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Article 

Assessing the Negative Impacts of a Wind Turbine 

Park on People’s Lives and Activities Based on the  

IF-DEMATEL Method 

Oleg Uzhga-Rebrov 

Institute of Engineering, Rezekne Academy of Technologies, LV-4601, Rezekne, Latvia, rebrovs@tvnet.lv 

Abstract: When designing and operating wind turbine parks, risks to people and the environment 

arising from the operation of wind turbines should be identified and assessed. This paper presents 

one aspect of such risks – possible negative impacts of existing or planned wind turbine parks on the 

living conditions and activities of people near these parks. To assess and analyze relevant impacts, 

this paper uses the intuitionistic fuzzy method IF-DEMATEL. The choice of this method is associated 

with an extremely high degree of uncertainty of the initial information. In such circumstances, it is 

more convenient for experts to express their subjective assessments in the form of linguistic terms. 

Then these linguistic terms are transformed into the form of triangular intuitionistic fuzzy numbers 

(TINFs). These numbers form a set of initial data for using the IF-DEMATEL method. 

Keywords: wind farms; negative impacts of parks; direct negative impacts; general negative impacts; 

IF-DEMATEL method 

 

1. Introduction 

The transition to “green” types of electricity is an urgent need to reduce the negative impact on 

the environment and human life from existing sources of electricity. One of these sources is wind 

generators, which allow for the production of “clean” electricity. 

However, the operation of wind farms also causes some negative impacts on the external 

environment. These negative impacts are sources of risks for various environmental entities, as well 

as for the life and activities of people near wind farms. Therefore, when designing and operating 

wind farms, the task of minimizing these negative impacts must be solved. To successfully solve this 

problem, potential negative impacts must be identified, assessed and analyzed. 

The DEMATEL method was developed specifically for assessing various types of influences 

between factors in complex multifactorial problems. The original version of the DEMATEL method 

assumed crisp subjective assessments of influences. Later, the original DEMATEL method was 

extended to various forms of fuzzy input data: standard fuzzy numbers, interval-valued fuzzy 

numbers, and intuitionistic fuzzy numbers. In this paper, the intuitionistic fuzzy version of the 

DEMATEL method, IF-DEMATEL, is used because it allows for the successful use of highly uncertain 

initial information. 

The article is structured as follows. Section 2 presents the basic data on the production of 

electricity based on wind turbines and the resulting negative impacts on the external environment 

and the living conditions and activities of people living near these parks. Section 3 discusses the 

evolution of the DEMATEL method towards increasing uncertainty of the initial data. Section 4 

presents the definition of triangular intuitionistic fuzzy numbers (TIFNs) and the main operations on 

these numbers. Section 5 includes the calculation procedures of the IF-DEMATEL method. Section 6 

formulates and solves a specific problem: identification and assessment of potential negative impacts 

of the planned wind turbine park in the Limbaži district of Latvia on the living and working 

conditions of people who will live near this park. Section 7 discusses the results obtained. Section 8 
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describes the materials and method used in this paper. Section 9 provides the conclusions drawn 

from the results obtained in the work. 

2. Localized Negative Impacts of Wind Power Generation 

In the 20th century, the main sources for generating electricity were hydropower and natural 

resources: oil products, coal and gas. When these types of fuel were burned, a large number of 

harmful substances were formed and emitted into the atmosphere. Together with emissions from 

vehicles and other sources, this caused severe pollution of the Earth’s atmosphere, which resulted in 

adverse climate changes. 

In recent decades, in order to reduce the negative consequences of human techno genic activity 

in the field of electricity production, a course has been taken to use other, more environmentally 

friendly resources for electricity production. The main ones of these resources are solar radiation 

energy and wind energy. 

In this article, we focus on the use of wind energy for electricity generation and some of the side 

effects associated with these processes. 

The main advantage of wind energy is its environmental friendliness [1]. In other words, this 

method of electricity production does not cause any global negative impacts on the external 

environment. In addition, it does not use non-renewable natural resources such as oil and gas, and 

there is no damage to the external environment, which occurs during the extraction, transportation 

and use of such natural resources. 

Wind energy is not only a cost-effective electricity generation technology that reduces pollutant 

emissions, it also significantly reduces the external costs of extracting and processing fossil fuels and 

conserves the natural resources themselves for more sustainable use in the future [1]. 

Wind power generation has increased significantly in recent years. Issue [2] presents data on the 

amount of electric energy (GW) generated from wind power in six leading countries: China – 31,527; 

UK – 14,741; Germany – 8,300; Netherlands – 5,269; Denmark – 2,343 and Belgium – 2,263. 

According to the data presented in [3], in 2020, the total amount of electricity in the United States 

was obtained from the following sources: 

• Renewable – 20%; 

• Nuclear – 20%; 

• Coal 19%; 

• Natural gas – 40%; 

• Petroleum – 1%. 

In turn, the total amount of electricity obtained from renewable sources is distributed as follows: 

• Wind – 8.4%; 

• Hydro – 7.3%; 

• Solar – 2.3%; 

• Biomass – 1.4%; 

• Geothermal – 0.4%. 

Although wind farms do not create global impacts on the external environment, there are local 

impacts that are sources of risks for the local external environment and the population living near 

such parks.  

The first group consists of economic and technical impacts [4–10].  

The variability of wind power creates additional volatility in electricity markets. The 

intermittency of wind power requires the use of conventional backup power plants to provide the 

base load. An additional problem is the deterioration of wind turbine efficiency over their lifetime. 

Staffel and Green [11] show that degradation can reduce a wind farm’s output by 12% over its twenty-

year lifetime. 

Electricity generated by wind power is more expensive than electricity generated by traditional 

sources. The increase in its cost is ultimately passed on to consumers. Connecting new wind farms to 
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existing transmission lines often requires laying new power lines, which also increases the cost of 

wind power. Moreover, increasing the volume of wind power produced can lead to increased 

unemployment in traditional electricity production areas. 

Another group is formed by the impacts of the wind power generation process on the local 

external environment [2,4,12]. Direct impacts of wind turbines on the local external environment 

result in the death of birds and bats due to their collisions with the blades of wind turbines. In [4] it 

is stated that about 250 species of birds and 24 species of bats die in collisions with the blades of wind 

turbines. 

