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Abstract: Currently, the strengthening of regional Eco-efficiency research is imperative. This paper establishes the appropriate 
ecological efficiency evaluation index system by drawing on the research on the ecological efficiency of domestic and foreign 
scholars. First, evaluate the Eco-efficiency of 11 cities in Jiangxi Province by using DEA method. Then we use SE-DEA to sort 
the regional that ecological efficiency is equal to 1. Finally, using Malmquist dynamic index to analyze the eco efficiency of each 
region, and achieve the purpose that study on Evaluation of regional ecological efficiency. The research shows that in the study 
period, the ecological efficiency of the regional level of Jiangxi province is relatively low, there is no obvious difference between 
the ecological efficiency of each region, and the growth rate in a downward trend. Each city in the redundant input indexes vary 
greatly, mainly in four aspects, including the total water consumption, employees, investment in fixed assets and wastewater 
discharge. Therefore, Jiangxi province should actively change the mode of economic development, strengthen regional 
cooperation to improve the utilization of resources, actively guide foreign investment, increase investment in education, 
strengthen the management of environmental pollution, improve environmental governance capacity. 
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1. Introduction 

Today, the conflict between economic development and 
environmental protection increasingly prominent in the world, in 
order to achieve sustainable human development, there is 
growing emphasis on Eco-efficiency. In 1990, German scholar 
Schaltegger [1] first proposed the concept of ecological 
efficiency, and considered that the "eco efficiency" can more 
consider the environmental impact of economic activities. 
Currently, the universally recognized "Eco-efficiency" is defined 
by the 1992 World Sustainable Development Industry and 
Commerce Commission (WBCSD): Eco-efficiency is achieved 
by providing energy to meet human needs and improve the 
quality of life of competitive pricing of goods and services, while 
the ecological impacts and resource intensity throughout the life 
cycle is gradually reduced to a least consistent with the estimated 
carrying capacity of the planet level [2]. 

Eco-efficiency concept is proposed based on the industry 
level, the current research on Eco-efficiency are mostly based 

on the industrial park or a particular industry, a qualitative 
study of the industry [3-5], The quantitative study on the 
measurement and evaluation of ecological efficiency is rare 
[6], and the research of the regional macro level is only just 
begun [7], and it is less in the area of regional space-time. 
Therefore, it is necessary to strengthen the study of regional 
eco efficiency. In China, Jiangxi province is located in the 
lower reaches of Yangtze River, it has an area of 166,900 
square kilometers and a population of 45.22 million. Jiangxi is 
a typical inland province, traffic is convenient, it has some 
ecological advantages. But the economy is not developed, 
which belongs to the typical extensive development, the 
overall level is not high. Therefore, we take Jiangxi Province 
as an example, research the regional ecological benefit. On the 
one hand, the study has the important practical significance, 
but also have sufficient theoretical guidance for 
underdeveloped areas, and provide a good reference for 
economic and social development in underdeveloped areas. 
This paper will provide reasonable suggestions for regional 
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development, improve the competitiveness of the region 
through the comparison of 11 cities in Jiangxi Province. 

2. Regional Eco-efficiency Evaluation 

2.1. Index Selection and Data Sources 

The concept of Eco-efficiency means that the system uses 
less resources and environmental costs to get more economic 
benefits, the core idea is "less investment and more output". It 
is a country or region of the important embodiment of the 
green competitiveness, its model expression as (1) type is 
shown: [8] 

EE=VPS/IPM                (1) 

Note: "EE" indicates Ecological efficiency; "VPS" 

indicates The value of a product or service; "IPM" indicates 
Impact of pollutant discharge or material consumption 

From the above equation, the Eco-efficiency indicators 
include input index and output index. Input index include not 
only all the necessary resources for economic activity, such as 
natural resources or labor resources, but also includes a variety 
of waste generated in the process of economic operation, such 
as waste water, as well as a variety of solid waste. Usually 
used gross domestic product (Value) as the output items. 

At present, there is no uniform standard for the choice of the 
input index and output index. Through the literature research, in 
foreign countries, the representative research mainly is the index 
proposed by BijiKurup [9-13], as shown in Table 1; at the same 
time, in China the representative research mainly is the index of 
Jingru Liu [14-20] and other scholars, as shown in table 2. 

