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Abstract: Cities are complex socio — economic-natural ecosystems that have the highest concentration of people and their
activities. Implementation of sustainable development is the necessary approach to urbanization. Sustainable urban
development can be monitored using an indicator system that accounts for both the socio — economic development and
environmental protection. We used 277 cities at prefecture level or above and a municipality directly under the central
government in China as case studies to develop an indicator system for sustainable development of different scale cities that
comprised 24 indicators in three themes: economic development social progress and eco-environmental protection. The
capacity for sustainable development of the 277 cities from 2000 to 2010 was evaluated using the full permutation polygon
synthetic indicator method. The comparison among different scale cities showed that the larger the city scale the higher the
levels of economic development and social progress and the better the comprehensive capacity for sustainable development

but the worse the level of eco-environmental protection. Concurrently the overall level of the eco-environmental protection

was the worst of the three categories for all city scales. The cities clearly did not observe the same degree of resource
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conservation and environmental protection as they did for economic development and social progress. This was a common
problem that different scale cities faced during the urbanization in the past 10 years. Furthermore the comparison within
different scale cities from 2000 to 2010 revealed that the indicator values for economic development social progress and
eco-environmental protection of different scale cities increased significantly in the same period. Similarly the
comprehensive capacity for sustainable development of different scale cities also increased. Additionally during the 10-year
period the megalopolises had the greatest increase in eco-environmental protection whereas the large cities had the greatest
increase in social progress. The small or medium-sized cities experienced the greatest increase in economic development and
comprehensive sustainability capacity. These results indicated that the increase in city scale decreases the potential to
improve comprehensive capacity for sustainable development. Therefore China should focus more on promoting the
development of small and medium-sized cities. However by 2010 the indicator values for comprehensive capacity for
sustainable development of megalopolises large cities and small and medium-sized cities were 0.40 0.29 and 0. 25

respectively ( where a value of 1 represents complete sustainable development) . The sustainability level was only moderate.
This illustrated that different scale cities in China are facing many problems in the process of sustainable development and
implementation of certain measures is required to guide future urbanization in China. In terms of economic development it
is necessary for cities to adjust the economic and industrial structure raise the proportion of tertiary industry promote the
development of green and low-carbon industries and build a more sustainable economy. In terms of social progress

government should improve the social management system and guarantee the rationality and fairness of education and
healthcare resource allocation. As for environmental protection we should promote the upgrade of environmental
technology reduce the energy consumption and increase the investment in environmental pollution control. Attaining
sustainable development requires simultaneous balanced development in economic social and environmental areas. Under

such scenario we can establish a new urbanization model that will lead us toward sustainable development.

Key Words: complex ecosystems; urbanization; sustainable development; indicator systems; comprehensive evaluation
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Table 1 An evaluation indicator system for cities with different scales
L T U

1*'level indicator 2"]evel indicator  3™level indicator Lower limit Critical threshold Upper limit
1 / 0.5 2.7 7.3
2 / 0.2 2.3 7.5

Comprehensive ability 3 / 0.2 1.7 5.3

of urban sustainable 4 1% 28.6 50.1 70.2

development 5 /% 25.7 41.6 59.6
6 / 0.2 4.6 16. 1
7 / 0.3 1.4 3.6
8 / 0.4 1.2 2.3
9 / 31.3 126.0 340.9
10 1% 19.4 60.9 95.4
11 /( /km?) 0.1 1.1 2.9
12 / 0.5 0.7 1.3
13 N~ ) 9.0 69.3 204.4
14 / 10.5 27.9 50.1
15 /m? 2.2 8.0 17.6
16 / 1.1 6.6 15.3
17 /km? .0 21.5 45.6
18 1% -0.4 6.0 15.0
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Fig.2 Evaluation of the specific indicators that comprise the economic social and eco-environmental indicators
1) Per capita GDP 2) Average annual per capita tax revenues 3) Per capita investment
in fixed assets 4) Proportion of secondary industry 5) Proportion of tertiary industry 6) Average per
capita industrial output 7) Per capita total retail sales of social and consumer goods 8) Average
annual income per urban resident 9) Total population at the end of the year 10) Proportion of non — agricultural

population 11) Urban population density 12) Number of people who have graduated from at least

technical programs or high school 13) Public library collection ( number of books and other items) 14)

Number of doctors 15) Per capita area of paved roads 16) Number of public buses and trams 17)
Per capita living space 18) Natural population growth rate 19) The reciprocal of
industrial SO, emissions 20) Industrial wastewater discharge compliance rate 21) Per capita green area 22)

Proportion of green cover in the built-up urban area 23) Per capita area of ecological land 24)

The reciprocal of the per capita household electricity consumption
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Fig.4 Changes in the specific indicators in the economic social and eco-environmental categories from 2000 to 2010 for megalopolis
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Fig.6 Changes in the specific indicators in the economic social and eco-environmental categories from 2000 to 2010 for large cities
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