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This study selects Beijing from 1980 to 2020 as the research area, utilizing high temporal resolution land use data to analyze through the habitat quality module of the InVEST model. Unlike previous research, this study employs the Theil-Sen Median method and Mann-Kendall test to analyze the trend changes in habitat quality more accurately. This method has significant advantages in dealing with non-linear and non-normally distributed data over long time series, providing a more accurate and reliable analysis of habitat quality trends. Methodologically, the study first collects and organizes the land use type data of Beijing from 1980 to 2020, then uses the habitat quality module of the InVEST model to process and analyze the data of each year, assessing the impact of different land use types on habitat quality. Subsequently, the Theil-Sen Median method and Mann-Kendall test are used to analyze the time series trend of habitat quality, to identify and quantify the trend and significance of habitat quality changes. The results show that over the past 40 years, the area of construction land in Beijing has significantly expanded, leading to a compression of other types of land. The spatial distribution of habitat quality shows a clear difference between the two sides divided by a line connecting the northeast and southwest, with the west side being the area of good habitat quality and the east side being poorer. In the past 10 years, the overall habitat quality has improved, but most areas still show a decreasing trend, especially in the western and northern mountainous areas where habitat quality has significantly declined. Based on these findings, it is recommended that future urban planning and land management should pay more attention to the protection and improvement of habitat quality, especially the restoration work for areas with poor habitat quality.
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1 INTRODUCTION
As the process of urbanization accelerates, human activities increasingly impact natural habitats. Megacities, due to their unique agglomeration effect, exert tremendous pressure on the surrounding natural environment, posing a serious threat to biodiversity. Numerous studies have pointed out that urban expansion is one of the main drivers of biodiversity loss (Sala et al., 2000; Falcucci et al., 2007).
The process of urbanization is often accompanied by the loss of natural habitat and the degradation of ecosystem functions, which poses a serious threat to biodiversity. At the same time, the service functions provided by the ecosystem, such as water conservation, soil conservation and air purification, are directly related to human survival and health, and their loss will have a far-reaching impact on human wellbeing. First of all, rapid urbanization leads to fragmentation, islanding and artificialization of the natural environment, which not only limits the migration and reproduction of species, but also makes the ecosystem fragile and unstable. Coupled with environmental pollution and over-utilization of resources caused by human activities, many rare species are facing survival crisis, and the speed of biodiversity loss is accelerating day by day. Secondly, the loss of ecosystem services will have a serious impact on human life. For example, the decline of water conservation function will directly affect the safety of urban water supply; The loss of soil conservation function will aggravate soil erosion and land degradation; The weakening of air purification function will make urban air quality decline and threaten residents’ health. The loss of these ecosystem services will seriously restrict the sustainable development of cities. Therefore, under the background of rapid urbanization, it is particularly urgent to protect biodiversity and ecosystem services.
Currently, methods for assessing biodiversity loss or habitat quality mainly include model prediction methods and landscape analysis methods. Model prediction methods forecast the range and quality of habitats based on changes in habitat conditions or land use types, such as species distribution prediction based on the Maximum Entropy model (MaxEnt) (Phillips et al., 2013), and habitat quality assessment using the InVEST (Integrated Valuation of Environmental Services and Tradeoffs) model (Tallis et al., 2012). As an integrated evaluation tool, the InVEST model can assess habitat quality and analyze multiple ecosystem services such as water retention and water supply calculation. Due to its relatively low data requirements and strong result visualization, it has been widely applied in habitat and ecosystem service research (Wang et al., 2023).
Although there has been a lot of habitat quality analysis using the InVEST model, most studies focus on assessments in specific areas or over short time scales. For example, one study used the InVEST model combined with the topographic distribution index and Mann-Kendall test to analyze the impact of topographic gradients on habitat quality, proposing ecological management suggestions for different altitude areas (Xiang et al., 2023); another study focused on the changes in habitat quality in the Wuyi Mountain reserve over 40 years, highlighting the close connection between population density and habitat quality (Zhang et al., 2023a). These studies provide valuable insights into understanding the impact of specific factors on habitat quality, but there is still a research gap in how to comprehensively assess and manage habitat quality in urban and surrounding areas against the backdrop of rapid urbanization.