Table 1. Evaluation index of foreign scholars. 

Representative Figures Evaluation Index 

BijiKurup 
Static Environmental Benefits; Natural resources; Water Quality; Air quality; biodiversity 
Dynamic environmental benefits; Consumption and use efficiency on energy, water, raw materials; the situation of Emissions 
and land cleanup 

Helge Bratteb 
Mass production capacity; utilization of renewable; Energy prices; Transportation costs; Waste discharge costs; Secondary raw 
material quality standard 

Michelsen 
Energy consumption; material consumption; emissions of ozone-depleting gases; Water consumption; greenhouse gas 
emissions; emissions of acid gases in the atmosphere; Total waste generation; photochemical smog gas generation; heavy metal 
emissions 

Trondheim Ecological Evaluation; recycling rate; recovery rate and total regeneration rate 
Van Caneghem Volatile acid; oxidant; human toxicity; Fresh water aquatic toxicity 

Table 2. Evaluation index of Chinese scholars. 

Representative Figures Evaluation Index 

Chaona Li  
Ecological environment quality index; Pollution reduction targets; Resource consumption intensity index; Characteristics of eco 
industrial park and park management 

Jingru Liu Three main functions of social, economic and natural; three subsystems of production, life and ecological system 

Lin Ma 
Renewable resources; water recycling rate; industrial wastewater compliance rate; Industrial dust; industrial sulfur dioxide; 
industrial solid waste comprehensive utilization rate; industrial park green rate 

Na Zhang Construction of ecological efficiency evaluation index system from three aspects: structure, function, process indicators 
Jiating Wang Economic development; recycling; environmental protection and green management 
Chanjuan Xiao Eco efficiency of industrial wastewater; Eco efficiency of industrial waste gas; Eco efficiency of industrial solid waste 

Xiaomei Sun 
Economic efficiency; Resource conversion efficiency; Pollution reduction efficiency; Eco industrial characteristics and 
management efficiency of the park 

In order to make the evaluation index system more reasonable, taking into account the availability of information, through the 
study of the domestic and foreign researchers' indicators, the evaluation index system of eco efficiency is established, which is 
shown in Table 3. 

Table 3. Evaluation index of regional ecological efficiency. 

index Category Specific index form Contents 

Input index 

Resource consumption 

Fresh water consumption Total amount of water 
Land resource consumption Construction land area 
Human resource consumption Number of employees 
Fixed asset investment Fixed asset investment 

Environmental impact 
Wastewater discharge Wastewater discharge 
Waste gas discharge Emissions 
Solid waste discharge Solid wastes 

Output index  Economic aggregate Gross national product 

 
In Table 3, the input indicators include index of resource 

consumption and environmental impact index. Because 
regional production activities not only to consume the 
resources, but also produce a series of waste, This is also as 

the production of environmental consumption. Specific index 
have the following 5: 

(1) the total amount of water. This index refers to the total 
amount of water used in the region, not only for 
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industrial water use, but also for water consumption 
and water consumption for agriculture. 

(2) Construction land area. This index refers to the area 
within the various types of land area, the choice of the 
index is to evaluate the efficiency of land use. 

(3) Number of employees. This index refers to the number 
of employees in the region, which is an important 
resource in economic development, we cannot ignore 
the role of artificial. 

(4) Fixed asset investment. This index is the monetary 
investment in the region or the related industry in a 
certain period of time, which can reflect the scale of 
investment and the effect of monetary investment. 

(5) The "three wastes" index. These index are an 
indispensable part of the input index, because the 
ecological efficiency evaluation should take the impact 
of the environment into account, which is indispensable 
to the impact of pollutants on the environment. 

Output indicator is the national product, The indicator 
shows the final outcome of the industrial production activities 
through the monetary form, The capital efficiency and the 
efficiency of the raw materials are not recorded in the study 
areas [6]. 

Basic data mainly comes from the Jiangxi statistical 
yearbook 2010-2014. 

