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Abstract

:

The Qinghai–Tibet Plateau (QTP) is a major “river source” and “ecological source” in China, as well as South Asia and Southeast Asia, and is a typical plateau region. Studying the evolution characteristics and ecological effects of the production-living-ecological space (PLES) of the QTP is of great practical significance and theoretical value for strengthening its ecological construction and environmental protection. Based on 30 m × 30 m land use/cover data of the QTP at five time-points of 1980, 1990, 2000, 2010, and 2020, this paper investigates the PLES evolution characteristics, transfer characteristics, eco-environmental response, and influencing factors of the eco-environmental quality index (EEQI) in the region of China of the QTP from 1980 to 2020 by land use transfer matrix, eco-environmental response model, hot spot analysis, and geographically weighted regression (GWR). The results show that: (1) from 1980 to 2020, the ecological space of the QTP decreased, while the production and living space saw an increase. The PLES pattern of the QTP showed a clear shift from 2000 to 2010, while there was no significant change from 1980 to 2000 and from 2010 to 2020. (2) From 1980 to 2020, the EEQI of the QTP decreased from 0.5634 in 1980 to 0.5038 in 2010, and then increased to 0.5044 in 2020, showing a changing trend of first decreasing and then increasing; the degradation of grassland ecological space to other ecological space was the main cause leading to ecological environment deterioration. (3) From 1980 to 2000, the EEQI was high in the midwestern and southeastern parts of the QTP, presenting a double-center distribution. From 2010 to 2020, the EEQI decreased in the western part, while the high value area in the eastern part increased significantly, obviously low in the west and high in the east. The spatial variation characteristics of hot and cold spots and EEQI are generally similar. (4) Natural ecological and socioeconomic factors have significant differences on the spatial distribution of EEQI in the QTP, and natural ecological factors are the main driving factors, with topographic relief having the strongest effect on EEQI as a natural ecological factor, and population density having the strongest effect as a socioeconomic factor.






Keywords:


evolution characteristic; eco-environmental response; influencing factors; production-living-ecological space; Qinghai–Tibet Plateau












1. Introduction


1.1. Background


Production-living-ecological space (PLES) is a combination of “production space, living space and ecological space”, which is the latest contribution of Chinese scholars to land use science [1]. Production space is the specific functional space where people engage in production activities, including agricultural and industrial production space; living space is the space used by people for daily activities, including rural and urban living space; ecological space is the natural environmental space, including forests, grasslands, waters and other ecological land. Production space provides material security for ecological and living space, living space is the necessary place for human economic activities to occur, and ecological space is the basis of PLES, supporting production and living space [2]. PLES may undergo conversion, and the occupation of ecological space by production space and living space is generally regarded as one of the major reasons for ecological environment degradation [3]. With the growth of the global population and economy, the rapid expansion of production space and living space in urban and rural areas [4] has led to a gradual reduction of ecological space and structural changes, which in turn, has resulted in a decline in eco-environmental quality [5,6]. However, at the same time, PLES optimization is also considered as an important way to adjust land use structure, intensive use of national land resources, and improvement of eco-environmental quality [7], and it is for this reason that the study of PLES has gradually become a hot spot in the academic community.



Land use evolution has traditionally been the focus of academic research, with topics focusing on the spatio-temporal patterns of land use change [8,9], driving force and driving mechanism [10,11], land use simulation and sustainable use [12,13], and other domains. In recent years, the eco-environmental response of land use has gradually become a hot spot for research, and the PLES theory proposed by Chinese scholars provides a new theoretical perspective for the study of land use evolution and eco-environmental response. China is one of big examples for case study on land use, as it has experienced a dramatic change in the land use structure of regions during more than four decades of rapid urbanization and industrialization, along with a variety of environmental problems, such as extensive land use and waste and ecological deterioration [14,15]. Therefore, scholars have conducted tons of studies on land use evolution in China. Nevertheless, China is still a country worthy of academic attention for case study, due to the fact that on the one hand, China’s vast territory contains a variety of geographic units with different landforms, such as plateaus, basins, plains, and hills, and under the influence of rapid urbanization and industrialization, the characteristics of land use change in typical regions still need to be continuously focused on. On the other hand, the central government put forward the reform idea of land spatial planning in 2019, and proposed the guiding idea of “promoting the construction of ecological civilization and optimizing the spatial structure of land” [16], showing that PLES and ecological environment optimization will be a big issue to be solved in the field of land use in China in the long run, and it is urgent for the academic community to complete the relevant theory.




1.2. Literature Review


This paper reviews the literature in terms of research subjects, research methods, research scales and influencing factors. As for the research objects, land use is one of the large global issues facing mankind [17,18], and many scholars have explored land use change in depth in the fields of geography, ecology and planning [19,20], with focus on land use transition [17,21], ecological effects and formation mechanisms of land use/land cover change (LULCC) [22], track of land use change [23] and influencing factors [24] and the like. Some scholars have also, from different perspectives such as landscape expansion index [25], ecosystem service value [26], land function [27,28], normalized difference vegetation index [29], enhanced vegetation index [30], net primary productivity [31], and soil erosion model [32], investigated land use, changes in ecological environment, and landscape patterns of land use [33,34]. As PLES has gradually evolved into an important theoretical direction for exploring land use change, many studies have started to probe land use problems in different regions under the framework of PLES, such as around PLES structural change patterns [35], spatio-temporal evolution characteristics of PLES conflicts [36,37], spatial agglomeration of PLES [38], spatial differentiation characteristics of mixed PLES multifunctional land use [39], and spatio-temporal pattern evolution of rural PLES [40] to provide decision reference for PLES conflict mitigation, regional ecological security pattern construction, national land space optimization, and ecological environment improvement [41,42].



For research methods and scales, most of the existing studies have been based on remote sensing image and geographic information systems to explore the land use transition, ecological response and its driving factors [43,44]. For land use change and transition, the center of gravity migration model and land use transfer matrix [45,46] are mainly adopted to analyze the characteristics of land use structure evolution. For the ecological response, the landscape pattern index and ecological environment response model are mostly used to figure out the evolution characteristics of ecological environment quality [47,48]. Studies are mostly centered on provincial/state [49], county [50,51], metropolitan area [52], urban agglomeration [53,54], watershed [55], and economic zone [56,57,58] scales to reveal the land use change characteristics and ecological response.



For the influence factors, the spatial heterogeneity model geographically weighted regression (GWR) [59] and the spatial homogeneity model geographical detector [60,61] are mostly borrowed to explore the spatial characteristics of the driving factors. The available studies have revealed that the factors affecting land use and ecological changes mainly include natural ecological factors and socioeconomic factors [62]. Natural ecological factors include climate [63,64], topography, vegetation and soil [65]. Socio economic factors include direct factors such as deforestation [66] and land reclamation [67], and indirect factors such as economy, population [68], traffic [69], technological development [70], and policy regime [71].



