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Abstract: The care and conservation of the environment is currently a task to ensure human survival. Various are the negative 

environmental impacts to which the planet is subjected. Quantifying the adverse events that the planet faces constitutes an 

activity little addressed by science. The present investigation describes a solution to the problem posed from the development 

of a method for environmental evaluation. It uses a multicriteria approach and models its inference by means of Neutrosophics 

Cognitive Maps.  
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1 Introduction 

Environmental problems affect sustainable and ecologically sustainable development. These problems 

occupy the center of concerns in today's world. This is largely due to the fact that the environmental deterioration 

has reached very high levels. Currently it is necessary to think about the search for solutions, to help reduce the 

impacts caused by man in his nature-society relationship. The protection of the environment is one of the most 

important responsibilities of the society that works in entities, companies and in the community in general [1], [2], 

[3]. 

Environmental problems have changed the way we relate to the environment and society, making it clear 

those human beings is essential elements in the composition of the environment. Law as instrumental social science 

cannot afford to be oblivious to this problem that affects humanity to the point of compromising its existence in a 

mediated future.  

The knowledge of environmental problems promotes individual and collective responsibility to face the 

ecological and social deterioration manifested in many underdeveloped countries. The search for sustainable 

development for all must be a worldwide government priority [4], [5], [6]. 

Ecuador is a country with 278,000 square km of surface and has 50 areas within the National System of 

Protected Areas. The biological diversity of Ecuador places it among the most important countries on the planet. 

Ecuador has a privileged geographical location in the geotropic. Its varied relief and influence of sea currents 

converge to build the context of the most varied life forms of flora and fauna. The 49 existing protected areas 

comprise 19.1 million Hectares, which represents 19% of the total area of the country. It has 11 national parks, 9 

ecological reserves, 6 biological reserves, 1 geobotanical reserve, 4 wildlife production reserves and 10 wildlife 

refuges [8], [9], [10]. 

Ecuador maintains an important interest in preserving the natural spaces that place it as one of the most 

diverse countries on the planet. The reasons are based on the fact that it is the first mega diverse country in the 

world, second in diversity of endemic vertebrates, third country in diversity of amphibians, fourth in diversity of 

birds and fifth in diversity of papillonic butterflies [11], [12], [13]. As an important part of social services, 

environmental protection constitutes a political interest in Ecuador to reduce the adverse effects listed above. 

In Ecuador, the Constitution of the Republic, in its article 397 No. 4, provides that in order to guarantee the 

right of the population to live in a healthy and ecologically balanced environment, the state undertakes to ensure 
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the intangibility of protected natural areas , in such a way that the conservation of biodiversity and the maintenance 

of the ecological functions of ecosystems are guaranteed [14], [15], [16]. 

2 Preliminaries 

 This section of the research describes the set of elements that facilitates the understanding of the proposal 

from the theoretical point of view. It starts by addressing the environmental issue. The negative effects on the 

environment that climate change fosters are introduced. The Neutrosophical Cognitive Maps are characterized as 

an element of inference for the development of the present investigation. In addition, the theory of neutrosophics 

numbers is introduced. 

2.1 Medio Environment 

The environment is defined as a system of abiotic, biotic and social elements with which man interacts, while 

adapting to it, transforming it and using it to meet his needs. It must be conceived in its entirety, being part of it; 

the built, the personal and the collective; the economic, the social, the cultural, the technological, the ecological, 

the aesthetic, which demonstrates the integrality and what this term represents [17], [18].  

Concern for environmental problems became evident in the mid-twentieth century, as a result of pollution 

caused by accelerated industrial development. The prevailing economic growth model had direct implications for 

environmental degradation and the impact of natural resources [19]. 

Preventing the environment from being mistreated implies ensuring its recomposition, repairing the effects 

caused and eliminating the causes that have caused its deterioration. This implies a high level of civil responsibility, 

which displays the legal treatment of environmental damage [17], [20]. In general, environmental damage is 

irreversible. 

In the field of environment and ecosystem prevention is the starting point for environmental protection and 

a need for study and development, being considered as a guiding principle [21], [22]. The process that governs the 

implementation of activities aimed at preserving the environment and the quality of life of society is called 

environmental management [23].  

 Environmental management is a continuous process of actions that generates the definition of environmental 

sustainability policy, planning, action, review and improvement of the performance of a company. Environmental 

damages are mainly caused by the overexploitation of natural resources and the environmental degradation to 

which ecosystems are subjected. 

2.2 Climate change 

Climate change is considered as the biggest problem to be confronted by humanity. The United Nations 

framework convention on climate change to Paris defined climate change as the climate change that is directly or 

indirectly attributed to human activity that alters the composition of the world atmosphere and adds to the natural 

variability of the climate observed during periods of comparable time [24], [25]. 

