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Abstract

:

The Qin-Ba Ecological Functional Zone is a component of China’s ecological security pattern designed to protect the regional ecosystem and maintain biodiversity. However, due to the impact of mining and urban encroachment, the plight of a sustainable ecosystem in the Qin-Ba mountainous area is deteriorating. This paper has used a remote sensing and geographic information system (GIS) to examine the impacts of mining and urban encroachment on the environment in the Qin-Ba mountainous area. The results indicate that the total mined area in 2013 was 22 km2 and is predicted to escalate. Results also show that the ecosystems in Fengxian County, Shaanxi Province and Baokang County, Hubei Province were most severely affected by mining. Urbanization in the Qin-Ba mountainous area has seen an increase of 85.58 km2 in urban land use from 2010 to 2013. In addition, infrastructure development including airport construction, tourism resorts and real estate development in the Qin-Ba mountainous area has intensified environmental and biodiversity disturbances since large areas of forest have been cleared. Our results should provide insight and assistance to city planners and government officials in making informed decisions.
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1. Introduction


Human activities including land development ranging from farming, grazing, logging, infrastructure construction, nature conservation and utilization are affecting the environment and biodiversity [1,2]. Land development on the one hand promotes economic growth, improves urban infrastructure and provides accommodation to a growing urban population, etc. On the other hand, land development poses a risk to the ecological environment, such as degradation of land resources, deforestation and a decline in the biodiversity and increased pollution [3].



Since the adoption of an economic reform and open-door policy in 1978, China has experienced extensive land transformation characterized by massive urbanization, infrastructural development and farming which have resulted in environmental and biodiversity degradation [4,5,6]. Mining is one of the growing industries in the Qin-Ba mountainous area with economic and societal benefits, however, mining activities pose a major challenge to environmental sustainability [7,8]. Application of remote sensing and GIS to examine mining impacts has been proven to be effective at the regional level [9,10,11]. For example, the study of Malaviya et al. showed that continued mining practices have adverse impacts on the landscape and the ecosystem in central India [10]. Also, the study revealed that coal mining in Wuhai, China resulted in the degradation of the ecological environment from 1979 to 2010 [11]. A recent study also showed that the expansion of the coal mining fields impacted on the land cover types in the Mu Us Sandy Land in northern China [12].



Land development and utilization associated with economic growth has attracted extensive interest due to its negative impact on the ecosystem. Key issues associated with land development and urbanization are degradation and destruction of the ecological environment [13,14,15]. For example, Hassan and Nazem highlighted that rapid urban expansion of Chittagong, Bangladesh resulted in the reduction of croplands and vegetation cover, hill encroachment and other environmental problems [13]. Through an investigation and analysis of the land use in the economic development zones in Chongqing, Cao [16] discovered that “cutting mountains and filling rivers to build cities” extensively existed in most of the western cities. He also showed that such land development patterns can cause destruction of the environment and recommended that more attention be directed to environmental protection and reparation.



Qinling-Daba biodiversity ecological function area, also named “Qin-Ba mountainous area” is one of the 25 national key ecological function areas established in late 2010 by the central government of China for national environmental protection [17,18]. Providing ecological services to their surrounding regions are a top priority. Thus, hunting and harvesting activities in these regions have been banned. However, other development activities such as mining, tourism and urban development are allowed for the regional poverty alleviation and economic development. Among the key economic activities, mining and urbanization were identified as posing the severest threat to the regional environment. “Qin-Ba mountainous area” is an important part of China’s “two barriers and three zones” strategy for ecological security pattern. The area is designated to protect the ecosystem and maintain biodiversity. However, the intensified land development including mining, dam construction and urbanization in the Qin-Ba mountainous area has resulted in soil erosion, shrinking of vegetation coverage areas, damage to plants and animal habitat [17,19,20].