In summary, the available studies have explored land use change, spatial evolution of PLES, eco-environmental response and their influencing factors, but they are still insufficient. First of all, further study is required for the research object. Most of the current related papers focus on rapidly urbanizing areas and regions with high economic development, while less focus is given to special geographical regions such as plateaus. For typical regions, due to the special natural economic environment, their PLES change trends are fairly idiosyncratic, requiring the research to be further advanced. Secondly, the research methodology needs to be expanded. Most of the available studies are based on a geographic detector and other spatial homogeneity models to analyze the influencing factors of PLES evolution, land-use change, and land-use efficiency, while few studies resort to spatial heterogeneity models such as GWR to analyze the influencing factors of eco-environmental quality index (EEQI). GWR is a powerful tool for exploring the spatial heterogeneity of influencing factors and can better reflect the spatial heterogeneity of influencing factors, so it is important to introduce it to deeply reveal the driving mechanism of EEQI changes. Thirdly, the research indexes should be further optimized. Most of the current literature mainly explores the spatial evolution of PLES and the driving mechanism of its eco-environmental response from the perspective of natural elements or single indicators, while the driving role of socioeconomic elements and multi-indicator systems is under-considered. Therefore, this paper attempts to further deepen the existing research results.




1.3. Aim and Question


This paper focuses on the land use of the Qinghai–Tibet Plateau (QTP) in China and classifies the land use types of the QTP based on the PLES theory and five periods of land use/land cover data in 1980, 1990, 2000, 2010, and 2020. On that basis, this paper focuses on analyzing the PLES evolution characteristics of the QTP in different periods and analyzing its land-use transition by leveraging land-use transfer matrix. It also calculates the eco-environmental quality of QTP land use by the EEQI model and applies GWR to analyze the spatial differentiation of EEQI influencing factors. The purpose of this paper is to explore the land use evolution pattern and the corresponding eco-environmental response characteristics in the plateau region, with a view to providing a theoretical basis for land use optimization and eco-environmental protection in the QTP region of China and plateau regions of other countries, and to offer a reference for the development of related policies.



Therefore, this paper focuses on the following questions: (1) what are the characteristics of the spatio-temporal evolution pattern of PLES in the QTP, based on the data analysis of land use/land cover data?; what are the characteristics of land use transition?; (2) what are the characteristics of the spatio-temporal changes in EEQI due to the evolution of PLES? What are the spatial heterogeneity characteristics of influencing factors in the GWR model?





2. Models and Methods


2.1. Research Area


The Qinghai–Tibet Plateau, known as “the Roof of the World”, is a typical plateau region, and is a “river source” and “ecological source” of China, as well as South Asia and Southeast Asia. Playing a role as the “initiator” and “regulator” of climate change in Asia and even the northern hemisphere, it is of great ecological importance. The QTP is distributed across nine countries; China, India, Pakistan, Tajikistan, Afghanistan, Nepal, Bhutan, Myanmar, and Kyrgyzstan. The study area in this paper is the part within China, ranging from 25°59′37″ N to 39°49′33″ N, 73°29′56″ E to 104°40′20″ E, covering an area of about 2542.30 × 103 km, with an average altitude of 4000 m above sea level, covering all or part of 6 provinces and regions of Tibet, Qinghai, Gansu, Sichuan, Yunnan and Xinjiang, involving a total of 216 county units (Figure 1). In 2019, there were more than 14 million permanent residents in the QTP, accounting for about 1% of the total across the country, with a resident population density of about 5.4 people/km2, and the only cities with a population of over 1 million were Xining, Haidong, and Garze Tibetan Autonomous Prefecture. In 2019, the QTP had a GDP of over RMB 600 billion and a per capita GDP of about RMB 44,051, much lower than the national average of RMB 69,235, making it a typical sparsely populated area with lagging economic development.



This paper classifies PLES based on the classification criteria provided in the China Land Use/Land Cover Remote Sensing Monitoring Data Classification System [72]. Firstly, production space, living space, and ecological space are classified into two levels according to the functional attributes of PLES, and grassland, woodland, water and other ecological space are classified as ecological space, town and village living space are classified as living space, and industrial and agricultural production space are classified as production space. Secondly, the secondary types are divided into tertiary indicators according to the land use attributes, and a junction table between PLES structure and land use types is constructed (Table 1).




2.2. Research Methods


2.2.1. Land Use Transfer Matrix


The land use transfer matrix reflects both the quantitative changes of PLES land use and the transfer direction of PLES land use. In this paper, we get the land-use function transfer types and the land area for five time periods of 1980–1990, 1990–2000, 2000–2010, 2010–2020, 1980–2020 based on the superposition analysis of the land use data of the QTP by arcgis 10.2, and construction of a land-use function transfer matrix. It is calculated by the following equation:
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(1)




where S represents the area of land type conversion, i and j represent land-use types, n represents the number of land-use types, when i ≠ j, Sij represents the area of type i land converted to type j land. A larger Sij indicates more area of type i land converted to type j land and vice versa. When i = j, Sij represents that the land type has not undergone an area transition, i.e., no transition has occurred to that land type.




2.2.2. Eco-Environmental Response Model


(1) EEQI. The EEQI can reflect the eco-environmental quality of the QTP intuitively. According to the available studies, the R-value (Ri) is used to show the ecological quality status of tertiary indicators in this paper. Most scholars have conducted studies by referring to Ri determined by Li [56], while some have adjusted Ri based on the conclusions reached by Li according to the characteristics of land type, precipitation, and climate in the study area. For example, Han [48] and Cui [57] revised Ri upwards to 0.3–0.5 for paddy fields and dry land; Yuan [43], Lv [49], Cui [57], Deng [73] and Hu [74] et al. adjusted Ri to 0.5–0.8 for grassland; Yuan [43], Han [48], Yang [54] and Cui [57] et al. resized Ri to 0.45 for swamp land and to 0.02–0.05 for sandy land and gobi. In this paper, proper adjustments are made to Ri of the corresponding sites according to the characteristics of the QTP. Firstly, because of the prominent role of agricultural production on ecological and environmental security and socioeconomic development in the QTP [75], Ri is adjusted to 0.3 for dry land and 0.35 for paddy fields. Secondly, since most of the QTP areas are dominated by grassland, which plays an important role in maintaining ecological environment quality, Ri is raised to 0.8 for high coverage grassland, to 0.75 for medium coverage grassland, and to 0.7 for low coverage grassland. Thirdly, Ri is revised to 0.45 for swamp land and to 0.05 for sandy land and gobi, as detailed in Table 2. This paper uses Arcgis10.2 to count the area of all land types in the 216 county units of the QTP, and quantifies the overall characteristics of eco-environmental quality of each county unit in the study area as the ratio of the sum of eco-environmental quality (Ski × Ri) of land use types in each county unit to the total area of that county. It is calculated by the following equation:
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where EEQIt represents the EEQI at time node t; N represents the number of land-use types; Ski represents the area of the land type i of the county unit at time t (km2); Sk represents the total area of the county (km2); Ri is the R-value of the land type i; N is the number of land types in the county. A larger EEQIt indicates a higher eco-environmental quality of the corresponding area and vice versa.



(2) Ecological Contribution Rate. The ecological contribution rate refers to the degree of influence of land use function transformation on the change of regional eco-environmental quality. The contribution of different land types to eco-environmental quality has both positive and negative values. The analysis of both positive and negative sides helps to synthesize the type of land use that affects the change of eco-environmental quality and facilities distinguishing the dominant factors of ecological improvement and degradation of the QTP. It is calculated by the following equation:


  ER =      E 1  −  E 0    ×  S i   S   



(3)




where ER represents the ecological contribution of land-use change type, E1 and E0 represent the EEQI at the end and the beginning of land type change, respectively; Si represents the area of this land type changed (km2); S represents the total area of the study area (km2). A positive value of ER indicates that the eco-environmental quality of the QTP improves due to the change in this land-use type, while a negative value of ER indicates that the eco-environmental quality of the QTP decreases due to the change in this land-use type.




