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Abstract. The Atacames Canton in Ecuador is a locality deeply affected by earthquakes and requires an analysis of its social 

vulnerability to achieve resilience and proactivity to mitigate the damage caused. Since the phenomena involved are under an 

environment of uncertainty, their analysis depends on a combination of factors whose most appropriate processing is the 

neutrosophic multicriteria decision-making methods, because they integrate multiple data sets with scoring areas according to 

criteria. Therefore, the objective of this research is to develop a composite neutrosophic indicator for the analysis of the social 

vulnerability of earthquakes in the Canton Atacames. For the study, social vulnerability was divided into three components 

under an environment of uncertainty. 

Keywords: earthquakes, social vulnerability, resilience, uncertainty, composite neutrosophic indicator 

 

 

1 Introduction  

Earthquake studies date back to the Chinese Dynasty thirty centuries ago. In this way, each society has been 

able to prevent itself from the effect of earthquakes. Ecuador is a country with a high seismic index due to its 

location in a subduction zone between the Pacific Plate and the South American Plate [1]. On average, it has a 

major earthquake every forty years and it is assumed that an average Ecuadorian, who lives his entire life within 
those borders, must experience at least two large earthquakes in situ in his life. Therefore, they are working on the 

relationship between natural disaster and the right to life as part of the human rights of Ecuadorians.[1, 2]. To do 

this, the identification of vulnerabilities to earthquakes is carried out, which allows preparation and response 

programs for specific disasters to reduce the social impact of an earthquake.[1-4].  
These analyzes are generally based on decision-making methods that integrate multiple data sets. [2, 3, 5, 6]. 

The choice of evaluation criteria has been different since multicriteria evaluation was adopted as a problem-solving 

and decision support tool, and most of the studies focused on geophysical factors [7-9]; others have built-in social 

vulnerability[10, 11]. They provide simple unit comparisons that can be used to illustrate the complexity of 
dynamic environments in wide-ranging fields. Several authors affirm that multicriteria techniques are highly 

suitable in multidimensional frameworks by adding unique indicators in a composite one, as it involves making 

choices by combining criteria of different natures, and requires a series of steps in which decisions must be 

made.[12-14]. 
With these studies, it is guaranteed that situations such as what happened on April 16, 2016, in which countless 

human lives were lost, are not repeated. It is known that the damage caused will not be repaired and that these 

disasters are unpredictable; but it is important to be proactive as a way to comply with human rights: the right to 

life[1]. Therefore, the objective of this research is to develop a composite neutrosophic indicator for the analysis 
of the social vulnerability to earthquakes in the Canton Atacames. In order to comply with the stated above, the 

following specific objectives are formulated in the sections that comprise this article: 

a) Characterize the Atacames Canton seismic zone 

b) Determine the indicators that intervene in the social vulnerability of earthquakes 
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c) Define the composite neutrosophic indicator for the analysis of the social vulnerability of 

earthquakes in the Atacames Canton (section 3 of this document) 

It is intended with the study of the social vulnerability of earthquakes in the Atacames Canton by means of the 
construction of a compound neutrosophic indicator to enable the early detection of social phenomena that occurred 

after the occurrence of this natural disaster. What leads to the mitigation of the adverse effects on the lives of 

residents and therefore their quality of life, after the disaster. In addition, with this indicator, we would achieved 

proactivity and it will allow us to prevent the loss of human life even when they are in an area of uncertainty due 
to the unpredictability of the natural phenomenon in question. 

1.1 Characterization of the Atacames Canton seismic zone 

The Atacames region is located along a tectonic fault with high seismic activity. Due to this, in the earthquake 

that occurred on April 16, 2016, Atacames was among the cantons with the greatest impact along with Muisne. It 
is the fourth largest and most populated city in the Esmeraldas Province with approximately sixteen thousand (16 

000) inhabitants. Having an excellent economic level due to its tourist development and having one of the largest 

beaches in Ecuador. Due to this, a large number of attracted people remain in the territory. Which presupposes a 

greater number of people exposed to the risk of suffering the adverse consequences of an earthquake. 
 

1.2 Indicators of social vulnerability of earthquakes 

[2-11] agree in the treatment of the uncertainty imposed by the phenomenon of earthquakes, the social factors 

that they carry out for their analysis and in addition to the spatial variations in these components result in different 

levels of vulnerability to an earthquake [4]. Therefore, indicators that reflect these phenomena will intervene, 
which by their nature are based on empirical and theoretical evidence[15]. Social vulnerability depends on a 

combination of factors that affect their resilience [2-6]. Due to this, its analysis is divided into three components, 

which will be translated into indicators. They are listed below: 

 
 physical damage based on geological features and the built environment;  

 socio-economic barriers to resilience and recovery;  

 and access to trauma and other support services.  

