

  sustainability-09-00124




sustainability-09-00124







Sustainability 2017, 9(1), 124; doi:10.3390/su9010124




Article



Does Suburbanization Cause Ecological Deterioration? An Empirical Analysis of Shanghai, China



Hefeng Wang 1,2,*, Yishao Shi 3, Anbing Zhang 1,2, Yuan Cao 1 and Haixin Liu 1,2





1



School of Mining and Geomatics, Hebei University of Engineering, Handan 056021, Hebei, China






2



Collaborative Innovation Center of Comprehensive Development and Utilization of Coal Resource, Handan 056021, Hebei, China






3



College of Surveying and Geo-Informatics, Tongji University, Shanghai 200092, China









*



Correspondence:







Academic Editors: Yichun Xie, Xinyue Ye and Clio Andris



Received: 2 November 2016 / Accepted: 11 January 2017 / Published: 16 January 2017



Abstract

:

Suburbanization in the US largely occurred to solve various urban problems; however, it has also caused many issues, such as the decline of central urban areas, the waste of land resources, and the deterioration of ecological environments in the suburbs. Therefore, the study of suburbanization has received considerable attention in academia. Scholars have argued that suburbanization leads to ecological deterioration. To examine this viewpoint, the authors analyzed spatial-temporal changes in the ambient environment, the soil environment, the water environment, and other ecological environments, as well as carbon emissions of the central urban areas and the suburbs, in the suburbanization process exemplified by Shanghai. The results showed that suburbanization indeed caused many changes in ecological and environmental quality, but that the overall environmental quality in the suburbs of Shanghai remained better than that in the central urban area. It is important not to exaggerate the negative impact of suburbanization in metropolitan areas on the quality of the surrounding ecological environments. However, great attention must be given to controlling the diffusion of pollutants resulting from industrial and population suburbanization. It is also crucial to continue strengthening ecological environmental remediation, improvement, and recovery in the central urban area, and to comprehensively promote the coordinated development of agricultural modernization, industrial aggregation, low-carbon urbanization, and ecological sustainability, in both urban and rural areas.
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1. Introduction


Traditionally, suburbanization is defined as a centrifugal movement from central urban areas to peripheral suburbs, followed by a concentric movement of populations and industrial economic activities to central urban areas, which is a new phase of urbanization [1,2]. Currently, the “combination of non-central population and economic growth with urban spatial expansion”, is widely recognized as a global view of suburbanization, illustrating that these wider processes (“postsuburbanization” of the periphery and the idea of linear peripheralization) are in fact a planetary phenomenon [3,4]. The upsurge in the suburbanization of some metropolises in developed countries appeared in the 1950s and 1960s. However, some large Chinese cities have shown strong momentum towards suburbanization in recent years. For example, during the 10th Five-year Plan, Beijing’s general urban plan proposed that urban spatial structure adjustment should be driven by the development of new towns. The plan was aimed at promoting the balanced development of employment and residence, by means of initially establishing high quality, flawless, and convenient public service facilities and infrastructure, which was meant to enhance the attractiveness of new towns so that they could then be built into livable model cities. The Beijing Municipal Planning Commission announced 11 new town planning schemes, including Yizhuang, Tongzhou, Shunyi, Changping, Daxing, Fangshan, Huairou, Mentougou, Miyun, Pinggu and Yanqing, on 6 November 2007. The total population of the 11 new towns will reach 5.05–6.05 million in 2020. Furthermore, the gross population of the key new towns of Yizhuang, Tongzhou, and Shunyi, will reach 2.5 million. Public transport in Yizhuang will increase by 30 percent, the per capita GDP of Tongzhou will exceed 10,000 US dollars, and the tertiary industry of Shunyi will increase by more than 60%. The industrial suburbanization of Shanghai has accelerated since 1990; both the population and the residential suburbanization have rapidly progressed. Since 2010, the main emphasis of urban construction in Shanghai has specifically shifted towards the suburbs, and the city has focused on building new suburban towns, enhancing their scale economies and promoting the integration of industrialization and urbanization [5]. Before 2020, the integration of industrialization and urbanization, and urban and rural infrastructural systems, will develop in new suburban towns, which will become an important part of the Yangtze River Delta urban agglomerations and form functional complements, location development, and close contact with the urban central areas [6]. However, urban suburbanization also brings negative effects to the ecological system of the urban fringe or suburbs, and the ecological environment in the suburbs has significantly changed. Many high-quality cultivated land and vegetable land areas have been constantly occupied, and the agricultural land area has continuously decreased in the suburbs. Moreover, there are unexpected problems, such as advance land acquisition, blind enclosure, land levy, illegal transfer, and land that has not been effectively utilized in the enterprise suburbanization transfer process, due to improper planning and management. Due to the suburbanization process, the integrity of the original space is destroyed, the ecological landscape is increasingly “fragmented”, and the green space system is reduced, which exacerbates ecological fragility and weakens the green space’s adjustment function in the overall ecological environment of cities. In addition, suburbanization will inevitably increase the population, as well as industrial and commercial immigration. However, environmental protection goals are difficult to meet; thus, suburbanization will also bring more serious environmental pollution. For example, discharges of domestic sewage and industrial wastewater will lead to water and soil pollution, and increased commuting distances will inevitably bring an extension of bus lines and an increase in the number of vehicles, which will cause serious air pollution in the suburbs [7,8,9]. In response to this trend, the characteristics, dynamic mechanisms, existing problems, and planning strategies of suburbanization have become a popular subject in academic research [10,11,12,13,14].



