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Abstract

:

This study analyzes and evaluates the status and long-term trend of regional economic sustainability in eastern Anhui Province, China. Based on the triangle model and the definition of economic sustainable development, this study evaluates the interrelationship among regional economic development, resource-energy consumption, environmental pollution, and ecological performance. The sustainable and comprehensive utilization situation in the study region from 1975–2012 is examined. The results show that in 2012, the comprehensive development in the study region had a general status in terms of sustainability. The sustainable development trend of the seven administrative subunits inside the region had a weak and general status in terms of sustainability, while the status of sustainability in the southeastern part of the region was better than that in the northwest. During the period from 1975–1998, the study region’s comprehensive development presented a trend of general sustainability. In the period from 1998–2012, the region experienced a trend of very strong sustainability in its development. These statuses and trends have a certain relationship with the study region’s strong economic development and environmental protection over the past 37 years. The triangle method, as an intuitive platform for illustrating sustainability status and trends in economic development, seems to hold promise as an analytical management tool given its simplicity, ease of use, and flexibility.
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1. Introduction


The term sustainable development was introduced in the 1980s as a new development concept and mode based upon comprehensive summaries of the development process and on a re-examination of the social economic behavior. It was declared publicly that this new development concept and guidelines would be endlessly pursued [1,2,3]. The aim of sustainable development is to meet the demands of contemporary people without endangering future generations [4,5]. Achieving this goal will require that economic and ecological systems of human society operate within limits that the earth’s ecological system can tolerate [6,7]. It also requires that social development yields a relatively high economic income and a good ecological performance [8], which refer to comparatively low resource-energy consumption and environmental pollution [9,10,11]. The dynamic variation of the complicated social, economic and ecological system imposes difficulties in the study of sustainable development [12,13,14]. To realize sustainable development, we must conduct dynamic monitoring, analysis and regulation through systematic quantitative analysis and quantitative evaluation [15,16]. China and other countries have conducted a large amount of research on sustainable development [17,18,19,20,21], establishing evaluation models and index systems [22,23], as well as conducting empirical analyses [24,25]. The established study methods are as follows:

	(1)

	
Method of target [26]. First, the target for sustainable development must be set, and then several sub-objectives should be established.




	(2)

	
Method of intersection [27,28]. Through the intersection of two-D, three-D and multi-D, a series of indexes is generated and is then used to form an index system. This method is usually used to evaluate the coordination of several different aspects [29].




	(3)

	
Method of analysis [30]. The evaluated objectives and targets are divided into several different parts and sides, and then gradually subdivide the parts and sides (form subsystems at all levels) until each can be described by a specific statistical index. This method subdivides the study targets into different aspects so as to determine their sustainable development with a relatively comprehensive consideration [31].









The aforementioned methods, which are usually utilized comprehensively [32], will be used to conduct determination and crossing analyses on study targets [33]. These achievements and methods provide the reference and practical application value for this article.



The triangle model, as a visual platform, is applied to illustrate the status and trend of the sustainable and comprehensive development, which accompanies the implementation of various kinds of policies and measures [34]. Thanks to its visual features, it is easy for researchers to study and apply this model at different levels. The application of such models will make basic analyses flexible; therefore, it will be easy for decision makers to manage and understand it. In addition, computing the status and trend is simple. The triangle model is adopted in this study to conduct a quantitative evaluation on the trend of regional comprehensive development, to systematically study the status of regional sustainable development, and to verify the sustainability of regional development. This study has a practical value for the settlement of problems in current regional economic development and in the methodological significance of regional economic sustainability and comprehensive utilization.




2. Profile of the Study Region


Chuzhou City is situated in the eastern part of Anhui Province (Figure 1), between the Chinese traditional eastern coastal economic developed region and the western economic backward region. In recent years, the economy in this region experienced continuous and rapid development. Therefore, the study on the sustainable utilization illustrates certain typical features. Since late 1970s, Chuzhou’s economy has seen significant growth. The GDP in the last year (2012) of study is 176.04 times that observed in the initial year (1975) of study (Figure 2). The acceleration of the city’s per capita GDP and economic development also experienced a steady upward trend. This rapid economic development, however, has come with an equally impressive increase in many environmental problems related to pollution and resource loss [35,36]. As such, it is critically important to know whether Chuzhou’s economic development over the past 37 years has been on a sustainable path, or whether it is moving toward or away from sustainability. This article systematically studies the sustainable utilization status, development trend and spatial distribution characteristics of Chuzhou’s economy in the period from 1975–2012. If the regional economy experienced sustainable development, what can we learn from the experience of economic development and ecological performance to insure development remains on a sustainable path? If it did not, what policies are available and which policies should be chosen to guide its development toward a more sustainable future? In order to answer these questions, we need to evaluate the current situation and examine the long-term implications of the present economic development path in ways relevant to the issue of sustainability. The triangle model will be used to perform such tasks. This article will provide scientific reference to the study region’s future sustainable development and will provide references and help to the sustainable and comprehensive development of other regions.
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Figure 1. Maps of the study area. 
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Figure 2. Per capita GDP and economy accelerates in Chuzhou City from 1975–2012. 






