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Conflicts in land exploration are incisive social problems which have been the subject in many studies. Risk assessment of land conflicts is effective to resolve such problems. Specifically, fuzzy mathematics and the analytic hierarchy process were combined together to evaluate risk in land conflicts in our work, which is proved useful to solve uncertainty and imprecision problems. Based on the analysis of the principles for the risk assessment of a land conflicts index system, a set of risk assessment indexes using the fuzzy analytic hierarchy process (FAHP) was presented. The results show that the overall risk is at medium level, and the risk of the feasibility index and controllability index need to be paid more attention to. The contribution of this article is reflected in two aspects: (1) the application of FAHP in risk assessments of land conflicts is effective and valid; (2) it is helpful for governments to establish a stricter management system of work safety for conflicts in land exploration based on the risk assessment results.
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INTRODUCTION

With the development of urbanization, there have been violent conflicts caused by land expropriation which have caused significant casualties and economic losses (Bao et al., 2019). The conflicts in land expropriation are major problems during urbanization in developing countries (Tagliarino et al., 2018), which not only seriously hinder the development of urbanization, but also cause sharp social contradictions which have seriously harmed social stability and development (Mathur, 2013). Conflicts in land expropriation have already become key problems affecting social stability.

The damage of conflicts in land expropriation has received a lot of interest and considerable theoretical analysis (Cao et al., 2018). Land expropriation is closely related with farmers’ vital interests, involving the larger population as they widely and seriously affect the stability of social society (Li and Xi, 2019). Conflicts in land expropriation are always regarded as verbal confrontation, vandalism, expulsion, physical altercations, and, at the extreme, assassinations and so on (Hui and Bao, 2013). Causes of conflicts in land expropriation have been studied which mainly refer to institutional flaws, illegal land acquisition by local governments, and disharmony between the rapid expansion of the city and space conversion. Some scholars proposed that: conflicts in land expropriation reflect the deep hidden contradiction between urban planning and economic development (Ma et al., 2020). Its essence is the interest conflict of the stakeholders (He and Asami, 2014). However, the causes of conflicts in land expropriation are complex. Different regions have different causes of conflicts in land expropriation. How to prevent conflicts in land expropriation has become a top priority. In order to prevent conflicts in land expropriation, risk assessment of conflicts in expropriation is an effective way. There are lots of risk assessment methods for multi-criteria decision-making in uncertain environments, such as the alpha-discounting method (Smarandache, 2010, 2013a,b); randomness and fuzzy theory (Abdo and Flaus, 2016); evidential reasoning algorithm and fuzzy set theory (Chen et al., 2014); Markov chain Monte Carlo simulation (Faghih-Roohi et al., 2014); the improved analytic hierarchy process (AHP) (Li et al., 2013); and variable fuzzy sets model and fuzzy AHP (Zou et al., 2013).

Although there are lots of risk assessment models applied to different risk assessment projects, fuzzy analytic hierarchy process (FAHP) especially has a wide application in many decision-making environments. However, the application of FAHP in the risk assessment of conflicts in land expropriation is not sufficient. The research gap shows that causes of conflict in land expropriation are extremely complex which are different in different regions, therefore it is necessary to identify specific risk factors systemically according to local conditions using FAHP. The motivation of this article is to find an effective risk assessment method which can prevent conflicts in land expropriation. Specifically, fuzzy mathematics and the AHP are combined together to assess risks in land conflicts, the results of risk assessment can reflect the total risk degree of land expropriation and some specific aspects which mostly lead to emergency.

In what follows, we first conduct a literature review of “Risk Causing Factors of Conflicts in Land Expropriation” and “Risk Assessment Model of Conflicts in Land Expropriation” given in section “Literature Review.” Subsequently, we will introduce research materials and methods in section “Materials and Methods.” Then, we choose one typical land expropriation program as a case study to analyze in section “Case Study.” Finally, the discussion and future prospects are presented in section “Discussion”.



