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Abstract 

The frequent occurrence of coal mine emergent events caused great impact on the 

social order and economic stability. In order to effectively prevent the occurrence of coal 

mine emergent events, it is necessary to focus on upgrading the level of emergency 

capability. This paper proposes the evaluation model of emergency capability of coal 

mine emergent events by the multistage fuzzy quality synthetic evaluation method. The 

evaluation weights are determined by AHP, the multistage fuzzy comprehensive appraisal 

on emergency capability is made by the fuzzy mathematics method, the rank status of 

emergency capability of coal mine emergent events is determined according to the 

empirical analysis results. Finally, an empirical analysis is made, the results of first grade 

fuzzy comprehensive evaluation show that emergency rescue capability is good and others 

are general, the results of second grade show that coal enterprises emergency capability 

is general, the average score is 74.445 less than 80 which indicates that the overall 

situation of emergency capability of coal mine emergent events is general. 
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1. Instruction 

Compared with general business, coal enterprises have complex production systems, 

multiple production processes, complex geological environment, poor production 

environmental conditions and other characteristics [1-4]. Coal enterprises prone to 

emergent events whose influence is relatively large range and destruction is more serious 

[5-7]. The urgent need for coal enterprises is to enhance emergency capability to respond 

to emergent events, so it is more important to analyze the current situation of emergency 

capability [8,9]. 

In response to emergent events, coal enterprises try to minimize the damage and losses 

caused by emergent events and can timely return to normal production, these are called to 

be coal enterprises emergency capabilities [10-13]. Coal mine emergent events are sudden 

and uncertain, but emergency capability runs through every stages of emergent events 

[14,15]. The aim of emergency capability is the prevention, control and elimination of 

emergent events. Therefore, improvement of emergency capability can effectively reduce 

property damage, personal injury and environmental damage extent caused by emergent 

events [16-18]. 

In order to evaluate emergency capability of coal mine emergent events, the paper 

proposes the evaluation model by the multistage fuzzy quality synthetic evaluation 
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method, determines the evaluation weights by AHP, utilizes the fuzzy mathematics 

method to carry on multistage fuzzy comprehensive appraisal, then determines the rank 

status. Finally, an empirical analysis is made to verify the validity and practicality of the 

evaluation model. Through evaluation on emergency capability of coal mine emergent 

events, we can determine the defects and shortcomings, and then develops the response 

measures, enhances the emergency capability level, so that the results can provide some 

reference for studying the state of emergency capability and improving the emergency 

capability of coal mine enterprises in China. 

 

2. Indicator System 

Coal enterprises emergency capability management is a dynamic and changing process, 

including the prevention, monitoring, control and recovery capability in every stage of 

emergent events [19-21]. The paper analyzes the main influencing factors of emergency 

capability of coal mine emergent events in every stage, constructs the evaluation indicator 

system according to the files of the National Coal Mine Safety Supervision Bureau and 

the relevant research results (showing in Table 1). 

Table 1. Evaluation Indicator System of Emergency Capability 

 Target 
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U
 

emergency monitoring capability U1 

monitoring and forecasting U11 

emergency material support U12 

emergency command and coordination 

U13 

degree of hazard identification U14 

emergency response capability U2 

recognition judgment U21 

degree of actual rescue U22 

degree of emergency response U23 

enterprise recovery capability U3 

restore production level U31 

accident analysis level U32 

plan amendment U33 

emergency relief agencies perfection U34 

emergency rescue capability U4 

effective relief of rescue personnel U41 

effective work of rescue equipment U42 

medical supplement U43 

rescue techniques U44 

situation control U45 

emergency command capability U5 

rescue command's correct and efficient 

U51 

rescue resource allocation U52 

rescue command methodical U53 

resource readiness capability U6 
rescue equipment integrity U61 

rescue team effectiveness U62 

organization management capability 

U7 

rules and regulations implementation U71 

rational organization U72 

personnel management efficiency U73 
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3. Evaluation Process 

(1) Evaluation indicator system is an ordinary collection composed by the factors 

affecting the evaluation object which is expressed by the capital lettersU , namely: 

1 2{ , , }U U U . 

This paper divides affecting factors into seven categories, so 
1 2 7{ , , , }U U U U , 

each subset
1 2{ , , , }i i i inU u u u , ( 1,2, ,7; 1,2, , )iju i j n  denotes j th factor in i 

th subset. 

(2) In order to reflect the importance of each factor, each factor should be given 

appropriate weight. All weights are subjectively determined based on the needs of the 

practical problems or in accordance with the degree of membership [22-23]. 

If same factors have different weights, the evaluation outcome will be different. 

Weights are determined by the evaluation team's experience and discussion or AHP. 

According to the importance degree of these seven categories evaluation indicators, the 

corresponding weights are given on each category. ( 1,2, ,7)iA i  is the weight of i th 

factor
iU , the weights set of evaluation indicators is

1 2 7( , , , )A A A A . 