Figure 2. Per capita GDP and economy accelerates in Chuzhou City from 1975–2012.
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3. Study Methods and Source of Data


3.1. Introduction to Triangle Model


To reflect on the interrelationship among economic development, resource-energy consumption and environmental pollution, the triangle model method was applied in a quantitative evaluation of the status and trend of the sustainability of the regional economic development. According to the definition of the ecological performance of sustainable economic development, we applied the following three aspects to evaluate the regional economic development’s sustainable status and trends: the economic development index (EDI), which adopts a single index in its measurements, such as the GDP and the per capita GDP; the resource-energy consumption index (RECI), which adopts a single index in its measurements (e.g., energy consumption of CNY 10,000 industrial output value, water consumption of CNY 10,000 industrial output value, surface water resources and per capita land occupation); and the environmental pollution index (EPI), which adopts single index in the measurements (e.g., the total volume of industrial waste gas, the total volume of industrial waste water, the volume of industrial solid waste produced and the average value of the main road noise). The advantage of these three indexes lies in their simplicity. The triangle model was applied to conduct visual descriptions on the interrelationship among economic development, resource-energy consumption and environmental pollution, and the plane figure was used to reflect the development characteristics and the trend of sustainable development spaces. The “Grapher for Windows” software was used to compose and draw a triangle figure, and then “Microsoft Word” was used for revision. The final triangle figure is described in Figure 3. In the figure, A, B, C, D and E represent the relative sustainability status (Table 1), while T1, T2, T3, T4, T5, T6 and T7 represent the relative sustainability trends (Table 2).



The triangle in Figure 3 is an equilateral triangle. EDI is at the highest apex, RECI is at the left hand lower apex and EPI is at the right hand lower apex. Each axis, ranging from 0 to 1 in an anticlockwise direction, is divided into five categories: very low: 0~0.2; low: 0.20~0.40; middle: 0.40~0.60; high: 0.60~0.80; and very high: 0.80~1. A triangle was applied to illustrate the integration of the relative proportions of EDI, RECI and EPI. In addition, the triangle is further subdivided into five parts: A, B, C, D and E, expressing five different sustainability status each representing a slightly different ecological performance level (Figure 3 and Table 1).Within any one triangle, there are seven possible trends in movement according to the relative percentage changes in the three aggregate indexes, representing seven different sustainability trends (Figure 3 and Table 2). Depending on the relative position of data points associated with alternative data sets, we can evaluate the corresponding sustainability status and trends.
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Table 1. Relative sustainability status of economic development based on ecological performance a.







Table 1. Relative sustainability status of economic development based on ecological performance a.







	
State

	
Index value scopes a

	
Relative index value b

	
Ecological performance

	
Relative sustainability




	
EDI

	
RECI

	
EPI

	
EDI

	
RECI

	
EPI






	
A

	
0.8~1.0

	
0.0~0.2

	
0.0~0.2

	
Very high

	
Very low

	
Very low~low

	
Very good

	
Very strong sustainability




	
B

	
0.6~0.8

	
0.0~0.4

	
0.0~0.4

	
High

	
Very low~low

	
Very low~middle

	
Good

	
Strong sustainability




	
C

	
0.4~0.6

	
0.0~0.6

	
0.0~0.6

	
Middle

	
Very low~middle

	
Very low~high

	
Fair

	
General sustainability




	
D

	
0.2~0.4

	
0.0~0.8

	
0.0~0.8

	
Low

	
Middle~high

	
Very low/Very high

	
Bad

	
Weak unsustainability




	
E

	
0.0~0.2

	
0.0~1.0

	
0.0~1.0

	
Very low

	
Very low/Very high

	
Very low~low

	
Very bad

	
Unsustainability








a From the references of [8], revised according to the local situation of Chuzhou City; and b EDI: economic development index; RECI: resource-energy consumption index; and EPI: environmental pollution index.
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Table 2. Relative sustainability trends of economic development based on ecological performance.