LITERATURE REVIEW

It is challenging to establish a risk assessment model for conflicts in land expropriation with decision-making in uncertain environments. There are several methodologies for risk assessment: the AHP (Saaty, 1977); Gray system theory (Zhou et al., 2015); multi-state Bayesian network methodology (Qiu et al., 2015); and fuzzy mathematics (Wang, 2019). AHP is an effective multi-target decision-making method combining qualitative analysis with quantitative analysis which is often applied in comprehensive evaluation. Traditional AHP is widely used in risk assessment, which has been increasingly improved (Li et al., 2013). The advantage of AHP is that this method supports the weight of qualitative indicators and the rationality of the subjective factors (Feng et al., 2014). However, there are some limits of traditional AHP when we assess risks of conflicts in land expropriation. The result may not be consistent using traditional AHP. Consequently result reliability is not high. The weights of each index reflect relative importance between two factors which is determined according to the judgments from experts. However, the judgments from several experts vary, which may result in a bias in the result evaluated using a single weight index. What is more, the decision maker’s perception is associated with a crisp number using traditional AHP which is not suitable for uncertain data and an ambiguous decision-making environment. The theory of fuzzy mathematics is an effective solution to resolve such a problem in an uncertain environment and has been continuously improved, variations include: the randomness and fuzzy theory (Abdo and Flaus, 2016), evidential reasoning algorithm and fuzzy set theory (Chen et al., 2014), the combination of fuzzy AHP and TOPSIS (Taylan et al., 2014), and variable fuzzy sets model and fuzzy AHP (Zou et al., 2013). The calculation process and theory of fuzzy mathematics is relatively easy to follow in which we can describe the fuzzy character of classified bounds and reflect on the actual situation with objectiveness (Jiang et al., 2009). However, its objective membership functions are difficult to determine and it cannot well solve the information duplication problem caused by related assessment indices (Liu et al., 2010). It is necessary to combine fuzzy mathematics and AHP together to assess risks. The FAHP approach is primarily used for multi-attribute analysis and structured hierarchy decision situations which is better at obtaining priority weight vectors regarding multi-attribute decision-making than AHP (Lee, 2015). FAHP is a practical method for dealing with fuzziness and uncertainty which has been widely used in the risk assessment of different areas especially in assessment for some high-risk projects: risk assessment of earthquake triggers (Lyu et al., 2020a); ecosystem health assessment (Sun et al., 2019); and mega-city infrastructures related to land subsidence (Lyu et al., 2020b). FAHP is an improved method based on traditional AHP with the use of fuzzy numbers which could determine uncertainties in mapping human preferences into a score when considering different criteria in the selection procedure (Hamidi et al., 2010).

Fuzzy comprehensive evaluation (FCE) is a crucial step in the assessment of the risk of conflicts in uncertain environments (Geng et al., 2020). The advantage of FCE is that the contribution of multiple related factors can be comprehensively considered according to the weight. With the development of fuzzy theory, FCE was developed as an effective means of dealing with the interdependence problem of various factors, and has been widely applied in decision-making and assessment processes in imprecise environmental situations. The integration of FAHP with FCE is to overcome the uncertainty embedded in Likert-type variables and avoid subjective evaluations. It not only solves the problem of the fuzzy concept but also combines with FAHP to form a complete set of evaluation systems. However, few studies have applied this method to evaluate risks of conflicts in land expropriation as the core concept. This article applied FAHP-FCE in a risk assessment model of conflicts in land expropriation. The objective of this study is to provide a risk assessment model combined with FAHP and FCE. The FAHP methodology is used to calibrate the weights of risk assessment factors, and the FCA approach is used to assess risks of specific land expropriation projects based on the index system obtained by the interval FAHP from an objective perspective.



MATERIALS AND METHODS


Data Source and Questionnaire Design

A questionnaire is the main means of collecting data in this article. There are two approaches for the experts’ questionnaire: one is pairwise comparison (Saaty, 2003); the second method uses table comparison (Lyu et al., 2020a). The second new questionnaire method cannot only get the appropriate experts’ reply but also can determine the fuzzy number based on experts’ replies. We used the second approach. The specific questionnaire we designed is presented in Appendix. The nine scores represent the relative importance of the contribution of a factor to risk of conflicts in land expropriation (from 1 = lowest importance to 9 = highest importance). It is especially an effective method to collect different viewpoints from numbers of experienced experts for a complex decision-making problem that involves a large number of risk factors.

