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Abstract. Considering the importance of social stability risk evaluation for major water conservancy 

projects (MWCPs), this paper creates a feasible evaluation index system for such projects in fragile eco-

environment regions (FEER) through literature review, questionnaire surveys and data analysis. Then, a 

risk evaluation model was construction based on the set pair analysis (SPA) and the principal component 

analysis (PCA). The proposed model was applied to a MWCP in Shaanxi Province, China, revealing that 

the project has a low level of social stability risk. The evaluation result agrees with the actual situation, 

confirming the reliability and rationality of the proposed model. On this basis, several suggestions were 

proposed to further mitigate the social stability risks of the MWCPs in the FEER. The research findings 

provide a valuable reference for similar projects in FEER. 
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Introduction 

Water conservancy projects bring many benefits to regional and national development, 

such as controlling flood, protecting the eco-environment, rationalizing the use of water 

resources, and promoting economic development. In recent years, water conservancy 

projects are springing up across China, in response to the surging demand for industrial 

and domestic water (Qu, 2017). A total of RMB 713.24 billion yuan was spent on water 

conservancy projects in 2017, and another 100 billion was added in the following year. 

In Shaanxi Province alone, 172 major water conservancy projects (MWCPs) were kicked 

off in 2018. 

The water conservancy projects that have a huge construction scale and involve 

numerous factors are defined as MWCPs. In China, such projects need to be approved by 

the central and provincial governments. Unlike the general projects, an MWCP features a 

long construction period, a high investment and a large demand for land resources. In 

addition, such projects construction is faced with various health, ecological and 

economic issues (Wang et al., 2015). For example, the project party needs to consider 

house demolition, resettlement and compensation for reservoir immigrants. If not solved 

properly, these problems may lead to social instability in the project area, especially in 

fragile eco-environment regions (FEER). 
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For MWCPs, the social stability risks mainly refer to the negative social impacts of 

the project construction and operation on the residents in the project area. The residents 

may file petitions, resort to violence or take part in mass unexpected incidents, if their 

interests are undermined by the project. The social stability risks of MWCPs are not 

uncommon. Among the 527 MWCPs funded by the World Bank, only 30 has not caused 

social instability, and 27 has destabilized the local society. The mean yield of the 30 

project stands at 18.3%, while that of the 27 projects lingers at 8.6%. In 2017, the 

Chinese government pledged to take heavy measures against major risks of MWCPs, 

with the aim to improve prevention mechanisms and resolve social tensions. Over the 

years, the management of social stability risks has become an important aspect in the 

evaluation of MWCPs. Therefore, it is imperative to develop a realistic index system to 

rationally quantify the social stability risks of MWCPs. 

The contents shape the outcomes of the evaluation of social stability risks, and the 

countermeasures against such risks. Without proper contents, it would be impossible to 

achieve the goals of project investment (SGJ, 2012; Shi et al., 2015; Yang and Lv, 2017). 

Some scholars argued that a complete evaluation of social stability risks in MWCPs 

should cover social impacts, social suitability and social risks, and tackle such factors as 

the stakeholders, local population, production activities, social organizations and cultural 

acceptability (Becker, 2001; Eskesen et al., 2004). However, Zhang et al. (2013) 

suggested including social impacts, economic impacts and environmental impacts into 

the social stability risk evaluation of MWCPs. To achieve scientific and democratic 

social stability risk evaluation, Liao (2018) advised to clarify the status and duties of 

citizens, the government and third parties in the evaluation through “confrontational 

debates”, fully assess the public participation and opinions of project construction, 

identify the project impacts on poverty, gender, immigration and ethnic minorities, and 

monitor the various aspects (e.g. life, resettlement and social development) of the project 

in a timely manner. Meanwhile, the Chinese Ministry of Water Resources stipulated that 

the social stability risks of MWCPs should be evaluated from the perspectives of legality, 

rationality, feasibility and controllability. However, this provision has not been well 

implemented in the existing practices. 

In the evaluation of social stability risks, the index system should reflect all key 

attributes of the target MWCP, and contain indices that are properly correlated with each 

other. A suitable index system is the first step in reducing the social stability risks and 

the early prevention of social instability. 

