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Abstract — Low-carbon M&A is a new acquisition mode of enterprise taken in the construction of ecological development, the 
purpose of this paper is to discuss the social benefits of low carbon mergers and acquisitions. For the first time we set up the 
catastrophe progression method model to study the social benefits of low-carbon M&A of China's iron and steel enterprises. It 
shows most of China's iron and steel enterprises in the implementation of low-carbon mergers and acquisitions have a 
significant social benefits, which is conducive to the transformation and upgrading of the steel industry and promoting the 
progress of ecological environment. 
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I. INTRODUCTION 
 
Fundamental changes have taken place in corporate 

social responsibility and value orientation in the 
construction of ecological civilization. Corporate social 
responsibility has become a heated topic to which 
government, enterprises and residents pay close attention. 
Milton Friedman defined corporate social responsibility as 
corporate management in accordance with the will of 
enterprise owner and realization of profit maximization on 
condition of following basic social norms such as law and 
ethical norm [1]. Carroll divided corporate social 
responsibility into economic responsibility, legal liability, 
ethical responsibility and charitable responsibility [2]. 
Social responsibility proposed by Chinese Academy of 
Social Sciences in Corporate Social Responsibility Report 
in 2011 referred to evaluation of development level of 
corporate social responsibility from the perspectives of 
responsibility management, market responsibility, social 
responsibility and environmental responsibility and so on. 
Profit-seeking is fundamental characteristics of 
enterprises, and fulfillment of social responsibility will 
surely and directly result in outflow of economic benefits. 
Many enterprises abandon their social responsibilities for 
immediate benefits. Creating profit is fundamental for 
survival and development of enterprises. If fulfillment of 
social responsibility can bring about certain benefits 
instead of sheer contribution, expenditure of social 
responsibility can become an investment of making profits 
to some degree, and enterprises will take an increasing 
active part in fulfillment of social responsibility [3]. 
Meanwhile, enterprises are important performers of 
ecological civilization construction, under current 
condition of transition of economic growth model, 
enforcement of policy guidance and incentives as well as 
correct guidance for enterprises to conscientiously 
promote ecological civilization concept will speed up the 
process of ecological civilization construction.    

Low-carbon Mergers and Acquisitions (hereinafter 
M&A) is a new M&A model under the background of 

ecological civilization construction, and implementation of 
corporate low-carbon M&A strategy is beneficial for 
enterprises to undertake social responsibility. A new topic 
that whether social benefits of corporate M&A are realized 
and how low-carbon M&A social benefits should be 
evaluated in low-carbon M&A model under the 
background of ecological civilization comes out in 
low-carbon M&A benefits studies of transition period.  

 
II. LOW CARBON M&A SOCIAL PERFORMANCE 

EVALUATION INDEX SYSTEM 
 
M&A behaviors involve various interests, and 

corporate M&A exerts a positive or negative influence on 
all quarters of the society. Low-carbon M&A social 
performances are demonstrated in execution of social 
responsibility, low-carbon culture and corporate policy 
planning and so on. It is complex to accurately measure 
social performance, and common evaluation models and 
methods are Carrol Performance Evaluation Model, 
Performance Evaluation Model of Wartick and Goqilan 
and Stakeholder Evaluation Model. Due to broadness 
based on social performance connotation and different 
evaluation angles, there are no mature M&A social 
performance evaluation models and methods. And no 
consistent study progress has been made in current 
literature. Especially under current background of 
ecological civilization construction, enterprises are 
confronted with pressure of low-carbon economic 
transition, great changes will take place in production 
model and resources distribution methods, fundamental 
changes will take place in M&A value evaluation 
benchmark and evaluation system, corporate social 
responsibility will be put in an unprecedented position, 
and enterprises should pay more attention to social 
benefits in their development strategies. Therefore, 
corporate low-carbon social performance evaluation 
methods and index system construction will become an 
important content of low-carbon M&A performance 
evaluation under the background of ecological civilization.
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TABLE 1.LOW-CARBON M&A SOCIAL BENEFITS EVALUATION INDEX SYSTEM 
Evaluation Index Type Basic Index Definition Of Indicators 