In this paper, remote sensing and GIS technologies were used to monitor the impact of two important land development activities: mining and urban expansion on the ecological environment in the Qin-Ba mountainous area from 2010 to 2013. This approach has been used in various studies including land use change analysis in the Zhujiang Delta of China [21,22]. It is anticipated that the findings of this study can contribute to city planners and government policymakers in reaching an informed decision. This will also benefit other stakeholders in developing proper land utilization and management plan for the area.




2. Materials and Methods


2.1. Study Area


Qin-Ba mountainous area consisting of Qinling and Daba Mountains, is an important ecological barrier in central China. The Qin-Ba mountainous area borders the Weihe River Plain in the north, the Sichuan Plain on the south, it faces the Hanjiang River Plain on the east and the eastern edge of the Tibetan Plateau on the west [17,18]. This area consists of 46 counties spanning 5 provinces: Hubei, Chongqing, Sichuan, Shaanxi and Gansu with a total land area of 140,000 km2 (Figure 1).



Qin-Ba mountainous area is rich in wildlife resources and also provides a habitat for rare animals and plants species. This region makes up 1.46% of China’s total land area and is home to 8.25% of China’s vertebrates and 12.34% of their vascular plants [23]. The typical vegetation in the Qin-Ba mountainous area includes deciduous broad-leaved forests, subtropical evergreen and deciduous broad-leaved forests. Its altitude ranges from 2000 to 3767 m. Soil types, especially brown forest soil, support a variety of distinctive plant and animal communities. In this region, 57.3% of the land area is forest-covered while the remaining includes croplands (20.36%), grassland (20.94%), bodies of water (0.6%), built-up area (0.49%) and unused land (0.31%). Statistics indicate that there are over 550 species of wild vertebrates recognized in this area. These include 19 of the “first class” and 72 of the “second class” national protected animals. In addition, it provides a habitat for over 4100 species of vascular plants among which six are identified as “first class” and 26 are “second class” national protected plants [23].



The Qin-Ba mountainous area has been selected as a vital component of China’s ecological security pattern for biodiversity protection and water conservation based on the current state of its ecological environment. The major functions of the Qin-Ba mountainous area, according to the national plan for ecological functional zones, are for protecting, restoring and maintaining the sustainability and balance of wildlife population and species.



The Qin-Ba mountainous area is also rich in mineral resources. According to the statistics from China Geological Survey, there are over 105 types of exploitable mineral resources in these areas, which account for 64.14% of the mineral resources explored in China. The top five mineral resources are limestone, molybdenum, mercury, asbestos and graphite. These minerals are not only available in quantity, but also in higher quality [20]. However, mining activities and urbanization generally bring about extensive eco-environmental issues [14,24,25].




2.2. Data Collection and Analysis


Remote sensing images and other auxiliary data were used to analyze the extent of mining and urban expansion on the ecological environment in the Qin-Ba mountainous area. Images obtained include Landsat 5 TM (Thematic Mapper) in 2010, Landsat 8 OLI (Operational Land Imager) in 2013, and Google Earth high resolution remote sensing images (GE) in 2009, 2010 and 2012. To reduce the impact of clouds on image quality, both the images of 2010 and 2013 were selected in summer on sunny days. Other data including the lists of mining sites and classification of land use were obtained from local government.



Fifteen scenes of Landsat TM/OLI images, covering the whole Qin-Ba mountainous area, were adopted to identify the mining areas and urban expansion through manual interpretation. Manual interpretation rather than automatic interpretation was adopted due to the classification algorithm and is mainly based on the spectral features of the remote sensing image, while manual interpretation takes the comprehensive characteristics of the spectral features and texture of remote sensing images and the key temporal-spatial features of land surface into consideration. Although, manual interpretation of images is seen as a huge barrier to non-expert interpreters, this research took advantage of highly experienced professional image interpreters to minimize errors. In addition, as the research area is a mountainous region, the shade of mountains and bare lands around the mountains interfere with the automatic interpretation of the computer. There were also protocols in place for the image interpreters to follow, to ensure the quality of the interpreted data. Key procedures of the protocols are selecting cloud free images, false-color composite image processing and geometric calibration in order to achieve 2 pixels accuracy. Images were interpreted county by county and finally the data verified by an expert panel.



