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Understanding the pattern and quality of construction land expansion in urban agglomerations is important for new urbanization and high-quality development of land spaces. Taking urban agglomeration in the middle reaches of the Yangtze River as the research object, this study analyzes the spatio-temporal pattern and quality level of construction land expansion at various scales using remote sensing images, the expansion intensity index, the coordination degree model, and the Tapio elastic decoupling model. The results show that from 2000 to 2020, (1) the construction land scale of urban agglomeration in the study area had expanded, with significant stage characteristics and spatial differentiation patterns. (2) The overall relationship between the construction land and the population in urban agglomerations was found to be uncoordinated, but the coordination degree had been improved. The optimization of human–land coordination was faster at the metropolitan scale than at the overall level and the sub-urban agglomerations. (3) The decoupling relationship between the overall construction land and the economy in urban agglomerations was weak and had improved. The coupling/decoupling relationship was found to be better at the metropolitan scale than at the overall level and sub-urban agglomerations.
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INTRODUCTION

Mainly due to urbanization and industrialization, the expansion of construction lands is a significant change in the earth’s surface and is reflected in the transformation of natural and agricultural lands into non-agricultural lands (Lv and Huang, 2013). China has been experiencing rapid urbanization and construction land expansion since 1978, and the area of construction land in 2018 was 8.34 times the level in 1981 (Ministry of Housing and Urban-Rural Development, 2018). But the neglect of the quality of construction land expansion for a long time leads to a series of problems such as wild growth, environmental pollution, and low efficiency (Wang et al., 2018b). The quality of construction land expansion describes the comprehensive utilization and level of newly added construction land, and high-quality development is achieved by the resonance and coordination of people, land, and industry (Liu et al., 2021). In 2017, the Chinese government put forward the concept of high-quality development and emphasized the coordination between regional people, land, and industry. In this context, seeking the path to improve the quality of construction land expansion has become an important issue of academic concern.

Urban agglomeration is the main form of urbanization and industrialization and is more crucial to China’s participation in global competition and cooperation (Yao et al., 2016). In recent decades, China’s urban agglomerations have developed rapidly. The spatial scope of some urban agglomerations has been greatly expanded and is characterized by rapid population agglomeration and economic growth (Fang, 2014), which contend with increasingly tense contradictions between people, land, and industry (Fang, 2018; Liu et al., 2019). How to promote the high-quality expansion of construction land in urban agglomerations and address the conflicts and contradicting demands of people, land, and industry has become an important research topic in China’s urbanization development and territorial space development. The expansion of construction land has always been a key issue in academic circles, and previous research has mainly focused on space–time patterns (Li et al., 2020b), driving mechanisms (Wu et al., 2021), simulation prediction (Li et al., 2021), and expansion effect (Yang et al., 2020). As ecological, social, urban heat, and other problems become more serious during the expansion process (Zhao et al., 2018, 2021; Wei et al., 2021; He et al., 2022), and China’s transition to high-quality development is accelerating, the quality of construction land expansion has become a prominent research topic in geographical science, land science, ecological science, and other disciplines. One of the primary research focuses has been on understanding the relationships between construction land expansion and economic development or the ecological environment (Li et al., 2020c; Chen et al., 2022; Yi et al., 2022). For example, Li et al. (2020c) used Liaoning Province to explore the relationship between construction land expansion and the population and the economy. But in general, most of the existing research studies still discuss the expansion of construction land, while the research on the expansion quality of construction land is still insufficient.

As the role of urban agglomeration in the new urbanization and regional spatial organization is growing increasingly, land expansion and quality research on urban agglomeration have gained the attention of scholars, and the related research results are mainly distributed in the efficiency of urban construction land expansion (Yu et al., 2019; Li et al., 2021), the relationship between population growth and economic growth (Li et al., 2018; Xiao et al., 2021), and the ecological function value changes (Ouyang et al., 2021a). Ouyang (Ouyang et al., 2021b) studied the relationship between the urban agglomeration construction space and the ecological function value in China. However, most of the current research studies are just based on a single aspect, and there is a lack of multi-scale comparative analysis on urban agglomerations.

Urban agglomeration in the middle reaches of the Yangtze River is an important part of the Yangtze River Economic Belt and an important growth pole of the central region in China. In the long process of urbanization and industrialization, it faces numerous problems, such as population imbalance and land pollution caused primarily by urban expansion, and its land ecology is fragile (Shen et al., 2019). Moreover, the development level of each sub-urban agglomeration varies significantly, with each having its unique characteristics in terms of construction land expansion and its connection with the economy and society. On March 30, 2021, the Political Bureau of the CPC Central Committee held a meeting to review “the Guideline on Promoting the High-Quality Development of the Country’s Central Region in the New Era.” The Bureau pointed out that it is crucial to promote the development of urban agglomeration in the middle reaches of the Yangtze River and the Central Plain urban agglomeration. Understanding the spatio-temporal changes and expansion quality levels of its construction land is crucial to help promote high-quality of urbanization and territorial space optimization.