Specifically, we invited six experienced experts with expertise in land expropriation and emergency management. These experts included two academic professors whose research direction was emergency management especially for conflicts in land expropriation, two government workers who have a rich experience for solving conflicts in land expropriation, and two contractors who have rich experience for land expropriation. Referring to the practice of literature (Lyu et al., 2020a), there are two requirements that need to be satisfied when filling out this questionnaire. Firstly, each expert needs to assign an integer between one and nine to a factor. Secondly, each expert tries to give different scores to different factors in the same layer as much as possible, because the judgment matrix may be useless when all factors are given the same importance in the same layer.



Triangular Fuzzy Number Design

Triangular fuzzy number is a useful way to solve problems of decision-making in uncertain environments. It is a method of triangular fuzzy number to represent fuzzy comparative judgment. Instead of a crisp number, the triangular fuzzy number is more suitable for expert judgment whose judgment is ambiguous (the minimal value, the most likely value, and the maximum value). Based on the previous research of triangular fuzzy number (Sun et al., 2019), we denoted triangular fuzzy number as:
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Figure 1 shows the membership function of a triangular fuzzy number. Parameter l represents the minimal value, parameter u represents the most likely value, and parameter m represents the maximum value. The membership function of M(μ) is defined as Eq. 2.
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FIGURE 1. Triangular fuzzy number (P).
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A judgment matrix Fn×n with the ratio of interval values is written as Eq. 3, where P1n represents the ratio of the interval value for the first factor and the interval value for the nth factor; and Pn1 represents the reciprocal of P1n.

[image: image]

Based on the results of Pi, the membership between triangular numbers P1 = (l1m1u1) and P1 = (l2m2u2) in the fuzzy evaluation matrix can be plotted as Figure 2.


[image: image]

FIGURE 2. Membership function between triangular numbers P1 and P2 in the fuzzy evaluation matrix.




The Integration Between Fuzzy Analytic Hierarchy Process and Fuzzy Comprehensive Evaluation

Figure 3 shows the flow pipe assessing the conflicts risk in land expropriation based on FAHP and FCE. The assessment procedure includes two major sections: (1) determining the weight vector of risk factors using FAHP; (2) calculating the risk level of specific land expropriation projects using FCE based on the evaluation index weight using FAHP (Chen et al., 2014).


[image: image]

FIGURE 3. Flow pipe of the risk assessment using FAHP-FCE.


The procedure can be described in detail as follows: (1) establish hierarchical structure based on the influential factors identified previously; (2) establish judgment matrix from the proposed consulting process, including the summary of experts’ viewpoints from the questionnaire and determination of triangular fuzzy number; (3) calculate weight vector based on triangular FAHP, specific steps including: hierarchical single arrangement; consistency test, and hierarchical population ordering; and (4) calculate the risk level of specific land expropriation projects using FCE based on the evaluation index weight using FAHP. More detailed steps are described in section “Case Study.”



CASE STUDY

There are several reasons for choosing SY as a case city to research conflicts in land expropriation. Firstly, SY is a typical city which has lots of land expropriation projects. In recent years, there have been many violent conflicts caused by land expropriation. Hundreds of villagers were injured in the conflicts, which caused a bad social impact. The conflicts in land expropriation of SY could represent most of the characteristics of general conflicts in land expropriation. Secondly, the authors provide a long-term consulting service for the local department of government; we have access to data and materials of conflicts in land expropriation of SY. Thirdly, the invited experts are not only professional and have academic knowledge, but are also familiar with local conditions especially management experience and risk points that may cause conflicts in land expropriation.