Among the most analyzed consequences of climate change is the increase in greenhouse gases [26], [27], 

[28], the increase of the temperature, the decrease of the water resources, deterioration of the biodiversity, 

alterations in the agriculture and the vegetal cover and the contamination of the oceanic environments [29], [30]. 

Figure 1 shows an image that illustrates the negative effect of climate change on the environment. 

Figure 1. Negative effects of climate change on the environment 

Effect  Cause 

Climate Change Impact 
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2.3 Fuzzy Cognitive Map 

Causal modeling is useful for understanding the decision making process. Causality is generally seen as a 

precise relationship: the same cause always causes the same effect. But in the everyday world, the links between 

cause and effect are often imprecise or imperfect by nature [31], [32].  

In many problems it is impossible to express the probabilities accurately to represent causation. One option 
in this scenario is to represent the degree of influence between one concept and another through diffuse logic using 

the Diffuse Cognitive Map (MCD) [33, 34]. 

DCMs are diffuse models with feedback to represent caution, they combine the theoretical tools of cognitive 

maps, fuzzy logic, neural networks, semantic networks, expert systems and nonlinear dynamic same line [35]. 

This technique allows modeling the system with feedback. In the diagram, each node represents a fuzzy set 

or event that occurs to some degree. With the use of this technique, the benefits of visual modeling, simulation and 

prediction are also obtained. 

A DCM can be represented through a directed graph in which nodes represent concepts and arcs indicate 

causal relationship. The intensity of the causal relationship is represented by diffuse values. An adjacency matrix 

is used to represent the connectivity between nodes [36 , 37]. 

Scenario analysis contributes to the identification of different alternatives to reach a future state. It is a flexible 

strategic planning method frequently used in technology management [38, 39].  

2.4 Neutrosophic Cognitive Map 

Neutrosophy was proposed by Florentín Smarandache for the treatment of neutralities [40]. This has formed 

the basis for a series of mathematical theories that generalizes classical and fuzzy theories such as neutrosophical 

sets and neutrosophical logic. The original definition of truth value in neutrosophical logic is shown as: 

𝑁 {(𝑇,I,F)∶𝑇,𝐼,𝐹 ⊆ [0,1]}, in which: T, represents the degree of belonging. I, the degree of undefined. F, the 
falsehood. 

What represents a neutrosophical evaluation, considered as a mapping of a group of propositional formulas 

to N, and for each sentence p to obtain the result through equation 1. 

𝑣(𝑝) = (𝑇, 𝐼, 𝐹) (1) 

Mathematically a Neutrosophic Cognitive Map (NCM) can be defined using a 4-tuple (𝐶, 𝑊, 𝐴, 𝑓) 
 Where: 

 𝐶 = {𝐶1, 𝐶2, 𝐶3, … , 𝐶𝑁} represents the set of graph concepts, 

 𝑊: (𝐶𝑖 , 𝐶𝑗 ) → 𝑤𝑖𝑗 is a function that associates a causal value 𝑤𝑖𝑗 with each pair of neurons (𝐶𝑖 , 𝐶𝑗). 
The values 𝑤𝑖𝑗 denote the direction and intensity of the edge that connects the concept 𝐶𝑖 with the neuron 𝐶𝑗 

where the matrix of weights 𝑊 defines the behavior of the system.  

𝐴: (𝐶𝑖 ) → 𝐴𝑖 is a function that associates a degree of activation 𝐴𝑖 ∈ ℝ every concept 𝐶𝑖 of the system, during 

the time 𝑡 (𝑡 = 1,2, … , 𝑇). In addition, the map uses a function 𝑓: ℝ → [0,1] to maintain the degree of activation 

of each concept in the appropriate range. 

3 Method for environmental assessment state responsibility 

This section describes the method for environmental assessment. It bases its operation by Neutrosophic 

Cognitive Map. It nourishes its processing by means of static analysis with the objective of determining the most 

important nodes of the graph. This is achieved from the application of graph theory, specifically of centrality 
metrics. 

 While traditional relationships are appropriate to describe relationships such as inheritance. Diffuse sets are 

better at capturing relationships in which there are different degrees of belonging such as neighborhood. Figure 2 

shows a general scheme with the operation of the proposed method. 

Figure 2. Scheme of the operation of the proposed method.  

  Obtaining     

  information 
Static analysis 

 Recommendation  

  generation 
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The proposed method is structured in three fundamental stages: Stage 1 obtaining information, Stage 2 

implementation of static analysis, Stage 3 generation of recommendations. A description of the steps of the 

proposed method is given below. 