2.2.3. Hot Spot Analysis


Hot spot analysis, also known as the Getis–Ord    G i *    tool, is widely used for socioeconomic and ecological analysis, where hot and cold spots represent the degree of aggregation in high and low-value spaces, respectively [76]. For an in-depth study of the spatial evolution characteristics of the eco-environmental quality in the QTP, this paper analyzes the spatial distribution of hot and cold spots of EEQI changes in the QTP based on the Getis–Ord    G i *    tool in arcgis10.2, and then analyzes the spatial evolution characteristics of areas with better and worse eco-environmental quality in the QTP.
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   G i *    directly visualizes the clustering position of high-value or low-value elements in space. Significantly positive    G i *   , with a larger value indicates a more obvious aggregation of high values in areas with better ecological quality in the QTP, which are called hot spots. On the contrary, there is a more obvious aggregation of low values in areas with poorer ecological quality, which are called cold spots. In the equation,    w  i , j     represents the spatial weight between regions i and j,    x j    is the value of EEQI,    x ―    is the mean of EEQI, s is the standard deviation of EEQI, and as for i, j = 1, 2, 3,..., n, n is the number of county units.




2.2.4. Geographically Weighted Regression


It has been shown that changes in eco-environmental quality are influenced by both the natural environment and socioeconomics, and the influence of both on eco-environmental quality is characterized by some spatial heterogeneity [77,78,79]. Therefore, this paper introduces GWR to explore the spatial heterogeneity pattern of the factors influencing eco-environmental quality of the QTP. The equation is as follows:


   Y i  =  α 0     u i  ,  v i    +   ∑   k = 1  m   α k     u i  ,  v i     X  ik   +  β i   



(5)




where Yi represents the EEQI of region i, α0 (ui, vi) represents the intercept, Xik represents the value of explanatory variable k in region i, (ui, vi) represents the spatial coordinates of region i, αk (ui, vi) represents the regression coefficient of explanatory variable k in region i, m represents the total number of explanatory variables, k represents the explanatory variable ordinal number, and βi random error. If αk(ui, vi) > 0, the explanatory variable K is positively correlated with EEQI and vice versa.





2.3. Influencing Factors


PLES evolution is a major cause leading to eco-environmental quality changes [80], and this paper focuses on the factors influencing the eco-environmental quality of the QTP from both natural ecological and socioeconomic dimensions. For the natural environmental factors, the QTP is in the main complex and diverse topography, with large differences in temperature and precipitation among districts and counties. Its ecological distribution is mostly influenced by precipitation, temperature, and elevation, and average annual precipitation, average annual temperature, and height above sea level are used as evaluation indexes in this paper; furthermore, NPP reflects the productivity of vegetation and has a direct effect on eco-environmental quality. Topographic relief and slope affect human activities, and thus, change land-use patterns that indirectly affect eco-environmental quality. Therefore, average annual precipitation, average annual temperature, height above sea level, topographic relief, slope, and NPP are used as natural ecological factors in this paper.



For socioeconomic factors, socioeconomic activities mainly include human daily activities, economic production activities, and construction activities [81,82,83]. Construction activities directly change land-use patterns, while human activities and economic activities directly influence construction activities and then indirectly affect land use. Therefore, economic density, population density, and nighttime light image are used as the indicators to represent economic activities, human activities, and construction activities in this paper; among them, the data on economic density and population density comes from Resource and Environment Science and Data Center (http://www.resdc.cn, accessed on 29 September 2021), the multi-factor weight distribution method is used to distribute the population data, and GDP data with the administrative area as the basic statistical unit to the spatial grid, the spatialization of population and GDP can be realized. Economic density is a reflection of regional economic development, while population density mirrors population density. A higher economic and population density indicates a greater demand for production space and living space, and thus, has a greater impact on the landscape pattern of the surrounding area. There are two ways to calculate urban nighttime light: one is to reflect urban development vitality by representing regional nighttime lighting intensity with the sum of pixel values of all illuminated areas within the nighttime area; the other is to reflect urban spatial expansion trends, land development intensity and construction scale by the sum of all light image pixels within the nighttime area, without considering the lighting intensity [84,85]. This paper leverages the latter method to calculate the nighttime light image to show the difference in construction intensity within the QTP. Therefore, economic density, population density, and nighttime light image are set as socioeconomic factors in this paper.



This paper chooses to analyze the influencing factors of EEQI of the QTP in 2010 mainly for the following reasons: Firstly, national ecological protection policies have been put forward in succession since 2010, leading to stricter requirements for ecological protection in the QTP. As a turning point of the ecological protection policy for the QTP, the year 2010 is typical. Secondly, some data from other years are missing, making it impossible to meet the research needs. In processing influencing factors, this paper extracts and converts raster data of the 216 county units of the QTP by the partition statistics tool of arcgis 10.2, as the base data are rasterized.




2.4. Research Steps and Data Source


2.4.1. Research Steps


This paper mainly includes four steps. The first step is about raw data and processing, aiming to construct a junction table between PLES and land-use type, and to perform data computation and processing of land-use transfer matrix, ecological environment response model, and GWR based on arcgis10.2, python, and excel. The second step is data analysis, which is committed to analyzing the evolution characteristics of PLES, EEQI, and influencing factors of EEQI. The third step presents a data review to evaluate the GWR model for independent variable multicollinearity and operational parameters, and analyze the standardized residuals of the influencing factors as well as spatial differences. The fourth step is the Discussion and Conclusions (Figure 2).




2.4.2. Data Source


Among the data sources, the dependent variable EEQI was mainly obtained by calculating the remote sensing monitoring data of the land use, where the land use/land cover data include 30 m × 30 m raster data sets for 1980, 1990, 2000, 2010, and 2020. The independent variables include average annual precipitation, average annual temperature, height above sea level, topographic relief, slope, NPP, economic density, population density, and nighttime light image; the data were obtained from open source websites (Table 3). In addition, the DEM_90 m data used in this paper were obtained from the Geospatial Data Cloud (http://gscloud.cn, accessed on 29 September 2021), the vector boundaries data of the QTP were obtained from the National Qinghai–Tibet Plateau Science Data Center (http://data.tpdc.ac.cn/zh-hans/, accessed on 29 September 2021), and the county-level administrative boundaries data were obtained from the National Geomatics Center of China (NGCC) (http://www.ngcc.cn/ngcc/, accessed on 29 September 2021).






3. Results and Analysis


3.1. Spatio-Temporal Evolution Characteristic of PLES


3.1.1. Spatial Evolution of PLES


In this paper, by reclassifying the land use/land cover data of the QTP from 1980 to 2020 by arcgis 10.2, we get the PLES distribution maps of the QTP for five time-points of 1980, 1990, 2000, 2010, and 2020 (Figure 3). In 1980, production space and living space accounted for a small proportion of the PLES of the QTP, and they were mainly located in the northeast and southwest, in a patchy distribution. The ecological space accounted for a large share, with ecological space of grassland and woodland mainly distributed in the west, east, and south, and other ecological space mainly in the north and northwest. The PLES in 1990 and 2000 showed similar distribution characteristics to those in 1980, presenting a general stabilization with insignificant changes. In 2010, production and living space in the PLES of the QTP increased obviously, while ecological space decreased. In particular, the grassland ecological space decreased sharply, while the land for other ecological spaces increased significantly, with the area changing mainly in the central and western regions of the QTP. The spatial distribution of PLES in 2020 was generally stable compared with that in 2010, with no significant changes.