In the long term, the impacts of wind farms may result in fragmentation of some populations, 

partial or complete displacement of some populations to other habitats, expansion of the habitat of 

invasive plant and animal populations, and other negative consequences. 

As noted in [1], the local impacts of wind farms on the external environment are complex and 

can vary across spatial and temporal scales, location, seasons, ecosystem types, and other factors. 

Moreover, many of the impacts are cumulative.  

Wind farms have significant impacts on the living conditions and health of individuals living 

near them [8–10,13–16]. The various impacts of this kind can be classified into the following groups: 

1. Impacts on human health. 

These impacts are mainly related to noise and the flickering shadow effect caused by the 

operation of wind turbines. 

2. Impact on property prices. 

Given the adverse impacts on health and living conditions of people near wind turbines, the 

value of housing and other property in such areas may decrease significantly. This leads to unjustified 

losses when selling housing and property. 

3. Impact on economic activity of people. 

If some economic activity is carried out in the area of an existing or under construction wind 

turbine park, this activity may be significantly hampered. For example, the use of the area of the 

planned wind turbine park for agricultural production may lead to its reduction or even complete 

cessation. 

4. Impact on people’s aesthetic feelings. 

If an existing wind farm is located in a picturesque area, then the presence of this park can 

significantly affect people’s aesthetic perception of this picturesque area. 

This paper proposes a formal analysis of the influence of factors associated with the construction 

and/or operation of wind farms on factors associated with the life and activities of people living near 

these parks. 

3. Evolution of the DEMATEL Method 

A crisp version of the DEMATEL method was first presented in [17] and was further developed 

in works [18,19]. 

The name of the method is associated with the organization in which the authors of the method 

worked: Decision Making Trial and Evaluation Laboratory. The primary goal of the method was to 

identify, evaluate and analyze the connections (influences) between various factors in complex 

multifactorial systems (situations). A simple and clear example of using the DEMATEL method to 

solve this type of problem can be found in the work [20], in which the authors identify connections 

(influences) between factors that influence the successful activity of individuals in various social 

groups. 

The crisp version of the DEMATEL method has found wide practical application in solving 

various types of problems. Among the many works on this topic, we mention [21,22]. Extensive 

literature reviews on the crisp DEMATEL method can be found in [23,24]. 
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Let us briefly present the sequence of calculation procedures performed when using the crisp 

DEMATEL method for assessing and analyzing the influences between relevant factors [22]. Let there 

be m factors and n experts whose initial task is to assess potential influences between the factors. The 

expert assesses the strength (intensity) of relevant influences using a suitable qualitative scale. Most 

often, a scale with five gradations (labels) is used: 0 – 1 – 2 – 3 - 4. Each of the experts performs 

assessments of direct influences between the factors, reflecting their subjective judgments using 

labels on a given scale. The assessment results are presented in the form of a table of size n n  

k k

ij n n
X x



 =
  , 1,...,k m= , (1) 

where k

ij
x is the assessment of the k -th expert of the degree of influence of the factor 

i
f  on the factor

j
f . 

The following sequence of computational procedures is then performed. 

1. The results of individual expert assessments are aggregated in any suitable way. As a result, 

a table of aggregated direct influences ij n n
Z z



 =
   is formed. 

2. The values in the table of aggregated direct influences are normalized by the expression 

n Z
Z

S
= , (2) 

where 

1 1
1 1

max max ,max
n n

i n ij j n ij
j i

S z z
   

= =

 
=   

 
  . (3) 

3. The normalized table of direct influences represents all the estimated direct influences 

between factors. However, in addition to the direct influences, there are indirect influences that result 

from successively interconnected intermediate factors. In order to identify and estimate the common 

influences that result from both direct and indirect influences, a table (matrix) of common influences 

D must be defined. 

( )n nD Z I Z= − , (4) 

where I  is a unary matrix. 

4. To exclude insignificant influences between factors, a threshold value for the strength 

(intensity) of influences should be determined. This value can be determined either by expert means 

or based on the following expression [25]. 

1 1

n n

ij
i j

d

n


= =
=


, 

(5) 

where 
ij

d ,  , 1,..,i j n , i j , are the elements of the matrix D ; n  - the total number of factors. 

5. Based on the comparison of values 
ij

d with the threshold value , an abbreviated table of 

general influences *D  is formed. 

6. Based on the table *D data, the following reference values are calculated: 

• vector of R values 

*

1
1 1

n

i ijn
j n

R r d


=


 
=   =   

 
 ; (6) 

• vector of С values 
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*

1
1 1

T
nT

j ijn
i n

C c d


= 

 
 = =   

 
 . (7) 

7. Based on the calculated values 
i

r  and 
j

c , these vectors are formed: 

i i i
S R C s r c+ + = + = =  +    , 1,...,i n= . (8) 

i i i
S R C s r c− − = − = =  +    , 1,...,i n= . (9) 

For clarity and subsequent analysis, the initial set of factors can be graphically represented in 

coordinate space ,S S+ − 
  . 

The value 
i

s+ reflects the intensity of influences that a factor 
i

f contributes to a system of factors 

or receives from a system of factors. This value shows the role of a factor 
i

f  that it plays in the 

system. 

In turn, the value 
i

s− reflects the intensity of the effect, which is the result of the influences that 

the factor 
i

f receives from other factors. If the value 
i

s−  is positive, the factor 
i

f  is a source of pure 

influence, and this factor can be attributed to the group of cause factors. If the value 
i

s−  is negative, 

this means that the factor 
i

f  belongs to the group of effect factors. In other words, the influences on 

this factor exceed the influence from this factor. 

In the crisp DEMATEL method, expert assessments of influences are expressed on an ordinal 

scale 0 – 1 – 2 – 3 – 4. In other words, each of the relevant assessments is expressed in the form of a 

deterministic real number. However, in reality, experts often find it difficult to express their 

judgments in such a limited form. Human thinking is structured in such a way that experts find it 

easier to express their uncertain judgments about the influences between factors qualitatively in the 

form of linguistic terms, such as ″weak influence″, ″medium influence″, and the like. The initial expert 

assessments in the form of linguistic terms can be assigned suitable triangular (or trapezoidal) fuzzy 

numbers. 