In 1984, the World Bank requested all construction projects to include social risk 

evaluation in the feasibility study (Dani, 2003). Many scholars understood the social 

risks of construction projects as those arising from the different responses of 

stakeholders to specific issues and from the conflict between policymakers and the 

stakeholders (Hu et al., 2013). Following this train of thought, Wang and Zhang (2012) 

design an evaluation index system for social stability risks, which contains such indices 

as institutional role, behavior, stakeholder and social risk. In 2001, the former Chinese 

Ministry of Railways required all railway projects to assess their social stability risks 

from both macro and micro angles, against indices like social impacts and the degree of 

integration with the local environment. He et al. (2018) explore the relationship between 

stakeholders and risk factors and identifies the key indices of social stability risks by 

social network analysis. 

On MWCPs, the existing studies generally set up the evaluation index system of 

social stability risks from the following aspects: policy, economy, society, environment, 
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behavior and governance (Sun, 2011; Peng et al., 2013; Xiao et al., 2016; Zhu et al., 

2016; Hu, 2016). Using engineering analysis method, Huang et al. (2013) discussed the 

social stability risks of MWCPs in three dimensions, namely, social risk exposure, social 

sensitivity, and coping capacity. Some scholars include the public perception of risk in 

the index system for evaluation of social stability risks (Guo, 2012; Hu and Wang, 2014; 

Zhu et al., 2014; Yin et al., 2018; Zhang and Zhu, 2018; Fan, 2018). Inspired by social 

combustion theory and social vulnerability theory, Yang (2012) and Feng et al. (2017) 

measured social stability risks against such four indices as conflict diffuseness, conflict 

severity, conflict persistence and the total amount of conflicts. Liu et al. (2016) classified 

the risk factors into procedural risks, cognitive risks and friction risks. Targeting 

MWCPs, Teng et al. (2014) set up an index system for social stability risk evaluation, 

including but not limited to individual, family, political structure, social structure, direct 

impacts, public resources, eco-environment, social adaptability, and community. Chen 

and Wang (2018) identified the risk factors of public-private partnership (PPP) project 

against the indices of the government, social capital, public and environment, and 

summed up the risk formation mechanism. Liu and Wang (2017), and Yu et al. (2016) 

probed into the evaluation index system of social stability risks in urban transit projects 

and major river projects, but did not come up with a unified index system. 

MWCPs involve numerous influencing factors, making it difficult to use a unified 

evaluation method. The evaluation method should properly quantify the degree and 

probability of each social stability risk. 

From the angle of stakeholders, Jiao et al. (2015) evaluated the social stability risks of 

MWCPs by the fuzzy weighting method. Song (1995) assessed the social stability risks 

of MWCPs using the state-response mechanism. Cao et al. (2013) carried out a 

questionnaire survey on engineers and social evaluation experts, asked them to rate each 

social stability risk, and determined the weight of each risk based on the ratings. Chen et 

al. (2013) adopted the analytic hierarchy process (AHP) to assess the social stability risks 

of MWCPs. Sturk et al. (1996) suggested that the fault tree analysis (FTA) and the 

hazard and operability study (HAZOP) are applicable to risk evaluation, and successfully 

employed the FTA to evaluate the social stability risks of an actual project. Clark and 

Borst (2002) relied on the risk index method to assess various risks on the underground 

transit line in Seattle. Based on the entropy-weight and matter-element extension model, 

Dong et al. (2018) proposed a social stability risk evaluation method for highway 

projects, which computes the classical domain and the correlation function of each index, 

takes the entropy as the weight of the index, calculates the comprehensive correlation 

and then grades the social stability risks of the project. 

In summary, the following methods have been frequently adopted to evaluate the 

social stability risks of MWCPs: the AHP, fuzzy comprehensive evaluation (FCE), grey 

comprehensive evaluation, principle of Maximum Entropy (Li et al., 2009), group 

decision AHP (GAHP) (Kong et al., 2015), hierarchal holographic modeling (HHM), 

fuzzy variable theory (Xiao, 2017) and evaluation models combining various 

mathematical methods (He and Yang, 2014; Wu et al., 2016; Ma, 2017; Wang, 2017; Ge 

et al., 2018). These methods share some common defects. For example, the evaluation 

indices are too rigid to evaluate ambiguous, random and uncertain phenomena, the risk 

levels are determined rather subjectively, and the computing is so complex as to produce 

errors. 
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Materials and Methods 

Evaluation index system 

Preliminary selection 

As required by the Chinese Ministry of Water Resources, legality, rationality, 

feasibility and controllability were the contents of our evaluation of social stability risks 

in MWCPs. On this basis, the indices of each content were selected preliminarily, 

forming a hierarchy structure. Next, the preliminary evaluation index system was set up 

in light of the indices in actual cases, those in similar projects and the features of the 

target project. 

