝑒𝑗2𝜋..31,

√. 60𝑒𝑗2𝜋..19

] 

TURKEY [
√. 30𝑒𝑗2𝜋..55,

√. 19𝑒𝑗2𝜋..34,

√. 51𝑒𝑗2𝜋..11

] [
√. 30𝑒𝑗2𝜋..55,

√. 19𝑒𝑗2𝜋..34,

√. 51𝑒𝑗2𝜋..11

] [
√. 30𝑒𝑗2𝜋..55,

√. 19𝑒𝑗2𝜋..34,

√. 51𝑒𝑗2𝜋..11

] [
√. 27𝑒𝑗2𝜋..52,

√. 16𝑒𝑗2𝜋..32,

√. 57𝑒𝑗2𝜋..18

] [
√. 36𝑒𝑗2𝜋..60,

√. 22𝑒𝑗2𝜋..37,

√. 42𝑒𝑗2𝜋..03
] 

MEXICO [
√. 27𝑒𝑗2𝜋..52,

√. 16𝑒𝑗2𝜋..32,

√. 57𝑒𝑗2𝜋..18

] [
√. 30𝑒𝑗2𝜋..55,

√. 19𝑒𝑗2𝜋..34,

√. 51𝑒𝑗2𝜋..11

] [
√. 30𝑒𝑗2𝜋..55,

√. 19𝑒𝑗2𝜋..34,

√. 51𝑒𝑗2𝜋..11

] [
√. 30𝑒𝑗2𝜋..55,

√. 19𝑒𝑗2𝜋..34,

√. 51𝑒𝑗2𝜋..11

] [
√. 30𝑒𝑗2𝜋..55,

√. 19𝑒𝑗2𝜋..34,

√. 51𝑒𝑗2𝜋..11

] 
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TABLE A9. Score values 

 CBF STH SPH WID TVO HDR PXP PHP NFF GRL 

BRAZIL 1.236 1.243 1.236 1.236 1.236 1.236 1.263 1.247 1.236 1.236 

RUSSIA 1.236 1.263 1.236 1.269 1.263 1.236 1.243 1.236 1.247 1.236 

INDIA 1.243 1.297 1.236 1.297 1.263 1.236 1.236 1.236 1.236 1.236 

CHINA 1.297 1.247 1.243 1.256 1.284 1.263 1.236 1.236 1.285 1.247 

INDONESIA 1.236 1.285 1.297 1.236 1.247 1.266 1.236 1.247 1.236 1.236 

TURKEY 1.236 1.263 1.236 1.236 1.297 1.236 1.236 1.236 1.297 1.236 

MEXICO 1.263 1.297 1.236 1.236 1.263 1.263 1.236 1.236 1.236 1.236 

TABLE A10. Normalized matrix 

 CBF STH SPH WID TVO HDR PXP PHP NFF GRL 

BRAZIL .374 .370 .375 .373 .369 .374 .385 .380 .373 .377 

RUSSIA .374 .376 .375 .383 .377 .374 .379 .377 .376 .377 

INDIA .376 .386 .375 .391 .377 .374 .376 .377 .373 .377 

CHINA .392 .371 .377 .379 .384 .382 .376 .377 .387 .381 

INDONESIA .374 .382 .393 .373 .373 .383 .376 .380 .373 .377 

TURKEY .374 .376 .375 .373 .388 .374 .376 .377 .391 .377 

MEXICO .382 .386 .375 .373 .377 .382 .376 .377 .373 .377 

TABLE A11. Weighted matrix 

 CBF STH SPH WID TVO HDR PXP PHP NFF GRL 

BRAZIL .037 .037 .038 .037 .037 .037 .038 .038 .037 .038 

RUSSIA .037 .038 .038 .038 .038 .037 .038 .038 .038 .038 

INDIA .038 .039 .038 .039 .038 .037 .038 .038 .037 .038 

CHINA .039 .037 .038 .038 .038 .038 .038 .038 .039 .038 

INDONESIA .037 .038 .039 .037 .037 .038 .038 .038 .037 .038 

TURKEY .037 .038 .038 .037 .039 .037 .038 .038 .039 .038 

MEXICO .038 .039 .038 .037 .038 .038 .038 .038 .037 .038 
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