 
It should be noted that the ability of a disadvantaged population to recover from an earthquake is affected by 

limited economic and political capital. [15]. Numerous studies examining social vulnerability use quantitative 

indices, often modeled with census data [16-21]. Most of this literature originates from the United States and 

therefore tends to emphasize the proportion of minority populations as an explanatory variable. The most used 
indicators of social vulnerability according to the bibliography consulted are [2-5, 15, 20, 22]: 

 

1. Age 

2. Time spent in a specific place 
3. Percentage of people who moved in 

the last year 

4. Average income for each family  

5. Single parent families 

6. Seniors living alone 

7. Residents who are homeowners 
8. Educational level 

9. Dependent population 

10. Percentage of unemployed 

1.3 Construction of a multi-criteria evaluation model 

According to the reviewed literature, we can say that certain authors [2, 23-25] present algorithmically 

sophisticated multi-criteria evaluation models where hierarchical techniques such as AHP Saaty are used in 

conjunction with other heterogeneous methods related to decision-making. In addition, all the methods used are 
based on the criteria of experts in a majority way. To carry out this research, we also decided to opt for a strategic, 

effective and simple technique for solving multi-criteria decision problems: TOPSIS (Technique for Order 

Preference by Similarity to Ideal Solution). Since this method determines the alternative closest to the ideal 

solution and, in turn, farthest from the worst solution [26].  

Atacames 

Figure 1. Region under study. Source: Google Maps. 
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Both techniques will be used in their neutrosophic versions because this research will take into account the 

environment of uncertainty and possible indeterminacies that this social phenomenon brings along. Since 

Neutrosophy is the branch of philosophy that studies the origin, nature and scope of neutralities. Its incorporation 

guarantees that the uncertainty of decision-making is taken into account, including indeterminacies where experts 
will issue their criteria evaluating linguistic and non-numerical terms, which constitutes the most natural form of 

measurement in human being [27-33].  

2 Materials and methods  

The following section describes the theoretical and empirical methods used throughout the current research to 
achieve the specific objectives set. The methods used are listed below: 

 Inductive, deductive: to verify the factors raised regarding the research topic in addition to 

structuring the research profile for its application. 

 Analytical-synthetic: to compare all the phenomena involved in the research 
 Historical-logical and descriptive-systematic: to analyze the problem situation of the 

research, it is intended to make a current observation of the phenomena for their 

interpretation. 

 Surveys and interviews: it will be applied to the sample made up of the target population 
and selected experts (residents, Public Officials and Authorities of the Atacames Canton). 

Questionnaires aimed at obtaining information about the real problem and issuing possible solutions were 

prepared to obtain valid conclusions and support the results. 

Sample: part of the population of the 
Atacames Canton according to the formula 

that allows obtaining the sample size of a 

finite population. 

Calculation sample (1)𝑛 =
𝑁

(𝐸)2(𝑁−1)+1
 

Where 
n = sample size 

N = Population or Universe 

E = margin of error 0.1% 

 AHP Saaty Neutrosophic: for the description of the method, the following definitions must 
be presented: 

Definition 1: The Neutrosophic set N is characterized by three membership functions, which are the truth-

membership function TA, indeterminacy-membership function IA, and falsehood-membership function FA, where 

U is the Universe of Discourse and xU, TA (x), IA (x), FA (x)] -0, 1+ [, and -0inf TA (x) + inf IA (x) + inf 
FA (x)sup TA (x) + sup IA (x) + sup FA (x)3+. 

Notice that, according to the definition, TA (x), IA (x) and FA (x) are real standard or non-standard subsets of] 

-0, 1+ [and hence, TA (x), IA (x) and FA (x) can be subintervals of [0, 1]. 

Definition 2: [34, 35] The Single-Valued Neutrosophic Set (SVNS) N over U is A = {<x; TA (x), IA (x), FA 
(x)>: xU}, where TA: U[0, 1], IA: U[0, 1], and FA: U[0, 1], 0 TA (x) + IA (x) + FA (x) 3. 

The Single-Valued Neutrosophic Number (SVNN) is represented by N = (t, i, f), such that 0 t, i, f  1 and 0 

t + i + f 3. 