Index screening 

The indices are qualitative variables that measure the subjective feelings of the 

respondents. Here, each index was rated against a 5-point Likert scale (1: Very 

unimportant; 2: Unimportant; 3: Neither important nor unimportant; 4: Important; 5: 

Very important). Before issuing the formal questionnaire, all items were subjected to 

several tests (Table 1). The unqualified terms were deleted in view of the experts’ 

opinions. 

(1) Correlation test 

The correlation test aims to determine the Pearson product moment coefficient, i.e. 

the correlation between an item’s scores and the total test scores, of each item. The test 

results show that three indices, including decision-making power u11, institutional 

construction u12 and acquisition and demolition scale u13, were not significant or slightly 

significant (p<0.4). Thus, these descriptive items are not highly correlated with the scale. 

The Chinese Ministry of Water Resources specified that the evaluation entity of 

social stability risks should be designated by the people’s government in the project area 

or its subordinate departments, have clear management organization and relevant rules 

and regulations, and maintain no direct interest-relationship with the project; the social 

stability risk evaluation report should be signed by the people’s government in the 

project area. Therefore, the decision-making power and institutional construction of 

government departments are not inducers of social stability risks. 

In addition, the rationality of acquisition and demolition scale depends on the quality 

of planning, design and related measures. This item is not a direct cause of social risk 

events. To sum up, the decision-making power, institutional construction and 

acquisition and demolition scale were deleted from our index system. 

(2) Validity test 

Before the factor analysis, the remaining 21 items received the validity test. The 

results show that the Kaiser-Meyer-Olkin (KMO) value was 0.679, above the 0.6 

threshold; the p value of Bartlett’s test of sphericity was 0.000, which is significant at 

the level of 0.05. This means the proposed scale is suitable for factor analysis. 

From the factor analysis, the minimum common value u43 was determined as 0.510, 

and all items were above 0.2, indicating that the factor acceptable. Besides, the factor 

load was greater than 0.5 and the cumulative contribution rate of the four factors 

reached 70.189%, above the required rate of 70%. Therefore, the 21 items can be 

retained for subsequent analysis and the scale is of good validity. 

(3) Reliability test 

The Cronbach’s alpha of the total scale (0.931) was greater than 0.9, signifying the 

good overall reliability of the scale. Generally, when the total correlation of the 
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correction item is below 0.4, an item should be deleted if the Cronbach’s alpha after 

deletion is greater than or equal to that of the total scale. Among the 21 items, the 

resettlement plan u29 had a Cronbach’s alpha lower than 0.4, and the Cronbach’s alpha 

after deleting this item equaled that of the total scale. After consulting experts, it is 

confirmed that this term is a trigger of mass unexpected incidents in similar projects, 

and thus not deleted. The other items all passed the reliability test. The Cronbach’s 

alphas of the subscales also passed the test, indicating that the scale reliability will not 

increase after removal of any item. As a result, all 21 items can be retained for 

subsequent analysis and the scale is of high reliability. 

 
Table 1. The results of the reliability test (Wu, 2010) 

Item 

Correlation coefficient 

between the item and the 

total score 

Homogeneity test 

Remarks 

Pearson 

Correlation 

Significant 

(bilateral) 