Table 2. Relative sustainability trends of economic development based on ecological performance.







	
Trend

	
Moving direction

	
Relative percentage change of index a

	
Ecological performance

	
Relative sustainability b




	
EDI

	
RECI

	
EPI






	
T1

	
0~60°

	
↑

	
↓

	
↑

	
Fair

	
General sustainability




	
T2

	
60~120°

	
↑

	
↓

	
↓

	
Very good

	
Very strong sustainability




	
T3

	
120~180°

	
↑

	
↑

	
↓

	
Fair

	
General sustainability




	
T4

	
180~240°

	
↓

	
↑

	
↓

	
Bad

	
Weak sustainability




	
T5

	
240~300°

	
↓

	
↑

	
↑

	
Very bad

	
Unsustainability




	
T6

	
300~360°

	
↓

	
↓

	
↑

	
Bad

	
Weak sustainability




	
T7 c

	
No moving

	
↑

	
↑

	
↑

	
Bad

	
Weak sustainability




	

	

	
↓

	
↓

	
↓

	
Bad

	
Weak sustainability




	

	

	
–

	
–

	
–

	
Original performance

	
Original state








a EDI: economic development index; RECI: resource and energy consumption index; EPI: environmental pollution index; “↑”: increasing; “↓”: decreasing; and “–”: no change; b If economic growth was observed, resource and energy consumption as well as environmental pollution were increased or decreased simultaneously at the same rate and the relative percentage for EDI, RECI, and EPI was left unchanged, ecological performances were bad, indicating weak sustainability; and c If economic growth, resource-energy consumption, and environmental pollution did not change for the same period of time, the ecological performance and sustainability status were maintained as previously.








3.2. Triangle Model Evaluation


When applying the triangle model to evaluate the sustainability of economic development, we took the following six necessary steps: (1) Select the single index needed to calculate EDI, RECI and EPI; (2) Collect and standardize the data; (3) Set the weight coefficients for the selected single index; (4) Calculate three comprehensive indexes, EDI, RECI and EPI, respectively; (5) Compose a triangle; and (6) Evaluate the status and trend of sustainability.
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Figure 3. The relative sustainability status and trends of economic development based on environmental performances. EPI (X Axis): environmental pollution index; EDI (Y Axis): economic development index; and RECI (Z Axis): resource and energy consumption index. 






Figure 3. The relative sustainability status and trends of economic development based on environmental performances. EPI (X Axis): environmental pollution index; EDI (Y Axis): economic development index; and RECI (Z Axis): resource and energy consumption index.
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3.3. Principles for Selecting a Single Index


The following principles for selecting single index should be taken into consideration according to the different emphases of the data input into the triangle model:

	(1)

	
Availability principle. The evaluated target in the triangle model is the development status of sustainability, and the development trend of sustainability will finally be decided. The evaluation index values in different time periods, which will be obtained through the existing statistics, must be guaranteed;




	(2)

	
Pertinence principle. The selected indexes should be clearly defined and should have a relatively high relevance with specific studied targets. In addition, we should guarantee that the content of index measurements is important and meaningful for the evaluated objectives and targets;




	(3)

	
Representative principle. The triangle model applies the interrelationship among EDI, RECI and EPI to illustrate the status and trend of sustainability. The index system should cover and represent three aspects; namely, economic development, resource-energy consumption and environmental pollution;




	(4)

	
Comparative principle. The testability, standardization and consistency should be taken into account when selecting the indexes. We should try to apply the quantitative indexes [37], which can be obtained easily, are identically statistically and are comparable in terms of the temporal and spatial criterion;




	(5)

	
Dynamic principle. When selecting the indexes, we should try to use relatively long-term datasets and statistics, so as to conduct studies comparing the data and statistics over different periods and to reflect the dynamic nature of sustainable development [38].










3.4. Collect and Standardize Data


All the data to be applied in the indexes are obtained from the study region’s statistical yearbook and the annual report on environment in the corresponding year. In addition, the economic development, resource-energy consumption and environmental pollution indexes are converted into a two-D data matrix as described below.


