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Abstract

:

The protection of urban lakes is important for the construction and development of the city and the eco-environment. Affected by urban expansion, most urban lake scenic areas have suffered from a reduction in area and ecological degradation. Protecting and restoring urban lake scenic areas has been a hot topic among the public. Given this background information, we analyzed the ecological problems and contradictions from the perspective of landscape ecology. This study evaluated the landscape pattern and ecological sensitivity in the Chaohu Lake Basin, China. The proposed method was based on the analytical hierarchy process (AHP) and geographical information system (GIS). The results showed that the ecological sensitivity map was divided into four sensitivity levels consisting of level 1, level 3, level 5, and level 7, which represent 65%, 27%, 5%, and 2% of the study area. It was found that highly sensitive areas existed primarily in the highlands, where the natural conditions were poorer than in other areas and human activities have been developing rapidly. Additionally, the medium sensitive levels occurred in the low lands, probably in response to agricultural practices. Based on our results, three ecological zones were proposed, which require different protection and utilization solutions in order to restore the local ecological environment in terms of sustainable development.
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1. Introduction


Lakes have been important to urban development and environmental protection in China since the strategy of sustainable development and the conversion of farmland to lakes was applied, which contributed to urban eco-environment and microclimate regulation to a great extent [1]. In recent years, however, the quality of the ecological environment of urban lake scenic areas has obviously declined because of urban development, a rapidly growing population, and the excessive use of natural resources. This phenomenon has been noticeable in the Chaohu Lake Basin of eastern China. As one of China’s five largest freshwater lakes, Chaohu Lake is also an important water source and ecological conservation zone. The concerns of the Chaohu Lake Basin were that urbanization and industrialization might destroy the ecological environment and natural resources, which would put a damper on the sustainable use of the natural resources. Traditional methods for the problems of lakes remained at the technical level of landscape optimization and ecological remediation, which made it difficult to deal with the contradictory relationship between urban development and lake ecology. In fact, the solutions to the problem of urban lake scenic areas must be considered in a more macro way. Additionally, the macroanalysis and regional construction are the main characteristics of landscape ecology.



From the perspective of landscape ecology, landscape pattern and ecological sensitivity are discussed in this paper. Ecological sensitivity is a critical indicator for measuring the quality of the eco-environment and has become an important systematic tool in landscape ecological protection and utilization. Ecological sensitivity is a concept derived from geomorphology and was first proposed by Brunsden and Thornes (1979), who argued that sensitivity indicated the propensity to change and the capacity to absorb the effects of disturbances. Since then, the meanings of ecological sensitivity have been continuously explored and developed [2]. Previous studies have mostly focused on the macroscopic level, i.e., to study the various effects on the ecological environment of the region caused by the destruction of ecological factors by human disturbance or changes in conditions due to natural succession, and to analyze the relevant factors to derive the specific degree of impact. The study of ecological sensitivity, based on its geographical factors and differences in historical and human factors, has gradually developed into a number of studies on regional sensitivity, the sensitivity of the landscape to environmental change, the sensitivity of coastal cities to the expansion of the tourism industry, and the sensitivity of the snowpack to changes in natural conditions [3,4,5,6].



In order to facilitate the evaluation of ecological sensitivity, scholars quantified ecological impact factors and used statistical modeling methods to analyze the ecological sensitivity of study subjects. Through the study of ecological sensitivity, we can point out the direction for the coordinated development of the regional ecological environment and reduce the interference of human factors in the ecological environment, so that sustainable development becomes a possibility. At present, the study of ecological sensitivity plays a pivotal role in the field of environment and ecology, and its research methods and evaluation systems are constantly being improved [7].



An ecosystem is strong and stable when it is capable of withstanding pressurization from nature and humans; otherwise, it will become sensitive and will get worse. The impact factors can be categorized as inner and outer sensitivities. Inner sensitivity is brought by the eco-environment itself and outer sensitivity is mainly influenced by man’s activity. Evaluating ecological sensitivity requires data from different resources and areas. A lot of techniques have been found useful for data analysis, such as the morphological spatial pattern analysis (MSPA) [8] method, GIS [9], and entropy method [10,11]. The methods mentioned above require a lot of data which are not always simple to acquire. In order to overcome this difficulty, the AHP method proposed by Saaty [12] was advanced [13].