In terms of coupling different models (Tang et al., 2023), scholars have used the InVEST (SWESMI) toolkit, HQR, and HRA models for ecosystem service modeling at the sub-basin scale to perform ecological quality, rarity, and risk assessment analysis, emphasizing the importance of land conservation and protected areas in maintaining habitat quality and reducing risks related to habitat degradation and biodiversity (Wu et al., 2023).
Habitat quality is an important indicator, which is used to evaluate the ability to maintain biodiversity and ecological carrying capacity in a region (Gao et al., 2017). At present, the research on spatial pattern of land use mainly focuses on land use efficiency, land use structure and land use function. Studies have shown that with the increase of residential and industrial land, the habitat quality in coastal urban areas has decreased significantly (Zhang et al., 2020). Scholars have studied the correlation and influence of compact urban development on the habitat quality in ecosystem services, providing a basis for urban ecological landscape construction (Yu et al., 2023). Zhao et al. (2022) used InVEST model to evaluate the impact of land use change on the habitat quality of Xiaolangdi reservoir area in China for more than 30 years. Taking Fuzhou natural wetland as an example, quantitatively analyzed the temporal and spatial changes of ecosystem service value caused by urban land activities, and showed that the ecosystem service function decreased significantly due to large-scale urban land expansion (Cai et al., 2013). Hu et al. analyzed the factors such as habitat quality, biodiversity and landscape diversity in Pan ‘an Lake area of Xuzhou by using InVEST model, thus clarifying the ecological environment quality in this area (Hu and Xu, 2018). Jia et al.(2013) analyzed the land use and ecological changes in Xuzhou coal mining area, and found that the habitat quality in the study area continued to decline due to the increase of coal mining and urbanization.
In terms of characteristics and significance, this study adopts new technical means or integrates various methods to analyze habitat quality, such as combining remote sensing technology with ground survey data, which improves the accuracy and reliability of data; Compared with similar studies, this study may pay more attention to the collection and integration of long-time series data, and reveal the deep-seated laws and trends of habitat quality changes through big data analysis technology; The research area selected in this study may have special geographical, climatic or ecological characteristics, which makes the research results more targeted and practical for ecological protection and management in this area and even in a wider range. Compared with other research areas at home and abroad, this research area may face more unique habitat threats or protection challenges, so the research results are of great significance for formulating targeted ecological protection policies. This study may comprehensively evaluate the habitat quality from multiple dimensions, not only considering the traditional indicators such as biodiversity and habitat connectivity, but also including factors such as ecosystem services and human activities, making the evaluation results more comprehensive and closer to reality. At the same time, this study may pay more attention to the interaction and correlation between different habitat types, so as to reveal the complexity and comprehensiveness of habitat quality change more accurately. On the basis of revealing the trend of habitat quality change, it may further put forward operable policy suggestions and practical guidance, which provide scientific basis for ecological protection and management, and pay more attention to transforming research results into practical applications, and promote the continuous improvement of habitat quality through policy suggestions and specific practices.
As the capital of China and a megacity, the change of its habitat quality not only affects the quality of life of urban residents, but also directly affects the sustainable development of the city. With the rapid development of economy and the acceleration of urbanization, Beijing is facing many ecological and environmental problems, such as air pollution, water shortage and biodiversity reduction. Therefore, a long-time series trend analysis of Beijing’s habitat quality is helpful to reveal the development law and evolution trend of these problems and provide scientific basis for formulating effective ecological protection and management policies. Beijing also has a relatively complete ecological environment monitoring system and rich data resources. Over the years, the government and all walks of life have continuously paid attention to and monitored the ecological environment in Beijing, and accumulated a lot of data. These data not only cover air quality, water resources quality, biodiversity and other aspects, but also include data of different time scales, which enables us to comprehensively analyze habitat quality from the perspective of long time series. In addition, Beijing has made a series of remarkable achievements and experiences in ecological environment protection. In recent years, Beijing Municipal Government has attached great importance to ecological environment protection, increased investment and implemented a series of effective policies and measures. How to reflect the implementation effect of these measures on a long time scale is also a problem worthy of in-depth study. By analyzing the long-term trend of Beijing’s habitat quality, we can evaluate the effectiveness of these policies and measures, and provide experience and enlightenment for other cities. As an international metropolis, the change of habitat quality in Beijing is also of international significance. By analyzing the long-term trend of Beijing’s habitat quality, we can compare and communicate with similar research in the world and jointly promote the development of global ecological environmental protection. In 2022, Beijing’s population reached 21.843 million (Gao et al., 2017), and the city’s rapid expansion and development have led to a shortage of construction land, with human impact reaching the development of overall habitat quality. However, the long-term impact and its distribution are not yet clear. In light of this, this study aims to conduct an in-depth analysis of the long-term trend of habitat quality in Beijing from 1980 to 2020 by analyzing changes in land use types and utilizing the habitat quality module of the InVEST model, combined with the Theil-Sen Median method and Mann-Kendall test. Specifically, this study seeks to reveal how human activities affect the trend of habitat quality changes during the rapid urbanization process and how these changes further impact biodiversity. Through a comprehensive analysis of long time series, this study hopes to provide more accurate data support and scientific policy recommendations for urban planning and ecological protection. Especially for megacities like Beijing, the findings of this study will contribute to achieving a sustainable balance between urban development and ecological conservation.
