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Abstract — To examine the coordination between economic construction and ecological environment we model the process then 
propose a novel variation on the evolutionary algorithm technique. To reveal the influence of the spatial structure of individual 
interaction on the performance of evolutionary algorithms, a new variation on the algorithm named Complex Network based 
Optimizer (CNO) is proposed. One individual is placed on a node of a given complex network. Interaction structure of the 
individuals is determined by the complex network. A sub-population consists of an individual and its neighbors, which achieves 
evolution with the corresponding evolutionary operators. On four datasets, the performance of CNO is validated. Experimental 
results show that designing a spatial structure is a significant technique for improving the performance of evolutionary algorithms.  
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I. INTRODUCTION 

Development and utilization of lake basins are closely 
related to the ecological protection. With utilization and 
transformation of lakes, man had greatly promoted the 
development of agriculture, industry, transportation, cities 
and social progress. With rapid development of economy and 
various of global problems turning up, the sustainable 
development of basin economy to rid off the problems of 
population, resource and environment has attracted more and 
more attention. 

The domestic researches on development, utilization and 
protection of lake basins were relatively later than the 
foreigners, but obtained quite a few achievements. These 
researches concentrated on effects of human activities, 
policy, economy, system and development etc. For example, 
Dong Zhanfeng et al. (2010) analyzed the current situation of 
Chinese lake environmental economical policies from five 
aspects, financial investment, charges and allowance on 
environment protection, tradable emission permits, eco-
compensation and green capital market; and pointed out the 
problems caused by existing policies, such as relatively lag 
construction of investment and financing system; 
malfunctioned taxes and allowance preferential policies and 
ineffective construction on eco-compensation [1]; Zhao 
Zhenyan et al. (2005) took the lake as a whole and conduct 
quantitative assessment on health of lake ecosystem at a 
systematic angle [2]; Chao Peng (2013), from the exterior 
perspective of economy, agued there was obvious negative 
externality in the process of development and utilization of 
lakes. If the production or consumption quantity of economic 
entity exceeded the optimal quantity that the society can 
sustain, there will be a serious impact on rational allocation 
of social resources [3]. Wang Yan (2013) discussed the new 

mode of lake development from the ecological perspective. 
She thought the lake eco-environment was so fragile that the 
traditional utilization on resources would produce destructive 
effect on lakes. Therefore, it is required to alternate 
utilization approach on the lake, introduce a new mode of 
ecological tourism development and promote harmonious 
relationship between man and nature [4]. 

At present, the researches on coordinated development of 
lake basins between economy and ecological-environment 
mainly conducted in macro and qualitative aspects. But there 
are few empirical researches on the representative lake 
regions featured by fragile ecological-environment and 
underdeveloped economy. This essay selects the typical 
Poyang Lake, the largest freshwater lake in China, as the 
research objective and establishes an evaluation index 
system for economic system and ecological-environment 
system in Poyang Lake region. Taking the differences in 
economies, natures and ecologies into account, this empirical 
research, from the spatial dimension, is conducted on the 
coupling relationship between economic construction and 
ecological-environment by virtue of a coupling coordination 
degree model derived from the coordinative theory, in order 
to provide evaluable basis for decision on coordinated 
development of economical construction and ecological-
environment in Poyang Lake region. 

II. MATERIAL AND METHODS 

Coupling, as a physical concept, refers to a phenomenon 
when two (or more than two) systems or movement types are 
joined or connected together and mutually affect through 
various interactions [5]. Likewise, economy system and 
ecological-environment system interact via their coupling 
elements. The interaction hereof is summarized as coupling 
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between economic development and ecological-environment 
system.  

There is close relationship between economic 
development and ecological-environment. Economic 
development can change ecological-environment via a series 
of economic behaviors and in return, ecological-environment 
can act on economic development. The former is called 
behavioral process and the latter feedback process. The 
overall relationship between economy and ecological 
environment is the sum of such behavior and feedback. They 
form a complex system through interactive coupling between 
the circulations of materials, energy flow and information 
transfer etc. that is ecological economic system.  