Because of these good features, it has been applied to quantitative research in various fields of nature, society, and economy [14,15,16], and environmental sensitivity studies [10]. Since the launch of the first generation of Landsat satellite in 1972, a considerable amount of research has been conducted on the earth’s environment using satellite images and thus contributes to social development and risk prevention and the decrease in natural and anthropogenic disasters in a remarkable way [17,18]. Remote sensing has also increasingly been applied to evaluate landscape sensitivity [7]. Landsat [8] opened up more possibilities for scientific research [19]. It provided more data and played an important role in social development planning, the study of natural and man-made disasters, and resources management, and supported the evaluation of the dynamics, trends, and spatial distribution of the eco-environment [20]. However, the application of remote sensing for ecological sensitivity assessment is still in the exploratory stage and needs to be improved.



In summary, this paper took the Chaohu Lake Basin as an example. Firstly, the sustainability of the current state of the ecosystem in the Chaohu Lake Basin was assessed, which we performed to try to provide information for landscape planning decisions. Secondly, we intended to delineate protection areas in the Chaohu Lake Basin. It incorporated most of the parameters involved in ecological sensitivity. Their integration in the multilevel analysis combined with the use of GIS was then used to delineate the protected areas around the basin lakes. Multiple approaches, including remote sensing, AHP, and correspondence analysis, were used. The Landsat 8 data were products with a high spatial resolution (30 m). The Operational Land Imager (OLI) and Thermal Infrared Sensor (TIRS) were more advanced when compared with the former Landsat, as characteristics such as resolution, imager, sensor-band, etc. were all improved [21].



The novelty of this study is that there are few such studies in the Chaohu basin that need to be added urgently. Additionally, the land-use data used in the study were supervised and classified by the ENVI, and the accuracy was confirmed by comparison with the images on Google Earth to ensure a high degree of accuracy. The study of the landscape spatial structure and protection and utilization of urban lake-type scenic areas was not only conducive to fully understanding the distribution of the ecological environment in the region, which has a positive impact on the rational development and sustainable utilization of resources, but it can also provide a corresponding theoretical basis for landscape ecological planning and ecological environment construction in the study area. At the same time, the analysis of the original conditions of the area can effectively anticipate ecological problems and can encourage researchers to take timely measures. The conservation and utilization strategy of urban lake-type scenic areas proposed by this research can provide a reference for local ecological environmental protection and governmental improvement of the management system.




2. Material and Methods


2.1. Study Area


Hefei, the capital of Anhui Province in eastern China, is a rapidly growing city. The selected study area, Chaohu Lake, is located in the southern region of Hefei, with a total area of 780 km2 [22] and coordinates of 117°16′–117°51′ E and 30°25′–31°43′ N (Figure 1). Chaohu Lake is one of the five largest freshwater lakes in China and is located in the middle and lower reaches of the Yangtze River [23]. The Chaohu Lake Basin has a subtropical temperate monsoon climate with a moderate climate, where the annual average temperature ranges between 15 and 16 °C, with a mean annual precipitation of 1100 mm [24]. In addition to a comfortable climate and adequate rainfall, Chaohu Lake is also rich in fish resources, which makes this place suitable for people to live. The Chaohu Lake Scenic Area has three types of landforms: plains, hills, and mountains. Its regional geomorphology is characterized by lake bodies, plains, hills, and mountains from inside to outside. The Chaohu Lake Scenic Area has obvious regional differences in landform morphology, and the topography of the area is more complex. The terrain and landforms generally show the characteristics of long from east to west and narrow from north to south. Chaohu Lake’s scenic area has an excellent ecological environment, rich plants, and fishery resources, with landscape resources such as Wanfo Lake, Hangbu River, and Mushan Island. It brings great economic and ecological value to the surrounding residents through the development of leisure tourism. Nowadays, the Chaohu Lake Basin is one of the most popular areas in the central Anhui Province, with a resident population of 803,200 in 2019 [25].




2.2. Data Sources


The satellite data used in this study were all downloaded for free from the websites: “Geospatial Data Cloud” (Computer Network Information Center of the Chinese Academy of Sciences) and the United States Geological Survey. Due to the wide range of study areas, this study combined multiple types of remote sensing data. The satellite images used for the study were based on the images from 2018 and 2020. Image data from the Landsat OLI and TIRS were resampled to the resolution of 30 × 30 m. The remote sensing data and map data were all unified into Albers conic projection. In order to reduce the errors caused by different climates, the images were mainly selected from September to October each year (Table 1). The images from September to October 2020 were not available for some areas because of cloudiness, so we chose images from June instead to ensure that all satellite images were below 5% cloudiness. Because the core areas of the Chaohu Lake Basin did not have a clear boundary, we referred to the Chaohu Lake Basin Water Pollution Control Regulations published by the Department of Ecology and Environment of Anhui Province to determine the study areas, which were the administrative scope of the first-grade protection of Chaohu Lake and buffered 10 km.



The locations and information of lakes were provided by online maps such as the National Platform for Common Geospatial Information Services.