2.2. Research Methods 

Envelopment Analysis Data (DEA) is the first proposed by 
Charnes [21] in 1978. This method mainly uses linear 
programming method, each units being evaluated (area, 
department, or year) is used as a Decision Making Units 
(DMU) by observing the effective sample data. Then, the 
effectiveness of the decision making unit is evaluated, and the 
results show that the relative efficiency of each decision unit. 
At the same time, the so-called decision making unit is a 
system which can produce products and services as long as the 
input of production factors. In the evaluation of a certain 
number of decision making units, the input and output 
relationship of each unit should be evaluated, then see whether 
it is reasonable. This method uses linear programming to deal 
with the large number of inputs and outputs, and evaluate the 
effectiveness of those objects that can be compared, obviously 
those systems with complex inputs and outputs can take this 
approach. The advantage is that the amount of data is not high, 
which can ensure that the evaluation results are less affected 
by other factors, but also to maintain a high sensitivity. 
Compared with other evaluation models, the biggest 
advantage of the data envelopment analysis is the 
determination of the weight, most of the other methods need to 
rely on the subjective attitude to determine the weight of index, 
which will inevitably be influenced by the subjective factors, 
and the data envelopment analysis will avoid this charge. 
Because the data envelopment analysis can evaluate the 
relative efficiency of similar units, this will make it work in 
comparative analysis, which can not only satisfy the 
characteristics of multiple input and output indicators, but also 
do not need to carry out any of the functions of the variables. 

2.2.1. C
2
R Model 

If there are n decision making units, each decision-making 
unit has m input and s output, input and output have different 
economic indicators to replace, this evaluation model consists 
of multiple inputs and multiple outputs. Xj is used to represent 
the input, output represented by Yj. 

Xj=(x1j, x2j,…, xmj)
T 

Yj=(y1j, y2j,…, ymj)
T, j=1,2,…n.          (2) 

Evaluation of the effectiveness of the j decision making unit, 
C2R model proposed by Charnes [21] is as follows: 
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In the above formula, Xj, Yj respectively, the input and 
output indicators, λj denotes a unit combination coefficients. θ, 
S-, S+ as the criterion for evaluating relative effectiveness of 
decision making units, θ is represented by relative efficiency 
value calculated by the model, S+, S- is the slack variable. 

When the θ value of 1, indicating weak DEA effective 
decision-making unit; if θ is 1, and s-0 = s + 0 = 0, then the 
decision unit effective for the DEA. If θ less than 1, and S-, S+ 
is not all 0, it is considered that the evaluation of DMU is 
invalid DEA. 

2.2.2. BC
2
 Model 

In 1993 P. Anersen and other scholars put forward the BC2 
model. Based on the C2R model, it is possible to make a 
further evaluation and comparison of multiple main bodies, 
but which can not be further evaluated and compared. So the 
improved model of C2R model, namely BC2 model (DEA 
model) [22], is proposed. 
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In the formula, the ε is Archimedes infinity, and the rest of 
the meaning is the same as (3). 

The evaluation of the super efficiency DEA model is as 
follows: In the evaluation, the decision making unit is invalid, 
and the production frontier will not change; But in the 
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effective decision-making unit, under the premise that the 
efficiency value is invariable, the ratio of the input to the 
increase of the input is recorded as the super efficiency 
evaluation value. 

2.2.3. Malmquist Index 

Malmquist productivity index was first proposed by Sten 
Malmquist in 1953, Subsequently, Fare, Grosskopf and other 

scholars have perfected it, applying it to production analysis, 
the change of productivity is attributed to technological change 
and technical efficiency change [23]. Both can be calculated by 
distance function. The change of productivity is to use the 
distance function to calculate the input and output changes 
during t period to t+1 period. Malmquist index is defined as: 
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Malmquist production index can also be expressed as TPF, 
which means that a decision unit in the T to t+1 period of the 
degree of productivity change. If TPF> 1, the yield is 
increased, in turn, indicates declining trend. Because TPF can 
be decomposed into technical change (TC) and efficiency 

change (EC). 
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the technical efficiency (EC) from the formula 5, which is the 
contribution of the technical efficiency in the period t and the 
period of t+1. Then, we can see: 

TPF=EC×TC                        (6) 

Among them, the comprehensive technical efficiency (EC) 
indicates the change of the technical efficiency on the degree 
of contribution to the productivity from period t to period t+1. 
EC can be divided into PE (pure technical efficiency) and SE 
(scale efficiency). So: 

TPF=EC×TC=PE×SE×TC 
Among them, PE shows the impact of the level of 

production management changes on productivity, PE>1 
indicates that the efficiency is improved, and vice versa. SE 
represents the change in the efficiency of the return of the 
scale, SE>1 indicates the optimal size of production, on the 
contrary, it indicates that it is far from optimal. TC 
(technological progress) indicates that the change of the 
production technology of the decision making unit in stage t to 
the t>1 stage, TC>1 means that the production technology is 
improved, whereas the production technology is in decline. 