   E  D  y i   = (  d  y i   ) =  [     d 11     d 12   ...  d 1n       d 21     d 22  ...  d 2n      ...    ...    ...    ...      d  s 1       d s2   ...    d sn     ]    



(1)






   R E  C  y j   = (  r  y j   ) =  [     r 11     r 12   ...  r 1m       r 21     r 22  ...  r 2m      ...    ...    ...    ...      r  s 1       r s2   ...    r sm     ]    



(2)






   E  P  y h   = (  t  y h   ) =  [     t 11       t 12   ...     t 1k       t 21       t 22   ...     t 2k      ...    ...    ...    ...      t  s 1          t s2    ...      t sk     ]    



(3)







   E  D  y i     ,    R E  C  y j      and    E  P  y h      represent the original data matrix of economic development, the resource-energy consumption and the environmental pollution index, respectively. The variable “y” is the yth studied targets, which represents different administrative subunits used to evaluate the status of sustainable development and represents different years used to evaluate the trend of sustainability during the period from 1975–2012; “i” is the ith selected economic development index; “j” is the jth selected resource-energy consumption index; “h” is the hth selected environmental pollution index;     d  y i      is a specific original data for the yth studied object and the ith selected economic development index;     r  y j      is a specific original data for the yth studied object and the jth selected resource-energy consumption index; and     t  y h      is a specific original data for the yth studied object and the hth selected environmental pollution index.



To make the data comparable [39], we conducted standardized treatments on    E  D  y i     ,    R E  C  y j      and    E  P  y h      according to Formulas (4)–(6).


   E  D  y i  ′  = (  d  y i  ′  ) =   d  y i      M a x (  d  y i   )   y = 1  s       ( y = 1 , 2 , ... , s ; i = 1 , 2 , ... , n )   



(4)






   R E  C  y j  ′  = (  r  y j  ′  ) =   r  y j      M a x (  r  y j   )   y = 1  s       ( y = 1 , 2 , ... , s ; j = 1 , 2 , ... , m )   



(5)






   E  P  y h  ′  = (  t  y h  ′  ) =   t  y h      M a x (  t  y h   )   y = 1  s       ( y = 1 , 2 , ... , s ; h = 1 , 2 , ... , k )   



(6)







   E  D  y i  ′    ,    R E  C  y j  ′     and    E  P  y h  ′     are the standardized data matrices of economic development, resource-energy consumption and the environmental pollution index, respectively.      M a x (  d  y i   )   y = 1  s     is the maximum value of the ith selected economic development index from the    E  D  y i      matrix;      M a x (  r  y j   )   y = 1  s     is the maximum value of the jth selected resource-energy consumption index from the    R E  C  y j      and      M a x (  t  y h   )   y = 1  s     is the maximum value of the hth selected environmental pollution index from the    E  P  y h     . The variables “y”, “i”, “j”, “h”,     d  y i     ,     r  y j      and     t  y h      have the same meaning as matrices (1)–(3).



According to the original data in matrices (1)–(3),    E  D  y i  ′    ,    R E  C  y j  ′     and    E  P  y h  ′     can be acquired through Formulas (4)–(6) as follows:


   E  D  y i  ′  = (  d  y i  ′  ) =  [     d  11  ′     d  12  ′    ...  d  1 n  ′       d  21  ′     d  22  ′  ...  d  2 n  ′      ...    ...    ...    ...      d  s 1  ′     d  s 2  ′    ...    d  s n  ′     ]    



(7)






   R E  C  y j  ′  = (  r  y j  ′  ) =  [     r  11  ′     r  12  ′    ...  r  1 m  ′       r  21  ′     r  22  ′  ...  r  2 m  ′      ...    ...    ...    ...      r  s 1  ′     r  s 2  ′    ...    r  s m  ′     ]    



(8)






   E  P  y h  ′  = (  t  y h  ′  ) =  [     t  11  ′       t  12  ′    ...    t  1 k  ′       t  21  ′       t  22  ′    ...    t  2 k  ′      ...     ...    ...    ...      t  s 1  ′       t  s 2  ′     ...     t  s k  ′     ]    



(9)







    d  y i  ′     is the specific standardized data of the yth studied target’s ith economic development index, while     r  y j  ′     is the specific standardized data of the yth studied target’s jth resource-energy consumption index. Similarly,     t  y h  ′     is the specific standardized data of the yth studied target’s hth environmental pollution index, while    E  D  y i  ′    ,    R E  C  y j  ′    ,    E  P  y h  ′    , “y”, “i”, “j” and “h” have the same meaning as Formulas (4)–(6).