3.1.2. Land Use Transformation Characteristic of the PLES


By overlaying the land use/cover data of different years of the QTP based on Arcgis10.2, in this paper, we have obtained the land transfer area for the four time periods of 1980–1990, 1990–2000, 2000–2010, and 2010–2020, have constructed the land use transfer matrix (for details see attached Table A1, Table A2, Table A3, Table A4 and Table A5), and created a land use transfer matrix Sankey diagram (Figure 4). The PLES transitions in the QTP from 1980 to 1990 and from 1990 to 2000 showed essentially similar characteristics, dominated by a shift from ecological space to production space and living space. During the period, the QTP saw a slight increase in the living space and production space, while a slight decrease in the grassland area in ecological space by about 10,348.8 km2, mainly transformed into other ecological space, agricultural production space, and water space. The PLES of the QTP from 2000 to 2010 showed the most significant transition characteristics, also with a shift from ecological space to production space and living space. For ecological space, the largest reduction was found in grassland ecological space, by about 445,463.07 km2, mainly transformed into other ecological space, woodland ecological space, and water ecological spaces. The PLES of the QTP from 2010 to 2020 continued the same transition, still dominated by the shift from ecological space to production and living space, with a decrease in intensity. In the ecological space, grassland ecological space was reduced by 24,924.18 km2, and the reduction was mainly transformed into woodland ecological space and other ecological spaces.



In general, the PLES transition from 1980 to 2020 in the QTP was dominated by the transformation of ecological space to production space and living space, and the area transformed from the PLES in the QTP from 2000 to 2010 was higher than that from 1980 to 1990, from 1990 to 2000 and from 2010 to 2020. The area of island ecological space in the second land type of the PLES decreased, while the area of the other seven types of space was increased in the order of: other ecological space > woodland ecological space > water ecological space > agricultural production space > urban living space > industrial production space > rural living space. As for the reasons, first of all, high coverage of alpine grassland in the QTP and the changes in the growth environment of alpine vegetation in the Midwest with global warming are the main factors leading to grassland degradation. In addition, overgrazing and urbanization are also key factors leading to grassland degradation. Second, global warming has led to the ablation of a large amount of glacial snow in the QTP, as evidenced by the area decrease of glacial snow from 51,888.59 km2 in 1980 to 39,708.59 km2 in 2020, and the snow ablation is a significant cause for the increase of water space. Thirdly, the increased area of production space and living space in the QTP account for a small share of about 2% of the total, mainly because the QTP is a highland area not suitable for large human settlement and the scattered distribution of urban and rural areas leads to insignificant changes in the area of living and production space.





3.2. Eco-Environmental Response


3.2.1. Change in Eco-Environmental Quality


The EEQI is used to measure regional eco-environmental quality, reflecting the changes in eco-environmental quality in the region, which may improve or deteriorate [56,57,58,59]. From 1980 to 2020, the EEQI of the QTP decreased from 0.5634 in 1980 to 0.5038 in 2010 and then increased to 0.5044 in 2020, showing a trend of decrease and then increase (Table 4). During that period, the transformation of grassland ecological space to other ecological spaces was a major factor leading to QTP deterioration of eco-environment, accounting for 82.608% of the total contribution. The conversion of other ecological space to grassland, woodland, and water ecological space was a major factor resulting in eco-environmental improvement, accounting for 93.199% of the total contribution. Agricultural and industrial production space, as well as rural and urban living space, had little influence on the improvement or deterioration of eco-environmental quality, accounting for a small share of the total contribution (Table 5). In general, from 1980 to 2020, the contribution rates of eco-environmental improvement and deterioration of eco-environmental quality in the QTP regions were 0.05 and −0.1, respectively, with the deterioration of eco-environmental quality over the improvement. Therefore, the EEQI of the QTP showed a downward trend.




3.2.2. Spatial Characteristics of Eco-Environmental Quality


In this paper, the EEQI of 216 county-level administrative regions in the QTP was calculated and visually expressed through the arcgis 10.2 platform (Figure 5). The high EEQI area in the QTP in 1980 was mainly in the midwestern and southeastern regions, while the low-value area was mainly distributed in the northern, northwestern, and central parts, showing a bi-center spatial distribution. The distribution characteristics of the high and low EEQI areas in 1990 and 2000 were similar to those in 1980, and generally tended to be stable. In 2010, the spatial distribution of EEQI in the QTP changed greatly, with a slight increase in the north, a significant decrease in the high-value areas in the west, and a significant increase in the east, markedly “low in the west and high in the east”. The spatial distribution of EEQI in the QTP in 2020 had no significant change, except for an increased number of high-value areas, which were mainly distributed in the east and southeast. The distribution of high EEQI areas in the QTP from 1980 to 2020 changed from a bi-center in the midwest and southeast to a monocenter in the east, with a significant decline in eco-environmental quality in the west, with an improvement in eco-environmental quality in the east.



In this paper, we further analyzed the aggregation characteristics of EEQI in the QTP uaing the hot spot tool, with the use of Getis–Ord    G i *    index in arcgis 10.2 (Figure 6). In 1980, the areas with a better ecological environment in the QTP were mainly distributed in the east and southeast, while the areas with a poorer ecological environment were mainly concentrated in the north, northwest, and middle. The distribution of cold and hot spots of the QTP eco-environmental quality changes in 1990 and 2000 showed essentially similar characteristics to those in 1980. The cold and hot spots of the QTP eco-environmental quality changes in 2010 and 2020 also showed similar distribution patterns, specifically, the areas with better ecological environment mainly distributed in the eastern and southeastern hot spots, with a significant increase, and the areas with poorer ecological environment mainly distributed in the northern, central, and western parts of the QTP.



Changes in ecological spatial patterns lead to changed EEQI, which, under the joint action of urbanization, industrialization, ecological restoration, and other socioeconomic factors, lead to the changes in the ecological and environmental patterns of the QTP, and then result in the evolution of EEQI. Due to the low level of economic development and lagged urbanization development in the QTP, they had little impact on the ecological environment and caused no significant changes in EEQI from 1980 to 2000. The rapid urbanization, with no effective protection of the ecological environment from 2000 to 2010, led to a decline in the ecological quality of the QTP and a large change in the spatial pattern of EEQI. The ecological environment quality of the QTP from 2010 to 2020 was improved compared to that from 2000 to 2010, mainly because that the Chinese government carried out ecological management by “Returning Cultivated Land into Forest and Grass” and ecological restoration, which to some extent counteracted the damage caused by human activities to the ecological environment, and thus pushed EEQI to grow slowly during that period. In addition, natural processes such as the melting of snow-capped mountains as a result of climate warming also have an impact on EEQI of the QTP.





