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Abstract. Based on the model of ecological environment evolution in the process of the economic 
development, this paper constructed the evaluation index system of marine ecological environment .The 
results were shown as follows: the evaluation index system of marine ecological environment consists of 1 
object layer, 3 element layers (state of marine ecological environment pressure of marine ecological 
environment and response of marine ecological environment), and 15 factor layers. Index weight was 
calculated through combination weighting approach of subjective and objective evaluation method of 
analytic hierarchy process(AHP) and entropy method .The evaluation indicator system and evaluation 
method have general applicability and strong operability. 

1 Introduction  
With the rapid development of marine economy, the 
marine ecological environment is also confronted with 
great pressures and challenge [1-8] . Grossman et al. [9], 
Kenneth et al. [10] discussed the relationship between 
environment and economic growth then put forward the 
theory of Environmental Kuznets Curve (EKC); 
Martinez et al. [11], Kildow et al. [12] put forward the 
ecological environment restoration measurements of 
different coastal areas to promote the marine ecosystem 
assessment and conduct  comprehensive, coordinated 
and sustainable development. Quicoy et al. [13] 
discussed ecological environment carrying capacity of 
the coastal tourist industry. Song et al. [14] explained the 
stability of marine ecological environment under the 
optimal control of switching forward system; Wang et al. 
[15] analysed the coordination in marine economic 
development and marine ecological environment of 
Guangdong province by using coupling coordination 
degree mode; Di et al. [16] verified the stress 
relationship of marine ecological environment, economy 
and society in the coastal areas of China; Chen et al. [17] 
discussed the interaction and the evolution tendency 
between marine economic growth and marine 
environmental stress. 

Based on the previous research work and the model 
of ecological environment evolution in the process of the 
economic development, this paper constructed the 
evaluation system of ecological environment to promote 
the scientific estimation of the marine ecological 

environment in China. It can provide reference for the 
protection of marine ecological environment and the 
optimal allocation of marine resources in China. 

2 Coordinated development model 
Marine economic development and ecosystem 
conservation are opposite as well as united. Based on the 
previous research work, the relationship between marine 
economy and ecological environment was shown as 
follows (Fig.1). 

As the development degree metric, ,
 and  denote the maximum economy 

development level under pressure of support for 
ecological environment protection and economic 
development. As the coordination degree metric, , 

,   divides the coordination degree into four 
parts: strong pressure of economic development, 
moderate pressure of economic development, moderate 
support for ecological and environmental protection, 
strong support for ecological and environmental 
protection. Arrow 1 is the trend of economic 
development degree; arrow 2 is the trend of coordination 
degree. 
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Fig.1 Marine economy and ecological environment 

coordinated development model 

3 Evaluation index system  
Based on the previous research work, this paper 
constructed the evaluation index system of ecological 
environment through combination weighting approach of 
subjective and objective evaluation method of analytic 
hierarchy process (AHP) and entropy method following 
the principles of systematicness, comprehensiveness and 
maneuverability. The evaluation index system of marine 
ecological environment consists of one object layer, 
three element layers(state of marine ecological 
environment, pressure of marine ecological environment, 
response of marine ecological environment) and fifteen 
factor layers (Table 1). 

Table 1  Evaluation Index System of Marine Eecological Environment 

Object layer Element layers Factor layers 

Marine 
Eecological 

Environment 
developmental 

level 

state of  
marine  

ecological 
 environment 

(F1) 

marine biological diversity(I1) 

per capita saltpan area(I2) 

per capita coastal wetland area(I3) 

marine natural reserves area ratio(I4) 

per capita marine sand exploitation quantity(I5) 

pressure of  
marine  

ecological 
 environment 

(F2) 

polluted oceanic area ratio(I6) 

erosion coast ratio(I7) 

industrial solid wastes emissions per unit of land area(I8) 

industrial wastewater emissions per unit of land area(I9) 

direct economic losses from marine disasters per unit 
coastline(I10) 

response of  
marine  

ecological 
 environment 

(F3) 

per capita gross ocean  product(I11) 

marine employed person ratio(I12) 

marine scientific research personnel ratio(I13) 

per capita marine environmental protection input(I14) 

per capita marine infrastructure possession(I15) 

 
State of marine ecological environment, which 

expressed the quantity and quality of marine ecological 
resources, consists of five factors: marine biological 
diversity (I1), per capita saltpan area (I2), per capita 
coastal wetland area (I3), marine natural reserves area 
ratio (I4) per capita marine sand exploitation quantity (I5). 
The pressure of marine ecological environment, which 

expressed the pressure of human activities on marine 
resources and environment consists of five factors: 
polluted oceanic area ratio (I6), erosion coast ratio (I7), 
industrial solid wastes emissions per unit of land area 
(I8), industrial wastewater emissions per unit of land area 
(I9), direct economic losses from marine disasters per 
unit coastline (I10). The response of marine ecological 
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environment, which expressed the support of human 
activities to marine ecological environment protection, 
consists of five factors: per capita gross ocean product 
(I11), marine employed person ratio (I12), marine 
scientific research personnel ratio (I13), per capita marine 
environmental protection input (I14), per capita marine 
infrastructure possession (I15). 