3.5. Set Weight Coefficients


The weight coefficients will exert different effects on the evaluation of sustainability. The selected index is required to be assigned to the weight coefficient [40,41]. It is possible to set the weight coefficients through many different kinds of methods, including the experimental analysis method [20], expert consultation (the Delphi method) [42], and the analytical hierarchy process [43] or through a combination of these methods. To enhance the accuracy of weight coefficients, it is better to combine two or three methods together in an application [44,45]. This article combines the “experimental analysis” method with the “Delphi” method to set the weight coefficients for the selected indexes [46].




3.6. Calculation of the Comprehensive Index of EDI, RECI and EPI


It is possible to calculate EDI, RECI and EPI through Formulas (10)–(12) as described below.


   E D  I y  =   ∑  i = 1  n   ( E  D  y i  ′  *  W i  )     



(10)






   R E C  I y  =   ∑  j = 1  m   ( R E  C  y j  ′  *  W j  )     



(11)






   E P  I y  =   ∑  h = 1  k   ( E  P  y h  ′  *  W h  )     



(12)







   E D  I y    ,    R E C  I y     and    E P  I y     refer to the yth studied target’s economic development, resource-energy consumption and environmental pollution index (namely, department, region and year), respectively.     W i     is the ith economic development index’s weight coefficient; the sum of the selected economic development index’s a number of n weight coefficients is 1, namely,      ∑  i = 1  n    W i  = 1     .     W j     is the jth resource-energy consumption index’s weight coefficient; and the sum of the selected resource-energy consumption index’s m weight coefficients is 1, namely,      ∑  j = 1  m    W j  = 1     .     W h     is the hth environmental pollution index’s weight coefficient; and the sum of the selected environmental pollution index’s k weight coefficients is 1, namely,      ∑  h = 1  k    W h  = 1     .    E  D  y i  ′    ,    R E  C  y j  ′     and    E  P  y h  ′     have the same meaning in Formulas (4)–(9).




3.7. Compose Triangle Figure


Based on the calculated corresponding data, the triangle figure was composed and “MS Word” was used to make marks, add trend lines and change labels on the triangle and finally, to adopt the optimized triangle figure to evaluate the sustainability of the development trends.





4. Sustainability of the Economic Development


4.1. Status of Sustainability in Chuzhou in 2012


We applied the index of Chuzhou’s industrial and economic development and ecological characteristics in 2012 (Table 3) to illustrate the status of economic development’s sustainability in Chuzhou. We also considered the changes to the industrial and economic and ecological characteristics in the city over the last 37 years (from 1975–2012) to demonstrate the long-term trend of Chuzhou’s economic sustainable development (Table 4).
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Table 3. Index of industrial economic development and ecological performance in 2012 a.







Table 3. Index of industrial economic development and ecological performance in 2012 a.