2.3. Evaluation Results and Their Spatial Distribution 

Characteristics 

Table 4. Regional eco efficiency values in Jiangxi province 2009-2013. 

 2009 2010 2011 

 C2R BC2 Scale C2R BC2 Scale C2R BC2 Scale 

Nanchang 0.965 1.000 irs 0.950 0.999 irs 1.000 1.000 - 

Jingdezhen 0.683 1.000 irs 0.782 1.000 irs 1.000 1.000 - 

Pingxiang 0.566 0.575 irs 0.748 0.762 irs 0.929 0.934 drs 

Jiujiang 0.715 0.721 irs 0.822 0.836 irs 0.729 0.738 irs 

Xinyu 0.690 0.797 irs 0.842 0.891 irs 0.997 1.000 irs 

Yingtan 0.825 1.000 irs 0.896 1.000 irs 1.000 1.000 - 

Ganzhou 0.912 0.921 irs 1.000 1.000 - 1.000 1.000 - 

Ji'an 0.737 0.822 irs 0.924 1.000 irs 0.985 0.985 - 

Yichun 0.808 0.809 irs 0.930 0.930 - 0.991 0.991 - 

Fuzhou 0.715 1.000 irs 0.082 0.116 irs 1.000 1.000 - 

Shangrao 0.618 0.686 irs 0.903 0.913 irs 1.000 1.000 - 

 2012 2013 Average value 

 C2R BC2 Scale C2R BC2 Scale C2R BC2 Scale 

Nanchang 1.000 1.000 - 1.000 1.000 - 0.983 0.9998 1.000 

Jingdezhen 0.991 1.000 irs 0.879 1.000 irs 0.867 1 0.991 

Pingxiang 1.000 1.000 - 0.937 0.953 irs 0.836 0.8448 1.000 

Jiujiang 0.961 0.967 irs 0.923 0.927 irs 0.83 0.8378 0.961 

Xinyu 1.000 1.000 - 1.000 1.000 - 0.9058 0.9376 1.000 

Yingtan 1.000 1.000 - 0.975 0.989 irs 0.9392 0.9978 1.000 

Ganzhou 1.000 1.000 - 0.902 0.919 drs 0.9628 0.968 1.000 

Ji'an 1.000 1.000 - 1.000 1.000 - 0.9292 0.9614 1.000 

Yichun 1.000 1.000 - 0.948 0.963 drs 0.9354 0.9386 1.000 

Fuzhou 0.997 1.000 irs 0.968 1.000 irs 0.7524 0.8232 0.997 

Shangrao 1.000 1.000 - 0.989 0.994 irs 0.902 0.9186 1.000 
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Calculation of the Eco-efficiency measure of the cities in 

Jiangxi province by DEAP2.1, Select 11 cities in Jiangxi 
province from 2009 to 2013 as the object of study, they are 
Nanchang, Jiujiang, Jingdezhen, Pingxiang, Xinyu, Yingtan, 
Ganzhou, Yichun, Shangrao, Ji'an, Fuzhou. Then calculate 
their ecological efficiency, the results are shown in Table 4. 

From table 4, the ecological efficiency of most areas in 
Jiangxi province is obviously low. In 2009-2013, the 
ecological efficiency of the cities in Jiangxi Province, that is, 
the pure technical efficiency of more effective cities 
including Nanchang, Jingdezhen, Yingtan. But in the model, 
the effective number of the Nanchang and Yingtan account 
for 18% of all cities. According to the original data, 
Nanchang GDP accounted for a large part of Jiangxi 
Province, which indicates that this area to maintain a high 
level of economic development in creating more economic 
value, while still attached great importance to the level of the 
city's ecological efficiency. Yingtan City of Eco-efficiency 
has been effective all the time, as compared with other 
regions both in water and industrial "three wastes" discharge 
are in a low level, so even if in GDP is not outstanding, it can 
still effectively maintain the ecological efficiency. Although 
we have found that the three areas of ecological efficiency, it 
is not difficult to find that the vast area where most of the 
energy consumption and industrial "three wastes" emissions 
is still performing at a high level, which pointed out the these 
areas in the rational use of resources still have greatly 
improved. 