To meet the need to use uncertain estimates of influences between factors, a fuzzy version of the 

DEMATEL method was proposed: F-DEMATEL. The initial version of this method was proposed in 

[26] and was further developed in [27,28]. 

In the original F-DEMATEL method, linguistic terms are specified, using which experts perform 

their assessments of the influences between factors. These initial assessments are then transformed 

into corresponding triangular fuzzy numbers. There are different types of fuzzy numbers, which are 

matched with linguistic terms. The most widely used system of linguistic terms and the 

corresponding system of fuzzy numbers is proposed in [29]. 

If a group of m experts performs the influence assessment, the results of their assessments are 

presented in m tables. The results in all tables are then processed using the CFDS method – 

Converting Fuzzy Data in to Crisp Values [30]. 

As a result of five computational operations, a normalized table of direct influences is 

determined, which is an analogue of the table of direct influences in the crisp DEMATEL method. 

Subsequent computational procedures are performed according to the rules of the crisp DEMATEL 

method. 

In addition to the original F-DEMATEL method, other variants have been proposed. One of the 

variants is used in the works [31,32]. In this variant, the initial expert assessments are also expressed 

in the form of linguistic terms, which are translated into the corresponding triangular fuzzy numbers. 

Let the initial fuzzy estimations of the influences between factors be performed by a group of m 

experts. Let us denote by ( ), ,k k k k

ij ij ij ij
x l m u=  the individual fuzzy estimate of the k-th expert’s influence 
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of the factor 
i

f on the factor 
j

f . The aggregated fuzzy values of the direct influences are given in the 

table ij n n
X x



 =
  , where 

1 1 1 1

1 1
, ,

m m m m
k k k k

ij ij ij ij ij
k k k k

x x l m u
m m= = = =

 
= =  

 
    . (10) 

Based on the data in the table X , a table of normalized fuzzy direct influences ij n n
Z z



 =
   is 

formed, where 

, ,
ij ij ij ij

ij

x l m u
z

r r r r

 
= =  

 
 

,  , 1,...,i j n , i j . (11) 

1
1

max
n

j n ij
i

r u
 

=

 
=  

 
 . (12) 

The table Z  is divided into three tables (matrices):  

ij n n
L l



 =
  , ij n n

M m


 =
  , ij n n

U u


 =
  . 

For each of the matrices , ,L M U   , the matrix of common influences is determined using the 

expressions 

( )
1

L L I L
−

 − − , ( )
1

M M I M
−

 = − , ( )
1

U U I U
−

 = − . (13) 

Based on the matrices , ,L M U   , a table of general influences ij n n
D d



 =
   is formed, where 

( ), ,
ij ij ij ij

d l m u= . (14) 

The values 
ij

d ,  , 1,...,i j n , i j , are defuzzified based on the Best Non-fuzzy Performance 

Value (BNP) method [30]. 

( ) ( )
3

ij ij ij ij

ij ij

u l m l
d l

− + −
= + . (15) 

All further computational procedures are performed according to the rules of the crisp 

DEMATEL method. 

Another version of the F-DEMATEL method, among other works, is used in [33]. The initial 

computational procedures, as in the above-mentioned version of the F-DEMATEL method, are also 

performed in a fuzzy environment. However, after the formation of a fuzzy table of general 

influences ij n n
D d



 =
   subsequent computational procedures are also performed in a fuzzy 

environment.  

1. The calculation of fuzzy values of the vector R is performed according to the expression 

1

n

i ij
j

R r d
=

 
=   =   

 
 . (16) 

2. The calculation of fuzzy values of the vector C is performed according to the expression 

1

n

j ij
i

C c d
=

 
 = =   

 
 . (17) 

3. Formation of fuzzy vectors S+ and S− . 

( )i i
S R C r c+ = + = + , 1,...,i n= . (18) 
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i i
S R C r c− = − =  −   , 1,...,i n= . (19) 

After defuzzification of fuzzy values ( )i i i
s r c+ + += + , ( )i i i

s r c+ − −= +  further analysis of the 

obtained results is performed in a crisp environment. 

With the help of standard fuzzy numbers, specific uncertainties about the estimated influences 

can be successfully modeled. In this context, the specificity of the uncertainty is characterized as 

follows. By establishing a linguistic term for assigning an influence intensity, the expert actually 

defines a triangular fuzzy number as an estimate of the corresponding influence. In this way, he 

confirms that the actual estimate of the influence is located in the interval reflecting the basis of the 

relevant fuzzy number. The uncertainty is related only to the degree of belonging of any value in the 

interval to the set of real numbers in this interval. 

In general, uncertainties regarding the estimated influences may be more complex. With respect 

to some actual value of influence in the interval of all such values, the expert may have some 

judgments regarding the degree of belonging of this value to the corresponding interval (fuzzy 

number). At the same time, the expert may have doubts about the actual belonging of this value to 

the corresponding interval (fuzzy number). This type of uncertainty often occurs in problems of 

discrete expert assessments; however, fundamentally it cannot be modeled using standard fuzzy 

numbers. 

In order to expand the possibilities of modeling such uncertainties, K. T. Atanassov [34] 

introduced intuitionistic fuzzy sets (IFSs). Intuitionistic fuzzy numbers (IFNs) were introduced in 

[35]. In this paper, triangular IFNs are used to estimate mutual influences between factors. 

Finally, it should be noted that in addition to the concept of IFNs, the concept of intuitionistic 

fuzzy values (IFVs) is also used in the literature. This concept is different from the concept of IFNs. 

There are versions of the F-DEMATEL method based on IFVs.  

4. Introduction to Triangular Intuitionistic Fuzzy Numbers (TIFNs) 

Let us present the necessary minimum of data on TIFNs, which is necessary for a qualified 

presentation of the IF-DEMATEL method. 

An intuitionistic fuzzy number is an intuitionistic fuzzy set defined on the set of real numbers. 

Any intuitionistic fuzzy number is characterized by a membership function and a non-membership 

function. An approximate view of the graphs of the functions is shown in Figure 1. 