The OLI images were sourced from Landsat 8 satellite launched on 11 February 2013 by NASA. This satellite has two earth imaging sensors on-board: the OLI and the Thermal Infrared Sensor (TIRS) [26]. The Landsat 5 and 8 images were processed using single-band extraction methods, false color composite, geometric correction and finally forming standard false color images of the Qin-Ba mountainous area (Figure 2).



Further study and analysis was performed in the largest mining counties. Data of mining area distribution and urban sprawl were acquired through manual interpretation of the satellite images. The interpretation of mining area distribution involved drawing mining area polygons by visual interpretation based on Landsat TM/OLI images, mining sites list data and the remote sensing interpretation of signs of mining areas (Figure 3). Also the uncertainty of the mining area polygon was verified by GE individually. The interpretation of urban expansion is a process of drawing the dynamic polygons of urban sprawl based on the urban spatial range in 2010 through an analysis and comparison of the remote sensing images in 2010 and 2013 (Figure 2).



Land use/cover classification data were drawn from the land use/cover database with a mapping scale of 1:1,000,000 developed by The Chinese Academy of Sciences (CAS). The database of land use types consists of data from the late 1980s, the mid-1990s, 2000, 2005 and 2010. The land-use type data was classified into 25 categories which were subsequently grouped into six classes: cropland, woodland, grassland, water body, built-up area and unused land [27,28,29,30,31]. The data from the 2010 database for land use/cover distribution in the Qin-Ba mountainous area was drawn for this study.



Spatial overlay analysis was used to combine the data of mining area distribution, urban expansion and land use classification respectively. The impact of mining and urbanization on the ecological environment in the Qin-Ba mountainous area was then analyzed using the spatial statistical method (Figure 2). The spatial statistical methods used in this research are the built-ins of ARCGIS software such as Map Algebra, Overlay, Reclass and Zonal. Accuracy of assessment was performed by comparing the interpreted results of sampled mining and urban areas with both the data from the field investigation and the high resolution Google images. It is noted that the accuracies of mining occurrences were 94.5% and 92.3%, respectively.





3. Results and Discussion


3.1. Mining in the Qin-Ba Mountainous Area


Three hundred and sixty (360) mining areas were discovered during the remote sensing monitoring, occupying a total land area of 22 km2. The four largest mining areas were found in: Baokang County, northwest of Hubei Province with a mining area 4.7 km2; Fengxian County, southwest of Shaanxi Province with a mining area 2.6 km2; Qingchuan County, south of Sichuan Province with a mining area 2.3 km2 and in Dangchang County, southwest of Gansu Province with a mining area about 2 km2 (Figure 1). Land area under mining expanded by 8.4 km2 between 2010 and 2013 which was previously mainly farmland and forestry.



Mining industry is characterized by massive energy and water consumption, especially in the process of excavation and mineral separation. The Qin-Ba mountainous area has an abundant supply of surface water and electricity, creating a good foundation for mining practice [20]. From the perspective of local government, economic development through mining is of top priority. Thus a lot of investment has been placed into mineral resources development which includes advanced production technology and scale expansion in the Qin-Ba mountainous area [32,33]. As a result the mining industries have contributed to local economic development, however, mining has also endangered the local ecological environment in many ways.




