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Abstract

:

Scientific understanding of the evolution law of territorial space patterns and the ability to reveal the formation mechanism hold great significance for the sustainable utilization of territorial resources and the high-quality green development of the Yangtze River Economic Belt (YREB). In this study, we used the spatial chord diagram, landscape pattern index, and geographical probe to explore the evolution characteristics and formation mechanism of the territorial space pattern of the YREB from 2000 to 2020. The results showed the following: (1) The territorial space showed obvious geographical hierarchical distribution characteristics in the topographic gradient. Production and living space was dominant throughout the low and middle terrain region. Ecological space was dominant throughout the high-terrain regions. With the increase of altitude and slope, production and living space contracted, whereas ecological space areas expanded. (2) Since 2000, the territorial space has changed more dramatically. Over time, living space tended to increase, and production and ecological space tended to decrease, but ecological space was always dominant. In space, the geographical differentiation of territorial space was more obvious, and the pattern was relatively stable, with production space distributed primarily in the middle and lower reaches, living space distributed primarily in the lower reaches, and ecological space distributed primarily in the middle and upper reaches. The inter-transformation between territorial spaces was more frequent, and the transformation trajectory was diversified. (3) The fragmentation, heterogeneity, and dispersion of territorial space landscape patches throughout the whole region increased, and the balance and diversity of territorial space utilization improved. (4) Natural factors have continued to weaken the intensity of their effect on territorial space. Human factors gradually increased the extent of their interference in the territorial space. There are significant differences in the extent of the role of these different factors on the territorial space of the whole region and each basin. Natural and human factors jointly promoted the formation and development of the territorial space pattern.
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1. Introduction


Territorial spaces are important places for human survival and development, which provide a fundamental guarantee for economic and social development. Since the entering of the Anthropocene, the global spatial layout has been changing rapidly, bringing economic growth and social well-being [1]. Uncontrolled space expansion and resource depletion, however, have posed significant challenges to the stability and sustainability of the ecosystem [2]. With the deepening of our understanding of the relationship between socio-economics, resources, and environmental well-being, the concepts of the green economy are evolving, and green development is receiving increasing attention. The United Nations Development Programme (UNDP) first proposed the concept of “green development” in the “China Human Development Report 2002: Making Green Development a Choice,” pointing the way for an environmentally friendly green socioeconomic development path [3].



As the world’s largest developing country, China has experienced accelerated industrialization and urbanization since the end of the 20th century, which has dramatically changed the territorial space pattern. The proportion of construction land space rose from about 3.12% in 2000 to about 8.46% in 2019, with a significant expansion of urban, industrial, and mining space, leading to the country’s disparate spatial layout, uneven structural ratios, and ecological damage [4]. To alleviate the contradiction between development and conservation, the 19th National Congress first proposed the new concept of high-quality development. The 14th National Five-Year Plan emphasized that economic and social development should be aimed at promoting high-quality development and promoted speeding up the construction of a new pattern of development and utilization of territorial space with obvious functions, complementary advantages, and high-quality development. This plan indicates that there is an urgent demand to establish an orderly and coordinated territorial spatial order. Therefore, it is necessary to optimize the territorial space pattern and coordinate territorial space development, for which an in-depth analysis of the mechanism of territorial space development is essential.



Extensive research has been conducted on territorial space, which has primarily focused on land use; the evolution of territorial space function; and territorial space planning, development, and consolidation. According to the above three perspectives, to explore land use changes, the territorial space can be divided into cultivated land, forestland, grassland, water area, construction land, and unused land [5]. However, to examine the three zones and three lines, the territorial space can be divided into urban, agricultural, and ecological space [6]. The “three zones” refer to three types of territorial space: urban space, agricultural space, and ecological space, and the “three lines” are the three control lines corresponding to the urban development boundary, permanent basic agricultural land, and ecological protection red line, respectively. Since the 18th National Congress of the Communist Party of China proposed to accelerate the construction of “intensive and efficient production space, livable and moderate living space, and beautiful ecological space,” the coordination of production, living, and ecological space has needed to adapt to the management and research of territorial space. Thus, the research based on the perspective of “production–living–ecological” space has become the focus of government and academia. Although there are significant differences in the recognition of “production–living–ecological” space in academia [7], the connotation of production, living, and ecological spaces currently has formed a relatively unified framework [8]. The classification and identification of “production–living–ecological” space provide the basis for further research on territorial space. Among this research, classification based on land use [9], ecosystems [10], or landscape values [11] has divided the territorial space function, whereas identification has used mostly quantitative measurements and inclusive classification to identify single function spaces or dominant function spaces.



Existing research on “production–living–ecological” spaces has focused mainly on evolution, driving force, effect, and optimization. Research on evolution has revealed the changing characteristics of the “production–living–ecological” space function [12] and the law of coupling and coordination [13] and has examined the connection between the topographic gradient and the “production–living–ecological” space [14]. Research on driving forces has identified human factors, such as migration and farmer behavior [15]; natural factors, such as the climate; and human-natural interactions that all have significant effects on the “production–living–ecological” space [16]. Research on these effects has demonstrated that changes in the “production–living–ecological” space will cause climate changes [17], hydrology [18], and ecological quality, which will have an impact on the environment [19] and sustainability. Research on optimization and management has been based mainly on the analysis of human–natural system coupling [20], territorial space planning [21], and double evaluation [22] perspectives, which involve national [23], interregional [24], provincial [25], urban [26], county [27], and township [28] areas to propose optimal management countermeasures according to local conditions.



The Yangtze River Economic Belt (YREB) is one of the most active regions in China for the development and utilization of territorial space and also is the most important east west–axis of territorial space development, accounting for 21% of the national area, 40% of the national population, and more than 40% of the total economic output. Since 2000, driven by national policies, the YREB has developed rapidly. In 2020, the region achieved a total gross domestic product (GDP) of CNY 471,580 billion, accounting for 46.6% of the country. At the same time, however, the YREB is also responsible for serious ecological problems [29], and the uncoordinated territorial space development has seriously restricted the high-quality development of the region. Establishing the YREB as a model economic zone of high-quality development is an inevitable requirement against the backdrop of national development in the new era. In 2018, the YREB began “promoting well-coordinated environmental conservation and avoiding excessive development”; high-quality development officially became a national strategy; efficient and reasonable development and utilization of territorial space were established as the foundation of the Yangtze River’s ecological protection. In 2022, scientific planning of territorial space development and protection pattern, establishment and improvement of territorial space management and control mechanism, and speeding up the formulation of a territorial space plan were established as the essential requirements necessary to promote high-quality regional development of the YREB. This series of measures represents the transition of the development of the YREB from a high–speed development stage focusing on territorial space development since 2000 to a high-quality development stage with equal emphasis on development and protection today. Optimizing the territorial spatial pattern and achieving equal emphasis on development and protection is the key to achieving high-quality development of the Yangtze River Economic Belt.



Against the above backdrop, exploring the characteristics and driving mechanisms of territorial space development in the YREB can provide a scientific reference and theoretical support for the rational optimization of the territorial space pattern. Currently, the research on the territorial space of the YREB has featured the following three characteristics: First, in terms of research perspective, it has focused on the analysis of the single space of production, life, or ecology or the connections between two spaces. Research on the mutual influence of these three living spaces, however, has been lacking. Second, in terms of research content, it has focused mostly on the analysis of the evolution and optimization of territorial space, but less on the analysis of the driving mechanism. Third, in terms of research scale, most of the research has focused on the development of territorial space in each river basin, and few studies have examined the whole area on a large scale. Therefore, in general, the research on the process of changing territorial space patterns and the mechanism of regional differentiation in the YREB remains weak.



This study examined the evolutionary characteristics of the territorial space pattern of the YREB since 2000 and revealed the formation mechanism according to the territorial space research model, landscape pattern analysis, and geodetector. A scientific understanding of the evolution pattern and driving factors of the territorial space pattern of the YREB has promoted the formulation and implementation of territorial space planning, optimized the territorial space pattern, implemented the strategy of high-quality development of the YREB, and further promoted high-quality development in China.