The basic map data mainly consisted of the administrative map and boundary of the research area, which was taken from the National Geomatics Center of China, and the digital elevation model (DEM) was downloaded for free from the website: “Geospatial Data Cloud”.



To further process the raw data, we analyzed the NDVI and normalized the difference water index (NDWI) using Landsat 8 OLI images (Table 2). Landsat data were also used to observe land cover. Administrative and topographic maps were used to analyze township boundaries, residential areas, and agricultural areas. DEM was utilized to collect slope and terrain elevation. To consider the impact of human activities on the eco-environment, we decided to take the villages and towns as the boundary and increase the buffer distances. All the factors were converted into raster data and were set up in ArcGIS version 10.7, Esri, and from Redlands, CA, USA.




2.3. Data Processing Methods


2.3.1. The Rationale for the Factor Selection


Ecological sensitivity is the sensitivity of the ecosystem to disturbance by natural and human activities, which is important for research on ecosystem protection. Located in the city, urban lake scenic areas are frequently disturbed by natural and human activities due to their important geographical location and ecological value in the city. Based on the data suitability and sensitivity status of different areas, there are no general rules for how many variables should be selected to evaluate the ecological sensitivity [7,10,26]. In this study, combined with the location, environment, and the present research about the protection and utilization of urban lakes, 5 variables of three types were considered, which were geography, hydrography, and vegetation.



The variable/factor included elevation, slope, and land-use type because there were mountains, farmland, and residential areas around the Chaohu Lake Basin. The modification normalized difference water index (MNDWI) was used to represent hydrography and the NDVI was applied to vegetation.




2.3.2. Grading of Evaluation Factors


Based on the referenced literature and expert advice and taking into account the local environment, the evaluation factors were graded [27,28,29]. The classification standards are shown in Table 3.




2.3.3. Determination of Weights


The AHP method was used to determine the weights of each variable. The process of the AHP method includes selecting decision-level variables, creating a comparison matrix based on the judgment values given by the experts, comparing the variables in the matrix, and assigning weights to the variables. To reduce bias in the decision-making process, the study is required to be tested for consistency, and the consistency index (CI) is calculated; when the CI < 0.1, the consistency of the two comparisons is considered to be within acceptable limits and the comparison matrix has satisfactory consistency. The process converts subjective evaluations into numerical values and ranks them in numerical form.



The overall scheme of the AHP approach can be simplified into four detailed steps. First, the decision problem is deconstructed into a hierarchical structure, with each factor and subfactor further separated into its own attributes and grouped at the same level. Second, decision tables are available for each level of the hierarchical decomposition. They show a series of pairwise comparisons, using a scale from 9, 7, 5......, 1/5, 1/7 to 1/9 preference scaling methods, where 9 indicates the most important, 7 the second most important, and so on, and 1/9 the least important; then, based on the relative importance of the decision variables revealed by the figures in the table, a matrix of relative importance relationships is established and the weight values of each influence factor are calculated. The formula is as follows:


   λ i  =    a i      ∑   i = 1  n   a i     



(1)




where    λ i    means the objective weight of the ith indicator and ai is the geometric mean of each variable.



Finally, the AHP method requires decision makers to maintain consistency in their judgments during the decision-making process, and consistency testing is a means to test for errors introduced by human factors. The consistency of n in the square matrix needs to be evaluated. The AHP method allows inconsistency to exist, but if the consistency indicators do not reach the required level, then the answers need to be rechecked for comparisons [30,31]. The CI is calculated as:


  C I = (  λ  m a x   / n − n /  (  n − 1  ) )   



(2)






  λ   ∑   i = 1  n  i    [    ∑   j = 1  n   a  i j    w j  /  w i   ]    m a x    



(3)




where    λ  m a x     is the total score of the variables and n is the number of factors. To ensure that the matrix has a reasonable consistency, the value of CI needs to be less than 0.1. In this study, CI = 0.056 < 0.10.



The weights are determined by the score of the authoritative researcher or expert in the field and then the weight of each indicator is calculated. The weights of the indicators are shown in Table 4.




2.3.4. Steps for Calculating the Ecological Sensitivity


The framework of the ecological sensitivity assessment was proposed to integrate the AHP approach, GIS, and The Environment for Visualizing Images (ENVI) techniques [29,32]. The steps for calculating the ecological sensitivity were as follows [33]:



The ecological sensitivity (ES) map was created based on the generated stack and each component’s weight with the support of the algebra computation is given in (Equation (4)). The higher the ES value, the more sensitive the ecological is:


  ES =   ∑      (  C 1 * W 1 + C 2 * W 2 + C 3 * W 3 + C 4 * W 4 + C 5 * W 5  )   



(4)




where C1 is the digital elevation map, C2 is the slope map, C3 is the land-use type, C4 is the watershed protection, C5 is the vegetation coverage, and Wi, i = 1, 2, 3, 4, 5 are their corresponding weights, as shown in Table 3. C1, C2, C3, C4, and C5 are calculated by using (Equation (5)):


   C i  =   ∑   i = 1  n   v i   w i   



(5)




where v is the value of each variable, wi is the weight of each variable (Table 3), and n is the total number of variables.