3.3. Influencing Factors Analysis


This paper analyzes the influencing factors of EEQI of the QTP using the GWR model and performs calculations in arcgis 10.2 with EEQI as a dependent variable, topographic relief, average annual precipitation, slope, height above sea level, population density, NPP, nighttime light image, economic density, average annual temperature as independent variables. Due to the large difference in magnitude of the absolute values of the nine influencing factors, they were first standardized to normalize all independent variables to the interval of (−1, 1), and then regression analysis was performed using the GWR model, and finally, the standardized residuals of the regression results of the 216 county units of the QTP and the regression coefficients of each independent variable were visually expressed (Figure 7). In the results, the standardized residuals were in the range of (−5.1, 4.7), with about 98.15% of the values in the range of (−2.5, 2.5), indicating the good performance of the model. According to the absolute values of correlation coefficients, the influencing factors by intensity are ranked as follows: topographic relief > average annual precipitation > slope > height above sea level > population density > NPP > nighttime light image > economic density > average annual temperature, as detailed below:




	(1)

	
Average annual precipitation: The average annual precipitation of the QTP was predominantly positively correlated with EEQI, with the strength of the correlation decreasing gradually from the central part of the QTP to the east and west. A possible reason is that due to the complex natural environment and less average annual precipitation in the central part of the QTP, the vegetation in this region is sensitive to precipitation, resulting in a high correlation between the two and a greater contribution of precipitation to EEQI. In addition, due to plenty of water, the vegetation in the eastern and western parts of the QTP was less sensitive to precipitation than that in the central part, resulting in a lower contribution of average annual precipitation to EEQI [86].




	(2)

	
Average annual temperature: The average annual temperature of the QTP was predominantly negatively correlated with EEQI, with the strength of the correlation decreasing from the southeast to the northwest of the QTP, reflecting that the limiting effect of temperature on EEQI was higher in the southeast than in the northwest. A primary reason is that there are significant differences in the adaptive capacity of vegetation to temperature in different areas. The significant height drop and temperature variation in the southeastern part of the QTP led to significant spatial stratification differences in vegetation, making the sensitivity of vegetation to temperature in this region more prominent, so the temperature had a greater limiting effect on EEQI in the southeastern part of the QTP [87]. The overall low temperature in the midwestern region and the distribution of hardy grassland vegetation in the region make the vegetation more adaptable to the temperature than in the southeast, so the limiting effect of average annual temperature on EEQI in the west-central region of the QTP was lower than that in the southeast.




	(3)

	
Topographic relief: The topographic relief of the QTP was positively correlated with EEQI, with the correlation strength decreasing from northeast to northwest and south, showing a “stepped” spatial distribution. The large topographic relief in the south of the QTP tends to lead to landslides and soil erosion, and also exacerbates the difficulty of ecological protection, resulting in a smaller contribution of topographic relief to EEQI in the region. On the contrary, all the topographic relief in the northeastern part of the QTP was less undulating, thus, the vegetation growth conditions are better than those in the southern part, so the topographic relief contributed more to EEQI in the northeastern part of the QTP than in the southern part [88].




	(4)

	
Height above sea level: The height above sea level of the QTP was mainly negatively correlated with EEQI, with the strength of the correlation decreasing in a circling pattern from south to northeast and northwest. The height above sea level was one of the major factors directly affecting vegetation species and distribution, with a large drop height in the south As the height above sea level rises, vegetation richness decreases, leaving the ecological environment more fragile, so the height above sea level had an enhanced limiting effect on EEQI in this region [89,90]. In contrast, the drop height in the northern region of the QTP was lower, and the vegetation types in this region were also homogeneous, resulting in a smaller limiting effect of elevation change on vegetation types and distribution, so the height above sea level had a lower limiting effect on EEQI in the north of the QTP [91].




	(5)

	
Slope: The slope of the QTP was negatively correlated with EEQI, with the strength of the correlation decreasing from the central and eastern parts of the region to the southeast and northwest in descending order. The reasons for this were, first, that the central part of the QTP was mostly alpine grassland and other ecological lands with a fragile ecological environment and a larger slope led to a greater likelihood of erosion [92], and a stronger limiting effect on EEQI; second, the high level of urbanization in the eastern part of the QTP led to the encroachment of ecological space by construction activities in the region, making the limiting effect of slope on EEQI in the eastern part significantly higher [48,53].




	(6)

	
NPP: NPP of the QTP was positively correlated with EEQI, with the strength of the correlation decreasing in a stepwise manner from the eastern to the western part, and the spatial heterogeneity was obvious. One of the main reasons is that NPP is a large indicator of EEQI, and the distribution of NPP was mainly influenced by vegetation richness and hydrothermal conditions. According to the above analysis, the vegetation growth environment in the western part of the QTP was inferior to that in the east and the vegetation richness in the west is much lower [87], resulting in a lower contribution of NPP to EEQI in the western part of the QTP than in the east.




	(7)

	
Population density: The population density of the QTP is positively correlated with EEQI, with the strength of the correlation decreasing in steps from the central and western parts of the QTP to the eastern and western parts. A possible reason is that other ecological space (e.g., sandy land, gobi, swamp land et al.) in the central and western parts of the QTP has a higher share than in the eastern and western parts, and human activities transform other ecological land types with lower EEQI in the region into living and production land with higher EEQI; as a result, the contribution of population density to EEQI was higher in the western part of the QTP than in the eastern and western parts, which agrees with the findings of Li and Gao [56,58].




	(8)

	
Economic density: Economic density in the west of the QTP was positively correlated with EEQI but negatively correlated in the east. First, the economy in the eastern part of the QTP was more developed than that in the central and western parts, and the economic activities caused certain damage to the ecological environment in the east, resulting in a prominent limiting effect on EEQI by the economic density in the eastern part. Second, other ecological spaces with lower EEQI accounted for a large proportion in the western part of the QTP, and economic activities transformed the other ecological land with a lower EEQI to land-use types with a higher EEQI (e.g., cultivated field, urban, and industrial land et al.), resulting in a prominent contribution of the western economic density to EEQI.




	(9)

	
Nighttime light image: The nighttime light image of the QTP is predominantly negatively correlated with the EEQI, with a positive correlation in a small part of the eastern region and the strength of the correlation decreasing from the center to the east and west. The nighttime light image intuitively reflects the construction intensity and its expansion scale in the region. The above analysis shows that the ecological environment in the central part of the QTP is fragile, and construction activities tend to break its ecological environment, resulting in a high limiting effect of nighttime light image on EEQI there. The eastern part of the QTP is mainly composed of the Minshan Mountain Range and western Qinling Mountains with strong adaptability to the ecological environment, and the region is highly urbanized, increasing the intensity of ecological transformation in parallel with urban construction. Therefore, the nighttime light image of the area shows a certain contribution to EEQI.











4. Discussion


4.1. Change between Land Use and Land Cover


According to the above study, the ecological space of the QTP decreased, while production space and living space increased from 1980 to 2020, characterized by a degradation trend for the whole ecological environment. For the secondary land type, the land types of the QTP by change intensity from 1980 to 2020 are ranked as follows: grassland ecological space> other ecological space > woodland ecological space > water ecological space > agricultural production space > urban living space and industrial production space > rural living space (Figure 8), with the grassland ecological space decreasing in area, while the other seven types of space increasing. In the production and living space of the QTP, agricultural and industrial production space, urban living space increased by 0.05% of the total area, having a limited impact on the ecological quality of the QTP, and rural living space increased by 0.15%, reflecting that the main socioeconomic factor causing ecological degradation is the increase of rural settlements. In the ecological space of the QTP, the decrease in grassland ecological space accounted for 9.63% of the total, the increase in other ecological space accounted for 6.93% of the total area, and the increase in woodland and water ecological space accounted for 2.5% of the total area. The transformation of grassland ecological space into other ecological spaces is a major factor leading to the degradation of the ecological environment in the QTP. It differs from the land transformation in the more economically developed areas and in the plains. First, in the plains with rapid economic development, the changes in production and living space are greater than those in ecological space [43], and the transformation of the PLES is dominated by the shift of ecological space to production space [48], in particular, the land transformation in industrial economic zones is mainly showed as a continuous increase in production space, a continuous decrease in ecological space and a slight increase in living space [93]. Second, in areas dominated by ecological space (e.g., coastal zones), the production and living space is the land type with high variability [94]. It can be seen that the space transformation in the QTP was different from that in the plain areas, mainly because, firstly, the natural conditions of the QTP are complex and most of the areas are unsuitable for human life. Although production and living space increased, the increase was at a low percentage; secondly, the the QTP is vast and sparsely populated, and the ecological space was much larger in percentage than that of other regions, and human activities and economic development have limited impact on its space transformation. Therefore, the study of the QTP space transformation in this paper expands the research of land use evolution characteristics in plateau areas, which is helpful to explore and improve the relevant theories of land transition and ecological environment changes in plateau areas, and provides policy reference for space studies in plateau areas of other countries and regions.