2. Materials and Methods


2.1. Study Area


The Yangtze River Economic Belt (YREB) refers to the adjacent economic circle along the Yangtze River connecting the south west border to the eastern seacoast in China, consisting of two provincial level municipalities (i.e., Shanghai, Chongqing) and nine provinces (i.e., Sichuan, Yunnan, Guizhou, Hubei, Hunan, Jiangxi, Zhejiang, Anhui, and Jiangsu). This region covers an area of about 2.0523 million square kilometers, accounting for 21.40% of China’s total land area. The permanent population is about 602 million, and the average urbanization rate was 61.7%, which is higher than the national average. In 2020, the per capita GDP of the YREB was CNY 80,400, compared with China’s average of CNY 72,400. The YREB has strong comprehensive strength and huge development potential and is a major national strategic development area in China.



The YREB spans 21°08′ N to 35°20′ N, 97°21′ E to 122°25′ E. The region runs through the southeastern margin of the Qinghai-Tibet Plateau, the Yunnan-Guizhou Plateau, and the hills south of the Yangtze River from west to east, as well as the Sichuan Basin, the Lianghu Plain, the Poyang Lake Plain, and the middle and lower reaches of the Yangtze River. The terrain is high in the west and low in the east (Figure 1). It encompasses a vast territory, is rich in natural resources, and features complex terrain. In terms of elevation, the YREB decreases gradually from the upper reaches to the lower reaches, with the highest point in the upper reaches at 6511 m above sea level. The topography of the upper reaches mainly features highland and high mountains, with some basins and hilly areas at lower elevations. From the upper reaches, the elevation decreases along the east direction to the middle reaches, where mountains and hills dominate, with the highest elevation being about 3002 m. The lower reaches are generally flat, with plain terrain dominating, and the elevation is mostly below 50 m. In terms of slope, the whole area shows the spatial characteristics of a gradually decreasing overall slope from the upper reaches to the lower reaches, with areas of higher slope density being contiguous in the western part of the upper reaches and areas of the lower slope being distributed throughout most of the middle and lower reaches and near the Sichuan Basin of the upper reaches. According to the characteristics of the natural geographic environment in the study area, we used ArcGIS 10.2 (It is a new generation GIS software developed by ERSI (Environmental Systems Research Institute.) software to extract topographic factors, such as elevation and slope for topographic gradient analysis and combined this data with related studies [30]. With reference to the relevant criteria [31], we divided elevation and slope (Table 1).




2.2. Data Collection and Processing


2.2.1. Data Sources


In this study, we used land use and meteorological data obtained from the Resource and Environmental Sciences Data Center of the Chinese Academy of Sciences (http://www.resdc.cn/, accessed on 3 January 2022). The temporal coverage of selected data covered the years 2000, 2010, and 2020, with a spatial resolution of 1 km. We derived Digital Elevation Model (DEM) data from the Geospatial Data Cloud (https://www.gscloud.cn/, accessed on 10 January 2022) with a spatial resolution of 90 m. The administrative boundaries of the YREB are from the National Basic Geographic Information Center (http://ngcc.sbsm.gov.cn/, accessed on 10 January 2022). The socioeconomic data in this study were obtained from the 2000, 2010, and 2020 China Statistical Yearbook, China Urban Statistical Yearbook, China Urban Construction Statistical Yearbook, and China Regional Economic Statistical Yearbook and from the statistical yearbooks and bulletins of 130 cities in corresponding years. The policy aspect mainly considered the implementation time and coverage area of ecological protection policies to determine the index value. Based on multifunctional discernment of territorial space and referring to the existing research results [32], we established a linkage table of territorial space structure and land use type (Table 2).




2.2.2. Selection of Indicators


We selected 14 aspects of independent variables based on the relevant literature [33] and according to the study area’s natural geographical basis and socioeconomic factors, namely, the ecological function protected areas (X1), average elevation (X2), average precipitation (X3), average slope (X4), average fluctuation degree (X5), the average temperature (X6), GDP (X7), the population of permanent residents (X8), population density (X9), the urbanization rate (X10), urban per capita disposable income (X11), total fixed asset investment (X12), local general public budget revenue (X13), and total social sales (X14). These indicators fall into two categories. One reflects the state of the natural environment, involving topography, temperature, and precipitation. The other type reflects human factors, summarizing population, urbanization, policy, consumption level, and economic development. They are closely related to territorial space development and profoundly influence the distribution and evolution of space (Figure 2).





2.3. Methods


2.3.1. Terrain Distribution Index


A terrain distribution index is a composite index used to analyze the elevation and slope attribute information of any point in space [34]. This index can be used to comprehensively reflect the spatial differentiation of topographical conditions. The calculation formula is as follows


  P =  (     S  ie      S i     )  ×  (   S   S e     )   



(1)




where P is the terrain distribution index;    S  ie     represents the area of the territorial space of class i on the e topographic interval;    S i    represents the total area of territorial class i;  S  indicates the total area of the region; and    S e    represents the total area of the e topographic interval. If P > 1, the distribution of territorial class i on terrain interval e is dominant; otherwise, it is inferior. The larger P is, the higher the dominance degree is. If P = 1, the proportion of territorial class i on terrain interval e is equal to the proportion of that class in the study area.




2.3.2. Landscape Pattern Indexes of Territorial Space


The landscape pattern indexes are simple quantitative indicators that can highly condense landscape pattern information and reflect certain aspects of its structural composition and spatial configuration [35]. They can be used to analyze the essential characteristics of the spatial pattern of the country, such as size, distribution, shape, and structure. Combining the basic characteristics of the research object and the actual needs of the research content and comprehensively considering the representation meaning of each landscape pattern index, we used the following 10 indicators to quantitatively describe the territorial space pattern by Fragstats 4.2: Number of Patches (NP), Patch Density (PD), Area Integral Dimension (AFRAC), Mean Patch Area (Area_Mn), Landscape Percentage (PLAND), Sprawl (CONTAG), Aggregation Index (AI), Shannon’s Diversity Index (SHDI), Shannon’s Evenness Index (SHEI), and Landscape Shape Index (LSI). The definitions of these indicators are shown in Table 3.




2.3.3. Territorial Space Transition Analysis


The structure transformation of territorial space is achieved through the use of the Sankey diagram, chord diagram [36], and territorial space transfer matrix model [37].



Chord diagrams can express the association between multiple objects. A line segment connecting any two points on a circle is called a chord, and a chord represents the interrelationship between them. The wider the chord is, the higher the number of conversions between different territorial spaces will be. This study used a circle package in R language to compile, obtain, and construct the territorial space change, trajectory model.



Sankey diagrams are charts that describe the flow from one set of values to another. Inside the Sankey diagram, different lines represent different flow diversions, and the width of the line represents the size of the data represented by this branch. In this study, the software Origin 2021 was used to obtain Sankey diagrams.



Chord diagrams and Sankey diagrams can reflect and visualize the relationship between the number and flow of transitions between different territorial spaces.



The transfer matrix refers to the arrangement of the transfer area of territorial space changes in a matrix, which not only demonstrates the specific quantitative change of territorial space use, but also presents the territorial space transfer direction. The mathematical formula is as follows:


   S  i j   =  {       S  11        S  12       …    S  1 n          S  21        S  22       …    S  2 n            …       S  n 1              …       S  n 2                 …   …         …    S  n n            }   



(2)




where S represents the area, i and j represent the territorial space use types at the early and late stages of the study, and n represents the number of territorial space types.




2.3.4. Geographical Probe


In this study, we used Geodetector to identify and analyze the driving factors and their interactions with the territorial space changes in the YERB from 2000 to 2020.