4 Evaluation index system  
The evaluation methodologies in this paper consist of 
three steps: standard processing of evaluation index, 
weight definition of evaluation index and marine 
ecological environment development index calculation. 

4.1 Standard processing 

Fifteen evaluation indexes of the evaluation system have 
different dimensions. And numerical values of positive 
indexes and negative indexes have different meanings. 
So this paper standardized the evaluation indexes using 
range method. The calculation formula is as follows: 

X��� �

⎩
⎪
⎨
⎪
⎧ ����������

������������� ,   positive indexes

����������
������������� , negative indexes

           (1) 

X���  is the evaluated value of indexes, X�� is the actual 
value of indexes; X�����  is the maximum value of 
indexes and X����� is the minimum value of indexes. 

4.2 Weight definition 

The common evaluation methodologies include 
objective weighting method and subjective weighting 
method. In this paper, index weight was calculated 
through combination weighting approach of subjective 
and objective evaluation method of analytic hierarchy 
process (AHP) and entropy method. The comprehensive 
weight can be used to evaluate the development level of 
marine ecological environment and provide a basis for 
evaluation of the marine ecological environment 
development level. 

4.2.1 Analytic hierarchy process (AHP) 

Analytic hierarchy process (AHP) consists of four steps: 
hierarchy establishment, expert evaluation, consistency 
test and weight definition. The calculation formula is as 
follows: 

 A� � γ���ω                                     (2) 

CI � ������
���                                        (3) 

CR � ��
��                                              (4) 

ω� � ∑ a����� b��                                 (5) 

A  is judgment matrix; γ���  is the maximum 
eigenvalue; ω is eigenvector; CI is consistency index; RI 
is random consistency index; CR is consistency ratio; n 
is matrix dimension;ω� is combination weight; m is the 
number of criterion layer index; a�  is the weight of 
criterion layer j to object layer;  b�� is the weight of index 
i to criterion j. 

4.2.2 Entropy method 

Entropy method consists of four steps: determining the 
index weight, calculating the index entropy value, 
calculating the coefficient of variation, calculating the 
weight. The calculation formula is as follows: 

𝜌𝜌�� � ���
∑ �������

                              (6) 

𝑒𝑒� � �� ∑ 𝜌𝜌�� ln 𝜌𝜌������                (7) 

𝑔𝑔� � � � 𝑒𝑒�                               (8) 

𝜑𝜑� � ��
∑ ������

                               (9) 

ρ��  is the weight of index i;  e�  is the entropy, � �
ln �, � � �,�,�, � , ��  j � �,�,�, � , � , suppose when 
𝜌𝜌�� � �, 𝜌𝜌�� ln 𝜌𝜌�� � �;𝑔𝑔�  is the coefficient of variation; 
𝜑𝜑� is  the  weight. 

4.2.3 Comprehensive weight definition 

We can get comprehensive weight through combination 
weighting approach of subjective and objective 
evaluation method of analytic hierarchy process (AHP) 
and entropy method. The calculation formula is as 
follows: 

𝑊𝑊� � 𝜂𝜂𝜔𝜔� � �� � 𝜂𝜂𝜑𝜑��                  (10) 

𝜔𝜔�  is the weight of index calculated by analytic 
hierarchy process (AHP),  𝜑𝜑�  is the weight of index 
calculated by entropy method,𝑊𝑊�  is the comprehensive 
weight of index, 𝜂𝜂  is adjustment parameter,  𝜂𝜂 � ��� in 
this paper. 

4.3 Index calculation 

The evaluation system of ecological environment model 
was constructed as follows: 

� � ∑ ���������� I�                              (11) 

T is the index of the marine ecological environment 
development level; ������  is the combination weight 
value of the element layer; I� is the evaluation value of 
indexes. 

5 Conclusions  
The evaluation indicator system and evaluation method 
constructed in this paper have general applicability and 
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strong operability, which can be widely applied to 
marine ecological environment development level 
evaluation of specific ecosystem (island, coastal zone 
and so on). It can also be widely applied to marine 
ecological environment development level evaluation of 
one coastal region or different coastal regions. The 
results we got from the evaluation indicator system and 
evaluation method constructed in this paper can provide 
a basis for evaluation of the marine ecological 
environment development level, so that decisions can be 
made to improve the efficiency of marine resource 
utilizing and protect the marine ecological environment. 
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