In this paper, we will denote TIFN A  as ( )( )1 2 3 1 2 3
, , , ,A a a a a a a = . Let us describe simplified 

expressions for arithmetic operations on TIFNs [36]. Let there be two TIFNs: 

( )( )1 2 3 1 2 3
, , , ,A a a a a a a =  and ( )( )1 2 3 1 2 3

, , , ,B b b b b b b = . 

( ) ( ) ,
A A

x x
A

( )A
x

( )A
x

0
1a 1a 2a 3a3a x  
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Figure 1. Approximate view of the graphs of the membership function ( )A
x  and non-membership function 

( )A
x TIFN A . 

Addition: 

( )( )1 1 2 2 3 3 1 1 2 2 3 3
, , , ,A B a b a b a b a b a b a b   + = + + + + + + . (20) 

Subtraction: 

( )( )1 3 2 2 3 1 1 3 2 2 3 1
, , , ,A B a b a b a b a b a b a b   − = − − − − − − ; (21) 

( )( )1 3 2 2 3 1 1 3 2 2 3 1
, , , ,B A b a b a b a b a b a b a   − = − − − − − − . (22) 

 

 

Multiplication: 

( )( )1 1 2 2 3 3 1 1 2 2 3 3
, , , ,A B a b a b a b a b a b a b    =       . (23) 

Multiplication by a constant k :  

( )( )1 2 3 1 2 3
, , , ,kA ka ka ka ka ka ka = , 0k  ; (24) 

( )( )3 2 1 3 2 1
, , , ,kA ka ka ka ka ka ka = , 0k  . (25) 

Division: 

3 31 2 1 2

3 2 1 3 2 1

, , , ,
a aa a a aA

b b b b b bB

  
=        

, 
1 3

0 ,b b     ; (26) 

3 31 2 1 2

3 2 1 3 2 1

, , , ,
b bb b b bB

a a a a a aA

  
=        

, 
1 3

0 ,a a     . (27) 

5. Calculation Procedures of the IF-DEMATEL Method 

Suppose that subjective assessments of the influences between factors are performed by a group 

of m experts. Each expert makes his initial assignments in the form of linguistic terms. Table 1 

contains the linguistic terms and their corresponding TIFNs. These TIFNs are obtained based on the 

data presented in [37] by reducing all characteristic values of the original TIFNs by a factor of 10. The 

purpose of this transformation is to simplify subsequent calculations. 

Table 1. Linguistic terms reflecting subjective expert judgments about the degree of influence between two 

factors and their corresponding TIFNs. 

Linguistic terms TIFNs 

Very high influence (VH) (0.75, 0.80, 0.85) (0.70, 0.80, 0.90) 

High influence (H) (0.55, 0.60, 0.65) (0.50, 0.60, 0.70) 

Low influence (L) (0.35, 0.40, 0.45) (0.30, 0.40, 0.50) 

Very low influence (VL) (0.15, 0.20, 0.25) (0.10, 0.20, 0.30) 

No influence (NO) (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) 

Using the data of Table 1, the initial qualitative assignments of influences are transformed into 

the corresponding TIFNs. The full set of TIFNs corresponding to the assignments of the k-th expert 

is represented in the form of a table of direct influences k k

ij n n
X x



 =
  . The value k

ij
x at the intersection 

of the i-th row and the j-th column displays the intuitionistic fuzzy estimate of the k-th expert of the 
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degree of influence of the factor 
i

f on the factor
j

f . In the diagonal cells of the table, 0 are written. As 

a result of the assessments of all experts, we have m tables of individual fuzzy estimates of direct 

influences. 

To perform subsequent relevant calculations, it is necessary to assign weights to the experts. To 

do this, each expert makes subjective assessments of the competence of other experts using the 

linguistic terms presented in Table 2 [38]. 

Table 2. Linguistic terms reflecting each expert’s subjective judgments about the competence of other experts, 

and the corresponding TFNs. 

Linguistic terms TFNs 

Extremely important (EI) (0.8, 0.9, 1.0) 

Very important (VI) (0.7, 0.8, 0.9) 

Important (I) (0.6, 0.7, 0.8) 

Middle (M) (0.4, 0.5, 0.6) 

Unimportant (U) (0.3, 0.4, 0.5) 

Very unimportant (VU) (0.1, 0.2, 0.3) 

In this paper, we use standard TFNs as fuzzy estimates of expert competence because they are 

easier to process. 

The results of the assessments of the k-th expert are presented in the form of a vector 

1kj kj m
W w



 =
  , 1,...,k m= , where kj

w  is the fuzzy assessment by the k-th expert (k-th row of the 

table) of the degree of competence of the j-th expert, (j-th column of the table). 

The aggregation of the obtained results is performed according to the expression 

1

1 m

kj
j

W W
m =

=  , (31) 

where 

1

1 m

kj
j

W W
m =

=  . (32) 

(The summation is performed over the columns of the matrix of initial fuzzy estimates.) 

The resulting fuzzy values are defuzzified using the expression [30] 

( ) ( )*

3

ku kl km kl

k

w w w w
w

− + −
= . (33) 

Normalization of the crisp values of the weights is performed according to the expression 

*

*

1

k
k m

k
k

w
w

w
=

=


. 

(34) 

The following computational procedures are then performed:  

1. Aggregation of individual fuzzy estimates of direct influences according to expression (26).  

2. By analogy with expressions (11) - (12), the normalization of aggregated fuzzy estimates of 

direct influences is carried out according to expressions (35-36). 

1 2 3 1 2 3
, , , , ,

ij ij ij ij ij ij ij

ij

x x x x x x x
z

r r r r r r r

   
= =   

  
     , 1,...,i j n , i j . 

(35) 
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1 3
1

max
n

j n ij
i

r x
 

=

 
=  

 
 . (36) 

 

 

The entire set of normalized values 
ij

z  is presented in the form of a table ij n n
Z z



 =
  . 

3. To form a fuzzy table of general influences, the following tables are formed: 1ij n n
z



 
  , 2ij n n

z


 
 

, 3ij n n
z



 
  , 1ij n n

z


 
  and 3ij n n

z


 
  . According to expression (4), these tables are transformed into the 

form: 

( )
1*

1 1 1ij ij ij
z z I z

−

     = −
      ; (37) 

( )
1*

2 2 2ij ij ij
z z I z

−

     = −
      ; (38) 

( )
1*

3 3 3ij ij ij
z z I z

−

     = −
      ; (39) 

( )
1*

1 1 1ij ij ij
z z I z

−

       = −
      ; (40) 

( )
1*

3 3 3ij ij ij
z z I z

−

       = −
      , (41) 

where I is a unary table. 