Weights of the Assessment Factors Using Fuzzy Analytic Hierarchy Process


Hierarchical Structure

A set of comprehensive and systematic risk evaluation index systems appears to be important in our work. The AHP method is a useful way to analyze complex problems by dividing them into three layers: object layer, rule layer, and factor layer. When we assess risks of some events, the risk is generally regarded as the object layer. Therefore, the first layer is the object layer which is conflicts in land expropriation in this article. The second layer is determined by the official department in China which is proposed by National Development and Reform Commission (NDRC), which state that risk assessment of conflicts in land expropriation should be assessed from the following aspects: legitimacy, rationality, feasibility, and controllability.1 The third layer is a further subdivision of the second layer. According to the experts’ responses, 10 major risks points in the factor layer were identified. Based on the information and analysis above, a hierarchical structure for risk assessments of conflicts in land expropriation is established in Figure 4.


[image: image]

FIGURE 4. Hierarchical structure for risk assessment of conflicts in land expropriation.




Judgment Matrix From Proposed Consulting Process


Summary of experts’ viewpoints from questionnaire

Based on the hierarchical structure, we designed a questionnaire to evaluate the risk of conflicts in land expropriation as shown in Appendix. We invited six experts to complete the designed questionnaire. Before the experts gave their specific scores, we explained in detail the meaning of each index in the questionnaire and ranking function. What is more, we also introduced two requirements of how to complete questionnaire. These experts have rich experience in conflicts management of land expropriation. The expert scoring has high credibility. Based on the new questionnaire, the authors collected experts’ judgments of each factor in each layer. A summary of the questionnaire responses from the six experts is listed in Appendix. Based on this table, the authors determined an interval number for each influence factor and the times that each score was assigned in the interval.



Determination of triangular fuzzy number

In order to illustrate how to determine the triangular fuzzy number and judgment matrix based on the new questionnaire, the authors applied the expert responses of factors A1–A4 in layer 2 to establish the judgment matrix as an example; the specific linguistic variables and the corresponding fuzzy number refer to related publications (Lyu et al., 2020a).

The scores that the six experts assigned to factor A1 ranged from 7 to 9; therefore, A1 was initially assigned with an interval number of 7–9. Regarding the scores of A1, 9 was assigned three times, whereas 7 was assigned only once, and 8 twice. Compared with 7 and 8, the preferred score of A1 was 9. Similarly, A2 = 2–4 (4 was assigned three times, 3 twice, and 2 once). A3 = 3–7 (7 was assigned three times, 4 twice, and 3 once). A4 = 5–7 (7 was assigned three times, 6 was assigned twice, and 5 once). Each element in the judgment matrix can be expressed as the ratio between two interval numbers, such as A1 = (7, 9, 9), A2 = (2, 4, 4), A3 = (3, 7, 7), and A4 = (5, 7, 7).

In order to better illustrate how to determine the triangular fuzzy number, we took the value of A1/A2 as an example. For the value of A1/A2 = (7, 9, 9)/(2, 4, 4), the smallest is 7/4 = 1.75, and the largest is 9/2 = 4.5. Therefore, the value of A1/A2 ranges from 1.75 to 4.5. Based on Satty’s rule, the element in the judgment matrix ranges from 1 to 9 and it should be integer. Therefore, the value of A1/A2 ranges from 2 to 4. What is more, based on the assigned times of different scores, A1 is preferred as 9, A2 is preferred as 4 as an odd number is typically used to express the relative importance in a pairwise comparison (Saaty, 1977). The value of A1/A2 is 2′. Therefore, the authors use triangular fuzzy number 2′ = (2, 2, 4) to represent the value of A1/A2. The value of A2/A1 could also be determined at the reciprocal of A1/A2. Following this method, the pairwise comparison matrix can be expressed using Eq. 4.

[image: image]

Specifically, other triangular fuzzy numbers can be calculated with the same method.



Weight Vector From Triangular Fuzzy Analytic Hierarchy Process

Fuzzy analytic hierarchy process is the integration method of qualitative and quantitative methods. The main difference between FAHP and AHP is that FAHP can classify evaluation factors into target level, criterion level, and factor level. However, AHP can only classify evaluation factors into target level and factor level. FAHP effectively avoids the subjectivism of AHP and the one-sided nature of FCE. According to the determined fuzzy numbers and the established triangular fuzzy judgment matrix, the FAHP is applied to determine the eigenvalues and eigenvectors of each judgment matrix (Saaty, 2003). This method refers to the fact that the membership matrix and the corresponding eigenvectors are calculated step by step from the target layer to the criterion layer. Firstly, the membership matrix of the first class index is obtained by the membership matrix and eigenvector of each second-order index. Then, the membership matrix and eigenvector of the first-level index are used to obtain the evaluation set of the first-level index. At last, the whole risk of conflicts in land expropriation can be calculated according to the first-level index.