Stage 1. Obtaining information: 

The stage of obtaining the information consists in determining the environmental indicators that are 

evaluated. From which the assessment criteria on which the inference of the method is based are identified. 
You must ensure that: 

The criteria identified meet the condition expressed in equation (2). 

 

 

The criteria domain C  is finite. 

Once the evaluation criteria have been determined, the causal relationships expressed on the evaluation 

criteria are determined. The causal relationships are expressed in the adjacency matrix representing the basis for 

the operation of the next stage of the method.  

Stage 2 2. Static analysis: 

The static analysis allows obtaining the causal conceptual centrality of the Neutrosophic Cognitive Map; it 

is obtained from the relationships expressed in the adjacency matrix. The modeled parameters are degree of output 
od, degree of input id and centrality C [41].  Using the equations (3, 4 and 5) the modeled parameters are obtained. 

Degree of output obtained by the equation (3) 

 


n

i iji Iod
1  

(3) 

Degree of input obtained through the equation (4) 

 
 


n

i jii Iid
1  

(4) 

Centrality obtained through the equation (5) 

iii idodC 
 

(5) 

 

Stage 3. Generation of recommendations: 
Without losing generality, the inference process in an NCM can be defined mathematically using two 

components: a status vector 𝐴1×𝑁 which represents the degree of activation of the map concepts, and a matrix of 

causal weights 𝑊𝑁×𝑁 which defines the interaction between neurons.  

The following equation (6) summarizes this process, which consists in calculating the state vector 𝐴 over 

time, for an initial condition 𝐴0. Similarly to other neuronal systems, the activation of 𝐶𝑖 the neurons that directly 

affect the concept will depend on the activation 𝐶𝑖 and of the causal weights associated with said concept [22], 
[23]. 
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Where: 
)1( t

iA : it is the value of the concept Ci in the step t+1 of simulation.  

)(t

iA : it is the value of the concept Cj in the step t of the simulation.  

Wji: it is the weight of the connection which goes from the concept Cj to the concept Ci and f (x) is the activated 

function. 

4 Method implementation through a case study in Ecuador 

 The proposal has been implemented in the social context in the Quevedo city of Ecuador. The environmental 

situation of the Quevedo Canton is not exceptional in terms of the deterioration exhibited by the remaining small 

cantons in the country. The main elements of the implemented method are described below. 

Stage 1: Obtaining information. 

During the process of obtaining information, scientific research methods were used from which environmental 
assessments were identified. Table 1 shows the criteria obtained. 

 

  2...1  nCCC n  
(2) 
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Table 1. Evaluation criteria. 

Criteria Description 

C1 Natural resources with degradation 

C2 Deforestation by logging of primary forests 

C3 Biodiversity loss 

C4 Loss of water quality 

C5 Imbalance in the food chain - ecological 

C6 Soil erosion - sedimentation 

C7 Fragmentation - isolation of populations 

C8 Pollution (soil, air, water) 

C9 Species migration 

 

With the use of a multi-expert approach, the causal relationships of the criteria presented are determined. For 
the process, three experts were consulted who issued their ratings. As a final result, the aggregate adjacency matrix 

shown in Table 2 was obtained.  

Table 2. Adjacency matrix added. 

 C1T, I, F C2 T, I, F C3 T, I, F C4 T, I, F C5 T, I, F C6 T, I, F C7 T, I, F C8 T, I, F 

C1 T, I, F 

[0, 0,0] 

[0.25, 

0.5,0.75] 

[0.5, 

0.25,0] 

[0.5, 

0.25,0] 

[0.25, 

0.25,0] 

[0.5, 

0.25,0] [0.25, 0,0] [0.25, 0,0] 

C2 T, I, F [0.50, 

0.25,0.75] [0, 0,0] 

[0.75, 

0.5,0.25] 

[0.75, 

0.5,0.25] 

[0.75, 

0.5,0.25] 

[0.75, 

0.5,0.25] 

[0.25, 

0.25,0] 

[0.75, 

0.5,0.25] 

C3 T, I, F [0.5, 

0.25,0] 

[0.50, 

0.25,0.75] [0, 0,0] 

[0.5, 

0.25,0] 

[0.75, 

0.5,0.25] 

[0.5, 

0.25,0] 

[0.5, 

0.25,0] 

[0.25, 

0.25,0] 

C4 T, I, F [0.75, 

0.5,0.25] 

[0.25, 

0.5,0.75] 

[0.50, 

0.25,0.75] [0, 0,0] [0.5, 0.25,0] 

[0.5, 

0.25,0] 

[0.5, 

0.25,0] 