Based on the method mentioned above, final maps of elevation, slope, land-use type, watershed protection, vegetation coverage, and ecological sensitivity were produced and classified as level 1, level 3, level 5, and level 7 based on the Natural Interval Classification method of ArcGIS.





2.4. Factors Description


Elevation (C1). The elevation of the Chaohu Lake Basin was classified using digital elevation maps as the data source and the Reclassify tool of Spatial Analyst in ArcGIS for the elevation data. Elevation changes had a significant impact on transport, soil, regional climate, and other possible processes that might affect ecological sensitivity.



Slope (C2). DEM data obtained from the Geospatial Data Cloud of Anhui (http://www.gscloud.cn/) were utilized to create a slope map of the study area. The slope was a major factor affecting urban construction and natural disasters such as soil erosion, floods, or flash floods.



Land-use type (C3). In order to determine the land-use type, the three bands of the Landsat OLI image, including bands 6, 5, and 4, were combined [34,35]. The combined image was classified using supervised classification with a maximum likelihood algorithm into six types, namely: farmland, grassland, water body and woodland, construction land, and unused land. The separability of the classification results should be calculated after the classification is completed. If the separation degree is higher than 1.85, the separability is better and the classification accuracy is better. Then, the land-use classification results were checked and accuracy was verified by using remote sensing image data as validation samples. The accuracy and Kappa coefficient were calculated by the confusion matrix, and the overall classification accuracy value of the study area was obtained as 90.72%, and the mean value of the Kappa coefficient was 0.81, which satisfied the classification accuracy requirement. The separation degree of land-use types in the study area is shown in Table 5. The accuracy was high, and the results did not produce large deviations. The land-use type layer was constructed according to remote sensing.



Watershed protection (C4). The NDWI [36] is a common index to distinguish water from remote sensing data, as shown in (Equation (6)).


  N D W I =   G r e e n − N I R   G r e e n + N I R    



(6)







The water information obtained from remote sensing images is easily disturbed by vegetation, land, buildings, and other land-use types. A modified NDWI indicator, the MNDWI, can eliminate these disturbances by replacing the near-infrared band with the middle infrared band in the NDWI model [37]. That is, (Equation (7)):


  M N D W I =   G r e e n − M I R   G r e e n + M I R    



(7)







The MNDWI has a range of (−1,1). Green and MIR are green bands and middle infrared bands, respectively; they are band 3 and band 6 in Landsat 8. The improved NDWI method significantly enhances the contrast between water bodies and buildings, reduces the impact of buildings on the extraction effect of water bodies to a certain extent, improves the accuracy of water extraction, and thus fits better for the extraction of the urban water body.



Vegetation coverage (C5). Vegetation coverage was studied using the NDVI calculated from the Landsat 8 images in October 2020. In previous decades, remote sensing was used as a feasible method to retrieve some variables used in eco-environmental sensitivity such as environmental and climatic variables [20,22], spatial scales [2], and land cover [24,38]. In the present study, the OLI image was radiometrically corrected based on the dark pixel method in the ENVI (ver 5.3 Exelis VIS, and from Denver, CO, USA). The NDVI ranges between −1 and +1. Areas with vegetation cover and other types of study areas show positive and negative values, respectively. Areas with high vegetation cover are shown by the value of +1 and the complete absence of vegetation is represented by the value of −1. The fourth band (red) and fifth band (near-infrared) of the OLI image are utilized to obtain the NDVI value using the following (Equation (8)) [39]:


  N D V I =   f l o a t  (  b a n d 5  )  − f l o a t  (  b a n d 4  )    f l o a t  (  b a n d 5  )  + f l o a t  (  b a n d 4  )     



(8)




where float is the reflectance of bands 5 and 4 of the floating point. Several specific domains of the vegetation cover were obtained by the supervised classification of the NDVI images using Jenks. As Table 2 shows, the bare lands of the study area with an NDVI range of 0–0.1 had a lower weight with level 1, and concentrated vegetation cover with an NDVI range of 0.6–1 had a higher weight with level 7.





3. Results and Discussion


Based on the method mentioned, five group variables including elevation, slope, land-use type, watershed protection, and vegetation coverage were decided, and a final composite map of ecological sensitivity was produced and classified into four levels, namely level 1, level 3, level 5, and level 7 based on the Natural Interval Classification method. The ecological sensitivity distributions of the five groups of variables and the ecological sensitivity overly map are described below.