Ecological environment is the basis and guarantee of 
economic development; economic development relied on 
ecological environment in aspects of material and energy, 
ecological environment provides necessary resources for 
economic development; While economic development 
counteracts on ecological environment. When economic 
development maintains at a certain degree, economic system 
can protect the sustained development of ecological 
environment; Once what the economic development 
consumed excess the bearing limits of ecological 
environment, the growth of economy will cause severe 
damage to the ecological environment. Consequently, the 
deterioration of ecological environment will react upon the 
economic development and even impede it.   

III. EMPIRICAL ANALYSIS 

Coupling degree is used to describe the degree of 
synergistic between order parameters during the system 
development. Coordination degree is a quantitative index for 
measuring degree of coordination condition of the system or 
between the elements. In accordance with synergism theory, 
the synergism between subsystems inside the system is the 
key for the system to be ordered. Coupling degree is the 
measurement for such synergism [6]. This essay defines the 
degree that economical development and ecological 
environment interact with their own elements as the coupling 
degree of ecological economic system. 
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2) Coupling degree function 

With taking capacity coupling concept and capacity 
coupling coefficient model of physics, coupling degree 
model of multi systems that interact is acquired:  
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As the research measurement hereof is the coupling 

degree model composed by two subsystems, ecological 
environment and economy, m is 2.  
3) Coupling coordination model 

When researchers made comparison and contrast among 
regions, it is difficult for them to illustrate the overall 
function degree of economic environment only with coupling 
degree and the conclusion drew from it is obviously 
insignificant guidance to the practical problem. In order to 
solve the problem, coupling coordination degree model is 
developed based on the coupling degree. The detailed 
formula is:  

 
                                         (4) 

In formula (4), D is coordination degree; C is the 
coupling degree; T is the comprehensive coordination index 
of the ecological environment and economic development, 
namely weighted average of each order parameter index’s 
function. 

B. Classification System and Discrimination Criterion 

In accordance with coupling coordination degree of 
ecological environment and economy, ecological 
environment system and economic system in Poyang Lake 
are divided into 4 broad categories and 10 subclasses. Then 
based on relative relationship between comprehensive 
assessment indexes of economic development and ecological 
environment, f environment and f economy, it is divided into 
30 basic relationship (see Table 1.) 
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Table I Classification system and discrimination criterion on coupling development of ecological environment and 
economy in Poyang Lake 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

IV. DISCUSSION 

A. Assessment Index System and Calculation of Index 
Weight 

The selection of index system shall not only represent the 
various characteristics of ecological economic system, but 
also take the availability of data into account. The selected 
index shall be core index with strong pertinence. Although 
the indexes are lack, they have high reliability  

and good efficiency. This essay selects 15 economy 
indexes (including 4 tourism economic indexes) and 10 
environment indexes, based on which the calculation on 
coupling coordination between ecology and economic 
development in Poyang Lake region is conducted.. 

Economic indexes include GDP, GDP per capita, social 
consumer goods quota, fixed asset investment, annual 
average consumption of residents, year end balance of saving 
deposit, proportion of tertiary industry to GDP, quantity of 

employed person in the tertiary industry, financial general 
budget revenue, average wages of employed staff and annual 
net income of rural residents; the tourism economic indexes 
include number of tourists-time, TOUP, foreign exchange 
earnings from tourism and number of domestic tourism 
reception-time; and the environment indexes include effluent 
volume, tailpipe emission, comprehensive utilization of solid 
waste, forestation coverage in the city, repeating utilization 
factor of industrial consumption, processing capacity of 
equipment for waste gas pollution control, quantity of life 
wastewater effluent, green area, sulfur dioxide emissions and 
smoke emissions.   