There is no need to calculate the table 
*

2ij
z 
 

since it is equal to the table 
*

2ij
z 
 

. 

4. Based on Tables 34–38, a fuzzy table of general influences ij n n
D d



 =
  is formed. 

5. By summing up the fuzzy values in the rows of the matrix D , we obtain the fuzzy values of 

the vector R : 

1 1

n

i ij
j n

R r d
=



 
=   =   

 
 . (42) 

6. By summing up the fuzzy values in the columns of the matrix D , we obtain the fuzzy values 

of the vector C : 

1 1

T
n

j ij
i n

C c d
= 

 
 = =   

 
 . (43) 

7. Defuzzification of fuzzy values of vectors R and C  is performed according to expression 

(30). 

8. Based on the calculated crisp values 
i

r and 
i

c , these vectors are formed: 

i i i
S R C s r c+ + = + = =  +    , 1,...,i n= . (44) 

( )i i i
S R C s r c− − = − = = −  , 1,...,i n= . (45) 

Based on the values 
i

s+ and 
i

s− , a detailed analysis of the relevant influences is performed. 
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6. A Case Study: Evaluation and Analysis of the Impacts of Wind Turbine Park 

Factors on Risk Factors for Human Life and Activities 

As shown in Section 2, the presence of a wind farm can have negative impacts on the lives and 

activities of people in the vicinity of the park. The objective is to identify, structure, assess and analyze 

such impacts. 

Three experts participate in the study: E1, E2, and E3. Based on their knowledge and experience, 

the experts identified the following two groups of factors. 

1. Factors related to the construction and operation of a wind turbine park: 

f1 - Park structure. This concept includes the number of wind turbines, their type and mutual 

arrangement. 

f2 - Noise level generated by wind turbines. 

f3 - Flickering shadow effect generated by wind turbines. 

Factors associated with the life and activities of people near the wind turbine park. 

f4 - Health and well-being of residents. 

f5 - Conditions of economic activity of residents. 

f6 - Cost of housing and property of residents. 

Based on their subjective judgments, the experts established a structure of influences between 

the factors. This structure is schematically presented in Figure 2. 

1f

2f 3f

4f 5f 6f

park structure

noise level shimmering shadow
effect

state of health and
well-being of people

conditions of economic
activity

value of estate

 

Figure 2. Schematic representation of the influences between wind farm-related factors and risk factors for 

residents. 

Given the uniqueness of the problem, there is a high degree of uncertainty in quantifying 

influences. Therefore, it seems appropriate to present influence’s estimates in the form of TIFNs. 

It is clear from Figure 2 that factors f1, f2 and f3 are sources of influences, and factors f4, f5, f6 are 

effect factors. This follows from the fact that arrows exit from all nodes corresponding to factors f1, f2, 

f3, but do not exit from any of the nodes corresponding to factors f4, f5, f6. 

Before relevant evaluations and calculations can be performed, the task of assigning expert 

weights must be performed. To do this, each expert evaluates the competence levels of the remaining 

experts using the linguistic terms in Table 2. Table 3 presents the results of the qualitative expert 

evaluations and their corresponding TIFNs. 
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Table 3. Qualitative and fuzzy results of mutual assessments of the degree of competence of experts. 

 E1 E2 E3 

E1 (0, 0, 0) (VI) 

 (0.7, 0.8, 0.0) 

(I) 

(0.6, 0.7, 0.8) 

E2 (VI) 

(0.7, 0.8, 0.9) 

(0, 0, 0) (M) 

(0.4, 0.5, 0.6) 

E3 (I) 

(0.6, 0.7, 0.8) 

(VI) 

(0.7, 0.8, 0.9) 

(0, 0, 0) 

Using expression (32), we calculate the aggregated fuzzy values of the weights. 

( ) ( )( ) ( )1

1
0.7,0.8,0.9 0.6,0.7,0.8 0.65,0.75,0.85

2
w = + =

;

( ) ( )( ) ( )2

1
0.7,0.8,0.9 0.7,0.8,0.9 0.70,0.80,0.90

2
w = + =

;

( ) ( )( ) ( )3

1
0.6,0.7,0.8 0.4,0.5,0.7 0.50,0.60,0.70

2
w = + =

. 

Using expression (33), we perform defuzzification of the obtained fuzzy values. 

( ) ( )*

1

0.85 0.65 0.75 0.65
0.65 0.75

3
w

− + −
= + =

; 

( ) ( )*

2

0.90 0.70 0.80 0.70
0.70 0.80

3
w

− + −
= + =

; 

( ) ( )*

3

0.70 0.50 0.60 0.50
0.50 0.60

3
w

− + −
= + =

. 

Normalizing the obtained clear values according to expression (34), we have the following 

values of expert weights. 

1

0.75
0.349

2.15
w = =

; 
2

0.80
0.272

2.15
w = =

; 
3

0.60
0.279

2.15
w = =

. 

1. Tables 4–6 present the results of subjective expert assessments of the influences between factors 

in the form of linguistic terms and the corresponding TIFNs. 