Geodetector’s factor detector can detect associations between dependent geographic elements and their influencing factors and find dominant factors to quantify the interaction between two variables [38]. The following equation represents the q statistic:


  q =    1  −  1  N  σ 2      ∑   h = 1  L   N h   σ h 2   



(3)




where q is the index of the degree of explanation of changes in the territorial space pattern, and the value interval of q is [0, 1], where the closer the q-mean value is to 1, the stronger the explanatory power of impact factors is on territorial space evolution; h represents the classes of variables; Nh and N represent the number of grid cells within the entire region and subregion h, respectively; and    σ h 2   ,    σ 2    represent the variances of the entire region and subregion h, respectively.



Geodetector’s interaction detector can detect and calculate the interaction between two factors. In addition, q(Xi∩Xj) is the decisive force to exchange the two factors, which can reveal whether, together, the two factors Xi and Xj enhance or weaken the explanation of Y relative to their independent effects. The interaction types are shown in Table 4.






3. Results


3.1. Characteristics of the Distribution of Territorial Space


3.1.1. Spatial Distribution Characteristics of Territorial Space Based on Altitude Gradient


The total area of the territorial space in the seven elevation zones varied greatly. The first level elevation belt was the largest, and the sixth to seventh elevation belts were the smallest. With the increase in elevation, the territorial space showed a more obvious distribution hierarchy (Figure 3).



The dominant distribution region of production space was located in levels 1–5 of the elevation gradients, most notably in the level 6 and 7 elevation gradients, where the distribution index of production space approached 0 (Figure 4). Among these gradients, the dominant distribution region of agriculture space occurred at the level 1 and 2 elevation belts, and the dominant distribution region of industry and mining space occurred at the level 1–4 elevation belts, both of which were influenced by the elevation change and followed a more obvious trend of shrinking with an increase in elevation. Living space was distributed at the low and middle altitude region, especially at the level 1 elevation belt, with a distribution index greater than two, which was the dominant territorial space use manner in this region. Furthermore, the distribution index of urban and rural space followed a wave-like decreasing trend with an increase in altitude. This trend was mainly because the geographical environment and soil and water resource conditions at lower altitudes were more favorable for human survival and living as well as for various production activities. The elevation restriction of ecological space was weak, and its dominant distribution region tended to shift toward the high altitude region. The level 7 elevation zone was the most dominant distribution region of ecological space, among which the distribution index of forestland increased first and then decreased with an increase in altitude. The level 2–6 elevation belts were the dominant distribution region. The distribution index of grassland increased with increasing elevation, and the difference in the dominance of the elevation gradient decreased significantly. The distribution index of grassland in the highest elevation zone of level 7 was the largest, approaching four. We determined that the higher the altitude, the less human activities, and the lower the possibility of damage to the natural environment. Moreover, because of the influence of ecological projects, such as natural forest protection and returning farmland to forestland (grassland), the land that was not suitable for cultivation in high altitude areas was transformed into forestland and grassland. Therefore, forestland and grassland occupied a large proportion of land in the high altitude region. The distribution of other space was more concentrated, and with an increase in altitude, there was a significant three level gradient differentiation. This differentiation manifested mainly as the distribution index: the level 1–5 elevation belt was close to 0, the distribution index of the level 6 elevation belt was close to 2.5, and the distribution index of the level 7 elevation belt was close to 10. Thus, it has become the dominant territorial space used in this region. This is the main reason that the natural conditions of this area are better, and the territorial space use is relatively simple. The dominant distribution region of the water area was located in the low and middle altitude belts, and the dominant distribution was significant at the level 1 elevation belt.




3.1.2. Spatial Distribution Characteristics of Territorial Space Based on Slope Gradient


The territorial space area showed obvious gradient differences with an increase in the five slope, and the territorial space use was concentrated mainly in the level 1 slope region (Figure 5).



The dominant distribution region of production and living space was the level 1 slope belt. When the slope increased, the distribution index of production and living space tended to decrease, and the shrinking of living space was obviously larger than that of production space, which indicated that living space was more restricted by the slope (Figure 6). Specifically, the areas of agricultural, industrial and mining, and urban and rural spaces were all distributed primarily in the level 1 slope belt, in particular, urban and rural living spaces were the dominant way space was used in the region, and their distribution index decreased and approached 0 as the slope increased. This was mainly because human activities were relatively concentrated in flat regions, and the region with a lower slope was a more advantageous location for production and life. As the slope increased, it became more difficult for people to engage in agriculture and other production and construction activities. The ecological space was weakly restricted by the slope, except that the distribution index was less than one on the level 1 slope belt. The distribution index in other slope zones was greater than one and showed a positive correlation with the slope change, and the selectivity to the slope was not significant. The dominant distribution region of forestland, grassland, and other space were all located in the level 5 slope zone, and their areas tended to grow gradually with an increase in slope. The increment of forestland and grassland areas, however, decreased after the level 3 slope gradient, whereas the other space increased. The water was distributed primarily in the level 1 slope belt, and the distribution indices of other slope belts were similar and less than one because the distribution of water area was affected by the characteristics of the water body, which was distributed mostly on the flat ground.





3.2. Characteristics of the Distribution of Territorial Space


3.2.1. Temporal Characteristics


During the period from 2000 to 2020, the dynamic degree of territorial space use in the YREB was 1.99%. From 2000–2010 and 2010–2020, the dynamic degrees of territorial space were 1.90% and 2.00% respectively (Table 5). This result showed that human activities increasingly influenced the territorial space structure during the study period, and the territorial space area has changed more drastically. In general, the production and ecological space in the YREB followed a decreasing trend, whereas the living space followed an increasing trend. Specifically, except for agricultural space, grassland, and other space, the other five types of space expanded, among which the industrial and mining space was the most obvious. The remaining spaces were urban space, rural space, water area, and forestland, which expanded in turn.



From 2000 to 2010, was a period of high intensity development and utilization of land space (Figure 7), with economic construction at the core. In this period, urbanization and industrialization accelerated, and industrial and mining space expanded more drastically, with a dynamic degree of 10.27 (Figure 8). Meanwhile, against the backdrop of rapid socioeconomic development, a large influx of population into cities and towns led to an increase in demand for urban land, and urban space expanded significantly, with a dynamic degree of 4.62. Notably, rural space also was expanding, probably because the national control on rural construction was not strict enough during this time, and the phenomenon of “building new but not tearing down old” in rural housing was a serious problem, which led to the expansion of rural settlements. The degree of change was weak, however, with a dynamic degree of only 0.75, probably because of the serious phenomenon of rural population flowing to urban areas. This probably was because the rural population was moving to the cities and the demand for rural living space was decreasing. The expansion of industrial, mining, and living space, to some extent, has encroached on some of the cultivated and ecological spaces. Therefore, agricultural space, grassland, and other space shrinkage had the most obvious reductions in agricultural space, with a dynamic degree of 0.18. To alleviate the impact damage to the ecological environment caused by the rapid economic development in that period, the national ecological protection projects, such as the protection of natural forest resources and the return of farmland to forests, were introduced in succession, and corresponding measures were taken throughout the region. Such measures included the ecology theme plan set in Chongqing’s 10th Five-Year Plan, Jiangxi’s Poyang Lake Ecological Economic Zone Plan, and the building of a strong green economy province in Yunnan. Overall, the production space decreased from 2000 to 2010 with a dynamic degree of 0.14, and the living and ecological space increased with a dynamic degree of 1.69 and 0.01, respectively.



From 2010 to 2020, is the stage of synergistic and high-quality development of territorial space development and protection, with a focus on green economy construction. Production and ecological space tended to decrease and living space tended to increase during this period. Among these spaces, the agricultural space decreased with a dynamic degree of 0.29, whereas the industrial and mining, urban, and rural spaces all had different degrees of growth, and the most drastic growth was in the industrial and mining space, with a dynamic degree of 21.4. With the YREB rising as a national strategy, the question of development and protection gained increasing attention. Following the guidance of policies such as ecological civilization construction and high-quality development, the YREB forestland and water area continued to follow the trend of expansion and the other space decreased, indicating that human beings increased the development of other space, which had a positive promotion effect on ecological protection. In general, in light of the development of significant damage to the environment, the YREB ecological space contraction trend became more obvious, but the number of ecological spaces under the constraints of national and regional ecological protection policy was controlled to a certain extent, which guided socioeconomic development in the direction of green and high quality.