Definition 3: [34-37] the single-valued trapezoidal neutrosophic number, ã =  〈(a1, a2. a3, a4); αã, βã, γã〉, is a 
neutrosophic set on ℝ, whose truth, indeterminacy and falsehood membership functions are defined as follows, 

respectively: ã =  〈(a1, a2. a3, a4); αã, βã, γã〉ℝ 

 

Tã(x) =

{
 
 

 
 
α
ã(

x−a1
a2−a1

),     a1≤x≤a2

αã,                         a2≤x≤a3
α
ã(

a3−x

a3−a2
),     a3≤𝑥≤a4

0, otherwise

 

Iã(x) =

{
 
 

 
 

(a2−x+βã(x−a1))

a2−a1
,        a1 ≤ x ≤ a2

βã  ,                                         a2 ≤ x ≤ a3
(x−a2+βã(a3−x))

a3−a2
,      a3 ≤ x ≤ a4

1,                                        otherwise

 

Fã(x) =

{
 
 

 
 

(a2−x+γã(x−a1))

a2−a1
,        a1 ≤ x ≤ a2

γã  ,                                         a2 ≤ x ≤ a3
(x−a2+γã(a3−x))

a3−a2
,      a3 ≤ x ≤ a4

1,                                        otherwise

 

(3) 

(4) 

(2) 
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Where, and. αã, βã, γã ∈ [0, 1]  a1,  a2, a3, a4  ∈ ℝa1 ≤ a2 ≤ a3 ≤ a4 

Definition 4: [34-37] given ã =  〈(a1, a2, a3, a4); αã, βã, γã〉  and b̃ =  〈(b1, b2, b3, b4); αb̃, βb̃, γb̃〉  two 

single-valued trapezoidal neutrosophic numbers and  any non-null number in the real line. Then, the 

following operations are defined: 

1. Addition: ã + b̃ =  〈(a1 + b1, a2 + b2, a3 + b3, a4 + b4); αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉 

2. Subtraction: (5)ã − b̃ =  〈(a1 − b4, a2 − b3, a3 − b2, a4 − b1); αã ∧ αb̃, βã ∨ βb̃, γã ∨ γb̃〉 
3. Inversion: where.ã−1 = 〈(a4

−1, a3
−1, a2

−1, a1
−1); αã, βã, γã〉a1, a2, a3, a4 ≠ 0 

4. Multiplication by a scalar number: 

λã =  {
〈(λa1, λa2, λa3, λa4); αã, βã, γã〉,        λ > 0
〈(λa4, λa3, λa2, λa1); αã, βã, γã〉,        λ < 0

 

Definitions 3 and 4 refer to single-valued triangular neutrosophic number when the condition a2 = a3, [38-40]. 

For simplicity, we use the linguistic scale of triangular neutrosophic numbers, see Table 1 and also compare with 

the scale defined in [41].  

The hierarchical analytical process was proposed by Thomas Saaty 1980 [27]. This technique models the 

problem that leads to the formation of a hierarchy representative of the associated decision-making scheme[28, 

29]. The formulation of the decision-making problem in a hierarchical structure is the first and main stage. This 

stage is where the decision maker must break down the problem into its relevant components[30], [31, 32]. The 
hierarchy is constructed so that the elements are of the same order of magnitude and can be related to some of the 

next level. In a typical hierarchy the highest level locates the problem of decision making. The elements that affect 

decision-making are represented at the intermediate level, the criteria occupying the intermediate levels. At the 

lowest level the decision options are understood [33]. The levels of importance or weighting of the criteria are 
estimated by means of paired comparisons between them. This comparison is carried out using a scale, as expressed 

in equation (6)[42].  

𝑆 =  {
1

9
,
1

7
,
1

5
,
1

3
, 1,3,5,7,9} 

(6) 

We can find in [41]the theory of AHP technique in a neutrosophic framework. Thus, we can model the 

indeterminacy of decision-making by applying neutrosophic AHP or NAHP for short. Equation 7 contains a 

generic neutrosophic pair-wise comparison matrix for NAHP. 

 

Ã =  [
1̃ ã12 ⋯ ã1n
⋮ ⋱ ⋮

ãn1 ãn2 ⋯ 1̃

] 
(7) 

Matrix must satisfy condition, based on the inversion operator of Definition 4.Ã ãji = ãij
−1 

To convert neutrosophic triangular numbers into crisp numbers, there are two indexes defined in [41], they 

are the so-called score and accuracy indexes, respectively, see Equations 8 and 9: 

S(ã) =
1

8
[a1 + a2 + a3](2 + αã−βã − γã) 

(8) 

A(ã) =
1

8
[a1 + a2 + a3](2 + αã−βã + γã) 

(9) 

  