3.2. The Impact of Mining on the Ecological Environment


Minerals exploration and exploitation by various methods brings hazards to the environment and its people. It especially changes the topography and local hydro-geological conditions. Mining strips more of the Earth’s surface each year than natural erosion [34]. Waste rock includes the “overburden” and mine development rocks typically hauled from the mine site to waste dumps for disposal. Some of the mines even use toxic chemicals to extract metals from ores, which may pollute lakes or rivers if not properly treated [35]. During the active life of the mine, water is pumped out to keep the mine dry and to allow access to the ore. This water can be very acidic and laden with high concentrations of toxic heavy metals posing threats to the environment. Mining activities also cause health problems in the local communities and among wildlife by exposing them to mining waste in air, water and soil [24,34,35,36,37,38]. The large-scale mining in the Qin-Ba mountainous area is posing direct and indirect threats to the local ecosystem [39,40].



Land intrusion and damage caused by mining is extremely severe in the Qin-Ba mountainous area. According to the land survey, approximately 8.37 km2 of lands in the Qin-Ba mountainous area has been lost due to mining practices, among which 36.6% was forest land, 32.5% cultivated land, and 26.6% grassland. In addition 0.36 km2 of water area and 0.01 km2 of unused lands have been taken over for mining as well. As important components of the ecosystem, the loss of cropland, vegetation cover and water body have led to soil erosion, reduced biodiversity and induced extinction of species [17]. Waste generated during the mining process is another critical threat to the environment. For example, water and soil resource contaminations were identified in these regions [23]. The removal of minerals and slags also caused geological issues such as ground subsidence and landslides.



To achieve a better understanding of the impact of mining on the ecosystem, further study and analysis of lead-zinc mining in Fengxian County, Shaanxi Province and phosphate mining in Baokang County, Hubei Province was done.



3.2.1. Lead-Zinc Mining in Fengxian County, Shaanxi Province


Fengxian County situated in the southwest of Shaanxi Province, is famous for its abundance of lead-zinc resource. Fengxian County contributes 3.6 million tons of lead-zinc reserve making it one of the four national lead-zinc resource bases. Fengxian County has a long mining history. Among the 49 national nonferrous metal mining areas, five of them are located in Fengxian County. Mining contributed to over 75% of local GDP in Fengxian County. However, environmental challenges and pollution resulting from mining have been well documented since the 1970s [32,41,42].



The images from remote sensing showed that the mining area in Sancha, Fengxian County expanded 0.36 km2 from 2010 to 2013 mainly through farmland intrusion. This resulted in the expansion of the mining area to 0.72 km2 representing 50% of mining area in Fengxian County. Piles of lead-zinc slag can be detected from satellite images and the mining waste area is about 112 m from south to north and 26 m from east to west. Land which used to be covered by trees and used for farming are now covered by slags. Furthermore, over-exploitation of mineral resources and improper storage of slags has resulted in geological disasters. For example, multiple geological disasters as a result of debris flow and landslides have occurred in the mining areas of Fengxian County in 1981, 1990 and 1992 which led to a direct economic loss over one billion Chinese Yuan [41]. Other impacts of mining include air, water, soil pollution and contaminated vegetation as a result of pollutants from mining dust, waste water and gas. For instance, the leakage of a tailing pond in 2006 discharged tons of hazardous pollutants into the River in Fengxian County resulted in contamination of the water and wildlife [42].




3.2.2. Phosphate Mining in Baokang County, Hubei Province


Baokang County located in the northwestern Hubei Province, lies in the east of Qin-Ba mountainous area. It is estimated that the phosphate reserves in Baokang County is 337 million tons, and it known in central China as “the city of phosphate” [33]. The images of the remote sensing showed that its mining area occupied more than 1.76 km2 of land of which 84% was forest. The intensive phosphate mining in Baokang County unavoidably interferes with the local ecosystem causing pollution to the air, soil and water. Moreover, the rivers have also been clogged with phosphate slags [43].