3.2.2. Spatial Distribution Pattern and Evolution Characteristics


The overall pattern of territorial space in the YREB is solid, featuring obvious characteristics of geographical differentiation. Production space is dominated by agricultural space, with the most widely distributed agricultural space in the middle reaches, especially along the Jianghan Plain and the river plain in the east of Hubei, including the municipal areas of Jingmen, Jingzhou, and Wuhan. These areas are the main grain producing areas in China, forming a high concentration of agricultural space (Figure 9). In addition, the upper reaches near the Sichuan Basin and hills, including the municipal areas of Chongqing and Dazhou, and the lower reaches with Yancheng, Changzhou, and Liuan as the main areas in southern Jiangsu and the central and northern Anhui, form a medium level of agricultural space clustering (Figure 10). The agricultural space in these regions have followed a more obvious expansion trend, compared with the other regions, which basically followed a contraction trend. The municipal areas account for 89.36% of this contraction, with the most obvious contraction occurring in the upper reaches. We identified several reasons for this trend. As ecological protection has increased, arable land and construction land have been converted into ecological space, and this change has been most significant in the upper reaches where the ecological environment is fragile. The industrial and mining space is distributed primarily in the lower reaches, concentrating in the Yangtze River Delta and other areas with a high level of development, such as Lianyungang, Yangzhou, and Huzhou. The expansion of industrial and mining space has been remarkable, and basically all cities have followed the trend of industrial and mining space expansion of different magnitudes, among which Chongqing and Chengdu have experienced the most obvious expansion.



The distribution and evolution of living space are positively correlated with production space. The urban space is distributed in the Yangtze River Delta, the urban agglomeration is concentrated in the middle reaches, and the capital cities are located in the upper reaches, all of which are areas with a high level of urbanization. The rural space is distributed in the areas with more agricultural space, primarily because these areas are suitable for agricultural production and have a better natural environment, flatter terrain, and more concentrated population, which has formed the agglomeration area of these rural settlements. The regional differences in living space changes have been small, and most of the regions are predominantly expansionary. In particular, the urban space has shown a generally dense expansion throughout the whole region, which may be driven by a new type of urbanization policy and may be related to the expansion of industrial and mining space, where industries tend to be distributed around the cities, and the development of these industries drives the construction of towns to a certain extent. Rural spaces often are built along mountains and rivers, and this type of expansion has been relatively obvious in the middle and lower reaches, where the terrain is relatively flat and the lakes and river networks are dense.



The ecological space is dominated by forestland, which is relatively concentrated in the western mountains of the middle reaches and the Qinghai-Tibet mountains of the upper reaches, including Yongzhou, Ganzhou, Shiyan, and other cities in western Hunan and northwestern Hubei, and in Puer, Xishuangbanna, Liangshan, and other places in western Sichuan and western Yunnan. These regions are basically mountainous areas that are less developed and have stronger geographical constraints. Grassland and other space are concentrated in plateau mountainous areas, such as western Yunnan and western Sichuan, where the higher the terrain, the weaker the degree of human activity. This land type is relatively simple, which is conducive to vegetation conservation. The water area is small and subject to topographic and climatic differences, mainly in the relatively low terrain areas in the middle and lower reaches and the higher terrain headwaters area in the west. The ecological space changes dramatically, with a decreasing trend in the middle and upper reaches and an expanding trend in the lower reaches. Among these regions, the expansion of forestland and water area has been similar to the contraction of agricultural space, which has revealed a strong expansion behavior in the upper reaches, while the spatial evolution of grassland has contracted. The other space basically has remained stable, and only a few frontier cities at the junction of Sichuan and Yunnan and the junction of the middle and lower reaches are in a state of contraction. Overall, although the ecological space has been declining, it still accounts for the largest area of territorial space, is the most widely distributed, and always dominates the space.




3.2.3. Transformation of Territorial Space Type


From 2000 to 2020, the mutual transformation behavior between the territorial spaces has been frequent, and the transformation trajectories have been diversified (Figure 11). Production space was converted to ecological space, and living and ecological space were converted to production space, subdivided in sections as shown in Figure 10b. Specifically, the outflow of agricultural space and grassland was frequent, the inflow of industrial and mining space, urban, and rural space occurred frequently, and the inflow and outflow of forest and other space were roughly balanced, subdivided in sections as shown in Figure 10a.



From 2000 to 2010, production space was dominated by outflow behavior, and the transition from agricultural space to other types of space was the most obvious. Agricultural space mainly flowed to the forestland, with an outflow area of 105,034.45 km², which was followed by grassland, water, and rural space, and these outflow areas decreased in turn. Industrial and mining space was dominated by the inflow of other types of space, which mainly originated from the forestland, water area, and urban space. The inflow area was relatively small (only 5412.63 km²), however, with no obvious changes. Living and ecological spaces mainly received an inflow of other types of spaces, among which urban and rural living spaces mainly received an inflow of agricultural spaces, with an inflow of 5803.03 km² and 9550.80 km², respectively, while forestland spaces received an inflow of agricultural and rural spaces, with an inflow of 101,893.67 km² and 6926.52 km², respectively. From the trajectory line of the transformation of land space use types, the transformation behavior was more active in this period, and the types of transformation were diversified. From 2010 to 2020, the production space was dominated by outflow behavior under the influence of the continuous strengthening of the outflow behavior of agricultural space. The degree of outflow has weakened, however, mainly because of the strengthening of the inflow behavior of industrial and mining space, which has manifested in the inflow of forestland, grassland, and water area. Living space received the inflow of other types of space, mainly because urban and rural spaces demonstrated strong inflow behavior, and agricultural space was the main inflow type. The ecological space remained stable, and its dynamic changes were reflected in the interconversion with the production space. The behavior of ecological space flowing to the production space was stronger and greater in area, reaching 196,121 km². The evolution of territorial space in this stage was similar to the previous stage, but the trajectory lines were denser, which suggested that the types of territorial use change were more diverse and the behavior of territorial use change was more active.





3.3. Dynamic Evolution of Territorial Landscape Structure


3.3.1. Evolution of Territorial Landscape Structure at the Class Level


Under the influence of increased human disturbance, the level of fragmentation of the production space landscape pattern, the degree of regularity of shape, and the dispersion of patch distribution all increased. Among them, Area_Mn, PLAND, and AFRAC indicators of agricultural space decreased from 1341, 31.2484, and 1.6601 to 1241, 29.7424, and 1.6589, respectively, and NP and PD increased from 47,561 and 0.0233 to 48,951 and 0.0240, respectively. These changes indicated that the fragmentation degree of cultivated land increased and the shape tended to be simpler, reflecting the increased difficulty of converting agricultural land for large-scale use. The Area-Mn index of industrial and mining space decreased from 254 to 214, but all other landscape pattern indices followed an increasing trend. This change reflected that the industrial and mining space became more fine-grained in the process of expansion, the overall layout tended to be dispersed, and the shape of patches was more complex (Figure 12).



The pattern of living space became increasingly less disturbed by human activities, the spatial layout became concentrated, the patch shapes became irregular, and the degree of fine fragmentation became weaker. The PLAND, NP, PD, and Area-MN indexes of urban and rural space followed a stable increasing trend. Note that the AFRAC index of urban space tended to increase from 2000 to 2010, from 1.4345 to 1.4591, but then it decreased to 1.4366 in 2020, which indicated that the construction of urban space was more disorderly and chaotic in the early development process. With the acceleration of new urbanization construction, however, urban space developed toward order and regularity. The AFRAC indicator of rural living space decreased from 1.6796 to 1.6537, following a continuous decreasing trend, which indicated that the new rural construction was effective, and the rural settlements were becoming more common.