Hierarchical single arrangement

We calculate the eigenvalues and eigenvectors of each judgment matrix using the eigenvalue method. The square root method was adopted to calculate the eigenvalues and eigenvectors of each judgment matrix. And the rule layer will be taken as an example to illustrate how to calculate. The specific steps are reflected in Figure 5.


[image: image]

FIGURE 5. The calculation process of FAHP.


Step 1: Calculate the sum of elements in each row of the fuzzy judgment matrix:

[image: image]

In this way, the results of M1, M2, M3 and M4 can be calculated as [image: image].

Step 2: Calculate the square of Mi, where “n” represents the rank of matrix:

[image: image]

In this way, the results of [image: image],[image: image], [image: image], and[image: image] can be calculated as 1.495, 1.257, 1.495, and 1.495.

Step 3: Normalization, namely:

[image: image]

And the eigenvectors are expressed as:

[image: image]

[image: image]

Similarly, we can calculate weights of W2, W3, and W4 as W2 = 0.220, W3 = 0.260, and W4 = 0.260.

The set of weights is W = [0.260, 0.220, 0.260,0.260].

Step 4: Calculate the greatest eigenvalue of the judgment matrix:

[image: image]

A is the priority judgment matrix, and Wi represents the corresponding eigenvector. A = [aij]n×n.

aij is represented by elements in the “i” row and “j” column of the judgment matrix. 1≤i≤n, 1≤j≤n.

[image: image]

The greatest eigenvalue is expressed as:

[image: image]

We can calculate the eigenvalue as: [image: image].



The consistency test

In order to verify the consistency of FAHP, random consistency indicators of section numbers in the judging matrix are given to solve this problem (Hamidi et al., 2010). The consistency check is useful for analyzing the harmonization of the experts’ judgment, researching the relationship of each index. In particular, the paradox such as A is more important than B, B is more important than C, but C is more important than A can be avoided. The meaning of “CR” represents the consistency ratio.

[image: image]

When CR < 0.1, the consistency of the judgment matrix is within an acceptable range. When "CR≥0.1", the consistency of the judgment matrix is not an acceptable range, and the judgment matrix needs to be adjustment. “CI” means the consistency indicators.

[image: image]

The meaning of RI is the random consistency matrix; it is related to the order of the judgment matrix. When the order of the judgment matrix is greater, the number value of the “RI” is greater. For details see attached Table 1.


TABLE 1. The mean random consistency index.

[image: Table 1]
Take the rule layer (one class index), for example, the consistency check is used to conduct a comprehensive analysis. The eigenvalues can be calculated.

[image: image]

The above indexes are all better than the standards, and the judgment matrix is constructed through the consistency test. In this way, the factor layer (second class index) of the judgment matrix can be tested, and all of the two class indexes passed through the consistency test. The value of the rationality judgment matrix is 0.069 < 0.1; the value of the feasibility judgment matrix is 0.078 < 0.1. It is noteworthy that the judgment matrix of legality and controllability only have two numbers, and it corresponds to the consistent standard. There is no need to do the consistency for the judgment matrix of legality and controllability.



Hierarchical population ordering

Specific steps for calculating the index of the rule layer is as follows: firstly, each column of priority judgment matrix A is normalized to get matrix A1; then, vector A2 is obtained by adding the elements of each row of matrix A1. At last, the weight vector A4 of the first level index (criterion level) is obtained by normalizing each row element in vector A3. Similarly, the same calculation is made for the index layer (secondary index). Finally, the weights and the mean random consistency of each index layer are shown in Table 2.


TABLE 2. Weights of factors in layers 1–2.