low-carbon product responsibility 

low-carbon technology innovation 
low-carbon green product 
low-carbon quality certificate 
customer satisfaction 

social low-carbon technology innovation 
social low-carbon green product development 
social low-carbon product quality 
social satisfaction on low-carbon product 

low-carbon commercial culture 

low-carbon cultural level 
low-carbon financial situation 
low-carbon contract implementation 
low-carbon tax payment record 

formation and development of social low-carbon culture 
financial institutes’ support for low-carbon corporate M&A 
social low-carbon product contract 
social low-carbon tax position 

low-carbon employment situation 
low-carbon employment contribution 
low-carbon staff training 
low-carbon salary and welfare 

employment capacity of low-carbon industry 
society’s fostering of low-carbon culture and staff 
salary and welfare situation of social low-carbon industry 

low-carbon social influence 

low-carbon cultural activity 
low-carbon living standard 
low-carbon community services 
low-carbon social contribution 

social love for low-carbon culture 
social low-carbon life level 
social low-carbon community service level 
social low-carbon contribution rate and social influence 

 
Low-carbon M&A social efficiency evaluation index 

system should be linked up with national ecological 
civilization policies, be in favor of reflection of 
low-carbon social features of ecological civilization 
construction, to the benefit of environmental protection 
and ecological synergy, featured by universality, 
independency and quantification. Based on the 
requirements of ecological civilization, construction of 
low-carbon M&A social performance evaluation index 
system can be considered from low-carbon product 
responsibility, low-carbon commercial culture, low-carbon 
employment situation and low-carbon social influence, 
shown as Table 1. 

  
III. LOW-CARBON M&A PERFORMANCE EVALUATION 

METHODS AND MODEL SETUP 
 
Evaluation of low-carbon social performance is based 

on multi-target and multi-attribute performance evaluation 
issue of financial index and non-financial index, which 
needs hierarchical comprehensive evaluation on all 
indicators. Multi-target comprehensive evaluation methods 
mainly include Data Envelopment Analysis (DEA), 
Analytic Hierarchy Process, Factor Analysis and Fuzzy 
Evaluation and so on, but these methods have either too 
subjective selection of weight or too complex calculating 
process. Comparatively speaking, catastrophe progression 
method has more advantages. Compared with existing 
multi-target comprehensive evaluation model, catastrophe 
progression method based on catastrophe theory is fitter 
for multi-criteria policy issues. Relative importance of 
index is the sole necessary factor in evaluation, let alone 
endowing evaluation index with weight, which avoids 
subjectivity and randomness of weight selection, so 
relative importance among low-carbon M&A social 
performance evaluation indicators lies in their internal 
contradictory relations. Catastrophe progression method 
can reasonably calculate contradictory relations, which can 
not be done by other comprehensive methods. Meanwhile, 
catastrophe progression method is a kind of 
multi-dimensional fuzzy function, comprehensively 
applying basics of catastrophe theory and fuzzy 
mathematics to more properly solve the problem of 
multi-target and multi-attribute evaluation issues of fuzzy 
mathematics. Therefore, catastrophe progression method is 
selected to evaluate low-carbon social performance. 

Catastrophe progression method is a kind of 
comprehensive evaluation method to conduct index 
analysis of evaluation targets, which conducts multilevel 
contradiction decomposition for evaluation target, adopts 
combination of catastrophe theory and fuzzy mathematics 
to generate catastrophe fuzzy membership function, 
conducts comprehensive quantitative calculation in line 
with normalizing formula, and finally obtains a parameter, 
namely total membership function. Such method is 
featured by not adopting weight for indicators, but it takes 
into account relative importance of all indicators, thus 
reducing subjectivity but equipped with scientificity and 
rationality, with easy accurate calculation and wide range 
of application. 

   
A. Construction Catastrophe Evaluation Index System 

 
Multi-level decomposition is conducted for total index 

of evaluation according to evaluation purpose, arranged in 
handstand tree-like target structure, and data of the lowest 
sub-index will be enough for original data. State variables 
of common catastrophe coefficient have no more than 4 
control variables, so correspondingly there is usually no 
more than 4 decompositions of all indexes (sub-index of 
single index). 