With the rapid development of industrialization and urbanization, the demand for land has been increasing, the ecological landscape area has become smaller, the shape of patches has become complex, the level of landscape fragmentation has become more prominent, and the spatial distribution has become more dispersed. Among these changes, NP and PD indices of forestland and grassland followed an increasing trend, and the Area_Mn index followed a decreasing trend, which reflected the increased fine-grained degree of both. PLAND and AFRAC indicators of forestland increased, from 45.87, 1.6206 to 46, 1.6252, respectively, among which PLAND increased significantly, indicating the forestland expanded and the shape became more complex. Grasslands experienced exactly the opposite change. However, the encroachment and fragmentation of both forestland and grassland increased. Indicators of PLAND, PD, and NP of water and other space followed an increasing trend, and indicators of the Area-Mn index followed a decreasing trend, from 428 to 411, which indicated that the water and other space became more fragmented because of the enhanced impact of human activities. In addition, the AFRAC indicator of water increased from 1.5722 to 1.5725, which could be attributed to the complex shape of the patches of water under the disturbance of human activities. The AFRAC index of other space tended to decrease, from 1.6017 to 1.5914, mainly because of socioeconomic development, which transformed other space into regular and simple shapes to facilitate human activities. Therefore, the fractal dimension tended to decrease.




3.3.2. Evolution of Territorial Landscape Structure at the Landscape Level


From 2000 to 2020, the indicator LSI increased from 256.0091 to 264.8952, reflecting the increasing degree of fragmentation and discretization of landscape patches during the study period (Figure 13). AI and CONTAG indices decreased from 64.6003 and 46.1252 to 63.3742 and 43.2947, respectively. These changes indicated that the degree of landscape agglomeration tended to weaken; the fragmentation level gradually increased; the connectivity of dominant patches, such as agricultural space and forest in the landscape decreased; and the landscape presented a dense pattern of various elements. This showed against the backdrop of rapid regional development, the influence of other types of space on the disturbance of agricultural space and forestland increased. The SHDI and SHEI indices both increased, and SHDI increased more obviously from 1.2733 to 1.3397. This change indicated that the degree of heterogeneity of the territorial space landscape types has increased, the balance and diversity of utilization have improved, and the pattern tended to be diversified. This change indicated that under the influence of other types of landscapes, the control effect of the dominant patches on the overall landscape was constantly being weakened.





3.4. Quantitative Attribution of the Evolution of Territorial Space


During the period from 2000 to 2020, the q-means of natural factors of production, living, and ecological space changed from 0.49, 0.55, and 0.58 to 0.40, 0.34, and 0.44, respectively, which followed a downward trend. The q-means of human factors changed from 0.16, 0.17, and 0.14 to 0.19, 0.16, and 0.26. This change showed that the impact of natural factors on the spatial pattern of the YREB was decreasing, whereas the impact of human factors was increasing (Figure 14).



From 2000 to 2010, natural factors dominated the development of territorial space(Table 6). The major limitation is the terrain conditions. Topographic relief and slope facilitate or hinder human activities and influence the territorial spatial layout. However, with the advancement of technical conditions, its restrictions were constantly weakening. The role of population in human factors continued to become apparent. It may be that since the reform and opening up, labor flowed freely and was cheap. It formed a labor-intensive industrial structure and relied on high labor participation rates to promote economic development. Population mobility or settlement had a great impact on the national land space. In addition, the effect of policy on production space was also larger (X1 = 0.20). Economic development had a greater impact on living space, X12 = 0.21, X13 = 0.22. The level of living consumption had a greater impact on the ecological space, X14 = 0.21. From 2010 to 2020, the influence of elevation and slope remained high. However, the influence of human factors maintained the increasing trend and exceeded the limits of most natural factors. The influence of population remained the most pronounced. In addition, the production space was significantly affected by the level of consumption (X14 = 0.24). As people’s requirements for consumption quality were rising higher and higher, the development of emerging industries met people’s needs for a better life. Promoting regional economic growth. It also manifested in the coordinated development of production and living spaces. Living space is affected by policy (X1 = 0.20) and consumption level (X14 = 0.19). This is closely related to implementing policies such as new urbanization construction and urban–rural integrated development. Ecological space is influenced by economic development (X12 = 0.34, X7 = 0.29). Noteworthy is the balance between conservation and development.



3.4.1. Exploration of Natural Factors


As the natural background of territorial space, natural factors create the basic conditions for the evolution of territorial space patterns. Production space was most affected by topographic relief, elevation and slope, with q-means of 0.61, 0.68 and 0.54 in 2000, 2010 and 2020, respectively. Among these changes, altitude was the dominant factor in the change of the production space in the upper reaches, and the q-mean value reached 0.72. Because the upper reaches terrain is rugged and complex, the elevation difference is large, and human activities are strongly restricted by altitude, which is not convenient for large-scale agricultural farming. In addition, transportation is inconvenient and the population is sparse, which is not conducive to the development of industrial activities. Thus, the production space in the upper reaches decreased significantly when altitude increased. Topographic relief had an obvious influence on the production space in the middle and lower reaches, with q-mean values of 0.65 and 0.70, respectively. As low hills and plains alternate in the middle and lower reaches, the terrain fluctuates greatly, which is not conducive to large-scale agricultural mechanization. In addition, the development of industrial construction activities is restricted. Living and ecological spaces have been significantly influenced by temperature, slope, and altitude, with q-means of 0.21, 0.68, and 0.15 for the three periods, respectively, among which altitude and slope are directly related to the distribution and evolution of living and ecological space in the middle and upper reaches. Because of the complex topography in the middle and upper reaches, the altitude and slope are undulating, and the layout and construction of urban and rural residential buildings are scattered only in those areas that have excellent geographical conditions and in which the altitude is lower and the slope is less undulating. This has created a unique living space pattern of small-scale agglomeration and large-scale dispersion in mountainous areas. Meanwhile, as the lower elevation and slope region in the upper reaches are occupied primarily by production and living space, the ecological space has been distributed primarily throughout the higher elevation region. This region has been less disturbed by human beings and is coupled with complex and diverse mountainous hilly terrain, which has provided rich water and heat conditions and types, further providing a diverse living environment for vegetation growth. The temperature has had a large impact on the living and ecological space in the lower reaches, with q -means of 0.58 and 0.59, respectively. For living space, the lower reaches are located in a subtropical high pressure belt, which has extremely high temperatures and has become the main climate characteristic in summer. The lower reaches have featured a high level of urbanization, the expansion of building land, the enhancement of nighttime lighting, and excessive emissions of automobile exhaust caused by temperature increases. The urban heat island effect has been generated by high temperature and has had a significant impact on the layout of urban and rural residential and infrastructure construction. The temperature rise has exacerbated the frequency of natural disasters, such as floods and storm surges, causing greater duress on the residents in the lower reaches’ coastal areas, further affecting the layout and construction of urban residential areas along the coast. For ecological space, thermal and moisture condition have been important factors affecting the spatial distribution pattern of vegetation. The vegetation coverage in the lower reaches generally has been high in the south and low in the north, which has been consistent with the pattern of thermal and moisture conditions. Thus, it can be seen that temperature has influenced the layout and evolution of ecological space.



Most notably, natural elements have played different degrees of facilitating or inhibiting roles in the evolution and development of the territorial spatial pattern.