[image: Table 2]
According to the triangular fuzzy judgment and fuzzy number, we could calculate the synthesized weights of each layer. Table 1 reflects the weights of factors in each layer and the mean random consistency. Which reflects the ranking risks of conflicts in land expropriation in SY city. The shape of fuzzy values in the AHP model is showed in Figure 5.

Figure 6 indicates the synthesized weights for ranking the risk factors with the triangular FAHP based on the conflicts of land expropriation that occurred in SY. As indicated in Figure 4, at the first layer, the legitimacy is the most critical factor that may pose the worst conflicts risk to land expropriation in SY city which has the largest weights, followed by controllability (A4), feasibility (A3), and rationality (A2). Therefore, legitimacy of land expropriation is most likely to cause conflicts risks. At the second layer, the legitimacy of project establishment (B1) is the most significant risk in land expropriation, which is much more important than the legitimacy of project construction, followed by controllability of emergency response (B10). Generally speaking, the ranking results show that more attention should be focused on the legitimacy of project establishment, controllability of emergency response, and feasibility of economy for most of the land expropriation projects in SY.


[image: image]

FIGURE 6. Synthesized weights for ranking risks in conflicts of land expropriation.




Conflicts Risk Assessment of Specific Land Expropriation Using Fuzzy Comprehensive Evaluation


Steps of Conflicts Risk Assessment for Specific Land Expropriation

In order to demonstrate the application of the proposed risk assessment methods, one specific land expropriation project was selected as a case study.


Establish the factor set of comprehensive evaluation

First, this part will establish the index set of the first class index U, and the second class index

Ui(i = 1, 2, 3, 4) is based on the context. The index set of the rule layer is:

[image: image]

The index set of the factor layer is as following:

[image: image]
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Establish the evaluation set of comprehensive evaluation

According to rules issued last year by the NDRC in China, the risk level of the land must be divided into three levels, for details see Table 3.


TABLE 3. The risk assessment grading of land conflict.

[image: Table 3]
And therefore, the evaluation remarks can be listed as the following set:



Establish the fuzzy evaluation matrix

While confirming the methods of performance evaluation, this article introduces an analytical hierarchy process and FCE. In this way, the qualitative evaluation index is transformed into a quantitative evaluation index. Therefore, this article needs to establish a judgment matrix.

In the empirical study, we provide the basic situation of this project and an Analysis of Questionnaire Survey of the surrounding residents. Then we use scores taken from experts to evaluate the risk factors, and finally utilize the FCE method to calculate the various kinds of risk. A total of 15 experts and scholars were invited to evaluate and score in this study. The specific scoring results are shown in Table 4.


TABLE 4. The evaluation criteria system and marks.

[image: Table 4]
Ri(i = 1, 2, 3, 4) is the judgment matrixes of the second class index, R is the judgment matrixes of the first class index. And four judgment matrixes of the second class index can be calculated through the expert evaluation method. The sources of the applied equations were based on the previous literature of FCE (Liao et al., 2018; Pu et al., 2018; Lyu et al., 2019).
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Wi(i = 1, 2, 3, 4) is the weight vector of the factor layer (second class index) which includes the legality indictors, rationality indictors, feasibility indictors, and controllability indictors.

[image: image]

Bi(i = 1, 2, 3, 4) is the evaluation vector of the factor layer (second class index):

[image: image]

Meanwhile, the evaluation matrix R of the rule layer (first class index) is represented as the following:

[image: image]

Therefore, the evaluation vector of the rule layer (one class index) can be calculated as follows:

[image: image]



Results

According to the maximum subordination principle, we can see from Figure 6 that the membership degree of different risk level shows that the maximum membership degree is 0.605 which belongs to the medium risk level. It shows that the land conflict risk of the project is within the scope of control, and the project can continue safely. The maximum membership degree of the legitimacy index score is 0.567, which belongs to the low risk level; the maximum membership degree of the rationality score is 0.592, which is at a low risk level. The maximum membership degree of the feasibility score is 0.467, which belongs to the medium risk level. The maximum membership degree of the controllability score is 0.583, which is also at medium risk. Most noteworthy, as the feasibility and controllability of the secondary indicators are in the middle risk level, it is suggested that the government should troubleshoot risk points from this land development.