For each category evaluation indicators, weight is given according to its importance 

degree. ( 1,2, ,7; 1,2, , )ija i j n  is the weight of j th indicator iju in i th category, 

their weights set is
1 2( , , , )( 1,2, ,7)i i i inA a a a i  . 

(3) Determining the judgment matrix
iR composed of single factor evaluation, then 

getting the first evaluation vector. The comment set isV = {
1V (excellent), 

2V (good), 

3V (fair), 
4V (relatively poor), 

5V (poor)}. Fuzzy matrix
iR which is from sub factor 

set
iU to comment set

iV is shown as following: 

11 12 1

21 22 2

1 2

n

n

i

n n nn

r r r

r r r
R

r r r

 
 
 
 
 
 

 

The first evaluation vector is gotten through the synthesis operation of fuzzy matrix, 

 1 2, , ,i i i i i inB A R B B B   , ( 1,2, ,7)i  . 

(4) The alternative setsV are a collection composed by the evaluation results, each 

element is denoted as ( 1,2, , )iv i m . The purpose of fuzzy comprehensive evaluation 

is to choose the best evaluation result from the alternative sets. 

If there are p evaluation results, alternative sets can be expressed by 

1 2{ , , , }pV v v v , ( 1,2, ,7)iv i 
 

denotes P th evaluation outcome. 

(5) Multilevel fuzzy comprehensive evaluation starts from the bottom (j th layer), the 

results aren't calculated upward layer by layer until the final remark set B is gotten. The 

evaluation results in j th layer is the factor’s membership in j th layer [24]. 

Single index evaluation matrix R of evaluation indicator system U is gotten as 

following: 

1 11 12 15

7 71 72 75

B b b b

R

B b b b

   
   

    
   
   

 

The second evaluation vector  1 2 5, , ,B A R B B B   is gotten, the normalized 
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process is made on B , 

i.e.  1 2 5, , ,T T T TB b b b ,
1 2 3 4 5( )jT jb b b b b b b     , 1,2, ,5j  . The emergency 

capability level of coal mine emergent events is obtained according to the principle of 

maximum membership. 

 

4. Empirical Analysis 
 

4.1. Evaluation Indicators’ Weight 

Taking some coal enterprise in Anhui Province in China as an example to carry on the 

empirical analysis. An expert group is composed by seven coal mine managers and three 

emergency management experts. The group scores on the relative importance of various 

evaluation indicators and their subsets, then the paper makes the weighted average to get 

the judgment matrix. Feature vector and characteristic root are respectively calculated, 

and then consistency test is made. 

The judgment matrix of evaluation indicator system U and all subsets' weights are 

shown as following: 

 

1 5 1 7 3 2 1 0.291

1 5 1 1 3 3 1 2 1 3 3 0.062

1 3 1 7 3 2 5 0.276

1 7 1 3 1 7 1 1 5 1 6 1 3 0.021

1 3 2 1 3 5 1 1 2 1 3 0.096

1 2 3 1 2 6 2 1 1 5 0.134

1 1 3 1 5 3 3 5 1 0.120

 
 
 
 
 
 
 
 
 
 
 

 

 

The consistency test is passed, i.e. 0.020 0.1CR    

The judgment matrix of emergency monitoring capability U1 and the weights of its 

factors are gotten as following: 

1 3 1 2 1 3 0.165

1 3 1 1 5 1 6 0.064

2 5 1 1 2 0.293

3 6 2 1 0.479

 
 
 
 
 
 

 

The consistency test is passed, i.e. 0.013 0.1CR    

The judgment matrix of emergency response capability U2 and the weights of its factors 

are gotten as following: 

1 3 1 3 0.258

1 3 1 1 5 0.105

3 5 1 0.637

 
 
 
 
 

 

The consistency test is passed, i.e. 0.033 0.1CR    

The judgment matrix of enterprise recovery capability U3 and the weights of its factors 

are gotten as following: 
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1 1 3 1 4 1 6 0.062

3 1 1 3 1 7 0.111

4 3 1 1 2 0.282

6 7 2 1 0.545

 
 
 
 
 
 

 

The consistency test is passed, i.e. 0.055 0.1CR    

The judgment matrix of emergency rescue capability U4 and the weights of its factors 

are gotten as following: 

1 1 5 1 3 1 2 1 9 0.045

5 1 3 2 1 4 0.208

3 1 3 1 2 1 5 0.116

2 1 2 1 2 1 1 5 0.088

9 4 5 5 1 0.543

 
 
 
 
 
 
 
 

 

The consistency test is passed, i.e. 0.037 0.1CR    

The judgment matrix of emergency command capability U5 and the weights of its 

factors are gotten as following: 

1 5 1 0.481

1 5 1 1 3 0.114

1 3 1 0.405

 
 
 
 
 

 

The consistency test is passed, i.e. 0.025 0.1CR    

The judgment matrix of resource readiness capability U6 and the weights of its factors 

are gotten as following: 

1 1 3 0.250

3 1 0.750

 
 
 

 

The consistency test is passed, i.e. 0.000 0.1CR    

The judgment matrix of organization management capability U7 and the weights of its 

factors are gotten as following: 

1 3 5 0.637

1 3 1 3 0.105

1 5 1 3 1 0.258

 
 
 
 
 

 

The consistency test is passed, i.e. 0.033 0.1CR    

 

4.2. Comprehensive Evaluation Results 

Experts score each evaluation indicator based on their experience. The reviews set is V 

= {excellent, good, fair, relatively poor, poor}. The membership of each indicator is 

gotten by the expert opinion, all that constitute the membership matrix. 