3.4.2. Exploration of Human Factors


Human dimensions are the dominant drivers of the evolution of territorial space patterns. Population density, fixed asset investment, local general public budget, total retail sales of consumer goods, and urbanization rate have had prominent degrees of influence. Population density has been the dominant factor in the spatial evolution of the middle and upper reaches of the country, among which the q-means of production, living, and ecological space were 0.34, 0.28, and 0.33 in the upper reaches and 0.22, 0.41, and 0.25 in the middle reaches, respectively. As the development level of the middle and upper reaches gradually improved, the outflow of the population decreased, and the inflow of population increased, which has led to the continuous growth of the regional population. To accommodate the expanding population, urban and rural residential space has increased rapidly, thus expanding the living space. With this increase in the labor force, agriculture, industry, and mining space have followed an expanding trend, and the phenomena of encroaching on ecological land and destroying the natural environment have become increasingly prominent, thus greatly affecting the ecological space. In addition, the ecological space in the middle reaches has been significantly influenced by policy, with a q-mean of 0.31. Under the influence of macropolicies, such as “Ecological civilization construction” and “Conservation of the Yangtze River”, ecological issues have become increasingly important. All provinces in the middle reaches have formulated relevant ecological protection policies and jointly issued the “Tongpingxiu” green development pioneer area construction agreement, which strives to build an ecological green heart in the middle reaches of the Yangtze River. Meanwhile, the policy “Development Plan of Urban Agglomeration in the Middle Reaches of the Yangtze River” clearly identified the need for urban agglomeration to establish an interregional linkage mechanism of ecological construction and environmental protection and to build an ecological urban agglomeration that can be influential. Policy factors have had a notable effect on the development of ecological space in the middle reaches. The q-means of fixed asset investment, local general public budget, total retail sales of consumer goods, and urbanization rate in the lower reaches were greater than 0.80, indicating their significant impact on production, living, and ecological space. Since 2000, these indicators have shown high levels in the lower reaches, especially in southern Jiangsu, northern Zhejiang, and southern Anhui, as well as throughout the entire Yangtze River Delta, where these indicators are driving the economic strength of these regions, improving the quality of rural development, improving the function of urban carriers, making public facilities more adequate, and improving the quality of life of residents. These changes have profoundly affected the evolution and distribution of production and living space in the lower reaches, and subsequently have influenced the development of ecological space in the lower reaches.



Above all, human dimensions have intensified the disturbance to the development of territorial spatial patterns and have played a strong driving role in the evolution and development of the territorial spatial pattern.




3.4.3. Coupled Human–Nature Interaction


We did not identify any factors that played an independent role in the territorial spatial changes of the YREB from 2000 to 2020, but we did find synergistic enhancement effects, which included mutual and nonlinear enhancement (Figure 15).



These results indicated that the development of the territorial space pattern was the result of the synthesis of natural, demographic, economic, policy, and other factors. Natural and human elements work together to promote the formation and development of the territorial space pattern of the YREB. During the study period, the interaction strength of slope, altitude, and population factors generally was stronger than the interaction between other factors. The YREB is a vast area with complex topographic conditions and a large population. Thus, it is inevitable that the interaction between slope, elevation, and population would be stronger and more complex, subdivided in sections as shown in Figure 15A. The development and utilization of territorial space in the different regions followed distinct patterns, subdivided in sections as shown in Figure 15B. Specifically, the upper reaches have a special ecological environment, but GDP and the local general public budget have enhanced the influence of natural elements on the territorial space pattern. The role of policy and natural elements in the middle reaches was more obvious, indicating that the macroregulation of policy has had an obvious driving effect on the development of territorial space in the middle reaches. The lower reaches have experienced active socioeconomic development and natural elements, most notably climate and topographic relief, which have interacted with various human elements to promote the development of territorial space.






4. Discussion


4.1. Analysis of the Spatial Dynamics Evolution of the Territorial Space


Since 2000, the YREB has experienced rapid development through the eastern coast’s priority development strategy, central China’s rise, and western China’s development [39]. Based on land use and socioeconomic data, this study systematically analyzes the dynamic change characteristics of territorial spatial utilization in the YREB from 2000 to 2020 by applying the theory and method of the evolution of territorial spatial patterns.



Under the background of urbanization and industrialization, the territorial space pattern of the YREB has undergone significant changes. Since 2000, industrial, mining, urban and rural spaces have been expanding significantly. The demand for production and living space keeps increasing, the area of ecological landscape decreases, the patch shape becomes complex, and the level of landscape fragmentation becomes larger. It indicates that the phenomenon of encroachment and segmentation of ecological space is increasingly severe, and ecological problems are prominent, which is the same as the previous research results [40,41,42]. With time, the development of China’s territorial space will shift from intensive development and utilization in 2000 to high-quality development and utilization of equal importance to development and protection in 2020. Under the influence of the policies of returning farmland to forest (grass), natural forest resources protection, and ecological civilization construction, ecological issues have been emphasized. The transformation of production space to ecological space is obvious, especially the inflow of agricultural space to woodland and grassland is especially significant [43]. It shows that the YREB pays more attention to the ecological environment while ensuring the stable expansion of production and living space. The coordinated development of production, living, and ecological space is improving, consistent with previous studies [44,45]. However, in general, the problem between development and conservation will not be solved overnight. The YREB is a vast area with a long development history, and despite many control measures, there is no guarantee of immediate results [46]. The research shows that the development of ecological space is slightly different from the expectation, with the same result as related research. However, under the constraints of national and regional ecological protection policies, the reduction of ecological space quantity will be effectively controlled, which will undoubtedly lead the social economy to develop in the direction of green and high quality in the future. In the future, the YREB should strengthen spatial management, prevent ecological space from being excessive, and expand ecological space to provide an ecological protection barrier for regional development under the effective control of production and living space.



The territorial space of the YREB shows prominent characteristics of geographical differentiation. Production and living space are mainly located in and expand significantly around areas with relatively flat topography and more developed economies, concentrated mainly in the middle and lower reaches. Ecological space such as forestland and grassland are mainly located in less developed mountainous areas with relatively rugged terrain [47], mainly in the upper reaches. However, its expansion area is mainly located in the lower plain with low topography. Since the lower reaches have reached a relatively high level of social and economic development, in order to implement the national environmental protection strategy, the main task is to guide the coordinated development of production, living, and ecological space. In general, the significant regional differences in the territorial space of the YREB hinder its coordinated and sustainable development. It should focus on shrinking regional development differences and promoting coordinated development of the YREB.



It is worth noting that the YREB is an important agricultural production base in China. Under the background of rapid development, cultivated land resources carry a large load, and non-agricultural construction and ecological farmland conversion occupy a large number of cultivated land resources, leading to the contraction and fragmentation of agricultural production space [48]. To ensure food security, we should emphasize optimizing and adjusting the structure of cultivated land and promoting agricultural science and innovation to promote the intensive use of cultivated land.




4.2. The Driving Force of Territorial Space Evolution


Related studies show that 60% of land use/cover change can be attributed to human economic and social development activities, and 40% of land use/cover change is related to climate change and other factors [49]. The YREB is one of the most densely populated regions. The population is the dominant human-driven mechanism in the evolution of the territorial space pattern of the YREB. On the one hand, it promotes regional development; on the other hand, it leads to continuous urban and rural expansion, the construction of industrial and mining enterprises, and the opening of transportation routes. It causes the occupation of cultivated land and ecological space, which eventually endangers food security and destroys ecological balance. In order to play a positive role, reduce the negative role. In the future, the provinces should reasonably assess the population carrying capacity and potential, break through the bottleneck of the population carrying capacity, improve the population carrying capacity, scientifically optimize the spatial distribution of population, formulate relevant policies to regulate population growth and migration, guide the population to grow moderately, and avoid adverse effects of population issues. In addition, measures should be taken accordingly to the economy, consumption, and urbanization to promote the development and utilization of territorial space in a positive direction.



Natural factors profoundly influence territorial spatial changes, but the degree of explanation gradually decreases. Changes in topography affect the type of territorial space use and distribution throughout the basin. The YREB is a vast zone with complex topographic and climatic conditions, showing a micro topographic pattern that was high in the west and low in the east. Regional differences in natural endowments also have created regional differences in the development of territorial space to a certain extent. Even though the influence of the natural environment has continued to weaken and the restrictions of human activities by nature gradually have decreased, the role of the natural geographical base in supporting and constraining the development of the territorial space pattern should not be ignored [49]. The study’s results on driving forces are consistent with previous research results [50,51].