Saaty's scale Definition Neutrosophic Triangular Scale 

1 Equally influential 1̃ =  〈(1, 1,1); 0.50, 0.50, 0.50〉 
3 Slightly influential 3̃ =  〈(2, 3, 4); 0.30, 0.75, 0.70〉 
5 Strongly influential 5̃ =  〈(4, 5, 6); 0.80, 0.15, 0.20〉 
7 Very strongly influential 7̃ =  〈(6, 7, 8); 0.90, 0.10, 0.10〉 
9 Absolutely influential 9̃ =  〈(9, 9, 9); 1.00, 1.00, 1.00〉 
2, 4, 6, 8 
 

Sporadic values between two close 

scales 

2̃ =  〈(1, 2, 3); 0.40, 0.65, 0.60〉 
4̃ =  〈(3, 4, 5); 0.60, 0.35, 0.40〉 
6̃ =  〈(5, 6, 7); 0.70, 0.25, 0.30〉 
8̃ =  〈(7, 8, 9); 0.85, 0.10, 0.15〉 

Table 1: Saaty's scale translated to a neutrosophic triangular scale. 

 

Step 1 Select a group of experts. 

Step 2 Structure the neutrosophic pair-wise comparison matrix of factors, sub-factors and strategies, through 

the linguistic terms shown in Table 1. 
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The neutrosophic scale is attained according to expert opinions[43]. The neutrosophic pair-wise comparison 

matrix of factors, sub-factors and strategies are as described in Equation 7. 

Step 3 Check the consistency of experts' judgments. 

If the pair-wise comparison matrix has a transitive relation, ie, aik = aijajk for all i,j and k, then the comparison 
matrix is consistent, focusing only on the lower, median and upper values of the triangular neutrosophic number 

of the comparison matrix. 

Step 4 Calculate the weight of the factors from the neutrosophic pair-wise comparison matrix, by transforming 

it to a deterministic matrix using Equations 10 and 11. To get the score and the accuracy degree of the following 
equations are used:ãji 

𝑆(ãji) =
1
𝑆(ãij)
⁄  (10) 

A(ãji) =
1
A(ãij)
⁄  (11) 

With compensation by accuracy degree of each triangular neutrosophic number in the neutrosophic pair-wise 

comparison matrix, we derive the following deterministic matrix: 

𝐴 = [
1 a12 ⋯ a1n
⋮ ⋱ ⋮

an1 an2 ⋯ 1
] 

(12) 

Determine the ranking of priorities, namely the Eigen Vector X, from the previous matrix: 

1. Normalize the column entries by dividing each entry by the sum of the column. 
2. Take the total of the row averages. 

 

Note that Step 3 refers to consider the use of the calculus of the Consistency Index (CI) when applying this 

technique, which is a function depending on max, the maximum eigenvalue of the matrix. Saaty establishes that 

consistency of the evaluations can be determined by equationCI =
λmax−n

n−1
[44], where n is the order of the matrix. 

In addition, the Consistency Ratio (CR) is defined by equation CR = CI / RI, where RI is given in Table 2. 

 

Order (n) 1 2 3 4 5 6 7 8 9 10 

RI 0 0 0.52 0.89 1.11 1.25 1.35 1.40 1.45 1.49 

Table 2: RI associated to every order. 

 

If CR0.1 we can consider that experts' evaluation is sufficiently consistent and hence we can proceed to use 

NAHP. We apply this procedure to matrix A in Equation 12. 

 
 TOPSIS: 

The TOPSIS method was developed by Hwang and Yoon in 1981 and is based on the concept that it is desirable 

for a given alternative to be located at the shortest distance from an ideal alternative that represents the best 

(positive ideal or simply ideal), and at the greatest distance from an ideal alternative that represents the worst 

(negative ideal or anti-ideal) [26, 45]. It is based on the following diagram: 

 

 
Figure 2. TOPSIS steps. 
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The construction of the normalized matrix will be as follows: 

𝑟𝑖𝑗 =
𝑓𝑖𝑗

√∑ 𝑓𝑖𝑗
2𝑛

𝑗=1

          (13) 

Where: 𝑟𝑖𝑗 is the normalized value for the qualification of alternative i against criterion j and is the indicator of 

each alternative i against each indicator j. 

For the minimum distance to the positive ideal solution and the maximum distance to the negative ideal solution, 

it is done according to equations 14 and 15. 