3.3. Urbanization in the Qin-Ba Mountainous Area


China has experienced unprecedented urban expansion in the last three decades with a 1.34 billion population, over half of which residing in cities [44]. Urban land expansion is more intensive when compared with urban population growth in Chinese cities. Researchers have found that between 1993 and 2009, the total population living in prefectural cities increased by 75 percent from 126.57 million to 219.82 million [25]. On the other hand, built-up urban areas more than doubled over the same period, from 10,549 km2 in 1993 to 26,100 km2 in 2009 [23].



The urbanization in the Qin-Ba mountainous area took on an obvious spatial heterogeneity since 2005. The urban area in the central and eastern Qin-Ba mountains including the cities of Hanzhong, Ankang and Shiyan has expanded by 85.58 km2 from 2010 to 2013. This includes 80.3 km2 newly built-up areas in the Shiyan City, which accounts for 93.8% of the total increase. The diversity of tourism resources in Shennongjia, South of the Qin-Ba mountainous area, has accelerated the urban expansion process through the construction of an airport and tourism related infrastructure and facilities. A 5.7 km2 expansion area occurred to the west of the Qin-Ba mountainous area in an effort to rebuild the cities damaged by the disaster of the Zhouqu debris flow on 7 August 2010 [45]. Guanzhong Urban Agglomeration to the north of the Qin-Ba mountainous area has expanded significantly by 51 km2, with the largest increased occurring in the city of Baoji having a total increase in area of 25.1 km2 within the study period (Figure 4).




3.4. The Effects of Urbanization on Ecological Environment


The urban expansion in the Qin-Ba mountain area has led to a reduced area of forest and cultivated land. In the central and eastern Qin-Ba mountainous area, an area of 40.69 km2 forests and 25.81 km2 farmland were converted into urban land between 2010 and 2013. The expansion of Guanzhong Urban Agglomeration to the north of the Qin-Ba mountainous area has also resulted in an increase of urban land use by a total area of 53.63 km2, including farmland 34 km2, water body 6 km2, grassland 2.9 km2 and forest 1.7 km2. The decreased area of water body was due to landscaping for urban infrastructure. The Baoji and Xi’an Cities, being the important parts of the Guanzhong urban agglomeration, have also expanded significantly towards the Qin-Ba mountainous area. It is projected that the vegetation cover will be further reduced due to future urban expansion [46].



The conversion of cultivated land and deforestation into urban land has caused a series of environmental problems that include landslide, increased soil erosion and debris flow during the wet season [13]. Furthermore this has also led to the loss of wildlife due to damaged habitat. The process of urban encroachment is also accompanied by the pollution of water and air quality. Urban waste, especially the construction waste is generally dumped without treatment which has resulted in air and groundwater pollution [47].



The most severe ecological environmental impacts caused by urban encroachment is related to the rapid expansion of Shiyan City, the airport construction program in Shennongjia district and the booming tourism industry in the northern Qin-Ba mountainous area.



3.4.1. The Expansion of Shiyan City


Shiyan is a typical mountain city located in the northeastern Qin-Ba mountainous area, with mountains accounting for 92% of the total landscape. The Shiyan City Council has launched an ambitious program which will invest billions of Yuan to double the city size by 2020 [48]. In order to further expand the city, mountains within the plains have to be flattened to gain more space. Out of the total 86 km2 of mountains to be flattened to gain more land space for development, 80.2 km2 was converted and built up between 2010 and 2013. Consequently at least 50% of the area will be converted from forest and the remainder consisting of cropland, grassland and water. The satellite images shown in Figure 5 and Figure 6 include the expanded built-up areas in the Shiyan City between the years 2010 and 2013.



Some researchers have argued that the flattening and landscaping of mountains is dangerous because of its associated changes of complex geological and hydrogeological conditions [49]. Cutting mountain tops to fill valleys destroys the physical environment, the aesthetic value, blocks and pollutes water sources thus endangering wildlife and causing geological hazards. Since Shiyan is close to one of the water sources for the South-to-North Water Diversion Project, the alternation of landscape poses a real threat to this national project in terms of pollution and obstruction of the water way. Besides flattening the mountains, some traditional agricultural lands have been claimed to pave the way for urban construction in Shiyan City.