3.1. Elevation Impact


Changes in elevation are strongly related to urban transport, soils, regional climate, and other factors that may have an impact on the regional ecology. The elevation of the study area was between −192 m to 524 m. The effect of elevation is illustrated below (Figure 2), showing that the level 1 impact covered 65% of the total area, located in almost all areas of the study area. The level 3 elevation impacts were located in the north, northwest, and northeast and occurred in 32% of the whole area. A fraction of level 5 and level 7 was distributed in the east, northeast, south, and north, accounting for 3% of the total area.




3.2. Slope Impact


Slope is the inclination of the ground, which is one of the main factors affecting urban construction and natural disasters. The higher the slope, the higher the ecological sensitivity and susceptibility to soil erosion and landslides, and the more prone to natural disasters and unsuitable for human production activities. When the slope is 0–8°, it is flat with mild soil erosion, easy to build terraces, suitable for developing plantation production, and it is also suitable for human residence, sightseeing, and urban construction; when the slope is 8–15°, it is gently sloping land, which needs strengthened soil and water protection measures; when the slope is 15–25°, it is sloping land, which is prone to soil erosion and is steep, and can be used for a small amount of construction; when the slope is 25° or more, it is called steep sloping land, which is not suitable for construction and is recommended to be protected as ecological land. The results of the slope impacts are shown in Figure 3. The level 1 slope impacts contributed to 77% of the total area, situated mainly along the north and west. Their distribution was in connection with soil erosion. The greater the slope, the more serious the soil erosion. The level 3 values accounted for the remaining 16% of the total area. These values were mainly found in the south and west with low terrain elevation. Level 5 and level 7 accounted for 7% of the total area, and were mainly found in the northeast, east, and south. Moreover, these locations usually suffered from landslides due to scarce vegetation and poor forest restoration. As a result, soil erosion happened in conjunction with a decline in fertility.




3.3. Land-Use Type Impact


The geomorphological factors were selected to analyze the land-use types, which mainly included forest land, water area, arable land, grassland, construction land, and unused land. According to the relevant research, the various land-use types were graded, and the evaluation results were transformed into raster graphics to obtain the land-use evaluation results. The spatial distribution of the land-use type impacts is shown in Figure 4. Overall, the Chaohu Lake Basin was characterized by a relatively high level of land-use type impacts. The farmland was mostly in the south, southwest, and southeast, and it accounted for almost 34% of the total area, which had a low impact on ecological sensitivity. The grassland area was distributed mainly in the south and west, accounting for 6% of the total area. The waterbody and woodland areas accounted for 24% of the total area. These values were mainly found in the middle, northeast, and west region where the land was characterized by rich water sources and more vegetation cover. Construction land and unused land impacts occurred in 36% of the total area and were located in the northwest and east. It was obvious that the land-use type significantly contributed to all the sensitivity levels, in particular, the classes of level 1 and level 7.




3.4. Normalized Difference Vegetation Index Impact


Good vegetation growth can reduce the probability of natural disasters, enhance soil and water conservation capacity, and at the same time improve the biodiversity level, thus increasing ecosystem complexity and diversity, enhancing the regulation capacity of ecosystems, and contributing to ecosystem balance. Overall, vegetation cover is an intuitive reflection of the response to vegetation growth, and the higher the vegetation cover, the higher the ecological sensitivity. In this study, the vegetation cover of the Chaohu Lake watershed was classified into classes with reference to the classification criteria of previous authors. The area with a low NDVI accounted for 12% of the total area (Figure 5). Most of this land was located in the center portion of the region, where the land had abundant water and less vegetation cover. The level 3 and level 5 NDVI were observed in 2% and 15% of the total area, respectively, primarily in the northwest, south, and east of the Chaohu Lake Basin. High-level NDVIs were distributed mainly in the north and the southeast, accounting for 71% of the total areas. The areas characterized by a high NDVI were the main agricultural production areas, wetlands, and place of residence of the Chaohu Lake Basin, in which crops grew relatively well because there was sufficient water from rain and irrigation and little wind speed. The NDVI was an important indicator of forest resources and green coverage.