Compared with developed countries, the government had more power to promote the concept of suburbanization during its implementation in China; then, market operations became consistent motivators for promoting the suburbanization process and to create a form of expression [15]. Industrial suburbanization preceded suburbanization of the population, largely because there were many different types and levels of development zones in the urban fringe and suburbs after the 1980s [16]. The shift towards industrial suburbanization gradually drove population, commercial, and residential suburbanization. However, because the infrastructure and the convenience service industry were out of sync in the suburbs, the pulling effect of industrial suburbanization was insignificant, and both population and commercial suburbanization lagged behind [17,18]. In addition, several outstanding problems were exposed during the process of suburbanization. In particular, the extensive sprawl of urban development caused a lack of urban land use and obvious bottlenecks of land, water, and energy resources, as well as transportation and the environment [19,20,21]. Therefore, many scholars tend to link the expansion of suburbanization with urban sprawl, and they blame the excessive consumption of resources, the deterioration of the ecological environment, and the aggravation of social conflicts on unfettered suburbanization, instead of reflecting on patterns and paths of economic development [22,23]. Additionally, many scholars often ignore the differences in national development conditions, blindly worship the American development model, and consider the above-mentioned problems to be the inevitable product of suburbanization. This approach allows those in power to shirk their responsibilities for decision-making failures, instead of investigating the reasons underlying the differences in national development conditions and the context of planning and administration. For example, there are frequent complaints that the construction of new towns in Chinese metropolises was too hasty, that there were too many urban functions required, and that the morphological change was too fast. In fact, the main issue was incomplete urban development [24]. Others have complained about the wide roads, vast squares, and huge stretches of greenbelt that have been built; however, the realistic regret is that there are too few greenbelts and a shortage of small squares [25]. The United States is one of the most typically developed Western countries which has witnessed suburbanization since World War II; the country’s suburbanization is based on the infinite spread of suburban land. This spread leads to many problems, including central city recession, ecological environment destruction, urban structure disintegration, and stratum separation [26]. China remains in a rapid urbanization stage. Under the joint action of land ownership and the government, Chinese suburbanization presents different characteristics; urban centers continue to house the main functions of the city and are prosperous compared to the suburbs, but suburbanization alleviates the large cities’ problems, such as population density, traffic congestion, and housing tensions. Certain problems are certainly associated with suburbanization, such as the phenomenon of ghost towns, empty cities, the waste of land resources, and the fact that planning targets are unachievable, but these problems are those of developing metropolises and should be solved in the development process [27,28]. Particularly in the face of ecological environment problems, a handful of scholars continue to excessively glamorize or exaggerate the hazards of suburbanization, even positing that suburbanization is leading to ecological disasters [29,30]. Will Chinese suburbanization cause ecological deterioration, as it did in the United States? In this paper, we use Shanghai’s suburbanization as an example. Based on a statistical and spatial data time series, we attempt to apply statistical analysis, estimation methods, and GIS technology, in order to investigate the spatial-temporal changes of the ecological environmental indicators in the central urban areas and suburbs. We comparatively analyze the evolutionary features or rules of the indicators from the different scales in the suburbanization process. We then discuss and examine the above viewpoint. References to existing research and data availability and operability, SO2, NO2, and PM10 indicators, soil environmental quality, water environmental quality, carbon sources, and carbon sinks, were chosen to analyze the ecological environment, because the suburbanization process can cause atmospheric, water, soil, and other ecological factor effects. Additionally, the ecological environment is affected by the carbon emissions of the migration and immigration of urban population mobility, production services, living consumption, and urban construction.




2. Materials and Methods


2.1. Study Area


Shanghai is located at the mouth of the Yangtze River and is connected to the two provinces of Jiangsu and Zhejiang. It is China’s largest industrial and commercial city, and is a famous international metropolis that has become an important economic center in China. It is also the primary city of the Yangtze River Delta. Shanghai is being built into an international economic, financial, trade, and shipping center. Since China’s reform, its society and economy have developed rapidly. By 2013, the GDP of Shanghai had reached approximately 2.16 trillion yuan, and the urban population accounted for over 89% of the total population; its urbanization level was ranked the first in China. Shanghai was one of the first cities to suburbanize in China. The suburbanization process is affected by government-dominated, market-oriented forces, the establishment of a land market, and economic restructuring; additionally, the government continues to play a direct role. In recent decades, the government of Shanghai has undertaken a development strategy of suburbanization, such as industrial suburbanization transfer, development zone construction, new town construction, new housing development, industrial restructuring, and infrastructure construction. In the context of economic, government, and land policies, industrial suburbanization has largely been achieved, the process of population, residential, and commercial suburbanization has accelerated in Shanghai, and development trends that integrate industries and new towns can be observed in the suburbs. Function and control have also improved in the central city. However, certain phenomena are occurring in the suburbs, such as industrial planning interrupting connections among the population, employment being separated from residences, low efficiency of land use, and challenges in protecting the ecological environment. Thus, Shanghai is a significant case study for understanding typical suburbanization.