4.3. Innovative Points and Deficiencies in Research


The innovation of this study lies mainly in the scale of the study area and its dynamic character of territorial spatial development as a major national development strategy. Exploring the territorial space development of the YREB from a comprehensive perspective is of practical significance in promoting regional development. Study on the territorial space of the YREB. From the perspective of the research scale, more local attention is paid to the territorial space development of each river basin or urban agglomeration. There are fewer studies on the YREB on such a large scale and full scale. This study takes the YREB of China as the research area, which to some extent, can make up for the shortcomings of the current research on the whole large-scale area of the YREB. From the perspective of content, the earlier studies mainly focused on analyzing the spatial evolution and optimization of the territorial space and were less concerned with analyzing the driving mechanisms. Based on the production, living, and ecological space system, this study analyzed the characteristics and driving mechanism of territorial space evolution in the YREB. It will help to reveal the problems that hinder the process of regional development and to take development measures according to the driving mechanism in a localized manner. As a model area for ecological protection and high-quality development in China, the study can promote the high-quality development of the YREB. However, the shortcoming is that the accuracy of the land use data in this paper is not high enough. Although it can reflect the territorial spatial development trend at a large scale, the higher the accuracy of the data, the better the effect of the research results will be. At the same time, the humanistic indicators selected in this study are not rich enough when assessing the driving mechanism. The reason for this is that this study involves 130 prefecture-level cities with a large amount of data, and statistical indicators for some border cities and minority autonomous regions are difficult to find. Therefore, the lack of transportation and science and technology indicators makes it impossible to unify the indicators. Thus it failed to make the indicator system more comprehensive and rich. To sum up, the study has some shortcomings, but they do not affect the performance of the core ideas of this paper, which can still reflect the actual development of the territorial spatial pattern.





5. Conclusions


Based on land use and socioeconomic data, in this study, we systematically analyzed the dynamic change characteristics of the YREB territorial space by applying the theory and method of territorial space pattern evolution. Additionally, we explored the factors affecting the territorial space through geographic detectors. The main conclusions of this study are as follows:



First, the territorial space in the YREB is characterized by a rather obvious geographical hierarchical distribution in terrain gradient. The dominant types of territorial space in the low and middle terrain areas included agriculture, industrial and mining, urban and rural space, and water areas, which were the dominant distribution areas of production and living space. The high terrain areas featured forestland, grassland, and other space, which were the dominant distribution areas of ecological space. With the increase of altitude and slope, production and living space contracted, and ecological space expanded.



Second, since 2000, the territorial space of the YREB has changed dramatically. From the perspective of time sequence, living space has tended to increase, while production and ecological space have tended to decrease, but ecological space has always been dominant. From the perspective of space, production space was distributed primarily in the middle and lower reaches, living space was distributed primarily in the lower reaches, and ecological space was distributed primarily in the middle and upper reaches. The inter-transformation behavior between territorial spaces has been frequent, and the transformation trajectory showed diversification, with production space transforming mainly to ecological space and living and ecological space transforming primarily to production space.



Third, in the past 20 years, the pattern of territorial spatial in the YREB has changed significantly. Among these changes, the level of fragmentation, the degree of regularity of shape, and the spatial dispersion of patches in the production space landscape have increased. The irregularity of the shape of living space patches has decreased and the degree of fragmentation has become weaker and has tended to be spatially concentrated. The shape of ecological space patches has become complex, the spatial pattern has become dispersed, and the level of landscape fragmentation has increased. On the whole, the fragmentation, heterogeneity, and dispersion of landscape patches have increased, and the balance and diversity of space utilization have increased.



Finally, natural factors promote or inhibit the effects of change on territorial space to different degrees, but the degree of these effects has tended to diminish over time. Human factors have played a strong driving role, and the degree of interference gradually increased. From 2000 to 2010, the dominance of natural factors was stronger, especially the influence of topographical conditions was the most significant, and the effect of human factors was the strongest. From 2010 to 2020, the dominance of human factors increased. Population, economic development, and consumption levels work together to drive territorial space development. There are significant differences in the extent of the role of these different factors on the territorial space of the whole region and each basin, and the role of the same factor on the territorial space of different regions also was different. ln general, natural and human factors jointly promoted the formation and development of the territorial space pattern.



The study of the evolution characteristics and formation mechanism of the territorial space pattern of the YREB provide a reference basis for sustainable territorial space development. The key to the high-quality development of the YREB, however, lies in the optimization of territorial space patterns. Seeking spatial optimization ideas, clarifying spatial optimization goals, formulating differentiated spatial control policies, promoting the coordination of territorial space utilization, and actively promoting the efficient development of territorial space is essential to achieve high-quality development. Therefore, in the future, it is necessary to quantitatively evaluate the degree of coordination among territorial spaces, scientifically evaluate the level of territorial space utilization, identify the positioning of the main functions of territorial space, and build a scientific and reasonable territorial space layout system. This specific process then will be studied in depth to provide a theoretical basis for achieving the high-quality development of the YREB.
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Figure 1. Altitude and slope map of the Yangtze River Economic Belt. 
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Figure 2. Influencing factors of territorial space evolution in the Yangtze River Economic Belt. 
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Figure 3. Proportion of territorial space area on the elevation gradient of the Yangtze River Economic Belt from 2000 to 2020. 
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Figure 4. Elevation terrain distribution index of the territorial space of the Yangtze River Economic Belt from 2000 to 2020. 
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Figure 5. Proportion of territorial space area on the slope gradient of the Yangtze River Economic Belt from 2000 to 2020. 






Figure 5. Proportion of territorial space area on the slope gradient of the Yangtze River Economic Belt from 2000 to 2020.



[image: Land 11 01447 g005]







[image: Land 11 01447 g006 550] 





Figure 6. Slope terrain distribution index of the territorial space of the Yangtze River Economic Belt from 2000 to 2020. 
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Figure 7. Important events and policy evolution of Yangtze River Economic Belt development from 2000 to 2020. 
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Figure 8. Evolution of the dynamic degree of territorial space in the Yangtze River Economic Belt from 2005 to 2015. 
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Figure 9. Distribution of territorial space in the Yangtze River Economic Belt. 
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Figure 10. Evolution of the territorial space pattern of the Yangtze River Economic Belt from 2000 to 2020. (a–c) are the spatial distribution of agricultural production space, industrial and mining production space, urban living space, rural living space, forestland ecological space, grassland ecological space, water ecological and other ecological spaces in the Yangtze River Economic Belt in the years 2000, 2010 and 2020, respectively. (d–f) are the distribution of production, living and ecological space in the Yangtze River Economic Zone in 2000, 2010 and 2020, respectively. 
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Figure 11. Territorial space type transformation trajectory of the Yangtze River Economic Belt from 2000 to 2020. In the figure, (A) is the Sankey diagrams, a visualization of the mutual transfer of territorial space types in the Yangtze River Economic Belt from 2000 to 2020. (B) is the chord diagrams, a visualization of the mutual transfer of production, living and ecological space in the Yangtze River Economic Belt from 2000 to 2020. In Figure B, the mutual transfer of production, living and ecological space for 2000–2010, 2010–2020 and 2000–2020 are shown respectively. 






Figure 11. Territorial space type transformation trajectory of the Yangtze River Economic Belt from 2000 to 2020. In the figure, (A) is the Sankey diagrams, a visualization of the mutual transfer of territorial space types in the Yangtze River Economic Belt from 2000 to 2020. (B) is the chord diagrams, a visualization of the mutual transfer of production, living and ecological space in the Yangtze River Economic Belt from 2000 to 2020. In Figure B, the mutual transfer of production, living and ecological space for 2000–2010, 2010–2020 and 2000–2020 are shown respectively.



[image: Land 11 01447 g011]







[image: Land 11 01447 g012a 550][image: Land 11 01447 g012b 550] 





Figure 12. Changes in landscape pattern indices at the class level in the Yangtze River Economic Belt from 2000 to 2020. 
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Figure 13. Changes in landscape pattern indices at the landscape level in the Yangtze River Economic Belt from 2000 to 2020. 
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Figure 14. The q-mean value of the driving factors of spatial change in the Yangtze River Economic Belt from 2000 to 2020. 






Figure 14. The q-mean value of the driving factors of spatial change in the Yangtze River Economic Belt from 2000 to 2020.