Corrected 

item total 

relevance 

alpha value 

after the item 

is deleted 

Subscale 

alpha value 

Commo-

nality 

Factor 

load 

u11 0.044 0.807   

0.717 

  Deleted 

u12 0.34 0.053     Deleted 

u13 0.582 0 0.498 0.927 0.742 0.779 Reserved 

u14 0.455 0.008 0.4 0.93 0.51 0.517 Reserved 

u15 0.774 0 0.726 0.924 0.89 0.783 Reserved 

u21 0.678 0 0.677 0.924 

0.875 

0.689 0.722 Reserved 

u22 0.723 0 0.719 0.923 0.8 0.659 Reserved 

u23 0.822 0 0.812 0.922 0.805 0.629 Reserved 

u24 0.757 0 0.71 0.923 0.729 0.545 Reserved 

u25 0.745 0 0.761 0.922 0.799 0.777 Reserved 

u26 0.448 0.009 0.403 0.929 0.781 0.802 Reserved 

u27 0.679 0 0.646 0.925 0.659 0.729 Reserved 

u28 0.733 0 0.687 0.924 0.698 0.701 Reserved 

u29 0.408 0.019 0.325 0.931 0.827 0.882 Reserved 

u31 0.551 0.001 0.477 0.928 

0.717 

0.694 0.749 Reserved 

u32 0.659 0 0.613 0.925 0.68 0.688 Reserved 

u33 0.486 0.004 0.381 0.93 0.526 0.622 Reserved 

u34 0.349 0.046     Deleted 

u35 0.813 0 0.78 0.923 0.68 0.582 Reserved 

u41 0.682 0 0.651 0.925 

0.815 

0.813 0.681 Reserved 

u42 0.664 0 0.668 0.925 0.639 0.579 Reserved 

u43 0.516 0.002 0.493 0.928 0.449 0.587 Reserved 

u44 0.649 0 0.574 0.926 0.696 0.787 Reserved 

u45 0.652 0 0.646 0.925 0.634 0.737 Reserved 

Discrimi-

nant 

criterion 

≥0.400 p<0.05 ≥0.400 

≤aggregate 

alpha 

coefficient 

0.931 

≥0.7 ≥0.2 ≥0.5  

 

 

Construction of index system 

The expression of the indices was further refined and renumbered, forming a reliable 

and valid index system containing 21 indices (Table 2). 
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Table 2. The evaluation index system for social stability risks of MWCPs 

Aim Criteria layer 
Assessment 

factor 
Indicator layer 

Influence 

level 
Indicator interpretation 

Social 

Stability 

Risk 

Assessment  

system for 

Large 

Hydraulic 

Engineering 

Projects 

Legality 

U1 

Decision 

making 

procedure 

Project approval 

process u11 
0.0533 

Whether the design report related to the 

project project and its approval 

documents are complete. 

Decision 

content 

Information disclosure 

and mass participation 

u12 

0.047 
Whether the project information related 

to the masses is public. 

Project site selection 

u13 
0.0895 

Whether it is consistent with 

comprehensive planning, regional 

development planning, and special 

planning 

Rationality 

U2 

Decision 

motivation 

Most people's interests 

u21 
0.0317 

Whether it meets the interests of the 

majority. 

Interest 

adjustment 

The production and 

living standards of the 

land-expropriated 

people u22 

0.066 

Is it possible to ensure that the 

production and living standards after 

the relocation of immigrants meet or 

exceed the original level? 

Economic burden of 

the land-expropriated 

people u23 

0.0595 
Whether to bring excessive economic 

burden to the masses. 

Acceptance 

Mass gain u24 0.0455 
Whether to make the immigrants 

satisfied. 

Compensation 

standard for land 

acquisition and house 

demolition u25 

0.0328 

Whether the state and the locality have 

gaps in the compensation standards for 

land and housing, and the inconsistency 

of policies. 

Compensation funds 

for land acquisition 

and house demolition 

u26 

0.0438 

Whether the compensation fund 

management system is established and 

improved, whether there is a possibility 

of breeding corruption, 

misappropriation, and delay in 

issuance. 

The acceptance of 

income changes by the 

masses u27 

0.0478 

Changes in immigration work after 

relocation can cause income changes to 

be accepted. 

Implementing 

measures 

Planning design u28 0.045 
Is it recognized by the government and 

other relevant departments? 

Resettlement plan u29 0.0443 Can it be accepted by most people? 

Feasibility 

U3 

Policy 

convergence 

Policy continuity, 

stability and 

coordination with 

relevant policies u31 

0.0625 

Can it ensure policy continuity, 

stability and coordination with relevant 

policies? 

Support 

Safeguards u32 0.0298 
Whether the has a specific security 

plan. 

Ecological 

environment risk u33 
0.0673 

Whether measures have been taken for 

risks such as sudden water pollution 

accidents and invasion of alien species. 

Easy to 

operate 

Related supporting 

measures u34 
0.0506 Have you been cautiously argued? 

Controllability 

U4 

Potential 

negative 

effect 

Social security hazard 

u41 
0.0328 

Influx of outsiders during construction 

period, improper management, whether 

it is possible to conflict with local 

residents. 

Negative paradox u42 0.0378 Whether it has a negative impact. 

Degree of 

opposition 
Public safety u43 0.0324 Occurrence possibility. 

Prevention 

and 

resolution 

measures 

Prevention and 

emergency measures 

u44 

0.0499 
Are there preventive and coping 

measures? 