The ecological efficiency of the remaining cities is invalid 
element, that is, the input and output of resources have not 
reached the optimal state. Although the ecological efficiency 
of these regions is invalid, but its value is close to 1, At the 
same time, the scale of the remuneration is increasing, which 
explains the reasons for the low efficiency of the scale, 
because of the low technical efficiency. As Jingdezhen and 
Fuzhou. Their pure technical efficiency is 1, but their technical 
efficiency is less than 1, which shows only for technical 
efficiency, does not need to invest the decrease and increase in 
output, No 1 is achieved because the scale is not matched with 

the input and output, which requires an increase in size or 
scale, Jingdezhen and Fuzhou need to increase the size, while 
Ganzhou and Yichun will need to reduce the size. 

In the 11 region, the scale is effective in 3 cities (Nanchang, 
Xinyu, and Ji'an). 6 cities (Jiujiang, Jingdezhen, Pingxiang, 
Yingtan, Fuzhou and Shangrao) in the scale of the increase 
range, 2 cities (Ganzhou and Yichun) in the scale of efficiency 
decline range. For the pure technical efficiency is high or 
effective, and in the scale efficiency of the region, it should be 
appropriate to expand the scale, increase the output; For the 
scale efficiency decline range and pure technical efficiency, it 
should be appropriate to adjust the size of the allocation of 
resources for better. 

For this situation, the ecological efficiency of the model is 1, 
I think the reason is that the model is mainly focused on 
technical efficiency, and is the evaluation of the effectiveness 
of production technology. It may be in the production 
technology of Jiangxi province has been in a more advanced 
level, which led to a pure technical efficiency of 1. On the 
other hand, this paper only set up an output indicator in setting 
up the evaluation index system. But the input index is seven, 
and the model more suitable for input and output indicators are 
plural, which will affect the eco-efficiency of BC2 to some 
extent. 

2.4. Regional Super Efficiency Analysis of Jiangxi Province 

Through the calculation of the value of the regional 
ecological efficiency in Jiangxi Province, we found that the 
ecological efficiency of several regions was 1 for many years, 
which could not be effectively evaluated. In order to 
complete the study of the ecological efficiency of 1, we are 
using the super efficiency DEA to study. Using 
DEA-SOLVER software, the research object is the 11 cities 
in Jiangxi Province, to calculate the level of ecological 
efficiency of Jiangxi province by means of calculating the 
level of regional or provincial level in Jiangxi province. The 
results are shown in Table 5. 

Table 5. Super efficiency values (SE-DEA) in Jiangxi Province, 2009-2013. 

efficiency values     2009 2010 2011 2012 2013 value Ranking 

Nanchang  0.965 0.950 1.101 1.164 1.028 1.042 2 

Jingdezhen 0.683 0.782 1.011 0.991 0.879 0.869 8 

Pingxiang 0.566 0.748 0.929 1.062 0.937 0.848 9 

Jiujiang 0.715 0.822 0.729 0.961 0.923 0.830 10 

Xinyu 0.690 0.842 0.997 1.058 1.072 0.932 5 

Yingtan 0.825 0.896 1.014 1.092 0.975 0.960 4 

Ganzhou 0.912 1.000 1.037 1.002 0.902 0.971 3 

Ji'an 0.737 0.924 0.985 1.075 1.008 0.946 6 

Yichun 0.808 0.930 0.991 1.034 0.948 0.942 7 

Fuzhou 0.715 0.082 1.004 0.997 0.968 0.753 11 

Shangrao 0.618 0.903 4.053 1.127 0.989 1.538 1 

Average 0.749 0.807 1.259 1.051 0.966   
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According to table 5, it can be found that the time scale is 

analyzed, and the ecological efficiency of Jiangxi province is 
found to be a parabola. In 2011 and 2012, the average value of 
two years was more than 1, which is because the concept of 
green economic production has gradually affected the 
development of the economy. At the beginning, the 
development pays more attention to the economic efficiency, 
but neglects the influence of the ecological environment, 
which leads to the low efficiency of the first two years, Along 
with the enhancement of people's environmental awareness 
and the increasing emphasis on Ecological construction in 
China, the economic development is more concerned about 
the environment. But the ecological efficiency of 2013 was 
lower than 1, this shows that there are problems in the 
development of regional economy in Jiangxi Province, which 
needs to be adjusted appropriately, and put forward 
appropriate strategies to reduce the ecological efficiency. 