3.5. Watershed Protection Impact


Water resources are important constituents of urban lake-type scenic areas, among which the good protection and utilization of water bodies are also beneficial to the development of scenic resources, economic development, ecological and climatic conditions of the city, and improvement of the living environment of the surrounding residents. In this paper, we refer to relevant literature and combine it with the actual situation of the Chaohu Lake basin to classify and evaluate the distance from the water source, as the closer the distance from the water source, the more vulnerable the ecological environment of the area is to damage. The results of the watershed protection impacts are shown in Figure 6. The level 1 hydrological network impacts contributed 83% of the total area, primarily located on the edge of the Chaohu Lake Basin. The level 3 and level 5 values accounted for the remaining 2% of the total area. These values were mainly 100 to 300 m away from lakes and 50 to 200 m away from rivers. The classes of level 7 were mainly situated in the center of the Chaohu Lake Basin and accounted for almost 15% of the total area. On average, the watershed protection impacts in the Chaohu Lake Basin were at a moderate level.




3.6. Spatial Distribution of Ecological Sensitivity


The resulting ecological sensitivity map classified into four levels is shown in Figure 7.



Level 5 and level 7 ecological sensitivity indices were mainly found in construction land, bare hills, and areas in which trees had been planted, which were located in the southeast, northeast, and east regions with elevations ranging from 0–150 to 150–524 m. We suspected that one of the reasons was that these areas were affected by things that human have performed more often due to buildings relating to industry and the mining market in these regions. In addition, because of the terrain conditions, these areas suffered from landslides. Comparing the ecological sensitivity map and DEM, it seems that the sensitivity correlates with the distribution of elevation. Level 5 and level 7 were mainly distributed in high-rise lands with slope angles varying from 15° to 71°. The places of lower elevation gathered a larger crowd, more buildings, and event space with less vegetation cover. The high places were a higher probability of inadequate forest protection and severe soil erosion resulting from landslides during heavy rainfall periods.



From the above ecological sensitivity assessment, it was obvious that extensive data were needed. However, we could not collect all the data, and as time keep advancing, more will be left to the future to explore and improve.





4. Discussion


4.1. Partition for Eco-Environmental Protection and Management


In order to improve the practicability of ecological sensitivity evaluations for ecological environmental protection and utilization, an ecological protection area map was created and is shown in Figure 8. The ecological environmental protection and management zoning basis were created according to the analysis of the factors influencing the conservation planning of the Chaohu Lake basin, combined with the results of the ecological sensitivity evaluation and with reference to the corresponding provisions of the GB/T50298-2018 Master Plan Standards for Scenic Areas on the grading and classification of conservation cultivation planning, as well as the requirements for environmental protection and moderate development of urban lake-type scenic areas, the objectives of protecting and constructing large landscape ecological land, maintaining the number of patches, maintaining ecological corridors, and building a landscape ecological security pattern [40,41]. This was analyzed from the ecological sensitivity map. We divided it into three areas, including:




	(i)

	
region for controlled development;




	(ii)

	
region for composite development;




	(iii)

	
region for strict protection.









4.1.1. Region for Controlled Development


This region was generated by the level 1 ecological sensitivity zone. It occurred in most of the study areas but was mainly found in the Hefei and Wuhu areas. The land was flat in most parts, and covered by farmland, plantation forest, and residential land, accounting for 63% (approximately 6231 km2) of the study area. Land-use type should be reserved and appropriate landscape infrastructure could be incorporated.




4.1.2. Region for Composite Development


This area was a collection of the level 3 components of the ecological sensitivity zone, lying mainly in Hefei, Ma’anshan, and tiny parts in Wuhu. The total area was 30% (approximately 1849 km2). Most of this landform was low-rise mountains and forests, and in addition, this land also consisted mainly of the large-scale farming enterprise, trees had been planted for commercial purposes, and forests were planted to protect the ecology. This region could be moderately exploited and the government could open up some areas for tourists.




4.1.3. Region for Strict Protection


This region consisted of level 5 and level 7 ecological sensitivity zones. The landform was full of forests produced by nature and the landform was characterized by a large natural elevation of the earth’s surface rising abruptly from the surrounding level, accounting for 7% (approximately 425 km2) of the study area. The mountains, rivers, vegetation, and animals in region III should be protected strictly. Protection measures would be implemented directly.