 
B. Determining Catastrophe System Type Of Catastrophe 
Evaluation Index System 

 
Catastrophe system has seven models, of which three 

are the commonest, namely cusp-catastrophe system, 
swallowtail catastrophe system and butterfly catastrophe 
system. 

cusp-catastrophe system model is： 
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Above f(x) refers to potential function of a state 
variable x in a system, and coefficient a, b, c and d of x 
stands for control variable of such state variable. If an 
indicator is only divided into two sub-indicators, the 
system is regarded cusp-catastrophe system; if an indicator 

is only divided into tree sub-indicators, the system is 
regarded swallowtail catastrophe system; If an indicator is 
only divided into four sub-indicators, the system is 
regarded butterfly catastrophe system. Features and 
contents of all systems are shown as Table 2.  

  
TABLE 2. CATASTROPHE EVALUATION METHOD MODEL AND RELEVANT CONTENTS [4] 

Type Cusp-Catastrophe System Swallowtail Catastrophe System Butterfly Catastrophe System 
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C. Normalizing Formula Generated From Bifurcation 
Equation Of Catastrophe System 

 
Normalizing formula of cusp-catastrophe system in 

accordance with catastrophe theory is： 
 
x[,a]=a[1/2],xb=b[1/3] ,of which x[,a] stands for x  
 
value of a while x[,b] stands for x value of b. 
Normalizing formula of swallowtail catastrophe 

system is： 
 
x[,a]=a[1/2],x[,b]=b[1/3],x[,c]=c[1/4] 
 
Normalizing formula of butterfly catastrophe system 

is： 
x[,a]=a[1/2],x[,b]=b[1/3],x[,c]=c[1/4],x[,d]=d[1/5] 
 
Here, normalizing formula is actually a kind of 

multi-dimensional fuzzy membership function. 
 

D. Adopting Normalizing Formula To Conduct 
Comprehensive Evaluation 

 
According to multi-target fuzzy decision-making 

theory, as to the same scheme with many targets such as 
fuzzy target A[,1]，A[,2]，……，A[,m], the ideal 
strategy is： 

C=A[,1]IA[,2]I……A[,m]， 
whose membership function is： 
 

∧ ∧μ(x)=μ[,A1](x) μ[,A2](x) ……μ[,Am](x)， 
 
of which hμ[, A](x)μA[,1](x) is membership 

function of A[,1] for the definition of membership 
function of the scheme, namely minimal value of all 
target membership functions. 

For different schemes, in case of G[,1]，G[,2]，
……，G[,n], if membership function of G[,i] is u(G[,i], 

it means that scheme G[,i]  is superior to G[,j]. 
Therefore, minimax principle should be adopted when 
normalizing formula is used to calculate corresponding 
X value of all control variables (namely indicators) of 
the same object, but mean value is usually used to 
replace indicators with complementarities, and maxmini 
principle is adopted in the final comparison, namely 
order in accordance with total score of evaluating 
indicator of evaluation object. Thus, it can be seen that 
determination of index of all indicators actually results 
from comprehensive ordering of its lower indicator 
index (or value). 

 
 

IV. AN EMPIRICAL ANALYSIS OF LOW-CARBON M&A 
SOCIAL PERFORMANCE EVALUATION 

 
A. Data source and processing 

 
Seven important listed steel companies in China 

have been selected as samples and low-carbon M&A 
event in 2011 is taken as research object. Social 
performance data after M&A mainly come from 
2012-2013 Corporate Social Responsibility Report 
disclosed by various listed companies, some of them 
come from Environmental Report, Annual Report and 
Sustainable Development Report released by listed 
companies, and original data of all index systems need 
further making indexes being dimensionless. 