2.2. Data Sources


The main data sources of this study are as follows: (1) the Shanghai Statistical Yearbook (1998–2014) [31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47]; (2) the Shanghai Bulletins of Environmental Quality (1998–2011) [48,49,50,51,52,53,54,55,56,57,58,59,60,61]; (3) the Shanghai Water Resources Bulletin (2012, 2013), the spatial distribution of the main rivers and conservancy-controlled districts in Shanghai [62,63]; (4) the report of Shanghai land quality monitoring (2009–2012) [64]; and (5) the Second Shanghai land survey database (2009) [65].




2.3. Research Method


2.3.1. Statistical Analysis


Statistical data indicate the size, structure, and levels of data, and are the basis of qualitative, positioning, and quantitative statistical analysis. The characteristics of changes in the natural and economic elements of a geographic area can be effectively reflected by a statistical data time-series comparison analysis. This traditional approach can be in-depth and clearly understood, thereby facilitating evaluation. Based on the statistical data time-series, we selected certain indicators of the ecological environment and used statistical comparison analysis to reveal the temporal and spatial changes in the ecological environment of the central urban areas and suburbs of Shanghai. The spatial distributions of certain indicators were displayed with GIS technology [66,67].




2.3.2. Estimation Methods for Carbon Emissions


(1) Calculating carbon sources



According to the definition of the Intergovernmental Panel on Climate Change (IPCC), a carbon source comprises carbon dioxide gas components from the earth’s surface that are present in the atmosphere, or other substances that are transformed into carbon dioxide gas components through chemical processes in the atmosphere [68]. In this paper, a carbon source is defined as any process or activity that causes greenhouse gas emissions, and the magnitude can be expressed as the carbon dioxide equivalent (C-eq).



At present, there are many methods for estimating a carbon source; these include the actual measurement method, the material balance method, the emission factor method, and the department estimation method [69,70,71,72]. The results differ slightly when using the different methods. In the present study, the department estimation method was applied in order to calculate carbon emissions based on land use structure. This method is applicable to a study subject which has a known gross economic quantity, total population, unit energy consumption of economic quantity, per capita energy consumption quantity, and carbon emission factors. The formula is as follows:


   C E = ( a × X + b × Y + c × Z + d × E ) × C E F   



(1)




where CE is total carbon source, X is value-added of the primary industry, Y is value-added of the secondary industry, Z is value-added of the tertiary industry, E is household population in each district, a is energy consumption per value-added of the primary industry, b is energy consumption per value-added of the secondary industry, c is energy consumption per value-added of the tertiary industry, d is the coefficient of per capita energy consumption, and CEF is the comprehensive carbon emission factor (the value is 0.598 tC-eq/tons standard coal equivalent).



In this article, per unit value-added energy consumption for various industries in each district (county), is adopted as the average value for Shanghai. Per capita energy consumption is also adopted as the average value for Shanghai, and 0.678 tons per capita is the standard coal equivalent. Energy consumption per value-added unit of the primary industry, secondary industry, and tertiary industry, is 0.679, 0.981, and 0.418 tons’ standard coal equivalents per ten thousand yuan, respectively.



(2) Calculating the carbon sink



The United Nations Framework Convention on Climate Change (UNFCC) defines a carbon sink as the processes, activities, or mechanisms of cleaning carbon dioxide from the atmosphere, and further describes the methods used for estimating different types of carbon sinks [73]. Carbon sinks in Shanghai come from arable land, forestland, aquaculture water surfaces, ponds, beaches and flats, reed land, and crops, which can be further grouped into four categories: forestland, crops, soil, and wetlands.



(i) Forestland carbon sink



The formula is as follows:


    H w  = 0.627 ×  S w    



(2)







Here,     H w     is the carbon sink of garden green space, and     S w     is the forestland area.



Forestland in Shanghai consists of primarily young and middle-aged forest that has superior solid carbon abilities. Combining the research on the vegetation-based carbon sinks of forest, grassland, shrub, crops, and others, from 1981 to 2000 in China by Professor Fang Jing-yun et al., the annual solid carbon ability of forestland is approximately 0.53–0.65 tC-eq/ha [74]; therefore, 0.627 tC-eq/ha is the value adopted when calculating the carbon sink of forestland in Shanghai.



(ii) Crop carbon sink



The crop carbon sink (Hc) assimilates CO2 from the atmosphere, releases O2, and synthetizes carbohydrates for the growth and development of crops by photosynthesis. The dry matter accumulation of crops reflects their assimilative capacity, and the carbon content of crops can then be calculated by determining the sum of the carbon assimilation of crops in their growing seasons. Crops are also fixed in terms of the amount of CO2 that they assimilate from the atmosphere. The formula for estimating carbon sinks (Hc) in the growth and development periods of crops is as follows:


    H c  =  ∑   C i    =  ∑   C f     Y w  /  H i    



(3)







Here, Ci is the carbon absorption of crop ‘i’ in its growth and development period, Cf is the requirement of absorbent carbon for synthesizing the organic matter (dry mass) of crop ‘i’ (carbon sink rate), Yw is the economic output of crop ‘i’, and Hi is the economic coefficient of crop ‘i’. The economic coefficients and carbon sink rates of the main crops are shown in Table 1 [75].