2 RESEARCH AREA AND RESEARCH METHODS
2.1 Overview of the study area
Beijing is the capital of People’s Republic of China (PRC), a municipality directly under the Central Government, a national central city and a mega-city Figure 1. The State Council has approved China’s political center, cultural center, international exchange center and scientific and technological innovation center. By 2020, Beijing has 16 districts with a total area of 16,410.54 square kilometers. By the end of 2022, the permanent population of Beijing was 21.843 million. Located in the north of China and the north of North China Plain, Beijing is adjacent to Tianjin in the east and Hebei Province in the rest. Its center is located at 116 20′ east longitude and 39 56′ north latitude. It is a world-famous ancient capital and a modern international city.
[image: Figure 1]FIGURE 1 | Regional location.
Beijing is high in the northwest and low in the southeast. The west, north and northeast are surrounded by mountains on three sides, and the southeast is a plain that slowly inclines to the Bohai Sea. The main rivers flowing through the territory are Yongding River, Chaobai River, North Canal, Juma River, etc. The climate of Beijing is warm temperate semi-humid semi-arid monsoon climate, with high temperature and rainy summer, cold and dry winter and short spring and autumn. Beijing was rated as the first-tier city in the world by the world urban research institute GaWC, and the United Nations report pointed out that Beijing ranked second in China in terms of human development index (Zhang et al., 2020).
2.2 Data sources and quality control
The high-precision land type classification map from 1980 to 2020 is selected as the research basis of habitat quality change, which comes from the 30 m data of Beijing, Institute of Geographical Sciences and Resources and Environment, China Academy of Sciences (Zhang et al., 2020).
The data that support the findings of this study are available from Resources and environment science data registration and publishing system but restrictions apply to the availability of these data, which were used under license for the current study, and so are not publicly available. Data are however available from the authors upon reasonable request and with permission of Resources and environment science data registration and publishing system. The maps in the text are from the official maps on the Chinese government website and can be used freely without involving copyright issues. For more details, visit the website: http://bzdt.ch.mnr.gov.cn/.
In order to ensure the accuracy and reliability of remote sensing data, and then affect the application and research effect of remote sensing images, this study preprocesses remote sensing data, including geometric correction, image fusion, image mosaic, image cropping, cloud removal and shadow processing, and atmospheric correction. The purpose of these steps is to remove the noise and interference information in the original data and improve the data quality. In quality control, data verification evaluates the reliability and consistency of data by comparing with ground observation data; Data accuracy evaluation determines the accuracy of data through error analysis and verification test.
2.3 Research methods
2.3.1 Land use transfer matrix
Land use transfer matrix shows the quantitative relationship between land cover types in two different periods in the form of matrix, which can fully reflect the value and transfer direction of a regional land cover type (Yu et al., 2023). Land use transfer matrix is the application of Markov model in land use change. Markov model can not only quantitatively show the transformation between different land use types, but also reveal the transfer rate between different land use types. The land use transfer matrix comes from the quantitative description of system state and state transfer in system analysis. In the usual land use transfer matrix, the row indicates the land use type at time T1, and the column indicates the land use type at time T2.