  
B. Dimensionless Method Of Indexes 

 
Due to different fluctuation ranges and measuring 

units of original data, there is no comparability among 
values of original data. Before normalizing formula is 
employed, variable values of original data are changed 
into values of [0，1] according to requirements of 
catastrophe progression method, so we adopt 
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Normalization processing of original data is 
conducted, of which Xmax and Xmin stand for 

maximum value and minimum value of corresponding 
variable data, and data with dimensionless method is 
shown as Table 3.  

 

 
TABLE 3. DATA WITH DIMENSIONLESS METHOD 

first 
indicator  

secondary 
indicator 

tertiary indicator  
statistical index value 

Baosteel Baogang Shougang CISC  TISCO  
Hua-stee

l  
Ma-stee
l  

 
Social 
performanc
e 

A 

low-carbon 
product 

responsiblity 
B1 

technical innovation 
c1 

0.263 0.157 0.052 0.210 1 4.105 0 

green product c2 0.597  0 0.402 0.330 0.693 0.528 1 
quality certificate c3 1 1 1 1 1 1 1 
customer  
satisfaction c4 

0.073  0.298 1 0.097 0.194 0.686 0 

 
commercial ethics 

B2 

honesty and 
trustworthiness  c5 

1 1 1 1 1 1 1 

government tax 
 fillings c6 

0.045  1 0.650 0.117 0.528 0.022 0 

fulfillment of contract 
c7 

1 1 1 1 1 1 1 

 
employment 

B3 

contribution of 
employment c8 

0.339 0 1 0.268 0.100 0.233 0.057 

wages and welfare c9 0.075  1 0.056 0.009 0.139 0.035 0 
staff training c10 0.058 0.079 0.124 0 0.055 0.057 1 

 
Low-carbon  

social influence 
B4-5 

social donation c11 1 0.007 0.001 0.601 0.068 0.141 0 
community services 
c12 

0.285 0 0.428 0 1 0.285 0 

low-carbon activities 
c13 

1 0.413 0 0.534 0.655 0.068 0.689 

social contributionc14 0.634 1 0.283 0.873 0.008 0.111 0 
 

C.Comprehensive evaluation of low-carbon M&A 
social performance 

 
According to catastrophe progression theory, 

normalizing formula is employed to conduct down-up 
comprehensive calculation step by step until evaluation 
score of top total index is obtained. First, comprehensive 
score of Baosteel is calculated, whose process is shown 
as C1, C2, C3 and C4 constitute butterfly catastrophe 
model, in line with complementary principle[5], which 
is represented as: 

 

1 11 1
3 52 4

1 1 2 3 4

1 11 1
3 52 4

( ) / 4

(0.263158 0.59736 1 0.073881 ) / 4

0.737268

B C C C CX X X X X   

   
  
C5, C6 and C7constitute swallowtail catastrophe 

model, in line with complementary principle, which is 
represented as 

11 1
32 4

2 c5 6 7

11 1
32 4

( ) / 3

(1 0.045627 1 ) / 3 0.785778

B C CX X X X  

     
C8, C9 and C10 constitute butterfly catastrophe 

model, in line with complementary principle, which is 
represented as 

11 1
32 4

3 c8 9 10

11 1
32 4

( ) / 3

(0.339883 0.075409 0.058143 ) / 3

0.498842

B C CX X X X  

  
  

C11 and C12 constitute cusp-catastrophe model, in 
line with complementary principle, which is represented 
as 

11
32

4 c11 12

11
32

( ) / 2

(1 0.285714 ) / 2 0.829317

B CX X X 

    
C13 and C14 constitute cusp-catastrophe model, in 

line with complementary principle, which is represented 
as 

11
32

5 c13 15

11
32

( ) / 2

(1 0.634328 ) / 2 0.92961

B CX X X 

    
In accordance with the relationship of B1, B2 and 

B3, B1, B2 and B3 constitute butterfly catastrophe 
model, in line with minimum first principle, which is 
represented as: 

 

 
 

1/2 1/3 1/4
1 1 2 3

1/2 1/3 1/4

min , ,

min 0.737268 ,0.785778 ,0.498842

0.840409

A B B BX X X X
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B4 and B5 constitute cusp-catastrophe model, in line 
with minimum first principle, which is represented as: 

 

 
 

1/2 1/3
2 4 5

1/2 1/3

min ,

min 0.829317 ,0.92961 0.910668

A B BX X X

 
 

A1 and A2 constitute cusp-catastrophe model, in line 

with minimum first principle, which is represented as 

 
 

1/2 1/3
1 2

1/2 1/3

min ,

min 0.840409 ,0.910668 0.916738

G A AX X X

 
 

In the same way, we can obtain comprehensive score 
of social performance for low-carbon M&A of other 
steel companies, shown as table 4.