4.2. Change Trend of EEQI


From 1980 to 2020, the EEQI changes of the QTP showed a general trend of decrease and then increase, with no significant changes from 1980 to 2000, but a sharp decrease in EEQI from 2000 to 2010, and a gradual improvement from 2010 to 2020 (Figure 9). An important reason is that the reform and opening-up from 1980 to 2000 promoted economic prosperity and led to the rapid development of urbanization. However, the QTP, located in northwest China, was underdeveloped in the economy, with lagging development of urbanization resulting in a small impact on the urbanization construction of the ecological environment and no obvious characteristics of EEQI changes. China started to implement the Strategy for Large-scale Development of Western from 2000 to 2010, and made every effort to promote the coordinated development of central and western China. During the period, the QTP development accelerated with the rapid advancement of the urbanization process. However, during the development, insufficient effective measures to protect the ecological environment led to a sharp decrease in grassland ecological space and a significant decline in EEQI. Since 2010, thanks to the national policy of “Returning Cultivated Land into Forest and Grass” and ecological restoration project, progress has been made in ecological governance. On the one hand, the state has strictly adhered to the concept of ecological protection in the process of land use and has taken remedial measures against illegal construction to ensure that the eco-environmental quality does not deteriorate throughout the development process; on the other hand, for areas where the ecology has been damaged due to regional development, ecological management has been carried out through “Returning Cultivated Land into Forest and Grass” and ecological restoration [95], so that the ecological environment in some areas has gradually improved, and the continuous deterioration of the eco-environmental quality of the QTP has been reversed.




4.3. Change of Influencing Factors in EEQI


This paper reveals that the EEQI influencing factors of the QTP by strength are in the order of topographic relief > average annual precipitation > slope > height above sea level > population density > NPP > nighttime light image > economic density > average annual temperature (Figure 10). Natural ecological factors are key driving factors influencing EEQI of the QTP, showing a distribution with obvious geographical and spatial differentiation. First, some findings of this paper are largely consistent with the conclusions of available papers. According to the studies, natural factors are an important basis for eco-environmental space in China and have a significant influence on eco-environmental quality [53]. Among the factors influencing the spatial differentiation of eco-environmental quality in rural areas of China, topographic factors are more influential, while social and economic factors are less influential [88]. In the Yellow River Delta region of China, natural conditions are the underlying factor influencing the spatial differentiation of eco-environmental quality, and the influence of socioeconomic factors on the spatial differentiation of eco-environmental quality is stable at a low level [48]. In southeastern Tibet, eco-environmental quality degradation is mainly the result of socioeconomic drivers, while changes in eco-environmental quality in other regions of Tibet are mainly influenced by natural factors such as temperature and precipitation [96]. Second, this study differs from other related studies as for the effect of population density on EEQI of the QTP, and finds that population density is positively correlated with EEQI, compared to the conclusion reached in the available studies that there is a negative correlation between population density and eco-environmental quality. The main reason is that the QTP land types differ from other areas in that there is a large proportion of other ecological lands with low EEQI, such as sandy land, gobi, swamp land, etc., and that human intervention may transform them into living and production space with high EEQI, such as cultivated field, urban and industrial land, resulting in the improvement of eco-environmental quality in this area, and a positive correlation between population density and EEQI. Compared with other regions, ecological space with small EEQI occupies a smaller portion, and human activities encroach on ecological space, leading to a negative correlation between population density and EEQI.





5. Conclusions


With the rapid development of the economy and society, the ecological space of different regions have been encroached and destroyed to a large extent, and the development coordination of the PLES has to be improved. In this context, how to promote the coordinated development of production, living and ecological spaces is a major theoretical issue that needs to be addressed urgently. This paper explores the evolution of the PLES pattern and changing characteristics of eco-environmental quality in the QTP from 1980 to 2020 based on the land-use transfer matrix, ecological environment response model, hot spot analysis, and analyzes the influencing factors of EEQI in 216 county units of the QTP using the GWR model. The main conclusions reached are presented as follows:




	(1)

	
There are obvious change nodes in the spatial evolution of the PLES of the QTP, and the change of the PLES pattern shows obvious shift nodes from 2000 to 2010, and there were no significant changes in PLES evolution patterns in the two periods of 1980–2000 and 2010–2020. From 1980 to 2020, the ecological space in the QTP decreased and the production and living space increased. In terms of transition of the secondary land type, the PLES pattern of the QTP showed a decrease in the area of grassland ecological space and an increase in the area of woodland ecological space, water ecological space, other ecological space, agricultural production space, industrial production space, urban living space, and rural living space.




	(2)

	
There was a large spatial heterogeneity in the spatial distribution of EEQI in the QTP, with higher EEQI in the midwestern and southeastern parts of the QTP from 1980 to 2000, and low-value areas mainly distributed in the central, northern, and northwestern parts of the QTP, in a bi-center spatial distribution. The hot spots of EEQI were mainly distributed in the east and southeast, while the cold spots were mainly concentrated in the north, northwest, and middle. The spatial changes of EEQI from 2010 to 2020 were obvious, characterized by the disappearance of the high-value area of EEQI in the central and western regions, the expansion of the low-value areas to the west, the gradual movement of the high-value areas to the southeast of the QTP, the obvious increase of the high-value areas in the east and southeast, prominent in the distribution characteristic of low west and high east. The hot spots of EEQI are mainly distributed in the eastern and southeastern hot spots, with a significant increase, while the cold spots are mainly distributed in the northern, central, and western parts of the QTP.




	(3)

	
The effects of natural ecological and socioeconomic factors on the spatial distribution pattern of EEQI of the QTP differed significantly, which are, by strength, ranked as follows: topographic relief > average annual precipitation > slope > height above sea level > population density > NPP > nighttime light image > economic density > average annual temperature, with natural ecological factors being main driving factors. The strongest effect of topographic relief on EEQI was found among natural ecological factors, and the strongest effect of population density on EEQI was among socioeconomic factors.