2.3.2 Habitat quality measurement of invest model
Habitat quality means that the ecological environment can provide the ability to adapt to natural ecological conditions, which has strong regionality (Zhao et al., 2022). InVEST model is a comprehensive evaluation tool of ecosystem services, which can simulate the changes of the quality and value of ecosystem services under different land cover scenarios and provide comprehensive information of ecosystem services for decision makers. Compared with the traditional literal abstract expression, InVEST model can provide a visual expression of the evaluation results, which makes the results more intuitive and easy to understand, and helps decision makers to better understand and use the evaluation results. The model is robust to the changes and abnormal values of input data, and its flexible parameter setting also enables it to adapt to different research scenarios.
The quality of habitat can reflect the fragmentation degree of regional habitat and its anti-interference ability to habitat degradation. The range of calculation results is 0–1, and the larger the value, the stronger the anti-interference ability of the study area to habitat degradation. The calculation formula is:
[image: image]
Where Qxj represents the habitat quality of grid X in land use type J; Hj represents the habitat suitability of land use type J; Dxj indicates the stress level of grid X in land use type J; Z represents a normalized constant; K is the scaling constant. Where Dxj is calculated as follows:
[image: image]
Where r is the number of stress factors; R is a stress factor; Y is the grid number of stress factor r; Yr is the number of grids occupied by stress factors; Wr is the weight of stress factor, with the range of 0–1; Irxy is the influence (exponential or linear) of stress factor R on each grid of habitat; βx is the anti-interference level of habitat; Sjr is the relative sensitivity of different habitats to each stress factor (Tallis et al., 2012).
The determination of threat factor and sensitivity coefficient in this paper comes from the recommendation of model instruction, related literature (Cai et al., 2013; Hu and Xu, 2018; Wang et al., 2023; Liu et al., 2021; Ying et al., 2022; Zhang et al., 2023b; Tables 1, 2).
TABLE 1 | Threat factors of habitat quality measurement of InVEST model.
[image: Table 1]TABLE 2 | Sensitivity coefficient of habitat quality measurement of InVEST model.
[image: Table 2]2.3.3 Trend analysis based on Theil-Sen Median method and Mann-Kendall test
Theil-Sen Median method, also known as Sen slope estimation, is a robust nonparametric trend calculation method. This method has high calculation efficiency, is insensitive to measurement error and interest group data, and is suitable for trend analysis of long-time series data (Jia et al., 2013). Theil Sen Median method is a nonparametric statistical method, and there is no strict assumption for data distribution, so it is suitable for all kinds of data sets, including non-normal distribution or abnormal values (Vannest et al., 2012). This method has high calculation efficiency and is insensitive to measurement errors and outliers, especially suitable for trend analysis of long-time series data. By considering all possible point pairs in the data set and calculating the median slope, Theil Sen Median method can provide robust estimation of data trends, reduce the influence of outliers on the results, and the calculated slope can directly reflect the changing trend of data with time, which is helpful for researchers to quickly understand the dynamic characteristics of data. Its calculation formula is:
[image: image]
Where Median () stands for median, if β > 0, it indicates that habitat change is an increasing trend, and vice versa.
Mann-Kendall (MK) test is a nonparametric time series trend test method, which does not need the measured values to obey normal distribution and is not affected by missing values and abnormal values, and is suitable for the trend significance test of long time series data (Ban et al., 2023). Mann Kendall test is a nonparametric test method, which does not need to assume the data distribution and is not disturbed by a few abnormal values, so it has great flexibility and applicability for trend and catastrophe point analysis (Hamed and Rao, 1998). This method is especially suitable for analyzing the trend and catastrophe point of time series of precipitation, runoff, temperature and water quality, and is helpful to reveal the long-term change characteristics of ecosystems. By calculating the z value and carrying out significance test, Mann Kendall test can judge the significance level of the trend and provide reliable decision-making basis for researchers. The process is as follows: for the sequence XT = X1, X2, XN, first determine the size relationship between xi and xj in all dual values (xi, xj, j > i) (set as S). Make the following assumptions: H0, the data in the sequence are randomly arranged, that is, there is no significant trend; H1, the sequence has an upward or downward trend. The formula for calculating the test statistic S is (in the formula for calculating Z, when S > 0, the molecule is S-1)
[image: image]
Where sgn () is a symbolic function, and the calculation formula is:
[image: image]
Use the test statistic z for trend test, and the calculation method of z value is:
[image: image]
Among them, the calculation formula of Var is:
[image: image]
Where n is the number of data in the sequence, m is the number of repeated data groups, and ti is the number of repeated data in the I-th repeated data group.