According to the Statistical Yearbook of Shanghai, crop carbon sinks are subdivided into foodstuff carbon sinks (Cr), grain carbon sinks (Ct), and rape carbon sinks (Cb), and are calculated as follows:


    H c  =  ∑  (  C r    +  C t  +  C b  )   



(4)







Furthermore, considering the large amount of industrial subsidiary energy consumed in the manufacturing and transportation processes of fertilizer, agricultural machinery, pesticides and other supplies, researchers argue that because these elements of agricultural production release carbon in various production or energy consumption processes, they should also be viewed as producers of crop carbon sources. These factors are not considered in this paper; only carbon sinks in the crop growth process are calculated [76].



(iii) Soil carbon sink



The annual solid carbon-absorbing ability of soil is closely related to crop type, climate, soil properties, and the cropping system of the agricultural ecosystem; its value is approximately 0.095–1.143 tC-eq/ha [77,78]. This paper primarily considers the soil carbon sink in the agricultural ecosystem; thus, only the carbon sink of arable land is calculated. Because the main crop planted in Shanghai’s arable land is rice, which involves using organic fertilizer and green manure and the incorporation of straw, the carbon sink capacity of the soil is high, and the carbon sink coefficient of soil reaches 1.12 tC-eq/ha. The formula is as follows:


    H E  = 1.12 ×  S E    



(5)







Here, HE is the soil carbon sink, and SE is the area of arable land.



(iv) Wetland carbon sink



This article primarily considers carbon sinks of aquaculture water surfaces, ponds, rivers, lakes, beaches, flats, and reed land. The annual solid carbon-absorbing ability of wetlands is approximately 0.5–57.4 tC-eq/ha [78]. Related research by Mei X. et al. indicates that the annual solid carbon-absorbing ability of the reed zone is high in the Chongming eastern beach at the mouth of the Yangtze River [79]. The carbon sink coefficient of wetlands is 2.2 tC-eq/ha in the present study, and the formula is as follows:


    H L  = 2.2 ×  S L    



(6)







Here, HL is the wetland carbon sink and SL is the area of the wetlands.



In summary, the formula for total carbon sinks is as follows:


   C T =  H W  +  H C  +  H E  +  H L    



(7)







(3) Calculating the net carbon source



The net carbon sources of the districts (counties) in Shanghai are calculated using the following formula:


   N C E = C E − C T   



(8)







Here, NCE is net carbon source, CE is total carbon source, and CT is total carbon sink.






3. Results


3.1. Comparative Analysis of Environmental Quality


3.1.1. Ambient Environmental Quality


In recent years, the quality of the atmospheric environment in Shanghai has gradually improved. With the industrial suburbanization transfer, atmospheric pollution is gradually decreasing in the central urban areas, but is increasing and then decreasing in the suburbs. Acid rain has already become an important issue when considering the atmospheric environment. The air quality in the suburbs is significantly better than that in the central urban areas of Shanghai. In 1984, annual emissions of SO2, smoke, and dust in the central urban areas were 2.4 times, 2.7 times, and 3.3 times those in the suburbs in Shanghai, respectively. The annual daily mean concentration of SO2 (mg/m3) in the central urban areas was nine times that in the suburbs, the annual daily mean concentration of NOx was 2.5 times that in the suburbs, and the annual daily mean concentrations of airborne particles and dust fall were 1.2 times and two times those in the suburbs, respectively. The mean industrial waste gas emission in the central urban areas was 1556.1 t/km2 per year, equivalent to 66.5 times the mean in the suburbs, and 17.9 times that in Shanghai (including the suburbs) [80].



Since the mid-1980s, due to the gradual progress of manufacturing suburbanization, air-quality distribution patterns have undergone significant changes in the suburbs. According to statistical analyses, by the year 2010, annual emissions of industrial waste gas, industrial smoke, and industrial waste SO2 gas, in the central urban areas were approximately 1.2 times, 1.1 times and 2.1 times those in the suburbs, respectively. The annual daily mean concentrations of SO2 and NO2 in the central urban areas were approximately 0.8 times and 1.2 times those in the suburbs, respectively; the mean concentration of PM10 in the central urban areas approximated that in the suburbs, and the frequency of acid rain was approximately 0.8 times that in the suburbs (Table 2). Industrial waste gas, smoke, and the intensity of SO2 emission in the central urban areas were 25.6 times, 23.8 times and 38.2 times the mean in the suburbs, respectively. Compared to 1997, the ambient air quality in the central urban areas has improved, but the annual daily mean concentrations of SO2, NO2, PM10, and unit area pollutant emissions intensity, has remained higher than corresponding concentrations in the suburbs from 1997 to 2010. Ambient air quality in the suburbs was better than that in the central urban areas.