 
 

TABLE 4.  COMPREHENSIVE SCORE OF SOCIAL PERFORMANCE FOR LOW-CARBON M&A  
Company Baosteel  Baogang  Shougang CISC  TISCO  Hua-steel  Ma-steel  

Comprehensive Score Of 
Catastrophe Progression 

0.917 0.891 0.831 0.838 0.892 0.848 0.841 

Social Performance 
Ranking 

1 3 7 6 2 4 5 

 
Comprehensive score of catastrophe progression in 

table 4 shows that comprehensive score of social 
performance in 2012 and 2013 are obviously more than 
0.5 compared with social performance of low-carbon 
M&A in 2011, with mean performance of over 0.86, 
which indicates that social performance has made great 
improvement after steel companies carried out low-carbon 
M&A. Specifically speaking, Baosteel has the highest 
comprehensive score of up to 0.916738, the second is 
TISCO with the score of 0.892547, and Shougang has the 
least social performance improvement with the score of 
0.830657, but it is obviously more than 0.5, which reflects 
that under the background of current ecological 
civilization construction, iron and steel industry on the 
whole has made great progress in social performance of 
low-carbon M&A and low-carbon M&A has facilitated 
enhancement of current social benefits and progress of 
ecological civilization. 

 
   

V. RESEARCH CONCLUSIONS . 
 
The paper puts forward corporate low-carbon M&A 

performance evaluation model based on catastrophe 
progression method and provides new thinking and 
methods for M&A performance evaluation. The evaluation 
method takes into account relative importance of all 
evaluation indicators without selecting weight indicator, 
which helps to lower subjectivity of evaluation and 
strengthens objectivity, scientifically and operability of 
evaluation results, so it is innovative in M&A performance 
evaluation method. Catastrophe progression method is 
employed to conduct an empirical study on low-carbon 
M&A social performance of listed iron and steel 
companies. The results show that during the process of 
ecological civilization development, high-carbon 
enterprises tend to boost low-carbon M&A strategy, 
low-carbon M&A exerts an active social influence and 
most low-carbon M&A activities of iron and steel 
companies have enhanced social performance, so 
low-carbon M&A is a strategic measure to propel 
ecological civilization construction. 

To further enhance low-carbon M&A social 
performance, during implementation of low-carbon M&A 

strategy, iron and steel companies should further 
strengthen low-carbon environmental protection, intensify 
social service awareness, specify social responsibility, 
conscientiously take social responsibility into M&A 
operation strategy, improve social service system, and 
pursue harmonious unification of economic benefits, 
social benefits and environmental benefits. Iron and steel 
industry is a pillar industry of national economic 
development, which plays an important role in propelling 
economic construction and national defense construction 
of China, increasing fiscal levy and promoting social 
advance. Iron and steel industry has high industry 
relevance degree, covering a wide range, with many 
stakeholders. Therefore, to realize corporate sustainable 
development strategy, companies have to actively shoulder 
social responsibility to foster a favorable development 
environment for corporate long-term development. During 
implementation of low-carbon transition strategy, iron and 
steel industry as a high-carbon industry should not 
overlook negative influence on staff, community residents 
and environment besides taking into account its own 
economic benefits, and should conscientiously fulfill 
social responsibility and duty, actively abide by 
commercial ethics, strengthen safety production 
awareness, protect occupational health of staff and 
maintain legitimate interest of staff and community 
residents in low-carbon M&A to foster a corporate M&A 
operation concept of people first[6]. 
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