The critical value Z1-α/2 is found in the normal distribution table under a given significance level by using the bilateral trend test. When | z | ≤ Z1-α/2, the original hypothesis is accepted, that is, the trend is not significant; If | z | > Z1-α/2, the original hypothesis is rejected, that is, the trend is significant.
Given the significance level α = 0.05, the critical value Z1-α/2 = 1.96. When the absolute value of Z is greater than 1.65, 1.96 and 2.58, it means that the trend has passed the significance test with 90%, 95% and 99% reliability respectively. Judgement method of trend significance.
When β > 0, the trend is characterized by an increasing trend; when Z > 2.58, it is characterized by an extremely significant increase; when 1.96 < Z ≤ 2.58, it is a significant increase; when 1.65 < Z ≤ 1.96, it is a slightly significant increase; when Z ≤ 1.65, it is a general increase.
When β = 0, the trend is characterized by no change.
When β < 0, the trend is characterized by decreasing trend; when Z > 2.58, it is characterized by extremely significant decrease; when 1.96 < Z ≤ 2.58, it is significantly decreased; when 1.65 < Z ≤ 1.96, it is slightly decreased; when Z ≤ 1.65, it is generally decreased.
Tread(i) = 3 was significantly increased; Slightly increased tread(i) = 2; Generally increase tread(i) = 1; Significantly reduce tread(i) = −3; Slightly decreased tread(i) = −2; Generally decreased tread(i) = −1; No change tread(i) = 0.
3 RESULTS
3.1 Analysis of changes in land use types
With the development of urban and rural areas, the change of land use types also presents a certain spatial and temporal change. The change map of land use types is shown in Figure 2. In addition to the obvious expansion of construction land in the central city, there is also a certain expansion of construction land in the northern mountainous areas. The area of paddy fields is decreasing year by year, but the land use such as reservoirs and ponds has changed little. Specific to the area change, as shown in Figure 3. Among them, cultivated land, woodland, grassland, water area and other areas have all been compressed to a certain extent, in which the area of cultivated land has the largest reduction rate, while the area of woodland has a certain decline, but it still has a high quantity. During 1990–2010, the slope of the image was the largest, and the change rate was the largest. After 2010, it tended to develop steadily, on the contrary, the area of construction land expanded. During 1990–2010, the average and standard deviation of different land use types in Beijing from 1980 to 2020 are analyzed. As shown in Figure 4, the area of cultivated land and forest land has been in a large proportion in the past 40 years, of which the proportion of forest land is the largest, and its standard deviation is also small, indicating that the range of change is not large, but the standard deviation of cultivated land and construction land is the largest, indicating that they have changed in the past 40 years.
[image: Figure 2]FIGURE 2 | Distribution of land use types in Beijing in different periods.
[image: Figure 3]FIGURE 3 | Area of land use types in Beijing in different periods.
[image: Figure 4]FIGURE 4 | Analysis of mean and standard deviation of land use types in Beijing in different periods.
This paper analyzes the transfer of different land use types in Beijing from 1980 to 2020. As shown in Table 3, the land use transfer rate is 30.5%, with a total area of 499,982.98 hectares, of which the top five outflows are dry land, shrub land, high-coverage grassland, beach land and rural residential land. About 77% of dry land is converted into construction land (urban land, rural residential land and other construction land), about 83% of shrub land is converted into forested land, about 34% of high-coverage grassland is converted into forested land, about 72% of beach land flows out into natural land such as rivers, pits, grasslands and wooded land, 17% is converted into agricultural land such as dry land, and about 53% is used by rural residents.
TABLE 3 | Beijing land use transfer matrix.
[image: Table 3]Rural residential land, urban land, dry land, forested land and other construction land with the largest inflow. Among them, the main sources of urban land are dry land (73%) and rural residential land (15%); The main source of land for rural residents is dry land (81%); The main sources of dry land are other forest land (24%) and comprehensive improvement of rural residential land (21%); The main sources of forested land are dry land (16%), shrubbery (62%) and grassland (13%). The main source of other construction land is dry land (64%). There is a certain phenomenon of mutual conversion among dry land, woodland and grassland, and the conversion rate is high, while the change between reservoir pit and beach is small, and the sum of them only accounts for 4.5% of the total land transfer area.