𝐴+ = (𝑥1
+, 𝑥2

+, …𝑥𝑗+𝑙
+ )  (14) 

𝐴− = (𝑥1
−, 𝑥2

−, …𝑥𝑗+𝑙
−   (15) 

With the normalized values, we proceed to calculate the Euclidean distances of each of the alternatives to the 

positive ideal solutions and the negative ideal solutions, as shown in 16 and 17: 

𝜌(𝐴𝑘, 𝐴+) = ‖𝑤 ∗ (𝑇𝐴𝑘 − 𝑇𝐴+)‖      (16) 

𝜌(𝐴𝑘, 𝐴−) = ‖𝑤 ∗ (𝑇𝐴𝑘 − 𝑇𝐴−)‖      (17) 

Finally, to calculate the Relative Proximity Index (RCi) it is done as follows: 

𝑅𝐶(𝐴𝑘, 𝐴𝑖) =
𝜌(𝐴𝑘,𝐴+)

𝜌(𝐴𝑘 ,𝐴+)+𝜌(𝐴𝑘,𝐴−)
       (18) 

  

 Paretto diagram: 

The Pareto Chart is a bar graph that illustrates the causes of problems in order of importance and frequency 

(percentage) of appearance, cost or performance. The Pareto Diagram also allows you to compare the frequency, 

cost and performance of various categories of a problem. Allows before/after comparison, helping to quantify the 

impact of actions taken to achieve improvements. It promotes teamwork since the participation of all individuals 

related to the area is required to analyze the problem, obtain information and carry out actions for its solution. The 

Pareto Chart is also used to express the costs of each type of defect and the savings achieved through the corrective 

effect carried out through certain actions. It is a simple and graphic method of analysis that allows to discriminate 

between the most important causes of a problem (the few and vital) and those that are less so (the many and trivial) 

so it makes decisions based on the 80-20 proportion [46]. 

3 Results  

As a starting point, questionnaires were prepared in order to determine the primary indicators or bases of the 

composite indicator. To solve this exercise, we made the following: 

1. Determination of the actors (respondents and sample size) as follows:  

 Population: Public Officials: 10%, Authorities: 10%, Atacames Population: 80% 

 Sample: n =
40000

(0.1)2(4000−1)+1
=

40000

0.01(39 999)+1
= 99.75 ≈ 100 𝑝𝑒𝑟𝑠𝑜𝑛𝑎𝑠  

2. Verification that an uncertainty problem is present (verified): 

Criteria set: 𝐶 = {𝑐1…𝑐8};𝑚 ≥ 1; ∀𝐶𝑚 ∉ ∅, 1 ≤ 𝑚 ≤ 6 

Expert set:  𝐸 = {𝑒1…𝑒12}; 𝑛 ≥ 1;∀𝐸𝑚 ∉ ∅, 1 ≤ 𝑚 ≤ 100 

Set of alternatives: 𝐴 = {𝑎1…𝑎12}; 𝑘 ≥ 1;∀𝐴𝑘 ∉ ∅, 1 ≤ 𝑘 ≤ 10 

 

3. Neutrosophic AHP Saaty to determine weights of the criteria on which the experts will be based 

to evaluate the alternatives of primary indicators: 

 

Criteria C1 C2 C3 C4 C5 C6 

C1 1 
〈(6,7,8); 

0.90,0.10,0.10〉 

〈(6,7,8); 

0.90,0.10,0.10〉 

〈(6,7,8); 

0.90,0.10,0.10〉 

〈(7,8,9); 

0.85,0.10,0.15〉 

〈(5,6,7); 

0.70,0.25,0.30〉 

C2 7̃ 1 
〈(2,3,4); 

0.30,0.75,0.70〉 

〈(4,5,6); 

0.80,0.15,0.20〉 

〈(3,4,5); 

0.60,0.35,0.40〉 

〈(6,7,8); 

0.90,0.10,0.10〉 

C3 7̃ 3̃ 1 
〈(2,3,4); 

0.30,0.75,0.70〉 

〈(2,3,4); 

0.30,0.75,0.70〉 

〈(2,3,4); 

0.30,0.75,0.70〉 

C4 7̃ 5̃ 3̃ 1 
〈(1,1,1); 

0.50,0.50,0.50〉 

〈(2,3,4); 

0.30,0.75,0.70〉 

C5 8̃ 4̃ 3̃ 1̃ 1 
〈(1,1,1); 

0.50,0.50,0.50〉 

C6 6̃ 7̃ 3̃ 3̃ 1̃ 1 
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Criteria C1 C2 C3 C4 C5 C6 WEIGHT 
A x 

Weight 

Eigenvalues 

approx 
  

 
 

C1 0.60 0.79 0.62 0.42 0.48 0.30 0.51381037 3.92 7.632215878  
eigen 

value 
6.59171 

C2 0.08 0.10 0.21 0.30 0.22 0.37 0.214848659 1.46 6.77524613    

C3 0.08 0.04 0.08 0.14 0.14 0.12 0.114387057 0.73 6.384170759  IC 0.12 

C4 0.08 0.02 0.03 0.06 0.05 0.12 0.064888957 0.40 6.151204195    

C5 0.07 0.03 0.03 0.06 0.05 0.05 0.04821942 0.31 6.491604374  RC 0.09 

C6 0.10 0.01 0.03 0.02 0.06 0.05 0.043845539 0.27 6.115818517    

Table 3 and 4. Determination of weights of the criteria applying the Neutrosophic AHP method. Source: self made 

 

4. Next, the TOPSIS method is applied to verify the level of participation of the alternatives in the 

Social Vulnerability composite indicator according to the average evaluations of the evaluation 
criteria given by the experts consulted. 