Table 4. Qualitative results of influence assessments by expert E1 and corresponding TIFNs. 

 f1 f2 f3 

f1 (0.00, 0.00, 0.00) (L) 

(0.35, 0.40, 0.45) 

(0.30, 0.40, 0.50) 

(L) 

(0.35, 0.40, 0.45) 

(0.30, 0.40, 0.50) 

f2 (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) 

f3 (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) 

f4 (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) 

f5 (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) 

f6 (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) 

Continuation of Table 4. 

 f4 f5 f6 

f1 (0.00, 0.00, 0.00) (L) (H) 
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(0.35, 0.40, 0.45) 

(0.30, 0.40, 0.50) 

(0.55, 0.60, 0.65) 

(0.50, 0.60, 0.70) 

f2 (L) 

(0.35, 0.40, 0.45) 

(0.30, 0.40, 0.50) 

(0.00, 0.00, 0.00) (L) 

(0.35, 0.40, 0.45) 

(0.30, 0.40, 0.50) 

f3 (L) 

(0.35, 0.40, 0.45) 

(0.30, 0.40, 0.50) 

(0.00, 0.00, 0.00) (L) 

(0.35, 0.40, 0.45) 

(0.30, 0.40, 0.50) 

f4 (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) 

f5 (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) 

f6 (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) 

Table 5. Qualitative results of expert influence assessments by expert E2 and corresponding TIFNs. 

 f1 f2 f3 

f1 (0.00, 0.00, 0.00) (H) 

(0.55, 0.60, 0.65) 

(0.50, 0.60, 0.70) 

(L) 

(0.35, 0.40, 0.45) 

(0.30, 0.40, 0.50) 

f2 (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) 

f3 (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) 

f4 (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) 

f5 (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) 

f6 (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) 

Continuation of Table 5. 

 f4 f5 f6 

f1 (0.00, 0.00, 0.00) (H) 

(0.55, 0.60, 0.65) 

(0.30, 0.40, 0.50) 

(H) 

(0.55, 0.60, 0.65) 

(0.50, 0.60, 0.70) 

f2 (H) 

(0.55, 0.60, 0.65) 

(0.50, 0.60, 0.70) 

(0.00, 0.00, 0.00) (H) 

(0.55, 0.60, 0.65) 

(0.50, 0.60, 0.70) 

f3 (L) 

(0.35, 0.40, 0-.45) 

(0.30, 0.40, 0.50) 

(0.00, 0.00, 0.00) (L) 

(0.35, 0.40, 0-.45) 

(0.30, 0.40, 0.50) 

f4 (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) 

f5 (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) 

f6 (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) 

Table 6. Qualitative results of expert influence assessments by expert E3 and corresponding TIFNs. 

 f1 f2 f3 

f1 (0.00, 0.00, 0.00) (H) 

(0.55, 0.60, 0.65) 

(0.50, 0.60, 0.70) 

(H) 

(0.55, 0.60, 0.65) 

(0.50, 0.60, 0.70) 

f2 (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) 
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f3 (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) 

f4 (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) 

f5 (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) 

f6 (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) 

Continuation of Table 6. 

 f4 f5 f6 

f1 (0.00, 0.00, 0.00) (H) 

(0.55, 0.60, 0.65) 

(0.30, 0.40, 0.50) 

(VH) 

(0.75, 0.80, 0.85) 

(0.70, 0.80, 0.90) 

f2 (H) 

(0.55, 0.60, 0.65) 

(0.50, 0.60, 0.70) 

(0.00, 0.00, 0.00) (H) 

(0.55, 0.60, 0.65) 

(0.50, 0.60, 0.70) 

f3 (H) 

(0.55, 0.60, 0.65) 

(0.50, 0.60, 0.70) 

(0.00, 0.00, 0.00) (H) 

(0.55, 0.60, 0.65) 

(0.50, 0.60, 0.70) 

f4 (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) 

f5 (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) 

f6 (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) (0.00, 0.00, 0.00) 

We aggregate individual fuzzy estimates of direct influences in Tables 4–6 using expression (29). 

As an example, let us calculate the fuzzy aggregate value 
12

x  . 

12
((0.349 0.35 0.372 0.55 0.279 0.55),x =  +  + 

 
(0.349 0.40 0.372 0.60 0.279 0.60), +  + 

 
(0.349 0.45 0.372 0.65 0.279 0.65)) +  + 

 
((0.349 0.30 0.372 0.50 0.279 0.50), +  + 

 

(
0.349 0.40 0.372 0.60 0.279 0.60), +  + 

 

((0.349 0.50 0.372 0.70 0.279 0.70)) +  +  =
 

( ) ( ) ( )( )0.122 0.205 0.153 , 0.140 0.223 0.168 , 0.157 0.242 0.181= + + + + + +
 

( ) ( ) ( )( )0.105 0.186 0.140 0.140 0.223 0.168 , 0.174 0.260 0.195+ + + + + + + =
 

( )( )0.480,0.531,0.580 0.431,0.531,0.629=
. 

The calculations of the remaining aggregate values are performed by analogy. Fuzzy aggregate 

estimates of direct influences are presented in Table 7. 

Table 7. Fuzzy aggregate estimates of direct influences
ij

x . 

 f1 f2 f3 

f1 (0.000,0.000,0.000) (0.480,0.531,0.580) 

(0431,0.531,0.629)       

(0.405,0.456,0.505) 

(0.384,0.456,0.555) 

f2 (0.000,0.000,0.000) (0.000,0.000,0.000) (0.000,0.000,0.000) 

f3 (0.000,0.000,0.000) (0.000,0.000,0.000) (0.000,0.000,0.000) 

f4 (0.000,0.000,0.000) (0.000,0.000,0.000) (0.000,0.000,0.000) 

f5 (0.000,0.000,0.000) (0.000,0.000,0.000) (0.000,0.000,0.000) 

f6 (0.000,0.000,0.000) (0.000,0.000,0.000) (0.000,0.000,0.000) 
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Continuation of Table 7. 

 f4 f5 f6 

f1 (0.000,0.000,0.000) (0.480,0.531,0.580) 

(0.431,0.531,0.629) 

(0.606,0.655,0.706) 

(0.555,0.655,0.755) 

f2 (0.480,0.531,0.580) 

(0.431,0.531,0.629) 

(0.000,0.000,0.000) (0.480,0.531,0.580) 

(0.431,0.531,0.629) 

f3 (0.405,0.456,0.505) 

(0.384,0.456,0.555) 

(0.000,0.000,0.000) (0.405,0.456,0.505) 

(0.384,0.456,0.555) 

f4 (0.000,0.000,0.000) (0.000,0.000,0.000) (0.000,0.000,0.000) 

f5 (0.000,0.000,0.000) (0.000,0.000,0.000) (0.000,0.000,0.000) 

f6 (0.000,0.000,0.000) (0.000,0.000,0.000) (0.000,0.000,0.000) 

3
max

ij
r x=  

0.629 0.629 0.755 

2. Using expressions (32) and (33), we normalize the TIFNs in Table 7. For that purpose, the last 

row of Table 7 displays the maximum values 
3

max
ij

r x= . The normalized fuzzy estimates of direct 

influences are given in Table 8. 