This phenomenon reflects the emphasis on water resources and wetland conservation in the process of urbanization, as well as the recognition of the ecosystem services and biodiversity protection they offer. It also suggests the existence of natural, technical, and economic constraints that may be encountered in the process of land use planning and management.
3.2 Change of habitat quality based on InVEST model
The distribution of habitat quality during 1980–2020 is shown in Figure 5, which is generally divided by the connecting line between northeast and southwest, with good habitat quality areas on the west side and poor habitat quality areas on the east side of the dividing line. Similar to the type of land use, the low habitat quality in the central city is expanding rapidly and seriously, approaching zero, and its radiation range is gradually expanding. The habitat quality in most areas in the northern and western mountainous areas is approaching one from a high level. With the development of the northwest city, the habitat quality in this area is gradually decreasing in the area with good habitat quality, and it is also producing certain negative radiation effects.
[image: Figure 5]FIGURE 5 | Habitat quality distribution.
The trend analysis chart of habitat quality based on long time series is shown in Figure 6. Although the habitat quality has improved in the past 10 years, from a long-term perspective, most areas are still in a trend of relatively low habitat quality, and the areas with more serious decline and better increase are all in the western and northern mountainous areas. Because of the strong human interference, the strong radiation effect of the central city makes the trend analysis of this area unchanged. With the outward development of the city, urbanization is more serious, and the original northwest mountain habitat quality is excellent, which is easily affected by human activities in urban development. Combined with the distribution of habitat quality from 2010 to 2020, the red spots in the northwest are gradually fading, indicating that the trend of habitat quality is gradually getting better, and the red spots in the central city are also shrinking, indicating that the impact of urbanization is gradually narrowing.
[image: Figure 6]FIGURE 6 | Trend analysis chart of habitat quality based on long time series.
4 DISCUSSION
With the advancement of reform and opening up in 1980s, Beijing has also entered a stage of rapid development. The internal road network of the Second Ring Road has been established. In 1990s, the permanent population of Beijing reached 10 million. In the process of promoting the regulatory detailed planning, a large number of construction land has been transformed from the original land types in an orderly manner. Until 2000, Beijing entered a stage of rapid expansion. The construction of the Fifth Ring Road and the gathering of a large number of migrants forced the construction land in northern Beijing to expand again, and almost all other types of land were compressed to supply construction land. In 2010, the city’s permanent population was 19.612 million, and the southern part of Beijing’s urban area gradually developed, and the scale of the urban area also formed a trend of maximization. In recent years, with the promotion of national land space planning, Beijing’s land planning and urban planning have been coordinated and unified, and Beijing’s cities have entered the stage of repair, upgrading and perfection. The state has gradually attached importance to environmental protection, and the northern mountainous areas and western mountainous areas have become ecological conservation areas in Beijing, which have undergone ecological protection-oriented restrictive development, and finally formed a large land-use type division with the northeast and southwest connecting lines as the division.
Land use types refer to the different ways and purposes of human use of land resources. Common land use types include agricultural land, urban land, industrial land, woodland and grassland. Each land use type will have different specific impacts on habitat quality, and these impact mechanisms are complex and diverse, which are not only related to the balance of natural ecosystems, but also closely related to the sustainable development of human society. First of all, as the main source of food for human beings, the expansion of agricultural land often means cutting down a large number of natural vegetation and destroying the ecosystem. In agricultural activities, the extensive use of chemical fertilizers and pesticides will lead to soil pollution and water pollution, which will further affect the health and stability of the ecosystem. In addition, over-exploitation and unreasonable utilization of agricultural land will also reduce biodiversity and reduce the service functions of ecosystems, such as soil conservation and water conservation. Urban land use is another important land use type. With the acceleration of urbanization, the area of urban land is expanding, which leads to the replacement of the original natural habitat by a large number of buildings. Urbanization not only changes the land cover, but also changes the structure and function of the ecosystem. For example, the heat island effect of urbanization will change the local climate and affect the survival and reproduction of animals and plants; Urban noise and light pollution can also cause interference and harm to living things. In addition, urban expansion is often accompanied by the fragmentation of biological habitats, which leads to the obstruction of species migration and gene exchange and further affects biodiversity. Industrial land is usually accompanied by emphasis on industrial activities and pollutant discharge, which has a particularly significant impact on the ecological environment. Waste gas, waste water and solid waste produced by industrial activities will directly or indirectly pollute soil, water and atmosphere, and cause serious damage to the quality of habitats. At the same time, the construction and operation of industrial land may also destroy the structure and function of ecosystem, such as destroying surface vegetation and changing hydrological cycle. These impacts not only damage the health of the ecosystem, but also pose a potential threat to human health and social well-being. In contrast, natural land use types such as woodland and grassland have positive effects on the maintenance of habitat quality. Woodland can provide rich biological habitats and maintain high biodiversity; At the same time, the forest also has the functions of regulating climate, conserving water and maintaining soil, which is very important for the stability of ecosystem and human survival. Grassland is also an important ecological barrier, which can slow down wind speed, prevent soil erosion and provide biological resources such as pasture. However, the protection and rational utilization of woodland and grassland also face many challenges. With the population growth and economic development, the demand for land resources is increasing, which leads to the continuous reduction of the area of woodland and grassland. In addition, unreasonable development and utilization will also destroy the structure and function of these natural ecosystems and reduce the quality of habitats.