Legitimacy

The legitimacy rating of this project is at low risk. The investigation found that the project strictly complied with the approval procedure for project establishment. It conforms to the local industrial development plan. What is more, the relevant qualifications of construction personnel have been examined according to law, so the legitimacy is at low risk.



Rationality

The rationality evaluation grade of this project is at low risk. According to investigations, this article found three things of note. Firstly, in the aspects of the compensation scheme, this project implements monetization of one-time compensation and purchase of commodity housing stock in the county market. The compensation scheme is reasonable. Secondly, in the aspects of emotional appeal, 97% of the respondents believed that it had no impact on local culture, customs, and religion after the project was completed. However, 2% of the respondents believed that it had some influence on customs, and 1% of the respondents believed that it had some influence on culture. Thirdly, in the aspects of living employment, it will not have a great impact on the employment of Aboriginal residents because the demolished project does not have a commercial network of villages in the city. However, considering that the expropriated and demolished residents need to establish new neighborhood relations after demolition, there will be short-term maladjustment.



Feasibility

The feasibility evaluation grade of this project is at medium risk. Therefore, further analysis of economic, technological, and environmental feasibility reveals the following risk sources. In terms of economic feasibility, it is found that similar plots have not been investigated. In terms of environmental feasibility, a small amount of dust will be produced in the process of land expropriation, and a large amount of construction waste will affect the living environment of the surrounding residents. In terms of technical feasibility, the lives of the surrounding residents will be disturbed due to technical constraints, excavators, loaders, automobile transportation, and other noise and vibrations.



Controllability

The controllability evaluation grade of the urban village project is at medium risk. The risk sources are identified further according to the two indicators of public participation and emergency response. The following problems were found. In terms of public participation, after hearing of the land requisition and demolition plan, about four residents disagreed with the plan, however, relevant departments did not follow-up on the solution As for emergency response, there were no negative reports from mainstream news media, such as online newspapers. However, relevant authorities did not prepare measures to network public opinion.



DISCUSSION

The FAHP-FCE was successfully applied to evaluate the risk degree of land expropriation in SY. The major findings are summarized as follows: (1) a set of risk evaluation indexes system was established based on experts’ opinions using the proposed method. (2) A risk analysis of the SY land expropriation illustrated the efficiency and validity of the FAHP-FCE in the risk assessment of land expropriation. The results of risk assessment for specific land expropriation projects using the proposed method show that the overall risk of specific land expropriation projects was at a low level; however, the feasibility and controllability of the second layer is at the medium level which need to be paid more attention to. (3) It can better prevent conflicts risk in advance based on the evaluation results of land expropriation. The risk degree of land expropriation can be evaluated in advance using FAHP-FCE, and some specific risk points can be removed and qualify the land expropriation system. The contribution of this article shows that:


1. The application of FAHP into risk assessment in land expropriation is effective, which enlarges the application scope of FAHP. Although FAHP has a wide application in risk assessment for many projects, the applicability of FAHP in risk assessments in conflicts in land expropriation is still unclear. The system can be determined, and also ranks risks from the perspective of the system as a whole.

2. The FAHP-FCE methodology enriches management means of conflicts in land expropriation. It is helpful for relevant departments to establish a strict management system of work safety for conflicts in land exploration based on the risk assessment results. The FAHP assessment method uses a triangular fuzzy number instead of a crisp number, which overcomes the one-sided deficit of the original AHP method. It overcomes the shortcomings of the simple weighted average method, and it makes up for the deficiency of the traditional AHP and improves the fault tolerance of the model. At the same time, it breaks through the limitations of traditional risk assessment methods and integrates the probabilistic risk assessment method and risk FCE method.



There are also some limitations in this article, because Saaty’s AHP produces rank reversal, a new procedure was proposed based on a simple algebraic system of equations, called “Alpha-Discounting Method for Multi-Criteria Decision Making” (Smarandache, 2015), which is considered for multi-criteria decision-making as a future study.
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APPENDIX


TABLE A1. Questionnaire for risk assessment of conflicts in land expropriation.
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