[image: Land 11 01447 g014]







[image: Land 11 01447 g015 550] 





Figure 15. Interaction detection results of drivers of territorial spatial evolution in the Yangtze River Economic Belt from 2000 to 2020. In the figure, (A) shows the interaction detection results of the drivers of the territorial space evolution of the Yangtze River Economic Belt in 2020, and (B) shows the top five interaction factors in terms of interaction values among the factors affecting the territorial space change in the upper, middle and lower reaches from 2000 to 2020. 
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Table 1. Classification of altitude and slope of the Yangtze River Economic Belt.
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Altitude

	
Slope




	
Altitude Limits/m

	
Level

	
Percentage of Total Area/%

	
Slope Limits/°

	
Level

	
Percentage of Total Area/%






	
<500

	
1

	
41.86

	
5

	
1

	
31.50




	
500–1000

	
2

	
15.54

	
5–15

	
2

	
27.93




	
1000–1500

	
3

	
11.43

	
15–25

	
3

	
23.66




	
1500–2000

	
4

	
8.77

	
25–35

	
4

	
12.78




	
2000–3000

	
5

	
8.79

	
>35

	
5

	
4.13




	
3000–4000

	
6

	
6.59

	

	

	




	
>4000

	
7

	
7.02
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Table 2. Connection between classification of territorial space and classification of land use in the Yangtze River Economic Belt.
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Territorial Space Classification

	
Land-Use Classification System of the Chinese Academy of Sciences




	
Primary Space Type

	
Code

	
Secondary Space Type

	
Primary Land Type

	
Secondary Land Type






	
Production space

	
AP

	
Agricultural space

	
Cultivated land

	
Paddy field, dry farmland




	
IP

	
Industrial and mining space

	
Urban and rural industrial and mining residential land

	
Other construction land




	
Living space

	
UL

	
Urban space

	

	
Urban land




	
RL

	
rural space

	

	
Rural residential land




	
Ecological space

	
FE

	
Forestland space

	
Forestland

	
forestland, shrub forestland, sparse forestland, and other forestland




	
GE

	
Grassland space

	
Grassland

	
High coverage grassland, medium coverage grassland, low coverage grassland




	
WE

	
Water space

	
Water area

	
Rivers, canals, lakes, reservoirs, ponds, tidal flats, and shoals




	
OE

	
Other space

	
Unused land

	
Sandy land, gobi, saline–alkali land, swampland, bare land, and bare rocky land, other
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Table 3. Landscape pattern index table.
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Level

	
Landscape Pattern Indexes

	
Calculation Function

	
Parameter Introduction






	
Class level

	
Number of Patches (NP)

	
   NP =   ∑  1 n   n i    

	
It represents the quantitative characteristics of landscape patches.




	
Patch Density (PD)

	
   P D = N P / A   

	
It represents the level of landscape type fragmentation.




	
Area Integral Dimension (AFRAC)

	
   A F R A C =    2   {   [    ∑   j = 1  n   (  ln  P  i j   · ln  a  i j    )   ]  −  [   (    ∑   j = 1  n  ln  P  i j    )   (    ∑   j = 1  n  ln  a  i j    )   ]   }       (  N   ∑   j = 1  n  ln  P  i j  2   )  −    (    ∑   j = 1  n  ln  P  i j    )   2      

	
It represents the complexity of patch type shape.




	
Mean Patch Area (Area_Mn)

	
   A r e a _ M n = A / N P   

	
It represents the level of separation of landscape types.




	
Landscape Percentage (PLAND)

	
   P L A N D =  (     ∑  j n    a  i j   / A  )  × 100   

	
It represents the dominance of a specific type of landscape.




	
Landscape level

	
Sprawl (CONTAG)

	
   C O N T A G =  {  1 +     ∑   i = 1  m    ∑   k = 1  m   [   P i   (     g  j k       ∑   k = 1  m   g  i k      )   ]  *  [  ln  P i   (     g  j k       ∑   k = 1  m   g  i k      )   ]    2 ln m    }  × 100   

	
It reflects the clustering degree or spreading trend of landscape patches, the adjacent relationship between different types of landscape and the degree of fragmentation.




	
Aggregation Index (AI)

	
   A I =  [   (     ∑   i = 1  m      g  i j     m a x −  g  i j      )  ×  P i   ]  × 100   

	
It reflects the compactness of landscape types.




	
Shannon’s Diversity Index (SHDI)

	
   S H D I = −    ∑   i = 1  m    P i  ln  P i    

	
It reflects the state of the overall equilibrium distribution of the landscape.




	
Shannon’s Evenness Index (SHEI)

	
   S H E I = −     ∑   i = 1  m   P i  ln  P i    ln m     

	
It represents the homogenization level of landscape space.




	
Landscape Shape Index (LSI)

	
   L S I = 0.25 E /  A    

	
It represents the complexity of the overall landscape.








A is the total area of the region; N is the total number of patches; ni is the ith area of a specific type of landscape; aij is the area of the j patch of the i-type landscape; Pij is the perimeter of each patch of each landscape; m is the number of landscape types in the region; eij is the total edge perimeter between patch i and patch k; E is the perimeter of the entire regional landscape type; Pi is the proportion of the i-type of spatial landscape in the region; gi is the number of adjacent landscape patches of a certain type; max is the maximum number of patches adjacent to a certain landscape type.
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Table 4. Definition of the interaction types in the Geodetector model.
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	Interaction Relationship
	Interaction Types





	q(Xi∩Xj) < Min(q(Xi),q(Xj))
	Nonlinear weaken



	Min(q(Xi),q(Xj)) < q(Xi∩Xj) < Min(q(Xi),q(Xj))
	Univariable weaken



	q(Xi∩Xj) = q(Xi) + q(Xj)
	Independent



	Max(q(Xi),q(Xj)) < q(Xi∩Xj) < q(Xi) + q(Xj)
	Bivariable enhanced



	q(Xi∩Xj) > q(Xi) + q(Xj)
	Nonlinear enhanced
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Table 5. The dynamic degree of territorial space in the Yangtze River Economic Belt from 2005 to 2015.
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	Type of Territorial Space
	2000–2010
	2010–2020
	2000–2020





	Production space
	−0.14
	−0.11
	−0.12



	Living space
	1.69
	2.62
	2.37



	Ecological space
	0.01
	−0.05
	−0.02



	Dynamic degree
	1.90
	2.00
	1.99
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Table 6. Driving factors of territorial spatial evolution in the Yangtze River Economic Belt, 2000–2020 (Top 6).
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2000

	
2010

	
2020






	
Production space

	
X4

	
0.70

	
X4

	
0.68

	
X4

	
0.66




	
X5

	
0.68

	
X5

	
0.66

	
X2

	
0.66




	
X2

	
0.60

	
X2

	
0.58

	
X9

	
0.48




	
X9

	
0.40

	
X9

	
0.37

	
X5

	
0.30




	
X3

	
0.29

	
X1

	
0.20

	
X14

	
0.24




	
X1

	
0.21

	
X6

	
0.20

	
X6

	
0.23




	
Living space

	
X4

	
0.77

	
X2

	
0.81

	
X2

	
0.52




	
X5

	
0.75

	
X5

	
0.77

	
X4

	
0.51




	
X2

	
0.67

	
X4

	
0.76

	
X9

	
0.40




	
X9

	
0.48

	
X9

	
0.30

	
X5

	
0.26




	
X3

	
0.31

	
X13

	
0.22

	
X1

	
0.20




	
X1

	
0.20

	
X12

	
0.21

	
X14

	
0.19




	
Ecological space

	
X2

	
0.85

	
X4

	
0.77

	
X2

	
0.80




	
X5

	
0.82

	
X5

	
0.75

	
X4

	
0.80




	
X4

	
0.81

	
X2

	
0.68

	
X9

	
0.57




	
X9

	
0.38

	
X9

	
0.39

	
X12

	
0.34




	
X3

	
0.27

	
X14

	
0.21

	
X7

	
0.29




	
X10

	
0.19

	
X6

	
0.20

	
X14

	
0.29
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