Take 2013 as an example, the efficiency of Nanchang, 
Xinyu and Ji'an City value is 1, because CCR model 
evaluation of the maximum value is 1, so the SE-DEA eco 
efficiency value to indicate three regional ecological 
efficiency, Nanchang 1.028, Xinyu is 1.072, Ji Anwei 1.008, 
Which means that the input elements can be increased by 
1.028, 1.072 and 1.008., respectively, under the premise of 
ensuring the efficiency value of the same. 

Vertical, the region can be classified, the ecological 
efficiency of the mean more than 1 of the Nanchang and 
Shangrao into a class, which is relatively high ecological 
efficiency, This shows that the development of the region is 
more concerned about the ecological impact, and pay more 

attention to the protection of the ecological. On the other hand, 
it will be close to 1 in Xinyu, Yingtan, Ganzhou, Ji'an and 
Yichun, although the average ecological efficiency of these 
cities has not reached 1 but is close to 1, as long as these areas 
in the energy saving and emission reduction efforts can 
achieve the goal of ecological efficiency. In addition, the 
ecological efficiency of Fuzhou, Pingxiang, Jiujiang and 
Jingdezhen is classified, which is lower than that of the 0.9. 
According to the original data, we will find that the four cities 
in terms of industrial wastes in other areas at a higher level, 
especially sulfur dioxide emissions are significantly higher 
than in other areas. Which leads to low efficiency values for 
these regions. And the ecological efficiency of the four cities 
is a parabola, that is, after experiencing the stage of the 
enhancement of the ecological efficiency, it has been a new 
phenomenon. 

3. Dynamic Analysis of Regional 

Ecological Efficiency in Jiangxi 

Province 

3.1. Ecological Efficiency of TPF Index Changes 

In order to analyze the dynamic change trend of eco 
efficiency in different regions in Jiangxi Province, we use the 
Malmquist index model to calculate the values of eco 
efficiency change. It mainly analyzes the index of regional 
ecological efficiency of the TPF change, calculation results 
are shown in Table 6 and 7. 

Table 6. Changes of ecological efficiency in Jiangxi Province during 2009-2013. 

 2009-2010 2010-2011 2011-2012 2012-2013 

Nanchang 1.02 1.47 1.043 0.939 

Jingdezhen 1.322 1.471 1.335 0.933 

Pingxiang 1.195 1.378 1.08 0.921 

Jiujiang 1.281 1.516 1.311 0.915 

Xinyu 1.398 1.279 1.122 1.013 

Yingtan 1.479 1.811 1.101 0.909 

Ganzhou 1.249 1.944 1.031 0.887 

Ji'an 1.266 2.013 1.102 0.931 

Yichun 1.307 2.069 1.11 0.979 

Fuzhou 0.11 17.195 1.12 0.966 

Shangrao 2.455 2.409 0.345 0.917 

 
According to table 6, we find that each region has 

experienced a period of growth in the 2010-2011 years, but in 
the 2011-2012 stage has experienced negative growth stage, 
and then began to decline. The TPF index is 1 as the cut-off 
point, which means that more than 1 of the total factor 
productivity is improved, and the efficiency is decreased if 
less than 1. By the end of 2012, the value of TPF in all regions 
of Jiangxi province was more than 1, which indicates that the 
development of each region in Jiangxi province reached a 
relatively high level in the end of 2012. The TPF value of total 

factor productivity of Ji'an, Yichun and Fuzhou experienced a 
rapid growth in 2010-2011. But in the 2012-2013, all the TPF 
values in all regions are less than 1 except Xinyu, This shows 
that in this year the development of the region's lack of 
technical support, technological progress has dropped. 
However, after the reduction in 2012, Shangrao in 13 years, 
showing an upward trend, which shows that Shangrao will be 
the development of technology as an important direction of 
development. 
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Table 7. Changes of regional ecological efficiency in Jiangxi Province during 2009-2013. 