4.2. Plans for the Three Regional Types


To deal with the difficult situations, there are some proper ways that decisions can be put into effect to protect the eco-environment in the three different zones. Firstly, governments can prioritize the implementation of active ecological protection policies and social management for areas with a high ecological sensitivity. The people who live in a group of houses situated in a rural area located along the Chaohu Lake Basin should also comprehend the meanings of eco-environmental protection, as this will improve their awareness and will cause them to understand how to make better use of land and water resources; otherwise, they will bring ecological problems such as algal disasters. Secondly, the state of being clear of trees due to companies preparing the land to grow crops for the production of food via slash and burn agriculture should be kept from happening. Additionally, the management of worthless material that is to be disposed of should be improved. The lack of concentration in surrounding villages needs to be addressed and overcome by arranging new settlements and helping them to conduct the principal activity to earn money somewhere else. Thirdly, in the context of climate change, the Chaohu Lake Basin endures great damage and people lose their life due to natural catastrophes, such as an overflowing of water beyond its normal confines or the sliding down of a mass of earth or rock from mountains; thus, the process of eroding also should be noticed. As a region with a lake, there are a lot of water cultural activities, which significantly contribute to economic development [42]. However, the rapid growth of these companies has put tremendous pressure on the ecosystem, and it is absolutely vital to protect the lake shore by creating obstacles that prevent it from being eroded by water. Meanwhile, Eco-tourism should be organized. Nevertheless, it is also difficult to solve the clash of opposing needs between economic development and ecological protection. However, if we could respect this relationship, they might be able to get along in the long run.



The protection of the Chaohu Lake Basin can improve the flood storage function and ecological protection function. Combining wetlands with ecological agriculture not only enriches biodiversity and improves ecosystem stability but also takes into account the water purification function. After the treatment, the water quality has been significantly improved and the occurrence of cyanobacteria in Chaohu Lake is on a decreasing trend. The ecological sensitivity of the Chaohu Lake Basin is well managed, and the coexistence of the city and lake has eventually been realized. In the future, we can select research factors with broader and more diverse coverage, study other research methods to make the distribution of factor weights more equitable, and add spatial and temporal dynamics to predict future ecological sensitivity changes. It is hoped that ecological sensitivity can be included in the reference range for the subsequent planning of urban lake scenic areas. This will reduce the irreversible damage caused by development to highly sensitive areas, protect the ecological environment, and make sustainable development a reality. The Anhui Province’s “14th Five-Year Plan” key basin water ecological environmental protection plan proposed that the province will carry out a new round of comprehensive management strategies for Chaohu Lake. It is expected that by 2025, the function of the wetland ecosystem in the Chaohu Lake Basin will be basically stable, the richness of biological species will increase significantly, and the wetland ecological barrier will be basically constructed.





5. Conclusions


Chaohu Lake is a typical urban lake scenic area. The ecology of urban lakes indirectly influences urban economy and development. Chaohu Lake has been affected by the rapid development of Hefei city and surrounding cities and has been seriously polluted since the 1980s. Although the water quality has been greatly improved under the control and management of relevant departments, its ecological problems have not been eradicated so far. Guided by the theories of landscape ecology, sustainable development, and habitat environment, this study analyzed a series of factors to evaluate the ecological sensitivity and to propose recommendations for the protection and utilization of urban lake scenic areas. The ecological situation was evaluated by considering three aspects of influences: geography, hydrography, and vegetation influences, which deepened the utilization of the ecological importance and corresponded to the distinct sensitivity of the lake ecosystem. This research intended to analyze environmental variables and evaluated them with the help of Landsat8 technology. Additionally, all variables were combined with the AHP method to determine the weights of the elements and used GIS, ENVI, and remote sensing as the main auxiliary tools. Key points in our results are summarized as follows.



The results showed that the overall ecological sensitivity of the Chaohu Lake Basin is currently at the medium ecologically sensitive type. Areas of high-level sensitivity were mainly in the medium and high lands where natural conditions are relatively poor. The high land in this region occasionally suffers from soil erosion and landslide. Overall, 65% of the low ecological sensitivity appeared in low and medium land areas due to abundant water, high vegetation coverage, and less human activity. In the study area, all of the landscape, soil, and vegetation components were important for the ecological sensitivity, and the anthropogenic and marine influences made larger contributions to the spatial heterogeneity of ecological sensitivity than the topographic influence did. We found that areas with lower biodiversity always showed lower levels of vegetation cover and higher sensitivity, while areas with higher biodiversity always had higher levels of vegetation cover and a lower sensitivity. Consequently, it had extreme impacts on the eco-environment. In addition, drought, landslide, and floods sometimes occurred in the Chaohu Lake Basin in the summer, so the elevation of the high place often lacked vegetation and a high sensitivity. The map for the Chaohu Lake Basin protected zoning had reasonable area assignments for the different protected areas. It had the best compatibility with land use and the equilibrium of protection and development. The assessment method proposed here could be applied to other regions by adjusting the factors associated with the desired variables of interest so that one day the sustainable development of the urban lake can come true.



However, there are still shortcomings in this study. Firstly, in terms of time span, this paper only analyzes and evaluates the current situation of the study area, but fails to select more time nodes to analyze its spatial and temporal dynamic evolution. Secondly, in terms of the selection of ecological sensitivity evaluation factors, this paper fails to select more comprehensive and multiple evaluation factors because of the limited research data and time. Finally, although this paper presents the general problems of urban lake-type scenic areas, it only focuses on the Chaohu Lake Scenic Area as an example and may not be applicable to the problems of other urban lake-type scenic areas. These questions will be further addressed in future studies.
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Figure 1. The location of Chaohu Lake Basin and the scope of the study area. 