Public opinion and 

guidance u45 
0.0305 Is the preparation sufficient? 
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Evaluation Model 

Set pair analysis (SPA) 

The SPA (Zhao, 2000) is an effective way to quantify random, ambiguous and 

uncertain problems. It enjoys great advantages in quantifying the uncertainty between 

multiple factors. Taking the target problem as a system, the certain features are 

considered as the same or opposite to each other, the uncertain features are deemed as 

different, and the target system is analyzed from the same, different, and opposite 

aspects. The set pair is a pair of two sets with a certain correlation. 

Let H=(X,Y) be a pair set, and N be the total number of features in the set. It is 

assumed that the set contains S same features, P opposite features and F different 

features, that is, N=S+F+P. Then, the correlation degree of the system can be described 

as (Wang et al., 2009; Yang et al., 2014): 

 

  (Eq.1) 

 

where i [-1,1] is the difference coefficient for uncertain features; j=-1 is the 

oppositeness coefficient for certain features. The key to the SPA lies in the 

determination of the correlation degree μ and the difference coefficient i. 

Evaluation model 

(1) Grading of risk probability 

The risk probability refers to the possibility of occurrence of the risk index. In this 

paper, the subjective probability estimation is employed, which infers the risk 

probability based on estimators, expert experience, and similar events. The risk 

probability was empirically divided into five levels: very high, high, medium, low and 

very low. The five qualitative levels were respectively converted into quantitative 

figures like zero, the three quartering points of [0, 1] and one (Table 3). 

 
Table 3. Risk probability criterion 

Risk level 
Quantitative 

standard 
Level description 

Very high(k=1) (0.8,1] Almost certain 

Higher(K=2) (0.6,0.8] Very likely to happen 

Medium(K=3) (0.4,0.6] May happen 

Lower(K=4) (0.2,0.4] Less likely to occur 

Very low(K=5) [0,0.2] The possibility of occurrence is small, almost impossible 

 

 

(2) Determination of correlation degree 

The correlation degree quantifies the proximity of the two sets in the set pair, and 

reveals the complex relationship between the two sets. Inspired by the SPA theory, the 

correlation degree μnk was constructed between the value xn of each index in the index 

system and the five risk probability levels k. The relationship between each index and 

each level can be calculated as (Li et al., 2019): 
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(Eq.6) 

 

where s0~s5 are the critical values of the indices. 

(3) Determination of degree of impact 

The degree of impact of each risk index was assessed by the synthetic evaluation 

based on the principal component analysis (PCA). The PCA mainly determines the 

degree of impact based on expert scores and simplified linear relationships (Han et al., 

2012). The PCA-based synthetic evaluation is implemented in four steps: 

Step 1: Normalize the sample matrix  into , and compute the 

correlation coefficient matrix . 

Step 2: Calculate the eigenvalue  of the correlation matrix R, and determine the 

number (m) of principal components Fj. Here, more than 85% of the principal 

components are selected, and the remaining components are neglected. 

Step 3: Determine the degree of impact of each risk index using the following model: 

 

  (Eq.7) 

 

where  is decision matrix coefficient;  is the initial factor load. 
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Step 4: Construct a comprehensive evaluation function ; obtain the comprehensive 

value of the risk index score from the expert score : 

 

  (Eq.8) 

 

The degree of impact of each risk factor: 

 

  (Eq.9) 

 

In this way, the model on the degree of impact of each risk index can be obtained as: 
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where  are the overall importance of indices in the principal component. 

Using the SPSS 20.0 and the above method, the initial degree of impact of each 

index can be computed as: 
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The secondary model was obtained from the above results and the expert score sheet 

as: . The degree of impact of each of 21 

risk indices was =(0.0533, 0.0470, ..., 0.0305). 

(4) Calculation of comprehensive correlation 

The comprehensive correlation between index n and the risk probability level k can 

be determined as: 

 

  (Eq.11) 

 

(5) Determining the evaluation scores 

According to the basic principle of the SPA, the score of the risk probability is the 

level corresponding to the maximum value of the comprehensive correlation: 

 

  ik

k

j

vU Max
1=

=

 
(Eq.12) 

Results 

Basic information 

The research target is an MWCP in the FEER of northwestern China’s Shaanxi 

Province. With a total investment of RMB 20 billion yuan, the project covers an area of 
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14,00 km2. To prevent the occurrence of mass unexpected incidents, the author carried 

out an evaluation of the social stability risks of the project. 