 Technical efficiency Technological progress Pure technical efficiency Scale efficiency TFP 

2009-2010 1 1.28 1 1 1.28 
2010-2011 1 3.14 1 1 3.14 
2011-2012 1 1.06 1 1 1.06 
2012-2013 1 0.94 1 1 0.94 

 
According to table 7, in the four period, the TPF index of 

each region in Jiangxi province is in the overall trend, but the 
overall trend is in a declining state, which shows that the level 
of ecological efficiency in Jiangxi province is a step 
backward. 

The TPF index is the restriction of the technical efficiency 
and the technological progress. From table 7, it can be known 
that the technical efficiency is 1, so that the TPF index of 
every region in Jiangxi province is influenced by 
technological progress, The more numerical value of 
technological progress, the greater the TPF index. On the 
contrary, the smaller the technological progress, the smaller 

the TPF exponent, So in a certain technical efficiency, it can be 
said that technological progress is the leading factor to 
promote the TPF index, but it can also be a limiting factor to 
hinder the improvement of TPF index. 

3.2. Redundancy Analysis of Regional Eco Efficiency in 

Jiangxi Province 

In 2013 as an example, the Malmquist index model was 
used to calculate the redundancy analysis of the input factors 
in the region of Jiangxi Province in 2013, as shown in Table 8. 

Table 8. Jiangxi Province regional input feature redundancy analysis in 2013. 

DMU 
Total water 

consumption 

Construction 

land area 

Number of 

employees 

Fixed asset 

investment 

Wastewater 

emissions 
SO2 emissions 

Solid waste 

emissions 

Nanchang 
Redundancy 0 0 0 0 0 0 0 

rate 0 0 0 0 0 0 0 

Jingdezhen 
Redundancy 0 0 0 0 0 0 0 

rate 0 0 0 0 0 0 0 

Pingxiang 
Redundancy 0 -2.51 0 -1777432.33 -645.07 -31448.68 0 

rate 0 5.00% 0 21.49% 2.50% 34.92% 0 

Jiujiang 
Redundancy -2.38 0 -15.41 -2428379.43 0 -47767.06 0 

rate 9.06% 0 14.00% 16.11% 0 50.91% 0 

Xinyu 
Redundancy 0 0 0 0 0 0 0 

rate 0 0 0 0 0 0 0 

Yingtan 
Redundancy -1.10 -0.48 -0.47 -607246.95 0 0 -11.72 

rate 13.92% 1.77% 1.49% 15.41% 0 0 3.20% 

Ganzhou 
Redundancy -2.48 0 -6.21 -196082.78 -588.80 0 0 

rate 6.90% 0 5.23% 1.47% 1.23% 0 0 

Ji'an 
Redundancy 0 0 0 0 0 0 0 

rate 0 0 0 0 0 0 0 

Yichun 
Redundancy -7.45 0 -2.181 -1262113.77 -636.25 0 0 

rate 16.51% 0 2.24% 11.22% 1.60% 0 0 

Fuzhou 
Redundancy 0 0 0 0 0 0 0 

rate 0 0 0 0 0 0 0 

Shangrao 
Redundancy -5.47 0 -3.67 -1634101.27 -600.66 0 -522.39 

rate 17.01% 0 3.71% 14.03% 1.62% 0 10.23% 

 
The analysis of regional input output in Jiangxi province in 

2013, according to table 8. despite the various cities in the 
index of the input redundancy situation is vastly different, but 
it is not difficult to find redundant mainly concentrated in the 
four aspects of the total water use, employees, fixed assets 
investment and waste water emissions. Such as fixed asset 
investment in Pingxiang, the redundancy rate is 21.49%, the 

total water consumption in Shangrao is 17.1%, the SO2 
emissions in Jiujiang is 50.91%. The reason of redundancy 
analysis, is to pass to adjust the input factors to achieve 
ecological efficiency for this purpose. 

Pingxiang is mainly to solve the adjustment of investment 
in fixed assets and SO2 emissions of two input elements, the 
redundancy rate respectively 21.49% and 34.92%, which 
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shows Pingxiang in the investment in fixed assets and sulfur 
dioxide emissions with the local economic development 
uncoordinated, and need to be adjusted to achieve ecological 
efficiency. 