 

Alternatives C1 C2 C3 C4 C5 C6 

Percentage of people who moved 

in the last year 

8 8 7 8.5 9 8.9 

Average income for each family  8 9 9.5 9.4 8.9 9 

Single parent families 10 9.9 10 9 9.5 9.8 

Seniors living alone 10 10 10 10 10 10 

 Residents who are homeowners 10 9.8 9 9.5 9 9.4 

Educational level 9.8 9.6 9.7 9.9 9.2 9 

Age 5 6 6.1 5.9 5.6 4.9 

Percentage of unemployed 7.1 7.9 8.1 8.8 7.4 7 

Dependent population 8 7.8 9 8.9 8.6 9.1 

Time spent in a specific place 4 5 4.2 4.5 5 4.9 

Weights 0.51381037 0.21484866 0.11438706 0.06488896 0.04821942 0.04384554 

 

PIS NIS  D + D- RCi Priority 

0.197117015 0.078846806  0.05575311 0.11150622 0.666666667 6 

0.197117015 0.098558507  0.0440767 0.12621647 0.741171637 5 

0.197117015 0.082789146  0.00197117 0.16587136 0.988255836 2 

0.197117015 0.088702657  0 0.16725933 1 1 

0.197117015 0.098558507  0.00394234 0.1644953 0.97659466 3 

0.197117015 0.096587337  0.00881534 0.15892082 0.947445196 4 

   0.12621647 0.0440767 0.258828363 9 

   0.0705778 0.09820306 0.581837641 8 

   0.0586071 0.1087543 0.649817095 7 

   0.15395331 0.0197117 0.113504161 10 

Table 5 and 6. TOPSIS data processing. Source: self-made. 
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For the final discrimination, the experts decided to apply a Paretto, according to the results shown in table 6. 

From the analysis it was obtained that the most important indicator alternatives for the calculation of the Social 

Vulnerability composite indicator are: 

 Seniors living alone 

 Single parent families 
 Residents who are homeowners 

 Educational level 

 Average income for each family  

 Percentage of people who moved in the last year 
 Dependent population  

Conclusion  

Once the investigation was completed, the following conclusions were reached: 

1. The objective of the investigation is fulfilled since A Neutrosophy composite index of social 

vulnerability analysis to earthquake hazard in Canton Atacames was determined according to the 

criteria of experts (officials, specialists and population of the canton). 

2. With the inclusion of a composite indicator for the analysis of social vulnerability to disaster 

preparation and response programs, stakeholder participation initiatives can be taken. 

3. The integration of multi-criteria methods under an environment of uncertainty is positive since 

it provides greater precision to the analysis. In addition, it transforms the values in linguistic 

terms, which facilitates the obtaining of information by the respondents. 

4. The inclusion of expert-determined weights can facilitate the adoption of multicriteria 

neutrosophic methodologies in disaster planning. 

References 

1. GG Gómez Castillo, "Municipal ordinance for the creation of a specialized technical commission in charge of 

enforcing the Ecuadorian construction standard regarding earthquake resistant design in the Atacames Canton," 

UNIVERSIDAD REGIONAL AUTÓNOMA DE LOS ANDES UNIANDES, 2017. 

2. P. Anbazhagan, K. Thingbaijam, S. Nath, J. Narendara Kumar, and T. Sitharam, "Multi-criteria seismic hazard 

evaluation for Bangalore city, India," Asian Earth Sci 38: 168–198, 2010. 

3. A. Akgun, "Landslide Susceptibility Mapping for Ayvalik (Western Turkey) and Surroundings by Multicriteria 

Decision Analysis," Environ Earth Sci 61: 595-611, 2010. 

4. A. Tabbernor, N. Schuurman, D. Bradley, and JJC Clague "A multi-criteria evaluation model of earthquake 

vulnerability in Victoria, British Columbia," Natural Hazards, vol. 74- No. 2, 2014. 

5. J. Malczewski, "Spatial multicriteria decision making and analysis: a geographic information sciences approach.," 

Ashgate, Brookfield, pp. 11-48, 1999. 