3.4.2. Construction of the Shennongjia Airport


The Shennongjia Airport will serve the Shennongjia District and its surrounding regions in the southeastern Qin-Ba mountainous area. The airport has been designed to take 250,000 passengers and 1000 tons of air cargo annually by 2020. Large areas of forest were cleared and 11 mountain tops were flattened to fill six valleys in order to make way for the airport construction (Figure 7), commenced in April 2011 with its formal operation starting in May 2014. The result of remote sensing monitoring in 2013 showed that this airport occupies a land area of 1.112 km2.



The construction of this airport has attracted much controversy in China due to the significant damage to the environment [50]. Firstly, the Shennongjia district serves as a habitat to many precious plants and animals including over 70 species of national key preserved animals, such as the black bear, leopard, etc. [51]. However, the noise created during construction and the demolition of forest has forced some of these animals to flee resulting in a decreased biodiversity. Secondly, tree roots generally play an important role in binding soil together; however the clearing of trees on steep slopes increased the risk of landslides [52]. Thirdly, Yang [50] expressed that without an efficient and reasonable regulatory system, the sewage and garbage generated from the airport could further affect the local environment. Due to existing regulations on economic development and environmental protection, problems have arisen due to a silo management system and an imbalance between local economic development and environmental protection.




3.4.3. Real Estate Development in Tourism


Real estate development in the tourism industry, especially luxury commercial property, contributes further to urban expansion [49]. The Qin-Ba mountainous area is known as the “Central Park of China”. The scenic spots and historical sites of the area attract an increasing number of domestic and international tourists. As a result of the booming tourism industry, the demand for holiday homes and other tourism facilities has attracted the attention of local governments and investors. In the past decade a large amount of capital has been invested to renovate the old tourism infrastructures and to construct new properties such as hotels, resorts and villas (Figure 8). For example, during the survey a number of villas were under construction along the sides of the road on the edge of the northern Qin-Ba mountainous area. The largest construction projects among them are the “Qinlingshanshui”, “Gaoshanliushui” and “Andeluxiya” villa communities covering a total area of 1.008 km2 and forming large clusters of properties as shown in Figure 8.



However, the occupancy rates of the built-up villas are very low. Some hotels and villas are vacant most of the time. The survey revealed that some real estate developer constructed projects were without the legal approval of local and national authorities [53]. Furthermore, some projects were launched under the name of tourism infrastructure but instead were built as villas for sale. Mountains have been leveled for real estate and economic development with the large scale of construction having severely damaged the ecosystem in the Qin-Ba mountainous area [49].






4. Conclusions


As analyzed above, the degradation of the ecological environment induced by mining and urbanization are severe and extensive in the Qin-Ba mountainous area. Land use changes for built up areas due to urbanization have expanded by 85.58 km2, mining area increased by 8.4 km2 and the Shennongjia Airport took up further 0.74 km2 in the time period from 2010 to 2013. Mining is one of the most dominant local industries supported by the local government for economic development. As a result, the intensity of mining in both numbers and scale is increasing at an accelerated rate. The utmost impact from urbanization, especially the expansion of Shiyan City, has resulted in encroachments of large areas of land through the flattening of mountain tops, the filling of valleys, the clearing of forests and cultivated land. The construction of the airport in Shennongjia district has also brought about an ecological impact that goes far beyond its construction period. The booming tourism industry and associated real estate development in the northern Qin-Ba mountainous area has also escalated environmental issues.