Table 8. Normalized fuzzy estimates of direct influences 
ij

z . 

 f1 f2 f3 

f1 (0.000,0.000,0.000) (0.763,0.844,0.920) 

(0.685,0.844,1.000)       

(0.730,0.822,0.910) 

(0.692,0.822,1.000) 

f2 (0.000,0.000,0.000) (0.000,0.000,0.000) (0.000,0.000,0.000) 

f3 (0.000,0.000,0.000) (0.000,0.000,0.000) (0.000,0.000,0.000) 

f4 (0.000,0.000,0.000) (0.000,0.000,0.000) (0.000,0.000,0.000) 

f5 (0.000,0.000,0.000) (0.000,0.000,0.000) (0.000,0.000,0.000) 

f6 (0.000,0.000,0.000) (0.000,0.000,0.000) (0.000,0.000,0.000) 

Continuation of Table 8. 

  f4 f5 f6 

f1  (0.000,0.000,0.000) (0.763,0.844,0.920) 

(0.685,0.844,1.000) 

(0.803,0.867,0.935) 

(0.735,0.867,1.000) 

f2  (0.763,0.844,0.920) 

(0.685,0.844,1.000) 

(0.000,0.000,0.000) (0.636,0.703,0.768) 

(0.571,0.703,0.832) 

f3  (0.644,0.725,0.803) 

(0.610,0.725,0.882) 

(0.000,0.000,0.000) (0.636,0.604,0.669) 

(0.509,0.604,0.735) 

f4  (0.000,0.000,0.000) (0.000,0.000,0.000) (0.000,0.000,0.000) 

f5  (0.000,0.000,0.000) (0.000,0.000,0.000) (0.000,0.000,0.000) 

f6  (0.000,0.000,0.000) (0.000,0.000,0.000) (0.000,0.000,0.000) 

Based on the data in Table 8, we form tables 1ij
x 
  , 2ij

x 
  , 3ij

x 
  , 1ij

x 
  , 3ij

x 
  . Recall that 

there is no need to form table 2ij
x 
  , since it is equal to table 2ij

x 
  . 
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We transform the obtained tables according to expressions (37) – (41). Using the obtained results, 

we form a table of fuzzy common influences ij
d (Table 9). 

Table 9. Fuzzy estimates of common influences ij
d . 

 f1 f2 f3 

f1 (0.000,0.000,0.000) (0.763,0.844,0.920) 

(0.685,0.844,1.000)       

(0.730,0.822,0.910) 

(0.692,0.822,1.000) 

f2 (0.000,0.000,0.000) (0.000,0.000,0.000) (0.000,0.000,0.000) 

f3 (0.000,0.000,0.000) (0.000,0.000,0.000) (0.000,0.000,0.000) 

f4 (0.000,0.000,0.000) (0.000,0.000,0.000) (0.000,0.000,0.000) 

f5 (0.000,0.000,0.000) (0.000,0.000,0.000) (0.000,0.000,0.000) 

f6 (0.000,0.000,0.000) (0.000,0.000,0.000) (0.000,0.000,0.000) 

Continuation of Table 9. 

  f4 f5 f6 

f1  (1.052,1.350,1.577) 

(0.891,1.350,1.882) 

(0.763,0.844,0.920) 

(0.685,0.844,1.000) 

(1.679,1.985,2.250) 

(1.478,1.985,2.567) 

f2  (0.763,0.844,0.920) 

(0.685,0.844,1.000) 

(0.000,0.000,0.000) (0.636,0.703,0.768) 

(0.571,0.703,0.832) 

f3  (0.644,0.725,0.803) 

(0.610,0.725,0.882) 

(0.000,0.000,0.000) (0.636,0.604,0.669) 

(0.509,0.604,0.735) 

f4  (0.000,0.000,0.000) (0.000,0.000,0.000) (0.000,0.000,0.000) 

f5  (0.000,0.000,0.000) (0.000,0.000,0.000) (0.000,0.000,0.000) 

f6  (0.000,0.000,0.000) (0.000,0.000,0.000) (0.000,0.000,0.000) 

Using the data from Table 9, we calculate the fuzzy value 
1

r of the vector R  by expression (42). 

1
((0.763,0.844,0.920) (0.730,0.882,0.910) (1.052,1.350,1.577)r = + + +

 
(0.763,0.844,0.920) (1.679,1.985,2.250))+ +

 
((0.685,0.884,1.000) (0.692,0.882,1.000) (0.891,1.350,1.882)+ + +

 
(0.685,0.844,1.000) (1.478,1.985,2.567))+ + =

 
(4.987,5.885,6.577)(4.431,5.885,7.449)=

. 

The calculation of the remaining fuzzy values is performed by analogy. As a result, we have: 

( )( )1
4.987,5.885,6.577 4.431,5.885,7.449r =

; 

( )( )2
1.399,1.547,1.688 1.256,1.547,1.832r =

; 

( )( )3
1.180,1.339,1.472 1.119,1.339,1.617r =

; 

( )( )4
0.000,0.000,0.000 0.000,0.000,0.000r =

; 

( )( )5
0.000,0.000,0.000 0.000,0.000,0.000r =

; 

( )( )6
0.000,0.000,0.000 0.000,0.000,0.000r =

. 

Using the data from Table 9, we calculate the fuzzy value 
4

c  of the vector C  by expression 

(43). 

( ) ( ) ( )( )4
1.052,1.350,1.577 0.763,0.844,0.920 0.644,0.735,0.803c = + +
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( ) ( ) ( )( )0.891,1.350,1.882 0.685,0.844,1.000 0.630,0.735,0.882+ + =
 

( )( )2.459,2.929,3.300 2.206,2.929,3.764=
. 

The calculation of the remaining fuzzy values is performed by analogy. As a result, we have: 

( )( )1
0.000,0.000,0.000 0.000,0.000,0.000c =

; 

( )( )2
0.763,0.884,0.920 0.685,0.884,1.000c =

; 

( )( )3
0.730,0.822,0.910 0.692,0.822,1.000c =

; 

( )( )4
2.459,2.929,3.300 2.206,2.929,3.764c =

; 

( )( )5
0.763,0.844,0.920 0.685,0.844,1.000c =

; 

( )( )6
2.851,3.292,3.687 0.685,0.844,1.000c =

. 