For the transformation of land use types, the land use transfer rate in Beijing reached 30.5% from 1980 to 2020. In the 1980s and 1990s, the expansion of urban areas crowded out the original village cultivated land and transformed it into construction land and rural residential land. However, with the strengthening of urban planning and ecological attention, some shrubs and grasslands have become forested land due to manual intervention and natural succession, and about 30% of rural residential land has returned to cultivated land due to the national land comprehensive improvement policy. There is a certain phenomenon of mutual conversion among dry land, forest land and grassland, and the conversion rate is high, which shows that the conversion between natural land types is convenient and simple, with low cost and easy realization, and is suitable for comprehensive land improvement. In addition, Beijing, as an extremely water-deficient city, has been making great efforts to protect the reservoirs, ponds and beaches within its jurisdiction before the implementation of the South-to-North Water Transfer Project, so the changes of the two land types are small, and the sum of them only accounts for 4.5% of the total land transfer area.
InVEST model is based on the simulation and analysis of land use types, so there is a strong correlation between habitat quality and land use types, and it also shows the distribution of habitat quality divided by the connecting line between northeast and southwest, which is similar to the previous study of Beijing ecological pattern by Dr. Yu Kongjian (Kongjian et al., 2010; Xinliang et al., 2018). In addition, the annual expansion of low habitat quality in the urban area reflects the negative expansion of habitat quality, and the influence of human activities will cause the radiation change of habitat quality reduction, and its strong radiation effect makes the region unchanged in the trend analysis year by year. With the outward development of the city, urbanization is more serious, and the original northwest mountain habitat quality is excellent, which is easily affected by human activities in urban development. Combined with the distribution of habitat quality from 2010 to 2020, the red spots in the northwest are gradually fading, indicating that the trend of habitat quality is gradually getting better, and the red spots in the central city are also shrinking, indicating that the impact of urbanization is gradually narrowing. Therefore, in the process of urban construction, it is particularly important to build a certain isolation buffer zone. On the one hand, it can block the negative habitat radiation of urban development and reduce the negative impact on the construction of ecological conservation areas in northern and western mountainous areas. On the other hand, with the development of urban re-wilderness, a certain urban country ecosystem will be gradually established in the urban area. Together with the natural ecosystem in mountainous areas, the isolation zone will become a certain ecological ecotone, which can provide a different ecosystem with higher ecological quality for the response zone.
Compared with previous research on the ecological pattern of Beijing by Dr. Yu Kongjian and others, this study utilizes the InVEST model to provide a more specific and quantified perspective, confirming the spatial distribution characteristics of habitat quality in Beijing and its correlation with the urbanization process. Although similar in macro trends to previous research, this study specifically demonstrates the changes in habitat quality over time through quantitative analysis, as well as the details of the impact of different land use types on habitat quality, thereby offering more concrete guidance and basis for urban planning and ecological protection.