6. B. Elomda, H. Hefny, and H. Hassan, "An extension of fuzzy decision maps for multi-criteria decision-making.," 

Egyptian Informatics Journal,, vol. 14 (2), pp. 147-155, 2013. 

7. TN Akgun A, "Landslide susceptibility mapping for Ayvalik (Western Turkey) and its surroundings by multi-

criteria decision analysis.," Environ Earth Sci 61: 595-611, 2010. 

8. TK Anbazhagan P, Nath SK, Narendara Kumar JN, Sitharam TG, "Multiple Criteria Seismic Hazard Assessment 

for Bangalore City, India," Asian Earth Sci 38: 168–198, 2010. 

9. BT Feizizadeh B, "GIS Multi-Criteria Decision Analysis for Landslide Susceptibility Mapping: Comparing Three 

Methods for the Urmia Lake Basin, Iran.," Nat Hazards 65: 2105–2128, 2013. 

10. I know. SD Martins VN, Cabral P "Social vulnerability assessment to seismic risk using multicriteria analysis: 

the case study of Vila Franca do Campo.,"Nat Hazards 62: 385–404, 2012. 

11. SS, HD, and MV. "Exploring multicriteria flood vulnerability by integrating economic, social and ecological 

dimensions of flood risk and coping capacity: from a starting point view towards an end point view of 

vulnerability.,"Nat Hazards 58: 731–751, 2011. 

12. S. El Gibari, T. Gómez, and F. Ruiz, "Building composite indicators using multicriteria methods: a review.," 

Journal of Business Economics, 2018. 

13. CL Hwang and K. Yoon, "Methods for multiple attribute decision making in Multiple attribute decision making," 

Springer, pp. 58-191, 1981. 

14. M. Leyva-Vázquez, K. Pérez-Teruel, and RI John, "A model for enterprise architecture scenario analysis based 

on fuzzy cognitive maps and OWA operators," in Electronics, Communications and Computers 

(CONIELECOMP), 2014 International Conference on, 2014, pp. 243-247. 



Neutrosophic Sets and Systems, {Special Issue: Impact of Neutrosophy in solving the Latin American's social problems}, Vol. 37, 2020 

M. F. Saltos Salgado, G. F. Acurio Hidalgo. S. B. Gallegos Gallegos. A composite Index of Social Vulnerability to Earthquake Hazard in Canton 

Atacames 

258 

15. M. Schmidtlein, M. Shafer, M. Berry, and S. Cutter, "Modeled earthquake losses and social vulnerability in 

Charleston, South Carolina.," Appl Geogr 31: 269-281, 2011. 

16. B. Wisner and H. Luce, "Disaster vulnerability: scale, power, and daily life.," GeoJournal 30: 127–140, 1993. 

17. B. Morrow, "Identifying and mapping community vulnerability.," Disasters 23: 1–18, 1999. 

18. F. Delor and M. Hubert, "Revisiting the concept of 'vulnerability," Soc Sci Med 50: 1557–1570, 2000. 

19. J. Lindsay, "The determinants of disaster vulnerability: achieving sustainable mitigation through population 

health," Nat Hazards 28: 291–304, 2003. 

20. R. Few, "Health and climatic hazards: framing social research on vulnerability, response, and adaptation," Glob 

Environ Chang 17: 281–295, 2007. 

21. K. Hewitt, "Environmental disasters in social context: toward a preventive and precautionary approach," Nat 

Hazards 66: 3-14, 2013. 

22. S. MC, D. R, P. W, and C. S, "A sensitivity analysis of the social vulnerability index," Risk Analysis 28: 1099–

1115, 2008. 

23. I. Armas¸ and M. Radulian, "Spatial multi-criteria risk assessment of earthquakes from Bucharest, Romania. 

Environmental hazards, earthquake hazard impactt and urban planning," Springer, Heidelberg, pp. 127–149, 

2014. 

24. A. Youssef, B. Pradhan, and E. Tarabees, "Integrated evaluation of urban development suitability based on remote 

sensing and GIS techniques: contribution from the analytic hierarchy process," Arab J Geosci4: 463–473, 2011. 

25. J. Clague, "The earthquake threat in southwestern British Columbia: a geologic perspective.," Nat Hazards 26: 

7–33, 2002. 

26. R. Şahin and M. Yiğider, "A Multi-criteria neutrosophic group decision making method based TOPSIS for 

supplier selection," arXiv preprint arXiv: 1412.5077. ,2014. 

27. TL Saaty, Decision making for leaders: RWS Publications, 2014. 

28. A. Arquero, M. Alvarez, and E. Martinez, "Decision Management making by AHP (analytical hierarchy process) 

through GIS data," IEEE Latin America Transactions, vol. 7, pp. 101-106, 2009. 