3.1.2. Soil Environmental Quality


The analysis and evaluation of soil environmental quality in Shanghai (primarily including indicators of heavy metals, organochlorine pesticides, polycyclic aromatic hydrocarbons, and agricultural nutrient elements), by the Shanghai Institute of Geological Survey, show that the soil environmental quality is generally good and that areas with better than class II soil account for 94.95% of the total area. The exception is central urban areas and the surrounding industrial zones (Figure 1), in which class I soil is primarily distributed in the three Chongming islands and the southeast of Shanghai; class III and superclass III soil are distributed in the central urban areas. In terms of land use, the class I and class II soil-distribution areas largely consist of the arable land in Shanghai, and those of class III and superclass III primarily comprise of the urban and rural industrial land, mining land, and residential areas. In other words, the soil environmental quality of the suburbs is significantly better than that of central urban areas. The major reason for heavy metal pollution in the soil is the uncontrolled sewage in the urban and rural areas, industry, mining, and residential lands in the central urban areas of Shanghai.



Due to historical factors, a large amount of wastewater, gas waste, and waste emissions from the production processes that result from inferior environmental protection facilities, have caused serious threats to the soil environment and to residents’ health in certain older industrial enterprises, that are concentrated in the Shanghai distribution area. As many polluting enterprises gradually moved out of the central urban areas, the remaining contaminated land became known as “brownfields” [81]. This characterization was particularly accurate for chemical industrial lands because of the higher concentrations of heavy metals that easily enter the atmosphere and water, causing atmospheric pollution, surface water pollution, ecosystem degradation, and other secondary ecological problems. These lands can be synthetically utilized through recovery and remediation.



Table 3 shows that from 1996–2000, in parallel with the increasing level of urbanization and the transfer of manufacturing to the suburbs, the soil pollution of Shanghai appears to follow a worsening trend; the soil pollution rates of Pudong, Baoshan, Jiading, Minhang, and other suburbs, reach approximately 30%–52%, values which are much higher than other districts (country) in the outer suburbs.




3.1.3. Water Environmental Quality


Water environmental quality is one of the most important indicators of regional ecological environmental quality. Shanghai is one of 36 cities facing major shortages of water quality in China; local water resources are polluted, and the water quality is generally that of the inferior class II, which is difficult to improve in the short term. The results of the evaluation of surface water quality by the Shanghai Environmental Protection Department in 2013, show that the water quality of 719.8 km of 16 major Shanghai rivers ranked from class II to inferior class V, during the year. The water quality is better in class III, with a length of approximately 210.6 km, which accounts for 29.2% of the total river length evaluation. Class IV has a length of approximately 170.6 km and accounts for 23.7% of the total river length evaluation. Class V measures 63.1 km and accounts for 8.8% of the total river length evaluation. Finally, inferior class V is approximately 275.6 km, accounting for 38.3% of the total river length evaluation. The main water pollutants are organic pollutants, and the main super-standard items are ammonia and the permanganate index. Compared to 2012, the proportions of the lengths of the 16 major rivers are almost the same.



In 2013, the comprehensive results of an evaluation of 14 water quality control districts in Shanghai showed that the water quality of the Chongming island district was ranked as class III. The results of the Hengsha island, Taibei, Tainan, and Shangta districts, were class IV; those of the Diannan, Punandong, and Pudong districts, were class V, and those of the other districts ranked as the inferior class V (Table 4, Figure 2).



In 2013, the water quality of the backbone channels in the central urban areas of Shanghai was ranked as being between class V and the inferior class V. Compared to 2012, water quality in the central urban areas had improved: the five-day biochemical oxygen demand, the mean ammonia concentration, the mean dissolved oxygen concentration, and the permanganate index, decreased by 26.3%, 16.2%, 11.4%, and 9.0%, respectively, whereas the chemical oxygen demand (COD) remained unchanged. Thus, water with a class II–III quality is entirely distributed in the suburbs, and the overall water quality in the suburbs is superior to that in central urban areas.





3.2. Comparative Analysis of Carbon Emissions


Carbon emissions caused by land use activities are the major components of the total number of economic and social activities, and have become the second largest source of greenhouse gas emissions. When applying the carbon emission algorithm, per capita carbon emissions in the central urban areas and suburbs are computed, based on land use structure.



The calculated results (Table 5) are as follows: (1) the total carbon sources of the Pudong, Minhang, Songjiang, and Yangpu, districts are relatively high, whereas the sources of other districts are relatively low; (2) The total carbon sinks of Chongming, Qingpu, Jinshan, Fengxian, Songjiang, and other suburbs are larger, whereas those of the central urban areas are smaller; (3) With respect to per capita carbon emissions by the registered population, those of the central urban areas are generally lower than those in the suburbs, whereas those of Minhang, Pudong, Songjiang, Qinpu, and Jiading, are higher (Figure 3); (4) In terms of net carbon source per unit area, the central urban areas are generally higher than the suburbs, and the core areas are overall much higher than the peripheries of the central urban areas. Additionally, the periphery of the central urban areas is higher than the inner suburbs, the inner suburbs are higher than the outer suburbs, and the features show a diminishing trend gradient (Figure 4); Finally, (5) with respect to net carbon source per unit GDP, there is no obvious law of distribution. Both high-value districts (Luwan and Yangpu), and low-value districts (Hongkou and Changning), exist in the central urban areas, and the net carbon sources per unit GDP of Minhang, Songjiang, Fengxian, Qingpu, Jinshan, and other suburbs, are higher, whereas those of Huangpu, Putuo, and other central urban areas, are relatively low. Those of Pudong, Jiading, Xuhui, Jing'an, and other districts, are in the middle level.