Studying the long-time series trend of habitat quality in Beijing is helpful to fully understand the evolution law of urban ecological environment. By collecting and analyzing the data for many years, we can reveal the changing trend and influencing factors of Beijing’s habitat quality in different periods, and then provide the basis for formulating scientific ecological protection policies and measures. At the same time, the study also helps to reveal the mechanism and path of urbanization affecting habitat quality, and provide scientific basis for urban planning and construction. In recent years, the Beijing Municipal Government has issued a series of ecological protection policies and measures, such as greening and beautification projects, wetland protection and ecological compensation, aiming at improving the quality of urban habitats. By evaluating the implementation effects of these policies and measures in a long time series, we can understand the improvement degree and existing problems of urban habitat quality, and then provide decision support for the optimization and perfection of policies. In addition, studying the long-term trend of habitat quality in Beijing is also helpful to improve the public’s understanding and participation in ecological environment protection. By revealing the changing trend and potential risks of urban ecological environment, we can guide the public to pay more attention to the ecological environment problems around them, actively participate in ecological protection actions, and form a good atmosphere of common concern and common protection for the whole society.
From the perspective of application value, studying the long-term trend of habitat quality in Beijing can provide scientific basis for ecological restoration and environmental governance. By analyzing the causes and mechanisms of the decline of habitat quality, we can formulate corresponding ecological restoration and environmental governance programs to improve the quality of urban habitats. At the same time, the study can also provide a basis for the division and management of ecological functional areas, and promote the healthy and sustainable development of urban ecosystems. In addition, studying the long-term trend of habitat quality in Beijing can also provide support and guidance for eco-tourism and green development. With people’s increasing attention to the ecological environment and healthy life, eco-tourism has become a new way of tourism. Through the research and evaluation of urban habitat quality, we can explore and popularize the eco-tourism resources in Beijing and promote the green and sustainable development of tourism. At the same time, the research can also provide decision support and direction guidance for the development of green industries, and promote the green transformation and upgrading of Beijing’s economy and society.
However, this study also faces certain limitations and challenges. Firstly, due to data constraints, the analysis in this paper mainly relies on macro data of land use conversion, lacking direct measurement of specific biodiversity indicators. This means that our assessment of habitat quality may not fully consider all dimensions of biodiversity. Secondly, although the InVEST model provides an effective tool for assessing habitat quality, the assumptions and parameter selections of the model itself may also affect the accuracy of the results. Moreover, urban development is a complex socio-economic process involving many factors and interventions, and the interactions of these factors may have complex effects on habitat quality, which this study did not fully cover.
Despite these challenges, the contributions of this paper to the knowledge field are still significant. This study not only provides a quantitative analysis of land use conversion and changes in habitat quality in Beijing over 40 years but also offers a new perspective on understanding the impact of urban development on habitat quality by linking it with the urbanization process. In particular, this study emphasizes the importance of establishing isolation buffer zones in urban planning to reduce the negative impact of urbanization on ecological conservation areas, while promoting urban rewilding, providing valuable insights for improving the quality of ecosystem services (Xiao et al., 2023).
Future research needs to further refine the relationship between land use types and biodiversity indicators, and explore more effective strategies for controlling the impact of urban development on the ecological environment, thereby providing more comprehensive and in-depth scientific support for achieving sustainable urban development.
5 CONCLUSION
Over the past few decades, the types and areas of land use in urban and rural areas have undergone significant changes. From 1990 to 2010, the expansion of construction land was the most noticeable, and this change was almost achieved by compressing other types of land, among which cultivated land and construction land have experienced certain changes in nearly 40 years. In Beijing, between 1980 and 2020, the land use type transfer rate reached 30.5%, involving a total area of 499,982.98 ha. During this process, the top five outflows were dry land, shrubland, high-cover grassland, beach land, and rural residential land, while the largest inflows were rural residential land, urban land, dry land, forested land, and other construction lands. In terms of habitat quality, the overall trend from 1980 to 2020 shows that the area west of the line connecting the northeast and southwest has good habitat quality, while the east side has poorer habitat quality. In the last decade, although the overall habitat quality has improved, most areas are still in a trend of declining habitat quality, especially in some areas of the western and northern mountains, where the decrease in habitat quality is more severe, and the areas with better improvement are also located in these mountains. Facing the ecological pressure brought by urban construction, it is recommended to introduce the concept of isolation buffer zones in urban construction. Such buffer zones can effectively block the negative impact of urban development on the surrounding habitat, while providing higher ecological quality and ecosystem services for the city. Through such measures, a balance can be found between urban development and ecological protection, thus promoting the realization of sustainable development.
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