In order to avoid the deviation brought by subjective 
empower, the text adopts coefficient of variation method [8] 
to confirm weight of each index. The calculated weight of 
each index is shown in Table II. 

 

 

 

 

 

Coordination degree 
Coordination 

degree 
Coupling coordination 

degree 
Comparison and basic types of  f environment and f economy 

Highly coordinated 

0.90-1.00 
High-quality coupling 

coordination type 

 

 

If  f environment ＞ f economy, the economy is lagging. Including, if  ≥0.8, 
the economy  is relatively lagging; if 0.6＜  f economy  / f environment  ≤0.8, 
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the economy is extremely lagging 

. 

If  f environment ＜ f economy, the environment is lagging. Including, if f 
environment /  f economy  ≥0.8, the environment  is relatively lagging; if 0.6＜
f environment / f economy ≤0.8, the environment is seriously lagging; and if 0
＜ f environment / f economy ≤0.6, the environment is extremely lagging. 

If  f environment = f economy, the economy and the environment are 
synchronous. 
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0.70-0.79 
Intermediate  coupling 

coordination type 

Basically coordinated 
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Primary  coupling 
coordination type 
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Reluctant  coupling 
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Transitional type 
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Imbalance and 
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recession 
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Extreme  imbalance and 
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TABLE II INDEX SYSTEM AND WEIGHT OF COUPLING DEGREE OF ECOLOGICAL ECONOMIC SYSTEM IN SIX CITIES OF POYANG LAKE 
REGION 

System Assessment index Unit Weight 

Economic 

subsystem 

GDP One hundred million yuan 0.055 

GDP per capita yuan per capita 0.033 

Social consumer goods limit One hundred million yuan 0.063 

Fixed asses investment One hundred million yuan 0.056 

Annual average consumption of residents yuan 0.048 

Year end balance of saving deposit Ten thousand yuan 0.056 

Proportion of tertiary industry to GDP % 0.009 

Quantity of employed person in the 
tertiary industry 

Ten thousand 0.043 

Financial general budget revenue Ten thousand yuan 0.043 

Average wages of on-post staff yuan 0.012 

Annual net income of rural residents yuan 0.008 

Number of tourist-time Ten thousand person-time 0.037 

TOUP One hundred million yuan 0.041 

Foreign exchange earnings from tourism Ten thousand dollar 0.049 

Number of domestic tourism reception-
time 

Ten thousand person-time 0.037 

Environmental 
subsystem 

Effluent volume of industrial waste water Ten thousand ton 0.032 

Tailpipe emission A hundred million CBM 0.05 

Comprehensive utilization of solid waste % 0.034 

forestation coverage in the city % 0.006 

Repeating utilization factor of industrial 
consumption 

% 0.015 

Processing capacity of equipment for 
waste gas pollution control 

Ten thousand CBM/hour 0.048 

Quantity of life waste water effluent Ten thousand ton 0.065 

Green area Hectare 0.054 

Sulfur dioxide emissions Ton 0.05 

Smoke emissions ton 0.056 

 

B. Source of Index Value 

  Considering the coverage of region and the acquisition 
of data, this essay selected indexes data of six cities in 
Poyang Lake region, which are Nanchang, Jiujiang, 
Jingdezhen, Yintan, Fozhou and Shangrao. The data hereof 
reference Jiangxi Statistical Yearbook in 2011, Statistical 
Bulletin of National Economy and Social Development of 
these 6 cities in 2011, government work report in 2012, 

Jiangxi Statistical Bureau and official website of Jiangxi 
Tourist Administration. 

C. Calculation Result of Coupling Coordination 

Based on the above-mentioned coupling degree model 
and coupling coordination degree model, put in detailed data 
and calculated to acquire comprehensive assessment index of 
ecological environment in Poyang Lake (f environment), 
comprehensive assessment index (f economy), coupling 
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degree, coordination degree, comparison of f economy and f 
environment and types discretion of coupling coordination 

degree. Detailed results are shown in Table 3. 