4. Discussion


Due to a dense population, traffic congestion, a higher building density, high energy consumption, multiple pollution sources, and a high emission of pollutants, the environmental quality in the central urban areas is usually worse than that in the suburbs. Throughout the whole process of suburbanization in the United States, suburban sprawl caused not only a waste of land resources, but also (more seriously) enormous damage to the ecological environment. This damage included pollution of the atmosphere, water, and soil; destruction of the natural landscape; endangerment and extinction of wild animals and plants; and other negative outcomes [26]. However, considering the above comparative analysis, between the central urban areas and suburbs, despite certain changes in environmental quality in the suburbs, the quality remains better than that of the central urban areas in Shanghai. Thus, the overall environmental quality of Shanghai has improved. At present, the process of suburbanization in Shanghai does not have a significantly negative impact on the ecological environment of the suburbs, and the viewpoint of foreign scholars, that suburbanization is leading to ecological deterioration, has not been verified in Shanghai.



Edward Glaeser, a professor of economics at Harvard University, hypothesized that the carbon emissions of Americans living in sparsely populated suburbs with shady green trees, were far higher than those of people living in the central urban areas dominated by high-rise buildings. In fact, the average household carbon emissions in the central urban areas of New York were far lower than that in other suburbs. Therefore, Glaeser concluded that skyscrapers were more environmentally friendly than buildings in the countryside [82]. This conclusion represents a bold new viewpoint. In general, fossil fuel combustion, industrial production processes, agriculture and forestry, and other forms of land use/waste, are the four sources of greenhouse gas emissions; fossil fuel combustion is the main source of additional greenhouse gases. In 2010, the total energy consumption based on fossil fuel combustion in Shanghai was 6.33 million tons in the central urban areas, and 20.99 million equivalent tons of coal in the suburbs. The per capita coal consumption intensity in the central urban areas and suburbs was approximately 0.9069 tons and 1.3085 tons, respectively; the former was slightly lower than the latter. However, in terms of unit-area coal consumption intensity, which reached 21.870 thousand tons/km2 per year in the central urban areas and 3.469 thousand tons/km2 per year in the suburbs, the former was approximately 6.3 times that of the latter. If building energy consumption, transportation energy consumption, land use carbon emissions, human body heat extraction, and other factors are included, per capita energy consumption intensity or per capita carbon emission in the central urban areas might not be lower than in the suburbs. In addition, considering the significantly positive correlation between coal consumption intensity and carbon emission intensity, the general conclusion that skyscrapers are more environmentally friendly than the countryside, is biased towards only per capita carbon emission and energy consumption intensity.



Traditionally, environmental pollution is only an urban problem, and is not an issue for suburban populations. In other words, the negative effects of urban spread (air pollution, traffic jams, etc.) mainly appear in the center of the city, not in the suburbs. However, due to the driving of industrialization, urbanization, and globalization, the economic development speed of the outskirts is faster than that of the urban center, and the environmental pollution has become an increasing suburban problem. Therefore, we shall start from the city center and suburbs interactive evolution perspective in order to examine the environmental pollution problem, and the urbanizing urban political ecology will also give us inspiration [83,84]. In China, the government undertakes the development strategy of urban suburbanization, such as industrial suburbanization transfer, development zones, and new town construction, which causes urban suburbanization in China to passively evolve. In this process, many problems occur, such as idle land resources and inefficient land use, backward infrastructure, traffic congestion, and ecological environment destruction. Therefore, the city government should conscientiously study the rules and dynamic mechanisms of suburbanization, strengthen the macro guiding role of the government, focus on system innovation and public participation, and vigorously solve the problems of suburban land, infrastructure, ecological environment, security, etc., in order to promote the optimization of the economic, social, and ecological benefits of suburbanization.




5. Conclusions and Suggestions


The annual daily mean concentrations of SO2, NO2, and PM10 first increase, and then decrease, in the suburbs, but consistently decrease in central urban areas, largely because of industrial transfer in the central city and rapid industrial development in the suburbs. In addition, unreasonable emissions in the past have caused the soil to become polluted with heavy metals in the central city and have increased water quality pollution in Shanghai. Suburbanization has certainly caused changes in the quality of the ecological environment; however, currently, the overall environmental quality in the suburbs of Shanghai remains superior to that in the central urban areas. The viewpoint that suburbanization causes ecological disasters exaggerates the negative effects of the metropolis’ suburbanization. Therefore, we should not exaggerate the negative impact of suburbanization on the quality of the surrounding ecological environment, and great attention must be given to controlling environmental pollution by industrial, population, and residential suburbanization.