This paper provides new ideas for the coordinated development of land use, ecological environment protection, and the PLES in plateau areas. Theoretically, it explores the evolutionary pattern of the PLES and the change characteristic of eco-environmental response in the plateau region, facilitating a deep understanding of the evolutionary pattern of space in the plateau region. Practically, the findings of this paper can help the government and policymakers to find a reasonable model for the protection of the plateau ecological environment. It is not only applicable to the plateau region of China but also provides a reference for space and ecological, environmental protection in the plateau region of other countries and regions. However, there are some limitations to this paper. First, this paper analyzes the change characteristic of the QTP eco-environmental quality only based on land use/land cover data but involves no specific changes in the QTP eco-environmental environment by field research, as a result, it cannot fully reflect the real situation of the QTP eco-environmental quality, and the conclusion needs further verification. Second, this paper selects the influencing factors based on the typical characteristics of the QTP, not covering all factors. Therefore, the degree of influence of other factors such as slope direction, NDVI, soil type, industrial structure, and infrastructure level on the ecological quality of the QTP needs to be further verified. The authors will continue to deepen the research on these two limitations in the subsequent study.
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Table A1. Transfer matrix of land use structure change from 1980 to 1990 (km2).






Table A1. Transfer matrix of land use structure change from 1980 to 1990 (km2).





	
Ecological Space (ES)

Living Space (LS)

Production Space (PS)

	
1990




	
Grassland ES

	
Urban LS

	
Agricultural PS

	
Industrial PS

	
Woodland ES

	
Rural LS

	
Other ES

	
Water ES






	
1980

	
Grassland ES

	
15,203,540.21

	
95.41

	
2071.53

	
212.78

	
1083.68

	
12.16

	
3334.92

	
833.18




	
Urban LS

	
10.31

	
1919.54

	
0.03

	
0

	
0

	
0

	
0

	
0.02




	
Agricultural PS

	
62.18

	
58.61

	
191,183.55

	
26.7

	
44.03

	
5.83

	
25.03

	
576.19




	
Industrial PS

	
27.26

	
0

	
0.03

	
2737.15

	
0.07

	
0

	
0.02

	
0




	
Woodland ES

	
4390.1

	
0.04

	
13.54

	
0.01

	
2,766,179.84

	
0.05

	
257.27

	
3.29




	
Rural LS

	
0.86

	
0

	
0.61

	
0

	
0.16

	
7670.8

	
0

	
0.05




	
Other ES

	
2673.65

	
0.05

	
21.12

	
345.86

	
30.16

	
0

	
6,790,601.26

	
2676.85




	
Water ES

	
500.13

	
0.03

	
101.84

	
83.47

	
170.87

	
0.06

	
3526.67

	
1,086,979.17











[image: Table] 





Table A2. Transfer matrix of land use structure change from 1990 to 2000 (km2).






Table A2. Transfer matrix of land use structure change from 1990 to 2000 (km2).





	
Ecological Space (ES)

Living Space (LS)

Production Space (PS)

	
2000




	
Grassland ES

	
Urban LS

	
Agricultural PS

	
Industrial PS

	
Woodland ES

	
Rural LS

	
Other ES

	
Water ES






	
1990

	
Grassland ES

	
1,518,415.3

	
19.9

	
493.18

	
7.65

	
251.94

	
9.17

	
978.74

	
944.56




	
Urban LS

	
1.11

	
206.23

	
0.01

	
0

	
0.01

	
0

	
0

	
0




	
Agricultural PS

	
17.86

	
17.89

	
19,239.54

	
0.53

	
4.93

	
22.46

	
13.36

	
22.64




	
Industrial PS

	
0.06

	
0.04

	
0.01

	
340.44

	
0

	
0

	
0.04

	
0




	
Woodland ES

	
704.3

	
1.54

	
41.81

	
0.03

	
275,972.66

	
0.35

	
19.22

	
10.91




	
Rural LS

	
1.35

	
3.05

	
0.7

	
0

	
0.01

	
763.56

	
0.01

	
0.21




	
Other ES

	
362.61

	
0.49

	
18.34

	
33.07

	
19.41

	
0.65

	
677,253.11

	
2086.54




	
Water ES

	
777.66

	
0.07

	
11.7

	
2.19

	
63.23

	
0.14

	
2246.32

	
106,005.45
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Table A3. Transfer matrix of land use structure change from 2000 to 2010 (km2).






Table A3. Transfer matrix of land use structure change from 2000 to 2010 (km2).





	
Ecological Space (ES)

Living Space (LS)

Production Space (PS)

	
2010




	
Grassland ES

	
Urban LS

	
Agricultural PS

	
Industrial PS

	
Woodland ES

	
Rural LS

	
Other ES

	
Water ES






	
2000

	
Grassland ES

	
1,074,815.29

	
86.14

	
5204.04

	
187.43

	
64,356.38

	
94.8

	
343,952.8

	
31,581.48




	
Urban LS

	
3.81

	
230.45

	
8.2

	
1.37

	
1.96

	
0.52

	
1.78

	
1.13




	
Agricultural PS

	
2147.09

	
63.24

	
15,921.66

	
15.21

	
1052.48

	
98.39

	
177.43

	
329.3




	
Industrial PS

	
15.3

	
8.84

	
7.89

	
296.26

	
1.95

	
3.71

	
26.87

	
23.1




	
Woodland ES

	
32,205.92

	
8.39

	
1575.72

	
8.5

	
238,053.79

	
10.23

	
3464.6

	
983.74




	
Rural LS

	
26.27

	
6.56

	
46.21

	
1.09

	
4.67

	
703.47

	
2.94

	
5.12




	
Other ES

	
150,559.89

	
4.16

	
238.37

	
324.7

	
14,185.57

	
3.07

	
496,670.83

	
18,523.32




	
Water ES

	
10,117.58

	
8.25

	
154.23

	
33.37

	
1319.7

	
1.89

	
19,349.44

	
78,085.85
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Table A4. Transfer matrix of land use structure change from 2010 to 2020 (km2).






Table A4. Transfer matrix of land use structure change from 2010 to 2020 (km2).





	
Ecological Space (ES)

Living Space (LS)

Production Space (PS)

	
2020




	
Grassland ES

	
Urban LS

	
Agricultural PS

	
Industrial PS

	
Woodland ES

	
Rural LS

	
Other ES

	
Water ES






	
2010

	
Grassland ES

	
1,244,348.56

	
52.64

	
847.58

	
152.68

	
11,257.04

	
85.8

	
10,095.2

	
2433.26




	
Urban LS

	
14.97

	
356.62

	
28.19

	
0.63

	
3.06

	
7.66

	
2.57

	
2.35




	
Agricultural PS

	
874.62

	
64.54

	
21,321.09

	
25.65

	
620.42

	
104.22

	
43.83

	
99.41




	
Industrial PS

	
103.46

	
5.45

	
2.41

	
364.1

	
3.42

	
8.93

	
244.12

	
136.04




	
Woodland ES

	
11,257.89

	
19.89

	
617.49

	
25.88

	
305,958.07

	
16.95

	
772.3

	
330.63




	
Rural LS

	
50.24

	
7.51

	
86.98

	
1.07

	
10.49

	
752.86

	
4.16

	
2.59




	
Other ES

	
11,226.32

	
305.62

	
50.39

	
119.63

	
850.41

	
17.81

	
847,461.94

	
3604.66




	
Water ES

	
1788.41

	
9.4

	
91.95

	
5.89

	
240.09

	
2.48

	
1605.77

	
125,960.02
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Table A5. Transfer matrix of land use structure change from 1980 to 2020 (km2).






Table A5. Transfer matrix of land use structure change from 1980 to 2020 (km2).