Seven input indicators in Jiujiang have four indicators need 
to be adjusted, the total water consumption is reduced by 
337.8 million cubic meters, the staff of 154.05 thousand 
people, fixed asset investment decreased by 24.283 billion 
yuan. At the same time, reduction of 47767 tons of sulfur 
dioxide emissions, the reduce proportion of 9.06%, 14%, 
16.11% and 50.91% respectively. But Jiujiang should focus on 
sulfur dioxide emissions, because it needs to reduce the 
magnitude of as high as 50.91%, it is still in a weak position in 
the treatment of sulfur dioxide emissions, if we can increase 
the disposal of waste gas, reduce emissions, and the ecological 
efficiency of Jiujiang will become effective. 

4. Conclusions and Policy 

Recommendations 

Analysis of ecological efficiency of 11 cities in Jiangxi 
province by DEA method. At the same time, using SE-DEA to 
sort the ecological efficiency of 1, and finally using 
Malmquist index to evaluate the dynamic situation of the 
regional ecological efficiency. The results shows like that: 

(1) in the 2009-2013, the ecological efficiency of the 
cities in Jiangxi province is relatively low, This five 
years in an effective state of the city does not exist, the 
ecological efficiency of four cities in Nanchang, 
Pingxiang, Xinyu and Ji'an has been in the rising stage, 
and finally reached the effective state. 

(2) through the analysis of the super efficiency DEA, the 
ecological efficiency of each city is not obvious, the 
highest in Shangrao is 1.538, while the lowest in 
Fuzhou area is 0.753, the difference is 2 times. 

(3) Through the analysis of the total factor production 
efficiency of each region, the region in Jiangxi 
province has experienced a growth phase, at present, 
the growth rate is in a downward trend. 

(4) Various cities in the index of the input redundancy 
situation is vastly different, but it is not difficult to find 
redundant mainly concentrated in the four aspects of 
the total water use, employees, fixed assets investment 
and waste water emissions. 

The following policy recommendations can be obtained 
from the results of the study: 

(1) actively take the initiative to change the mode of 
economic development, promote the upgrading of the 
industrial structure, change the parts of "resource of 
high investment, low utilization and high emissions" 
extensive mode of production, under the drive of the 
transformation of the structure improved allocation of 
resources effect. 

(2) Through strengthening the links of each region to 
achieve the effective sharing of resources, through 
regional cooperation strategy to jointly develop the 

resource conservation and utilization. For example, 
Nanchang as an effective area, can realize the impact 
of the surrounding area through its own regional 
influence, to promote the overall efficiency of the 
upgrade. 

(3) Some regional investment structure is irrational, and 
the benefit is not high, we should increase the 
investment in fixed assets, and actively guide the 
effective use of foreign investment in the region, we 
should also prevent blind investment. 

(4) Increasing investment in education, improving the 
quality of population and the level of science and 
technology. The amount of human resources will 
directly affect the regional development and 
technological progress, and ultimately affect the level 
of ecological efficiency. In some areas, the high 
efficiency of the ecological efficiency is often 
accompanied by the good scientific educational 
institutions and the abundant human capital. 

(5) Strengthen environmental pollution management, and 
form a long-term mechanism for environmental 
protection. Environmental pollution control should be 
left to the market more choices, the establishment of 
emission trading market, the implementation of 
emission trading system, to play the role of "seed" of 
public finance and guide social capital into the field of 
ecological construction and environmental protection. 

(6) Strengthen environmental governance capacity 
building. To strengthen the monitoring network, 
forecast and early warning, emergency management 
and other facilities and public platform construction, 
support related fields of technology development and 
Application. 

(7) Strengthen the protection of the environment, 
sustainable development and other propaganda and 
science, improve the ability and level of public 
participation in ecological environment protection. 

The improvement of the level of ecological efficiency is a 
systematic project, we should consider from many angles and 
all directions. While trying to develop the economy in Jiangxi 
Province, we should pay more attention to the coordination of 
resource investment and environmental impact. Using 
sustainable development strategy as the guiding ideology of 
economic development, coordinate the relationship between 
economic, environment and resources. In achieving economic 
goals, to create a resource-saving and environment-friendly 
society, and to achieve the greatest social and environmental 
benefits. 
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