Using expression (30), we defuzzify fuzzy values 
1

r . 

( ) ( )
1

4.987 4 5.885 6.577 4.431 4 5.885 7.449

12
r

+  + + +  +
= =

 
4.987 23.540 6.577 4.431 23.540 7.449 70.524

5.877
12 12

+ + + + +
= = =

. 

The remaining values of ri are calculated by analogy. The crisp values of ri are presented in the 

second row of Table 10. 

Using expression (30), we defuzzify fuzzy value 
2

c . 

( ) ( )
2

0.763 4 0.884 0.920 0.685 4 0.884 1.000

12
c

+  + + +  +
= =

 
0.763 3.536 0.920 0.685 3.536 1.000 10.440

0.870
12 12

+ + + + +
= = =

. 

The remaining ci values are calculated by analogy. The exact ci values are given in the fourth 

row of Table 10. 

Using expression (44), we calculate the crisp value 
1

s+  of the vector S+ :

1 1 1
5.877 0.000 5.877s r c+ = + = + = . 

The remaining values 
1

s+  are calculated by analogy. The calculated values 
1

s+  are shown in the 

sixth row of Table 10. 

Using expression (45), we calculate the crisp value 
1

s−  of the vector S− : 

1 1 1
5.877 0.000 5.877s r c− = − = − =

. 

The remaining values 
i

s−  are calculated by analogy. The calculated values 
i

s−  are presented in 

the eighth row of Table 10. 

Table 10. Defuzzified values of vectors R , C  and values of vectors S+
 , S−

. 

R  r1 r2 r3 r4 r5 r6 

 5.877 1.546 1.342 0.000 0.000 0.000 

C c1 c2 c3 c4 c5 c6 

 0.000 0.870 0.826 2.847 0.870 3.330 

S+
 

1
s+  

2
s+  

3
s+  

4
s+  

5
s+  

6
s+  

 5.877 2.436 2.168 2.847 0.870 3.330 

S−
 

1
s−  

2
s−  

3
s−  

4
s−  

5
s−  

6
s−  
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 5.877 0.676 0.516 -2.847 -0.870 -3.300 

In Figure 3, factors f1 – f6 are shown in the coordinate space S+ , S− . 
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Figure 3. Factors f1 – f6 in the coordinate space S+ , S−
. 

7. Discussion 

The specificity of the problem in the present work is that all relevant factors are a priori explicitly 

divided into two groups: cause factors f1, f2, f3, and effect factors f4, f5, f6. The resulting impact 

estimates only confirm this fact: the values 
1

s− , 
2

s− , 
3

s−  are positive, while the values 
4

s− , 
5

s− , 
6

s−  are 

negative. The greatest intensity of impact is exhibited by factor f1, since it has the maximum value. It 

follows from Figure 2 that factor f1 directly influences both cause factors f2, f3, and effect factor f6. In 

addition, factor f1 indirectly influences factors f4, f5 through factors f2, f3. It follows that factor f1 is the 

main cause factor, which directly and indirectly influences risk factors f4, f5, f6. 

Factors f2, f3, on the one hand, are subject to the influence of factor f1 and, on the other hand, 

influence factors f4, f5. The intensities of incoming and outgoing influences for these factors are such 

that the intensity of incoming influences is less than the intensity of outgoing influences; therefore, 

the values 
2

s− and 
3

s− , are positive, and these factors actually play the role of causal factors. 

It follows directly from Figure 2 that factors f4, f5, f6 are effect factors. The least total influence is 

for factor f5. Total influences on factors f4, f6 significantly exceed the total influence on factor f5. At the 

same time, the total influence on factor f6 exceeds the total influence on factor f4, 

Let us display the above formal presentations of the results in a simple verbal form. 

The determining cause factor is the factor ″Park structure″. This factor directly influences the 

cause factors ″Noise level″ and ″Effect of flickering shadows″ and the effect factors ″Conditions of 

economic activity″ and ″Value of estate″. 

The cause factors ″Noise level″ and ″Shimmering shadow effect″ both influence the effect factors 

″State of health and well-being of people″ and ″Condition of economic activity″. In the context of the 

task presented in this paper, it is clear that the structure of the potential wind turbine park 
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significantly influences the risk factors ″State of health and well-being of people″ and ″Condition of 

economic activity″ and to a lesser extent influences ″Value of estate″. Using the obtained results, the 

following recommendation can be formulated for the design of the future wind turbine park in 

Limbaži district, Latvia. The park structure should be formed in such a way as to minimize the 

negative impacts on the life and activities of people near this park, associated with the operation of 

this park in the future. 

8. Materials and Methods 

The material for the study in this paper is the possible negative impacts on the life and activities 

of people near the planned wind farm in the Limbaži district of Latvia. The main sources of 

information are expert assessments of relevant impacts, expressed in the form of linguistic terms, 

which are transformed into TINFs according to the relevant rules. The processing of the initial 

assessments in the form of TIFNs is carried out on the basis of the intuitionistic fuzzy version of the 

DEMATEL method. The results obtained will be used in designing the structure of the future wind 

farm. 

9. Conclusions 

This paper presents the problem of assessing the influences of factors associated with a potential 

wind farm in the vicinity of the city of Limbaži in Latvia on the risk factors for people who will live 

near this park. The initial data for solving this problem are very uncertain. The experts who 

performed the relevant assessments were not able to express their judgments in the form of real 

numbers. Therefore, they were asked to express their subjective judgments regarding the influences 

between the factors in the form of linguistic terms, which were subsequently transformed into 

suitable TIFNs. 

The overall assessment and analysis of relevant impacts were performed based on the fuzzy 

intuitionistic version of the DEMATEL method. This version has been successfully used to assess and 

analyze impacts between various factors and has proven its effectiveness in many practical tasks. 

The analysis of the obtained results shows that the determining factor of potential risks for 

residents in the vicinity of a potential wind turbine park is the future structure of this park. Therefore, 

this structure should be designed and implemented in such a way as to minimize potential risks for 

people who will live near this park. 
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