Prior to the evaluation, a questionnaire survey was carried out in 35 administrative 

villages of 10 districts and counties. The questionnaire covers the attitude to the project, 

the impacts on local environment, the impacts on production and life, the compensation 

for losses, public participation, and so on. In total, 1,200 questionnaires were released, 

86% of which were recovered. Meanwhile, a few questionnaires were issued to test the 

authenticity, credibility and perfection of the survey. The results indicate that the survey 

contents lay a solid basis for risk evaluation. 

The questionnaire data show that 1,028 villagers were not against the project, 

including 951 supporters, 77 unconcerned and 3 opponents. The support rate is as high 

as 99.7%. Only 57 villagers worried about the risk of social instability, while 974 did 

not have the worry. Most villagers learned about the project from a simple information 

source. Specifically, 992 villagers heard of the project from the bulletin board of the 

local cooperative, and 8 never heard of the project. In addition, 10 villagers were 

included in the resettlement plan. Most respondents (1,124) were concerned about the 

compensation standards for land acquisition and house demolition, such as the 

compensation time. In general, land acquisition, relocation and resettlement and the 

temporary shutdown of the irrigation facilities are the main aspects of the project that 

may affect the local production and life. Besides, conflicts may arise between the 

construction team and the villagers. 

According to the actual situation of the project area, a social stability risk evaluation 

report was prepared, and several risk mitigation measures were proposed, together with 

an emergency response plan. 

Risk evaluation 

Based on the survey data, the social risks of the project were evaluated by the 

proposed method. The expert scores on each index was averaged as the final score 

(Table 4). The correlation degrees of each index and the evaluation levels were 

computed by Equations (2) and (6) (Table 5). 

 
Table 4. Mean expert score on each index 

Index 
Experts rating 

average 

Own 

interval 

Risk 

level 
Index 

Experts rating 

average 

Own 

interval 

Risk 

level 

u11 0.76 (0.6,0.8] Higher u29 0.44 (0.4,0.6] Medium 

u12 0.6 (0.4,0.6] Medium u31 0.5 (0.4,0.6] Medium 

u13 0.7 (0.6,0.8] Higher u32 0.56 (0.4,0.6] Medium 

u21 0.72 (0.6,0.8] Higher u25 0.46 (0.4,0.6] Medium 

u22 0.6 (0.4,0.6] Medium u26 0.6 (0.4,0.6] Medium 

u23 0.8 (0.6,0.8] Higher u27 0.84 (0.6,0.8] Higher 

u24 0.62 (0.6,0.8] Higher u28 0.7 (0.6,0.8] Higher 

u25 0.62 (0.6,0.8] Higher u29 0.6 (0.4,0.6] Medium 

u26 0.66 (0.6,0.8] Higher u31 0.72 (0.6,0.8] Higher 

u27 0.6 (0.4,0.6] Medium u32 0.8 (0.6,0.8] Higher 

u28 0.6 (0.4,0.6] Medium     
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Table 5. The correlation degrees of each index and the evaluation levels 

Index 

Degree of contact for different evaluation 

levels 

Index 

Degree of contact for different evaluation 

levels 

Very 

high 
Higher Medium Lower 

Very 

low 

Very 

high 
Higher Medium Lower 

Very 

low 

(0.8,1] (0.6,0.8] (0.4,0.6] (0.2,0.4] [0,0.2] (0.8,1] (0.6,0.8] (0.4,0.6] (0.2,0.4] [0,0.2] 

u11 -1 -1 -0.6 1 0.8 u29 -1 0.6 1 -0.6 -1 

u12 -1 -1 1 1 -1 u31 -1 -1 1 0 -1 

u13 -1 -1 0 1 0 u32 -1 -0.6 1 0.6 -1 

u21 -1 -1 -0.2 1 0.2 u33 -1 0.4 1 -0.4 -1 

u22 -1 -1 1 1 -1 u34 -1 -1 1 1 -1 

u23 -1 -1 -1 1 1 u41 -1 -1 -1 0.6 1 

u24 -1 -1 0.8 1 -0.8 u42 -1 -1 0 1 0 

u25 -1 -1 0.8 1 -0.8 u43 -1 -1 1 1 -1 

u26 -1 -1 0.4 1 0.3 u44 -1 -1 -0.2 1 0.2 

u27 -1 -1 1 1 -1 u45 -1 -1 -1 1 1 

u28 -1 -1 1 1 -1       

 

 

Based on the correlation degrees of each index and the evaluation levels, the weight 

of each index was determined according to Equation (11). The comprehensive 

correlation degree of each index can be calculated as: 

v=(-0.9998, -0.82278, 0.40176, 0.74716, -0.36044)T 

By Equation (12), the maximum connection degree was obtained as 0.74716, and the 

corresponding interval of evaluation level was (0.2, 0.4). The results show that the 

social stability risk of the major water conservancy project in the fragile eco-

environment region is lower than the actual situation after implementing the mitigation 

measures. This is consistent with the actual situation. 