	
Indicator b

	
Chuzhou c,d

	
Nanqiao

	
Laian

	
Quanjiao

	
Tianchang

	
Dingyuan

	
Fengyang

	
Mingguang

	
Weighting factor






	
ED1

	
970.74

	
57.6

	
97.15

	
90.68

	
211.28

	
116.63

	
116.63

	
92.48

	
0.50




	
ED2

	
24650

	
22035

	
19394

	
19458

	
33284

	
11936

	
15287

	
14386

	
0.50




	
REC1

	
0.77

	
0.41

	
1.07

	
0.94

	
0.21

	
2.71

	
2.59

	
0.35

	
0.25




	
REC2

	
25.32

	
1.04

	
10.30

	
2.23

	
0.61

	
13.54

	
4.96

	
2.97

	
0.25




	
REC3

	
30.06

	
3.83

	
4.02

	
3.60

	
4.69

	
5.82

	
2.92

	
5.18

	
0.15




	
REC4

	
14.60

	
37.20

	
11.80

	
17.90

	
6.20

	
8.60

	
12.50

	
18.40

	
0.15




	
REC5

	
0.30

	
0.47

	
0.30

	
0.34

	
0.28

	
0.31

	
0.25

	
0.28

	
0.20




	
EP1

	
2041.74

	
67.65

	
63.15

	
111.75

	
102.32

	
72.98

	
1004.38

	
13.10

	
0.15




	
EP2

	
5088.78

	
417.74

	
898.20

	
747.08

	
485.08

	
542.55

	
842.63

	
350.72

	
0.15




	
EP3

	
193.00

	
1.00

	
52.00

	
5.00

	
12.00

	
13.00

	
43.00

	
14.00

	
0.15




	
EP4

	
65.95

	
42.40

	
38.27

	
40.06

	
56.52

	
46.13

	
47.25

	
45.23

	
0.10




	
EP5

	
5.87

	
0.60

	
0.44

	
0.85

	
0.17

	
0.79

	
8.35

	
0.16

	
0.10




	
EP6

	
14.63

	
3.72

	
6.26

	
5.71

	
0.80

	
5.86

	
7.01

	
4.16

	
0.10




	
EP7

	
0.55

	
0.01

	
0.36

	
0.04

	
0.02

	
0.14

	
0.36

	
0.17

	
0.10




	
EP8

	
4976.77

	
416.22

	
895.25

	
746.81

	
485.08

	
506.48

	
811.90

	
191.38

	
0.10




	
EP9

	
97.80

	
99.64

	
99.67

	
99.96

	
100.00

	
93.35

	
96.35

	
54.57

	
0.05








a At the current price in 2012; b The value of the industrial output of Chuzhou City accounted for 50% of the total GDP in 2012, and more than 75% of pollution measured was produced by industry. Industrial energy consumption accounts for 85% of the total energy consumption. Therefore, industrial development sustainability represents the sustainability of economic development of Chuzhou City; c Because Langya District was the central urban area of Chuzhou City, characteristics of resources and ecology were not obvious, and thus we studied Chuzhou City instead of the Langya District; d Sources: Statistical Yearbook of Chuzhou City and Environmental Communiqué of Chuzhou City (2013); ED1: GDP (100 million CNY); ED2: Per capita GDP (CNY/person); REC1: Per 10,000 CNY GDP energy consumption (ton of SCE); REC2: Water demand Per 10,000 CNY industrial output value (t); REC3: Surface water resources (100 million cu. m); REC4: Forest-coverage rate (%); REC5: Per capita land resources (ha); EP1: Total volume of industrial waste gas emission (100 million cu. m); EP2: Total volume of waste water discharge (10,000 t); EP3: Industrial solid wastes generated (10,000 t); EP4: Average noise pollution of the main roads (db); EP5: Industrial waste gas emission per 10,000 CNY industrial output value (10,000 cu.m/ CNY); EP6: Industrial solid waste generated per 10,000 CNY industrial output value (t/CNY); EP7: Industrial solid waste generated per 10,000 CNY industrial output value (t/CNY); EP8: Industrial waste water up to discharge standards (10,000 t); and EP9: Rate of industrial waste water up to discharge standards (%).







We calculated three composite indexes, namely, the EDI, RECI and EPI, in Chuzhou’s seven administrative subunits according to the above formula and data in Table 3. We calculated the EDI through ED1 and ED2, combining the weight coefficients, calculated the RECI through the five indexes, namely, REC1, REC2, REC3, REC4 and REC5. Finally we calculated EPI by applying the nine indexes, EP1~EP9.



We calculated the three groups of indexes, namely, the EDI, RECI and EPI of the sustainability of economic development in Chuzhou, during the period from 1975–2012 in accordance with Table 4 and the above formula. We calculated the EDI according to the indexes ED1 and ED2, calculated the RECI based on the five indexes, REC1, REC2, REC3, REC4 and REC5, and calculated the EPI through the nine indexes, EP1~EP9, and the equal weight coefficients. The sources of the data used to calculate the indexes were Chuzhou’s Fifty Years and Chuzhou Statistical Yearbook (1999–2012) and the Report on Chuzhou’s Environment (1995–2012). We calculated each index’s unitage according to the data collected and finally acquired the three composite indexes, EDI, RECI and EPI, and the three groups of composite index results, EDI, RECI and EPI.
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Table 4. The changes of industrial economic growth and ecological performance in Chuzhou during the different periods.







Table 4. The changes of industrial economic growth and ecological performance in Chuzhou during the different periods.