(1) First grade fuzzy comprehensive evaluation 
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1 1 1

0 0.1 0.5 0.3 0.1

0.2 0.2 0.2 0.4 0
(0.165,0.064,0.293,0.479)

0.1 0.4 0.2 0.2 0.1

0.2 0.2 0.1 0.2 0.3

B A R

 
 
    
 
 
 

 

(0.137,0.242,0.202,0.230,0.189)  

Similarly, 
2 3 4 5 6 7, , , , ,B B B B B B  can be calculated. 

So, 

0.137 0.242 0.202 0.230 0.189

0.122 0.241 0.290 0.403 0.015

0.137 0.153 0.462 0.283 0.165

0.258 0.364 0.263 0.306 0.059

0.206 0.360 0.375 0.215 0.074

0.135 0.307 0.360 0.217 0.069

0.162 0.264 0.374 0.324 0.043

R

 
 
 
 
 

  
 
 
 
 
 

 

(2) Second grade fuzzy comprehensive evaluation 

(0.148,0.243,0.339,0.265,0.124)B A R    

Where, (0.291,0.062,0.276,0.021,0.096,0.134,0.120)A  .
      

(3) Evaluation results 

The quantitative treatment on the comments is made, the grade standard of coal 

enterprises emergency capability is determined, i.e. poor (50,60), relatively poor (60, 70), 

general (70, 80), good (80, 90), excellent (90,100). 
1

(0.148,0.243,0.381,0.279,0.124) (59,69,79,89,99) 78.780
0.148 0.243 0.381 0.279 0.124

T

HS    
   

1
(0.148,0.243,0.381,0.279,0.124) (55,65,75,85,95) 74.779

0.148 0.243 0.381 0.279 0.124

T

MS    
   

1
(0.148,0.243,0.381,0.279,0.124) (50,60,70,80,90) 69.781

0.148 0.243 0.381 0.279 0.124

T

LS    
   

    
The average is 74.445. 

(4) the evaluation results analysis 

According to the results of first grade fuzzy comprehensive evaluation, 13.7% of the 

experts believe that emergency monitoring capability is excellent, 24.2% of the experts 

believe that it is good, 20.2% of the experts believe that it is general, 23.0% of experts 

believe that it is relatively poor, 18.9% of the experts believe that it is poor. Emergency 

monitoring capability is general according to the maximum membership principle. 

Similarly, emergency response capability is general, enterprise recovery capability is 

general, emergency rescue capability is good, emergency command capability is general, 

resource readiness capability is general, organization management capability is general. 

According to the results of second grade fuzzy comprehensive evaluation, 14.8% of the 

experts believe that coal enterprises emergency capability is excellent, 24.3% of the 

experts believe that it is good, 33.9% of the experts believe that it is general, 26.5 % of 

experts believe that it is relatively poor, 12.4% of the experts believe that it is poor. Coal 

enterprises emergency capability is general according to the maximum membership 

principle. 

Finally, after the quantification of comments, the highest score of coal enterprises 

emergency capability is 78.780 which less than 80, the lowest score is 69.781 which less 

than 70, the average score is 74.445, so that emergency capability of those coal 

enterprises emergent events is general. 
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5. Conclusion 

After determining the evaluation indicators of emergency capability of coal mine 

emergent events, this paper proposes the theoretical evaluation process based on the 

multilevel fuzzy comprehensive evaluation method. An empirical analysis is made and the 

results show that the average score is 74.445 less than 80, which indicates its situation is 

general; emergency monitoring capability is the best and its weight value is 0.291, 

emergency rescue capability is the worst and its weight value is only 0.021. 

It is necessary to seize and embark on improving the key factors. However, partial 

improvement could not make direct impact on promoting emergency capability and the 

result even might be counterproductive; therefore, it is important to accurately recognize 

critical factors. The evaluation on emergency capability just is means, the aim is to build 

evaluation indicator system, and identify deficiencies and problems, and suggest the 

improvements for these issues, and constantly enhance the emergency capability to 

respond to emergent events, and strive to minimize the damage.  

Coal production conditions is more complex, it is more susceptible to emergent events, 

so that coal mining enterprises should establish and improve the emergency management 

system. After evaluating emergency capability of coal mine emergent events, the next step 

is how to better build the enterprise emergency management system. The building of 

emergency management system is more complex, that is to further research. 
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