Per capita carbon emissions produced by the registered population in central urban areas are generally lower than those in the suburbs, but the net carbon source per unit area in the central urban areas is generally higher than in the suburbs. Moreover, the core area emissions are much higher overall than the periphery of the central urban areas, the periphery of the central urban areas is higher than that of the inner suburbs, and those for the inner suburbs are higher than those for the outer suburbs. These results reveal a diminishing trend gradient. Additionally, the distribution of net carbon source per unit GDP is more complicated and lacks clear spatial laws. Therefore, the conclusion that skyscrapers are more environmentally friendly than the countryside is biased, only reflecting the per capita carbon emission.



The great disparities in national conditions and institutional structure mean that the suburbanization of Chinese metropolises is not following the same destructive path of the United States. Since suburbanization processes are being guided by sustainable development strategies, government decisions, and urban planning, suburbanization will probably not cause the decline of central urban areas, and spatial management and the control of growth will help curb suburban sprawl. Guided by sustainable development strategies and the creation of integrated management and control systems (including ecological protection boundaries, prime farmland protection boundaries, and control of land growth boundaries for construction and industry), the suburbanization of Chinese metropolises can avoid a fixed pattern of sprawl and forge a unique path of development involving intensive land use, clustered industries, cities and towns, and concern for the environment.



The improvement and promotion of urban and rural ecological environmental quality requires extensive interaction and cooperation among citizens and intergovernmental, inter-regional, and inter-enterprise agencies. The cross-regional, public, and external nature of ecological environmental problems means that the only approach which should be used for a true resolution of ecological crises, is one which will establish systematic and extensive cooperation mechanisms between citizens and intergovernmental, inter-regional, and inter-enterprise agencies. Any unilateral efforts are likely to be met with difficulty.
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Figure 1. Synthesized results of the evaluation of Shanghai surface soil environmental quality. Source: The figure was adapted from the report of Shanghai land quality monitoring (2009–2012) [34]. 
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Figure 2. Comprehensive water quality evaluation of the main rivers and lakes in Shanghai in 2013. 
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Figure 3. Per capita carbon emission of districts (county) in 2009. 
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Figure 4. Net carbon source per unit area of districts (county) in 2009. 
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Table 1. Economic coefficients and carbon absorption of the main crops in Shanghai.
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Item

	
Rice

	
Wheat

	
Corn

	
Sorghum

	
Millet

	
Potato

	
Soybean

	
Cotton

	
Groundnut






	
Cf

	
0.45

	
0.40

	
0.40

	
0.35

	
0.40

	
0.70

	
0.34

	
0.10

	
0.43




	
Hi

	
0.41

	
0.48

	
0.47

	
0.45

	
0.45

	
0.42

	
0.45

	
0.45

	
0.45
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Table 2. Change in ambient environmental quality in Shanghai from 1997 to 2010.
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Year

	
Daily Mean Concentration of SO2 (mg/m3)

	
Daily Mean Concentration of NO2 (mg/m3)

	
Daily Mean Concentration of PM10 * (mg/m3)

	
Precipitation pH Value

	
Frequency of Acid Rain (%)




	
Central Urban Areas

	
Suburbs

	
Central Urban Areas

	
Suburbs

	
Central Urban Areas

	
Suburbs (Country)






	
1997

	
0.068

	
0.008

	
0.105

	
0.028

	
0.231

	
0.167

	
5.71

	
11.00




	
1998

	
0.053

	
0.006

	
0.102

	
0.029

	
0.215

	
0.147

	
5.58

	
15.10




	
1999

	
0.044

	
0.005

	
0.099

	
0.033

	
0.168

	
0.152

	
5.63

	
12.10




	
2000

	
0.045

	
0.004

	
0.090

	
0.032

	
0.156

	
0.128

	
5.19

	
26.00




	
2001

	
0.043

	
0.017

	
0.063

	
0.035

	
0.100

	
/

	
5.20

	
25.20




	
2002

	
0.035

	
0.017

	
0.058

	
0.039

	
0.108

	
/

	
5.39

	
10.90




	
2003

	
0.043

	
0.026

	
0.057

	
0.040

	
0.097

	
/

	
5.21

	
16.70




	
2004

	
0.055

	
0.034

	
0.062

	
0.038

	
0.099

	
0.095

	
4.92

	
32.70




	
2005

	
0.061

	
0.031

	
0.061

	
0.038

	
0.088

	
0.087

	
4.93

	
40.00




	
2006

	
0.055

	
0.041

	
0.051

	
0.047

	
0.086

	
0.085

	
4.73

	
56.40




	
2007

	
0.055

	
0.048

	
0.054

	
0.050

	
0.088

	
0.083

	
4.55

	
75.60




	
2008

	
0.051

	
0.044

	
0.056

	
0.046

	
0.084

	
0.078

	
4.39

	
79.20




	
2009

	
0.035

	
0.032

	
0.053

	
0.045

	
0.081

	
0.075

	
4.66

	
74.90




	
2010

	
0.029

	
0.030

	
0.050

	
0.042

	
0.079

	
0.076

	
4.66

	
73.90








Notes: The data in the column marked with “*” show the daily mean concentration of TSP before 2000 and the daily mean concentration of PM10 after 2000.
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Table 3. Comprehensive assessment results of soil environmental quality in the suburbs from 1996 to 2000.
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Districts (County)