	
Indicator

	
Weighting factor a

	
1975~1991 b

	
1992~2012 b




	
Yearly average

	
Yearly change

	
Yearly average

	
Yearly change






	
ED1

	
0.50

	
+2.74

	
+12.68%

	
+45.39

	
+14.66%




	
ED2

	
0.50

	
+69.50

	
+11.18%

	
+1151.00

	
+14.55%




	
REC1

	
0.25

	
+0.004

	
+13.32%

	
+0.03

	
+10.86%




	
REC2

	
0.25

	
+12.77

	
+14.55%

	
–5.92

	
–8.32%




	
REC3

	
0.15

	
–0.02

	
–0.06%

	
–0.59

	
–1.65%




	
REC4

	
0.15

	
+0.12

	
+0.67%

	
–0.20

	
–1.22%




	
REC5

	
0.20

	
–0.005

	
–1.25%

	
–0.002

	
–0.64%




	
EP1

	
0.15

	
+2.27

	
+3.96%

	
+97.46

	
+16.73%




	
EP2

	
0.15

	
+258.63

	
+6.40%

	
–123.71

	
–1.96%




	
EP3

	
0.15

	
+0.44

	
+2.29%

	
+7.75

	
+8.46%




	
EP4

	
0.10

	
+0.27

	
+0.43%

	
–0.04

	
–0.06%




	
EP5

	
0.10

	
–0.04

	
–0.76%

	
+0.06

	
+1.21%




	
EP6

	
0.10

	
+5.61

	
+1.57%

	
–18.16

	
–15.00%




	
EP7

	
0.10

	
–0.04

	
–2.35%

	
–0.07

	
–6.01%




	
EP8

	
0.10

	
+103.19

	
+18.38%

	
+185.64

	
+7.09%




	
EP9

	
0.05

	
+1.38

	
+11.26%

	
+4.05

	
+9.24%








a Considering that the changes of some factors were small, some indexes and the corresponding weight coefficients were adjusted; b “+” represents increase, “–” represents reduction. ED1: GDP (100 million CNY); ED2: Per capita GDP (CNY/person); REC1: Per 10,000 CNY GDP energy consumption (ton of SCE); REC2: Water demand Per 10,000 CNY industrial output value (t); REC3: Surface water resources (100 million cu.m); REC4: Forest-coverage rate (%); REC5: Per capita land resources (ha); EP1: Total volume of industrial waste gas emission (100 million cu.m); EP2: Total volume of waste water discharge (10,000 t); EP3: Industrial solid waste generated (10,000 t); EP4: Average noise pollution of the main roads (db); EP5: Industrial waste gas emission per 10,000 CNY industrial output value (10,000 cu.m/CNY); EP6: Industrial solid waste generated per 10,000 CNY industrial output value (t/CNY); EP7: Industrial solid waste generated per 10,000 CNY industrial output value (t/CNY); EP8: Industrial waste water up to discharge standards (10,000 t); and EP9: Rate of industrial waste water up to discharge standards (%).







According to specific factors in the different areas, the results are non-optimistic. We can conclude from Figure 4 that among the seven administrative subunits, the present sustainability of the relative economic development is maintained in areas C and D, representing a general level of sustainability and weak sustainability, respectively. Even within the same region, there is significant variation in the sustainability of economic relative development. The results acquired are closely related to the practical situation. In terms of environmental performance, economic development in the southeastern part of Chuzhou (Tianchang City, Laian Country and Quanjiao County) is better than that in the northwestern part of the city (Dingyuan County, Mingguang City and Fengyang County). This is due to the fact that the average and per capita economic output value in southeastern regions is comparatively high, the energy consumption in these regions is relatively low, and the discharge of industrial waste water, gas and solid waste is also relatively low. Based on our analysis, the status of sustainability is mainly related to the region’s location and position, the industrial policies and the natural resources present in this area.
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Figure 4. The relative sustainability status of different industrial sectors of Chuzhou in 2012. “A” represents an area showing very strong sustainability, “B” represents a strongly sustainable area, “C” represents an area with general sustainability, “D” represents a weakly sustainable area, and “E” represents an unsustainable area. “C1” represents Chuzhou City, “C2” represents Tianchang City, “C3” represents Laian County, “C4” represents Quanjiao County, “D1” represents the Nanqiao District, “D2” represents Mingguang City, “D3” represents Fengyang County, and “D4” represents Dingyuan County. EPI (X Axis): environmental pollution index; EDI (Y Axis): economic development index; and RECI (Z Axis): resource and energy consumption index. 
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4.2. Analysis of the Trend of Sustainable Development