Figure 1. The location of Chaohu Lake Basin and the scope of the study area.



[image: Sustainability 14 13155 g001]







[image: Sustainability 14 13155 g002 550] 





Figure 2. Spatial distribution of elevation impact in the study area. 
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Figure 3. Spatial distribution of slope impact in the study area. 
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Figure 4. Spatial distribution of land-use type in the study area. 
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Figure 5. Spatial distribution of NDVI in the study area. 
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Figure 6. Spatial distribution of watershed protection in the study area. 
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Figure 7. Spatial distribution of ecological sensitivity in the study area. 
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Figure 8. The proposed eco-environmental protection zoning map. 
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Table 1. The image data set.
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Satellite

	
Sensor

	
Resolution (m)

	
Data Identification

	
Data

	
Cloudage (%)






	
Landsat8

	
OLI

	
30 M

	
LC81200382018301LGN00

	
28 October 2018

	
0.06




	
LC81210372020298LGN00

	
24 October 2020

	
0.06




	
LC81210382020298LGN00

	
24 October 2020

	
2.81




	
LC81210392020250LGN00

	
6 September 2020

	
4.44




	
LC81220382020177LGN00

	
25 June 2020

	
4.4
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Table 2. Spectral bands of Landsat 8 Operational Land Imager (OLI) and Thermal Infrared Sensor (TIRS).
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Satellite

	
Spectral Band

	
Wavelength (μm)

	
Resolution (m)






	
Landsat 8 Operational Land Imager (OLI) and Thermal Infrared Sensor (TIRS)

	
Band 1—Coastal/aerosol

	
0.43–0.45

	
30




	
Band 2—Blue

	
0.45–0.51

	
30




	
Band 3—Green

	
0.53–0.59

	
30




	
Band 4—Red

	
0.64–0.67

	
30




	
Band 5—Near infrared (NIR)

	
0.85–0.88

	
30




	
Band6—SWIR1

	
1.57–1.65

	
30




	
Band7—SWIR2

	
2.11–2.29

	
30




	
Band 8—Panchromatic

	
0.50–0.68

	
15




	
Band 9—Cirrus

	
1.36–1.38

	
30




	
Band 10—Thermal infrared (TIR) 1

	
10.60–11.19

	
100 × (30)




	
Band 11—TIR 2

	
11.50–12.51

	
100 × (30)
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Table 3. Different factors and their weight in the Chaohu Lake Basin.
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Evaluation Index

	
Weight

	
Quantitative Classification




	
Level 1

	
Level 3

	
Level 5

	
Level 7






	
Elevation

	
0.0859

	
−192–25

	
25–150

	
150–350

	
350–524




	
Slope

	
0.1132

	
0–8

	
8–15

	
15–25

	
>25




	
Land-use type

	
0.2362

	
Construction land/Unused land

	
Farmland

	
Grassland

	
Woodland/Water body




	
Watershed protection

	
0.3534

	
To Lake > 300/To River > 200

	
To Lake 100–300/To River 50–200

	
To Lake 0–100/To River 0–50

	
River/Lake




	
Vegetation coverage

	
0.2113

	
0–0.10

	
0.10–0.30

	
0.30–0.60

	
0.60–1.00
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Table 4. The relative importance matrix of influencing factors.
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	Evaluation Index
	Elevation
	Slope
	Land-Use Type
	Watershed Protection
	Vegetation Coverage
	Weights
	Geometric Mean





	Elevation
	1
	1/2
	1/2
	1/3
	1/3
	0.0859
	0.5333



	Slope
	2
	1
	1/2
	1/3
	1/3
	0.1132
	0.8333



	Land-use type
	2
	2
	1
	1/2
	2
	0.2362
	1.5000



	Watershed protection
	3
	3
	2
	1
	2
	0.3534
	2.2000



	Vegetation coverage
	3
	3
	1/2
	1/2
	1
	0.2113
	1.6000










[image: Table] 





Table 5. Land-use classification separability.
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	Farmland
	Grassland
	Woodland
	Water Body
	Unused Land





	construction land
	1.87644706
	1.99253733
	1.99637448
	1.99996778
	1.97078873



	farmland
	
	1.88492807
	1.95949768
	1.99999995
	1.89558890



	grassland
	
	
	1.99839294
	1.99999998
	1.97941953



	woodland
	
	
	
	2.00000000
	1.99979393



	water body
	
	
	
	
	2.00000000
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