Discussion 

The existing studies on MWCPs evaluation mainly concentrate on economic benefits 

and environmental impacts, failing to tackle the social stability risks. What is worse, 

there is a severe lacking of the social stability risk evaluation of the MWCPs in the 

FEER, which is essential to the protection of project safety and sustainability. 

To make up for this gap, this paper creates a feasible evaluation index system for 

social stability risks of the MWCPs in FEER through literature review, questionnaire 

survey and data analysis. Then, a risk evaluation model was construction based on the 

SPA and PCA. The proposed model was applied to a MWCP in Shaanxi Province, 

China, revealing that the project has a low level of social stability risk. The evaluation 

result agrees with the actual situation, confirming the reliability and rationality of the 

proposed model. 

The research findings provide a valuable reference for similar projects in FEER. The 

risk evaluation provides a reference for the design of measures to reduce the risk of the 

project. Based on the actual situation of the study area and the existing studies, the 

author puts forward several suggestions on social risk mitigation to further mitigate the 

social stability risks of the WMCPs in the FEER. 

(1) Address the concerns and protect the vital interests of the locals. 
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The compensation policies and resettlement measures should be publicized in the 

project area. To formulate a feasible compensation plan, the construction team must 

fully understand the local conditions, solicitate the opinions of the affected, and obey 

the relevant regulations. Moreover, the resettlement site and supporting facilities should 

be selected rationally and developed rapidly. The local governments need to step up the 

resolution of disputes over compensation allocation and pay the compensation in time. 

(2) Enhance eco-environment protection and reduce the environmental impact. 

The project party must strictly abide by regulations on environmental protection, 

adopt practical engineering and biological measures, and strengthen environmental 

monitoring and management. The construction plan should be optimized to prevent 

water pollution, curb ecological deterioration, and avoid geological disasters. Ultimately, 

the negative environmental impact should be reduced to the acceptable level. 

(3) Improve safety awareness and strengthen risk monitoring and response. 

The project safety should be prioritized through project construction and operation. 

During the construction, the project party should actively learn from best practices and 

achieve civilized construction, the local government should implement strict 

supervision, and the villagers should engage in safety monitoring and report. After the 

project enters operation, the risk monitoring should be implemented consistently 

through site visits, field surveys and regular patrols. 

(4) Establish and improve the risk management linkage mechanism for social 

stability. 

The project party should establish and improve a robust mechanism of social stability 

and work safety. For example, the construction procedures should be followed strictly, 

and the applications for pre-approval be filed timely; effective working forms and 

response plans should be formulated as per the project features and requirements; the 

social risk sources should be avoided throughout the project. In addition, efforts should 

be paid to enhance the awareness of risk, emergency, conflict and crisis management. 

(5) Cooperate with the local government to coordinate and solve problems. 

The project party should actively cooperate with the local government in problem 

coordination and solution. Specifically, the party needs to maintain an effective 

communication channel with the locals, and share the information smoothly with the 

local government. In the event of social stability risks, the project party and the local 

government should work together to prevent and resolve such risks. 

(6) Actively explore new measures to prevent and resolve social stability risks. 

The relevant parties need to further investigates the issues on social stability risks, 

and actively explore new measures to prevent and eliminate such risks. The new 

measures should be prepared based on the opinions and problems raised by the most 

affected residents and the local government, with the aim to nip the problems in the bud. 

Conclusions 

The social stability risks are highly dynamic, and the interaction between risk factors 

may trigger new risk factors in unsteady areas. Due to the geographical and project 

characteristics, there are some limitations in the selection of evaluation indicators. It can 

further adjust and improve the indicator system according to the actual needs of the 

project. Although the target project has a low social stability risk, the occurrence of 

individual conflicts cannot be ruled out. This calls for a more detailed risk mitigation 

strategy, which will be discussed in future research. 
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