	
Ecological Space (ES)

Living Space (LS)

Production Space (PS)

	
2020




	
Grassland ES

	
Urban LS

	
Agricultural PS

	
Industrial PS

	
Woodland ES

	
Rural LS

	
Other ES

	
Water ES






	
1980

	
Grassland ES

	
1,057,141.96

	
447.99

	
6416.28

	
246.8

	
73,109.73

	
181.05

	
348,415.28

	
34,095.41




	
Urban LS

	
5.68

	
163.58

	
15.15

	
0.15

	
1.07

	
4.93

	
0.59

	
1.84




	
Agricultural PS

	
2702.41

	
134.54

	
13973

	
36.83

	
1498.41

	
187.12

	
200.9

	
457.46




	
Industrial PS

	
42.4

	
12.76

	
6.89

	
161.52

	
3

	
7.42

	
36.6

	
5.85




	
Woodland ES

	
41,813.73

	
17.34

	
2023.49

	
31.46

	
22,7891.45

	
24.76

	
3696.19

	
1121.7




	
Rural LS

	
57.35

	
13.47

	
105.63

	
1.82

	
10.74

	
566.33

	
5.59

	
6.18




	
Other ES

	
155,844.39

	
20.83

	
286.78

	
205.25

	
14,563.5

	
21.4

	
487,164.32

	
20,914.48




	
Water ES

	
11,617.83

	
11.15

	
213.93

	
11.72

	
1380.04

	
3.73

	
20,149.91

	
75,506.13
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Figure 1. Study area. 
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Figure 2. Research framework and steps. 
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Figure 3. The pattern of the PLES from 1980 to 2020. 
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Figure 4. Transfer matrix of land use structure change from 1980 to 2020. 
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Figure 5. Spatial distribution of EEQI in the QTP from 1980 to 2020. 
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Figure 6. Spatial distribution of hot and cold spots of EEQI in the QTP from 1980 to 2020. 
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Figure 7. Spatial distribution of standardized residual and regression coefficients of driving factors. 
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Figure 8. The ratio of land-use conversion area from 1980 to 2020. 
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Figure 9. Change trend of EEQI. 
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Figure 10. The absolute value of the correlation coefficient. 
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Table 1. Classification of PLES function based on dominant function.
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First Types

	
Secondary Types

	
Tertiary Indicators

	
Code






	
Production space

	
Agricultural production space

	
Paddy field, dry land

	
1




	
Industrial production space

	
Industrial and mining traffic land

	
2




	
Living space

	
Urban living space

	
Urban land

	
3




	
Rural living space

	
Rural residential land

	
4




	
Ecological space

	
Woodland ecological space

	
Woodland, shrubby woodland, sparse woodland, other woodlands

	
5




	
Grassland ecological space

	
High coverage grassland, medium coverage grassland, Low coverage grassland

	
6




	
Water ecological space

	
Canals, lakes, reservoirs and ponds, permanent glaciers and snow, beach land

	
7




	
Other ecological space

	
Sandy land, gobi, saline alkali land, swamp land, bare land, bare rock land, other unused land

	
8
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Table 2. R-value of tertiary indicators.
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	Tertiary Indicators
	R-Value
	Tertiary Indicators
	R-Value





	Paddy field
	0.35
	Canal
	0.60



	Dry land
	0.30
	Lake
	0.55



	Industrial and mining traffic land
	0.15
	Reservoirs and pond
	0.55



	Urban land
	0.20
	Permanent glaciers and snow
	0.90



	Rural residential land
	0.20
	Beach land
	0.45



	Woodland
	0.95
	Sandy land
	0.05



	Shrubby woodland
	0.65
	Gobi
	0.05



	Sparse woodland
	0.60
	Saline alkali land
	0.05



	Other woodland
	0.40
	Swamp land
	0.45



	High coverage grassland
	0.80
	Bare land
	0.05



	Medium coverage grassland
	0.75
	Bare rock land
	0.05



	Low coverage grassland
	0.70
	Other unused land
	0.05
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Table 3. Index selection and source.
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Analysis Dimensions

	
Analysis Index

	
Data and Sources






	
Dependent variable

	

	
EEQI

	
Geographic Data Sharing Infrastructure, Resource and Environment Science and Data Center (http://www.resdc.cn, accessed on 29 September 2021)




	
Independent variable

	
Natural factors

	
Average annual precipitation

	
Geographic Data Sharing Infrastructure, Resource and Environment Science and Data Center (http://www.resdc.cn, accessed on 29 September 2021)




	
Average annual temperature

	
Geographic Data Sharing Infrastructure, Resource and Environment Science and Data Center (http://www.resdc.cn, accessed on 29 September 2021)




	
Topographic relief

	
Geographical Information Monitoring Cloud Platform (http://www.dsac.cn/, accessed on 29 September 2021)




	
Height above sea level

	
Geospatial Data Cloud (http://www.gscloud.cn/search, accessed on 29 September 2021)




	
Slope

	
Geospatial Data Cloud (http://www.gscloud.cn/search, accessed on 29 September 2021)




	
NPP

	
National Qinghai–Tibet Plateau Science Data Center (http://data.tpdc.ac.cn/zh-hans/, accessed on 29 September 2021)




	
Socioecono-mic factors

	
Economic density

	
Resource and Environment Science and Data Center (http://www.resdc.cn, accessed on 29 September 2021)




	
Population density

	
Resource and Environment Science and Data Center (http://www.resdc.cn, accessed on 29 September 2021)




	
Nighttime light image

	
Geographical Information Monitoring Cloud Platform (http://www.dsac.cn/, accessed on 29 September 2021)
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Table 4. EEQI of the QTP from 1980 to 2020.






Table 4. EEQI of the QTP from 1980 to 2020.





	Year
	1980
	1990
	2000
	2010
	2020





	EEQI
	0.5634
	0.5632
	0.5629
	0.5038
	0.5044
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Table 5. The major PLES land use transformation types influencing eco-environmental quality, their contribution rate, and ratio from 1980 to 2020.






Table 5. The major PLES land use transformation types influencing eco-environmental quality, their contribution rate, and ratio from 1980 to 2020.





	
Improvement of Eco-Environment

	
Deterioration of Eco-Environment




	
Structure Transformation of PLES

	
Contribution Rate

	
Contribution Percentage

	
Structure Transformation of PLES

	
Contribution Rate

	
Contribution Percentage






	
Grassland–Woodland

	
0.000926

	
1.803%

	
Grassland–Agricultural production space

	
−0.00109

	
0.995%




	
Agricultural production

Space–Grassland

	
0.000448

	
0.873%

	
Grassland–Other

ecological space

	
−0.09081

	
82.608%




	
Agricultural production

space–Woodland

	
0.000274

	
0.534%

	
Grassland–Water

ecological space

	
−0.00288

	
2.619%




	
Other ecological space–Grassland

	
0.040142

	
78.167%

	
Woodland–Grassland

	
−0.0013

	
1.183%




	
Other ecological space–Water ecological space

	
0.003717

	
7.238%

	
Woodland–Agricultural production space

	
−0.0004

	
0.362%




	
Other ecological space–Woodland

	
0.004003

	
7.794%

	
Woodland–Other

ecological space

	
−0.00106

	
0.965%




	
Water ecological space–Grassland

	
0.000874

	
1.702%

	
Woodland–Water

ecological space

	
−0.00012

	
0.113%




	
Water ecological space–Woodland

	
0.000128

	
0.249%

	
Water ecological space–Other ecological space

	
−0.00364

	
3.314%




	
Total

	
0.050513

	
98.361%

	
Total

	
−0.10132

	
92.160%
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