[0.5, 

0.25,0] 

C5 T, I, F [0.5, 

0.25,0] 

[0.5, 

0.25,0] 

[0.5, 

0.25,0] 

[0.50, 

0.25,0.75] [0, 0,0] 

[0.5, 

0.25,0] 

[0.5, 

0.25,0] 

[0.25, 

0.25,0] 

C6 T, I, F [0.25, 

0.25,0] 

[0.5, 

0.25,0] 

[0.25, 

0.5,0.75] 

[0.5, 

0.25,0] 

[0.50, 

0.25,0.75] [0, 0,0] 

[0.5, 

0.25,0] 

[0.5, 

0.25,0] 

C7 T, I, F 

[0.25, 0,0] 

[0.5, 

0.25,0] 

[0.5, 

0.25,0] 

[0.5, 

0.25,0] [0.5, 0.25,0] 

[0.50, 

0.25,0.75] [0, 0,0] 

[0.25, 

0.5,0.75] 

C8 T, I, F [0.5, 

0.25,0] 

[0.25, 

0.5,0.75] 

[0.25, 

0.25,0] 

[0.25, 

0.25,0] 

[0.25, 

0.5,0.75] 

[0.50, 

0.25,0.75] 

[0.25, 

0.5,0.75] 

[0, 0,0] 

 

Stage 2: Static analysis implementation. 

From the processing carried out of the adjacency matrix, the values of the static criteria Od, Id, C are obtained. 
Table 3 presents the result of the values obtained. 

Table 3. Behavior of static analysis 

Criteria Description id od c 

C1 Natural resources with degradation 3,00 2,50 5,50 

C2 Deforestation by logging of primary forests 1,75 3,75 5,50 

C3 Biodiversity loss 3,00 3,25 6,25 

C4 Loss of water quality 3,25 2,75 6,00 

C5 Imbalance in the food chain - ecological 3,25 2,50 5,75 
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C6 Soil erosion - sedimentation 3,25 2,50 5,75 

C7 Fragmentation - isolation of populations 2,50 2,75 5,25 

C8 Species migration 2,50 2,25 4,75 

 
The essential knowledge of the static analysis carried out of the evaluation criteria, expresses that the most 

preferred indicators are: Deforestation by logging of primary forests and y Biodiversity loss.  

Stage 3: Generation of recommendations. 

The stage obtains the values attributed to the weights of the criteria that represents the normalization of the 

values of the degree of output. Subsequently, the preferences on the case study being analyzed are obtained. This 

part of the process consists in determining the level of presence possessing the evaluative criteria in the Quevedo 

city of Ecuador. Once the values of the weights and preferences have been obtained, the process of aggregation of 

information is carried out. 

 

The information aggregation process is carried out by means of the information aggregation operator 

(Ordered Weighted Averaging) OWA as expressed in equation (7). 

F(a1, a2. . an) = WtB (7) 

Where: 

W: it is the weight OWA vector associated with aggregation. 

B: it is the ordered aggregate vector, where the jth largest component of B is bj being this the jth largest of 

the ai. Table 4 shows the result. 

 
Table 4. The attributed weight to criteria. 

Criteria Weights Preferences  Adding  

C1 0,1123  1  0,1685 

C2 0,1685 1 0,1460 
C3 0,1460 0.75 0,1235 
C4 0,1235 0.75 0,1235 
C5 0,1123 1 0,0842 
C6 0,1123 1 0,0842 
C7 0,1235 0.75 0,0842 

C8 0,1011 0.25 0,0252 

Index  0.8394 

From the above mentioned analysis of the data in Table 4, an incidence index of the environmental variables 

of a 0.83 can be identified, representing a high index of environmental deterioration over the exposed indicators. 

Once the scenario simulation has been applied using equation (6), the results are presented in Figure 3. 

 

 
 

Figure 3. Result of the simulation of scenarios. 
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From the simulation result, a set of behaviors such as: 

There is an increase in indicators over time. However, based on the strategies implemented, a recovery of 

different criteria is expected over time. 

5 Conclusions  

 This research presented a method for the evaluation of environmental variables. The method used as an 

inference process the Neurosophical Congnitive Maps through a multicriteria approach. The proposed method 

obtained the set of causal relationships that relate the environmental variables from which the inference process of 

the proposed solution was generated. The proposal was implemented as a case study in the Quevedo city of 

Ecuador, from which an incidence index of the environmental variables of 0.83 was obtained according to the 

method considered high according to international standards.  

Future work will concentrate on extending the model to group decision making allowing to taking into 
account multiples stakeholder point of views. Another area of work is in developing and integration to the of a 

consensus process to make decision making more reliable.  
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