To safeguard the ecological environment from further damage, the following interventions should be considered by governments, communities and policy makers: First, the existing regulations should be further enforced in the sectors of mining, urban and especially tourism development. For instance, the Environmental Impact Assessment (EIA) has been in use since the Environmental Protection Law was passed in 1979 and the law of EIA has been in place since 2002 [54]. However, all the consequences associated with the environmental challenges in the Qin-Ba mountainous area indicated that the laws and regulations related to natural resources and environmental protection should be further strengthened and enforced. To ensure sufficient enforcement, it requires an integrated approach in government enforcement departments to curtail the silo management system, which can prevent the imbalance between local economic development and environmental protection. Secondly, local governments should always promote local and regional development initiatives in a sustainable way to ensure that developments are consistent with the Sustainable Development Strategies implemented by the Central Government since 1994. This will ensure that sustainable development in the Shiyan City does not endanger biodiversity and cause other such disasters. For example, the booming mining industries are characterized by many clusters of small size mining fields, making monitoring and control by the local authorities difficult. This is due to the many small scale mining fields operated in very simple conditions. Compared to economic development, environmental protection is always secondary in the region which is still restrained by poverty. This leads to inefficiencies in both the production and sustainability of the environment. Thus, local government should not approve numerous small and inefficient mining businesses without assessing the sustainability of the industry. In the case of Shiyan City, the rapid expansion in its size has resulted in environmental consequences making its sustainability questionable. Thirdly, ecotourism rather than mass tourism should be developed in the Qin-Ba mountainous regions. Ecotourism would contribute to the local economy with minimal environmental impact, if tourism developers follow the process. Ecotourism products include natural scenic views, culture experiences, arts and traditional history which aim to ensure the integrity of local ecosystems. The targeting of commercialization for real estate in the tourism industry contradicts the essence of ecotourism. Fourthly, environmental education and training programs should be initiated by local governments and educational institutions for public environmental awareness. Many of the environmental issues can be attributed to the lack of environmental awareness amongst the general public [55].



Finally, this study among many others, demonstrates that by using remote sensing, land use change can be efficiently monitored. The principal advantages of remote sensing are the synoptic view and the speed at which data can be acquired from large areas of the earth’s surface and the related fact that comparatively inaccessible areas such as the Qin-Ba mountainous regions were made accessible in this research. In addition, the remote sensing satellites provide repetitive coverage of the earth and this temporal information is very useful for studying landscape dynamics, phenological variations of vegetation and change detection analysis. Since information about a large area can be gathered quickly, the techniques save time and human effort which enhances decision making effectiveness and saves time. Remote sensing, especially when conducted from space, is an intrinsically expensive activity. Nevertheless, cost-benefit analysis by Johnson and Haley [56] demonstrates its financial effectiveness, and speculative or developmental remote sensing activity can be justified in this way. Thus, it is recommended that local or regional governments should adopt such monitoring methods for efficiency and cost effectiveness.
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Figure 1. The map of Qin-Ba mountainous area. 
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Figure 2. Flow chart for analyzing the impacts of mining and urbanization on the ecological environment in the Qin-Ba mountainous area. 
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Figure 3. Remote sensing images of the mining zones in the Qin-Ba mountainous area (a–d). (a) TM image on 10 July 2010, GE image on 23 April 2010, Iron mining area in Shaaxi Province; (b) TM image on 10 July 2010, GE image on 23 April 2010, Iron mining area in Shaanxi Province; (c) TM image on 10 July 2010, GE image on 23 April 2010, Gold mining area in Shaanxi Province; (d) TM image on 10 July 2010, GE image on 23 April 2010, Zinc mining area in Shaanxi Province. 
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Figure 4. Urban expansion in Qin-Ba mountain area. 
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Figure 5. Built up areas and urban expansion in Shiyan City between 2010 and 2013. 
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Figure 6. The TM images of the Eastern Shiyan City. (a) image on 26 November 2010; (b) image on 15 September 2013. 
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Figure 7. Remote sensing images of the Shennongjia Airport. (a) TM image on 16 October 2010; (b) TM image on 15 September 2013. 
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Figure 8. Landscape photo and GE on 29 August 2013 of “Qinlingshanshui” villa community. 
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