TABLEIII COMPARISON OF COUPLING DEGREE AND COORDINATION DEGREE BETWEEN ECOLOGICAL ENVIRONMENT AND 
ECONOMIC DEVELOPMENT IN SIX CITIES OF POYANG LAKE REGION 

Year 

Comprehensive order 
parameter 

Coupling 
degree 

Coordination 
degree Coordination 

degree 
Type of coupling 

coordination degree 

F  economy F  environment 

F  economy F  environment C D  Type of comparison  

Nan 

chang 
0.508 0.257 0.945 0.601 

Basic 
coordination 

elementary coupling 
coordination 

Environment is highly damaged

Jiujiang 0.315 0.143 0.927 0.461 Transitional type
On the brink of imbalance 

and recession 
Environment is highly damaged

Jingdezhen 0.139 0.3 0.93 0.452 Transitional type
On the brink of imbalance 

and recession 
Economy is highly lagging 

Yingtan 0.038 0.302 0.63 0.327 Transitional type
Minor imbalance and 

recession 
Economy is highly lagging 

Fuzhou 0.083 0.227 0.886 0.371 Transitional type
Minor imbalance and 

recession 
Economy is highly lagging 

Shangrao 0.276 0.247 0.998 0.511 
Basic 

coordination 
Barely coupling 

coordination type 
Environment is relatively 

lagging 

 

V. CONCLUSION 

After analysis of calculation results, the following 
conclusions can be drawn:  

(1) In 2011, there is a relatively high coupling degree 
between economic construction and ecological environment 
in every 6 cities of Poyang Lake. Among them, Yingtan is 
0.63 and the other 5 cities are between 0.85~1.00.  

(2) Viewed from coordination degree, the six cities 
remained on basic coordination or transitional type and none 
is highly coordinated type. The best of all is Nanchang 
whose coordination degree is 0.601; while the worst is 
Yingtan whose coordination degree is 0.327. In Poyang Lake 
region, only Nanchang and Shangrao arrive at the level of 
basic coordination; the other four are transitional type.  

(3) Viewed from coupling coordination type, the degree 
of these six cities falls into four types: Nanchang is the 
elementary coupling coordination type; Shangrao is the 
barely coupling coordination type; Jiujiang and Jingdezhen 
are on the brink of imbalance and recession; Yingtan and 
Fozhou are minor imbalance and recession.  

(4) Viewed from comparison between comprehensive 
assessment index of ecological environment system and 
economy system, half of 6 cities trap in the lag environment 
preservation and the other half in the lag economy 
development: only Shangrao is the lag environment 
preservation city, Nanchang and Jiujiang are worse into 
impairment environment cities; the others are lag economy 
cities. Jingdezhen, Yingtan and Fuzhou are cities where the 
economy is extremely underdeveloped.  

To sum up, viewed from spatial dimension, the economic 
level, natural resource conditions and ecological 

environment varies from city to city, which dig a wide gap 
on the coupling coordination between different 
administrative divisions in Poyang Lake region.  

As a consequence, the rational proposal on coordination 
development between economic construction and ecological 
coordination in Poyang Lake region is as below:  

(1) Nanchang and Jiujiang shall pay more attention to 
protection of  ecological environment and strive to forge a 
high-efficient but low- consumed economic mode based on 
the present economic situation.  

(2) Shangrao arrives at relatively high level of Coupling 
between economy and environment. But there is a room for 
improvement. In the future development, Shangrao shall 
precipitate the economic development and reinforce the 
ecological environment protection at once, so as to realize 
synchronous and coordinated development.  

(3) Jingdezhen, Yingtan and Fuzhou are lag economic 
development cities in spite of quite favorable ecological 
environment. They shall actively seek for new economic 
growth point to bring about the rapid development of 
economy under the condition of protecting ecological 
environment. 
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