Based on the above formula and on Table 4, we calculated the trend of sustainability of economic development in Chuzhou during the period from 1975–2012 (Figure 5). Our calculation shows that during this period, Chuzhou’s economic development experienced a trend from weak unsustainability to weak sustainability and general level of sustainability. In recent years, Chuzhou’s economy rapidly evolved into general and strong sustainability. Three of these trends are relatively apparent (levels T1, T2 and T3). During the period from 1975–1991, Chuzhou’s economic development experienced general sustainability (T3), and its ecological reflection is at average level. During 1991–1998 period, the city’s economic development maintained a trend of general sustainability (T1), and its ecological reflection falls within an average level, while development improved in comparison to that in the previous stage. During 1998–2005 period, its economic development becomes increasingly sustainable and achieves a status of strong sustainability (T2), and its ecological reflection stays at an excellent level. Chuzhou’s economy has maintained a sustained, rapid and sound growth since the beginning of 2005. Its economic development maintains an increasingly sustainable and strong sustainability status (T2), and its ecological reflection stays at an excellent level. The results demonstrate that economic growth in 1991–2012 improved significantly in comparison to that in the 1975–1991 period. In addition, when comparing the status of development in the 1991–2012 period with that in the 1975–1991 period, the economic development index experienced a high annual average change and a high annual average rate of change. Conversely, the energy consumption and pollution index experienced a low annual change and low annual rate of change, which are basically in agreement with the results of the ecological reflection.
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Figure 5. The long-term relative sustainability trends of economic development in Chuzhou from 1975–2012. “A” represents a very strongly sustainable area, “B” represents a strongly sustainable area, “C” represents an area showing general sustainability, “D” represents a weakly sustainable area, and “E” represents an unsustainable area. “T1” represents general sustainability, “T2” represents strong sustainability, and “T3” represents an general level of sustainability. EPI (X Axis): environmental pollution index; EDI (Y Axis): economic development index; and RECI (Z Axis): resource and energy consumption index. 
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5. Conclusions and Discussions


The sustainability of economic development refers to concurrent high economic returns, low resource-energy consumption and low environmental pollution in economic development [47,48,49]. To evaluate the sustainability of economic development in the long term, we composed a triangle model using the interrelationship among the three composite indexes (EDI, RECI and EPI).We then applied this triangle figure to illustrate the relative proportion portfolio of EDI, RECI and EPI. The triangle is further subdivided into five areas, which represent the status of sustainability. The seven possible scopes represent seven different trends of sustainability. According to the relative positions of data points in the triangle, we can evaluate the status and trend of sustainability. The triangle model, as an intuitive platform for illustrating sustainability status and trends in economic development, seems to have the following main advantages: (1) simplicity in its basic calculation and visual representation; (2) flexibility in the selection of individual indicators and basic analytical units, with a potential range from the very simple to the very complex depending on the focus of a study and data availability; (3) ease of understanding and use by researchers and policy-makers from many different levels whether local or global. Therefore, the triangle model could serve as a promising analytical and management tool for economic development sustainability.



The triangle model has been successfully used to evaluate the sustainability status and long-term trends of Chuzhou’s economic development. Chuzhou’s economic development in 2012 represents a relatively weak and general state of sustainability, and the status of sustainability in the southeastern part of the city was better than that in the northwest of the city. The Chuzhou’s economic development from 1975–1991 and from 1991–1998 shows a general sustainability trend, while that from 1998–2012 demonstrates a relatively strong sustainable trend. These results reflects well Chuzhou’s actual situation in the sustainability status and long-term trends of Chuzhou’s economic development in conjunction with ecological performances over the past 37 years.



During the past 37 years, especially in the years since 1991, the ecological reflection of Chuzhou’s economic development had enjoyed a great deal of improvement, thanks to the unremitting efforts made in environmental protection and as a result of the continuous integration of environmental protection and economic development. Environmental protection in Chuzhou experienced a process which can be described as follows: non protection → planned protection → showing concern to improve environment → strong protection. In particular, the promulgation and implementation of “Chuzhou’s Eco-city Construction Plan” in 2005 and Chuzhou City was named as National Garden City in 2013 will be more favorable for launching the city’s environmental protection work, promoting the sound development of the economy, reducing resource-energy consumption and improving the ecological environment. Although the city has made some progress, in terms of concerns regarding sustainable development and its current unpromising status of economic development, the city must increase its energy utilization rate and decrease its pollution discharge to further improve its relative regional sustainable development status. In the meantime, in urban and rural construction, vegetation, waters and the natural landscape shall be protected and attention paid to the construction of gardens, green land and historic sites and scenic spots in the cities in the light of the special features of the local natural environment.
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