29. O. Mar, I. Santana, and J. Gulín, "Competency assessment model for a virtual laboratory system and distance 

using fuzzy cognitive map," Operational Research Magazine vol. 38, pp. 170-178, 2017. 

30. SE López Cuenca, "Feasibility and relevance analysis of the Master's program in Business Administration with 

a mention in Innovation through the diffuse AHP model," University of the Armed Forces ESPE. Commercial 

Engineering Career., 2017. 

31. O. Mar, I. Santana, and J. Gulín, "Algorithm to determine and eliminate neutral nodes in a Neutrosophic Cognitive 

Map," Neutrosophic Computing and Machine Learning, vol. 8, pp. 4-11, 2019. 

32. M. Leyva-Vázquez and F. Smarandache, Artificial Intelligence: challenges, perspectives and role of 

Neutrosophy: Infinite Study, 2018. 

33. C. Tubet Abramo, "Design of a methodology for evaluating the sustainability of the National Electric Mix, based 

on the Hierarchical Analytical Process (AHP)," 2016. 

34. P. Biswas, S. Pramanik, and BC Giri, "Value and ambiguity index based ranking method of single-valued 

trapezoidal neutrosophic numbers and its application to multi-attribute decision making," Neutrosophic Sets and 

Systems, vol. 12, pp. 127-138, 2016. 

35. J. Ye, "Trapezoidal neutrosophic set and its application to multiple attribute decision-making," Neural Computing 

and Applications, vol. 26, pp. 1157-1166, 2015. 

36. I. Del, "Operators on Single Valued Trapezoidal Neutrosophic Numbers and SVTN-Group Decision Making," 

Neutrosophic Sets and Systems, vol. 22, pp. 131-150, 2018. 

37. P. Biswas, S. Pramanik, and BC Giri, "Distance Measure Based MADM Strategy with Interval Trapezoidal 

Neutrosophic Numbers," Neutrosophic Sets and Systems, vol. 19, pp. 40-46, 2018. 

38. M. Abdel-Basset, M. Mohamed, AN Hussien, and AK Sangaiah, "A novel group decision-making model based 

on triangular neutrosophic numbers," Soft Computing, vol. 22, pp. 6629-6643, 2018. 

39. M. Mullai and R. Surya, "Neutrosophic Inventory Backorder Problem Using Triangular Neutrosophic Numbers," 

Neutrosophic Sets and Systems, vol. 31, pp. 148-155, 2020. 

40. SI Abdel-Aal, MMA Abd-Ellatif, and MM Hassan, "Two Ranking Methods of Single Valued Triangular 

Neutrosophic Numbers to Rank and Evaluate Information Systems Quality," Neutrosophic Sets and Systems, vol. 

19, pp. 132-141, 2018. 

41. M. Abdel-Basset, M. Mohamed, and F. Smarandache, "An Extension of Neutrosophic AHP-SWOT Analysis for 

Strategic Planning and Decision-Making," Symmetry, vol. 10, p. 116, 2018. 

42. W. Ho and X. Ma, "The state-of-the-art integrations and applications of the analytic hierarchy process," European 

Journal of Operational Research, vol. 267, pp. 399-414, 2018. 



Neutrosophic Sets and Systems, {Special Issue: Impact of Neutrosophy in solving the Latin American's social problems}, Vol. 37, 2020 

 

M. F. Saltos Salgado, G. F. Acurio Hidalgo. S. B. Gallegos Gallegos. A composite Index of Social Vulnerability to Earthquake Hazard in Canton 

Atacames 

259 

43. F. Smarandache, JE Ricardo, EG Caballero, MY Leyva Vázquez, and NB Hernández, "Delphi method for 

evaluating scientific research proposals in a neutrosophic environment," Neutrosophic Sets & Systems, vol. 34, 

2020. 

44. J. Aczél and TL Saaty, "Procedures for Synthesizing Ratio Judgments," Journal of Mathematical Psychology, 

vol. 27, pp. 93-102, 1983. 

45. M. Abdel-Basset, M. Saleh, A. Gamal, and F. Smarandache, "An approach of TOPSIS technique for developing 

supplier selection with group decision making under type-2 neutrosophic number.," Applied Soft Computing, vol. 

77, pp. 438-452, 2019. 

46. M. Miranda, "Tools for Statistical Control". 

 

Received: April 05, 2020. Accepted: August 07, 2020 


	A Composite Index of Social Vulnerability to Earthquake Hazard in Canton Atacames
	Recommended Citation

	Journal of Neutrosophy