	
Average Comprehensive Pollution Index

	
Good (%)

	
Safe (%)

	
Light Pollution (%)

	
Medium Pollution (%)

	
Heavy Pollution (%)






	
Minhang

	
1.005

	
9.09

	
60.61

	
21.21

	
9.09

	
0




	
Jiading

	
1.039

	
3.90

	
59.74

	
33.77

	
2.59

	
0




	
Baoshan

	
1.119

	
2.86

	
45.71

	
48.57

	
2.86

	
0




	
Pudong

	
1.209

	
12.00

	
36.00

	
40.00

	
12.00

	
0




	
Nanhui

	
0.947

	
4.17

	
66.67

	
29.16

	
0

	
0




	
Qingpu

	
0.871

	
11.69

	
76.62

	
10.39

	
1.30

	
0




	
Jinshan

	
0.769

	
0

	
100.00

	
0

	
0

	
0




	
Fengxian

	
0.724

	
21.43

	
78.57

	
0

	
0

	
0




	
Songjiang

	
0.891

	
13.79

	
68.97

	
17.24

	
0

	
0




	
Chongming

	
0.743

	
60.87

	
30.44

	
8.69

	
0

	
0








Source: Soil-sampling test results from the Shanghai Environmental Protection Bureau during the 9th Five-year Plan.
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Table 4. Water quality of conservancy-controlled districts in Shanghai in 2013.
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Water Quality Types

	
Class III

	
Class IV

	
Class V

	
Inferior Class V






	
Water conservancy-controlled districts

	
Chongming island district

	
Districts of Hengsha island, Taibei, Tainan and Shangta

	
Districts of Diannan, Pudong and Punandong

	
Districts of Changxing island, Dianbei, Jiabaobei, Punanxi, Qingsong and Wunnan
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Table 5. Carbon sources and carbon sinks of districts (county) in Shanghai in 2009.
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Districts (County)

	
Carbon Source (tC-eq)

	
Carbon Sink (tC-eq)

	
Net Carbon Source (tC-eq)

	
Per Capita Carbon Emission (tC-eq/Per Capita)

	
Unit Area Net Carbon Source (tC-eq/km2)

	
Unit GDP Net Carbon Source (tC-eq/108 Yuan)






	
Central areas

	
Putuo

	
2,743,902.44

	
4918.03

	
2,738,984.41

	
3.14

	
49,954.12

	
5496.11




	
Yangpu

	
7,134,146.34

	
4918.03

	
7,129,228.31

	
6.56

	
117,392.20

	
9208.75




	
Xuhui

	
5,121,951.22

	
4918.03

	
5,117,033.19

	
5.65

	
93,444.73

	
6145.41




	
Zhabei

	
2,926,829.27

	
4918.03

	
2,921,911.24

	
4.23

	
99,860.26

	
7575.02




	
Luwan

	
2,074,434.54

	
4818.03

	
2,069,616.51

	
6.75

	
257,095.22

	
18,683.91




	
Huangpu

	
4,024,390.24

	
4918.03

	
4,019,472.21

	
6.67

	
323,889.78

	
5492.28




	
Jing’an

	
1,097,560.98

	
4918.03

	
1,092,642.94

	
3.54

	
143,391.46

	
7039.77




	
Changning

	
2,012,195.12

	
4918.03

	
2,007,277.09

	
3.27

	
52,409.32

	
3985.94




	
Hongkou

	
1,280,487.80

	
4918.03

	
1,275,569.77

	
1.61

	
54,325.80

	
1422.04




	
Inner suburbs

	
Pudong

	
27,804,878.05

	
206,557.38

	
27,598,320.67

	
10.14

	
22,800.80

	
6897.18




	
Minhang

	
11,890,243.90

	
39,344.26

	
11,850,899.64

	
12.57

	
31,964.67

	
9586.20




	
Jiading

	
4,390,243.90

	
137,704.92

	
4,252,538.98

	
7.73

	
9161.01

	
6021.46




	
Baoshan

	
4,207,317.07

	
54,098.36

	
4,153,218.71

	
4.81

	
15,326.10

	
4548.73




	
Outer suburbs

	
Fengxian

	
3,658,536.59

	
270,491.80

	
3,388,044.78

	
6.53

	
4928.85

	
7895.88




	
Songjiang

	
6,585,365.85

	
275,409.84

	
6,309,956.02

	
11.28

	
10,418.66

	
8335.92




	
Jinshan

	
2,743,902.44

	
511,475.41

	
2,232,427.03

	
4.32

	
3809.28

	
7151.78




	
Chongming

	
1,829,268.29

	
1,042,622.95

	
786,645.34

	
1.14

	
663.56

	
4609.70




	
Qingpu

	
4,390,243.90

	
309,836.07

	
4,080,407.84

	
8.88

	
6088.89

	
7822.87










© 2017 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC-BY) license (http://creativecommons.org/licenses/by/4.0/).
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