Therefore, this study takes urban agglomeration in the middle reaches of the Yangtze River as an example, uses Landsat TM/ETM remote sensing data, and combines the expansion intensity index, coordination degree model, and Tapio elastic decoupling model to study the spatio-temporal process and quality level of urban agglomeration construction land expansion, to supplement and expand the existing literature. This study mainly aims to (1) explore the spatio-temporal pattern and characteristics of construction land expansion based on multi-scale comparative analyses and (2) evaluate the quality of construction land expansion in urban agglomerations from a human–land–industry coordination perspective and then provide a better understanding and support to the department about land planning and urban planning.



MATERIALS AND METHODS


Overview of the Study Area

Urban agglomeration in the middle reaches of the Yangtze River includes three regional urban agglomerations, Wuhan (WH), Poyang Lake (PY), and Changsha–Zhuzhou–Xiangtan (CZT), encompassing 13 cities in Hubei, eight cities in Hunan, and 10 cities in Jiangxi and covering a total area of 317,000 square kilometers (Figure 1). Setting the research scope to the metropolitan scale, we used documents from the “Wuhan Comprehensive Planning (2017–2035),” the “Changsha Comprehensive Planning (2017–2035),” and the “Greater Nanchang Metropolitan Area Development Planning (2019–2025)” for this study. The Wuhan metropolitan area is composed of 17 research units, including the Wuhan municipal area; the Changsha metropolitan area comprising 15 research units, including the Changsha municipal area; and the Nanchang metropolitan area, including the Nanchang municipal area. In total, there are 17 research units in 49 counties, cities, and urban areas.
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FIGURE 1. Location of the study area and its basic geomorphology.




Materials

We collected Landsat TM/ETM remote sensing images during the summer months for the years 2000, 2005, 2010, 2015, and 2020. We then adjusted and corrected the images, including band composition, geodetic datum correction, and ground control point calibration. The construction land included the urban land, rural residential land, and other construction lands. The population and GDP data were obtained from the “Hubei Statistical Yearbook,” “Hunan Provincial Statistical Yearbook,” “Jiangxi Provincial Statistical Yearbook,” and the statistical bulletins of some prefectures and cities. Since some data from 2000 had been missing, we used relevant data from 2001 or 2002 and calculated the values using the change rate.



Methods


Urban Expansion Intensity Index

The expansion intensity index refers to the product of the newly added construction land, which can directly reflect the change rate of the construction land in a certain regional unit (Wang et al., 2018a). The expansion intensity index was used in this study to represent the time sequence state of urban agglomeration construction land expansion, given by the formula:
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where UEIn is the urban land expansion intensity index of the Nth urban agglomeration, [image: image] is the urban land area of the Nth urban agglomeration in the t1 time period, [image: image] is the urban land area of the Nth urban agglomeration in the t2 time period, and Δt is the interval year from t1 to t2.



Urban Expansion Intensity Differentiation Index

The urban land expansion intensity differentiation index is the ratio of the intensity of land use expansion for a particular urban agglomeration to the urban expansion intensity of all urban agglomerations, reflecting the heterogeneity in the expansion intensity among different urban areas agglomerations (Wang et al., 2018a). The index can be used in the horizontal comparative study of urban land expansion in urban agglomerations and to compare the variations in urban land expansion intensity of different urban agglomerations in the same period. In this study, we used the expansion intensity differentiation index to characterize the spatial patterns of construction land expansion in urban agglomeration. The formula used is as follows:
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where UEDIn is the urban land expansion intensity differentiation index of the Nth urban agglomeration.



Construction Land Expansion Quality

After the reform and its opening up, China has experienced rapid urbanization and industrialization. The rapid growth and the agglomeration of the population and economy have accelerated the outward expansion of construction lands. Due to the influence of the urban–rural dual structure system and the concept of extensive development, numerous problems have emerged, such as the indiscriminate proliferation of construction lands, increased environmental pollution, and inefficient and wasteful land use. These challenges are directly related to the incongruity of construction land expansion with population, economic, and ecological development. Therefore, quantifying the coordination between land, economy, and society is an important foundation for scientifically understanding the quality of construction land expansion and optimizing and coordinating the man–land relationship.


Coordination Model

The coordination degree model is a quantitative method to measure the degree of coordination between systems or elements, which can be used to evaluate the consistency and coordination among various elements (Li et al., 2020a). In this study, the coordination degree model was used to explore the relationship between construction land expansion and population development, given by the following equations:
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where X and Y are the population growth rate and construction land growth rate, respectively; Pt and Pt1 are the resident population at time t and time t1, respectively; Lt and Lt1 are the construction land area at time t and time t1, respectively; and C is to the coordination degree (−1.414≤C≤1.414). The coordination types were divided into coordinated (C) (1.40≤C), relatively coordinated (RC) (1.35≤C≤1.40), relatively uncoordinated (RUC) (1.30≤C≤1.35), and uncoordinated (UC) (C≤1.30).



Tapio Elastic Decoupling Model

The Tapio elastic decoupling model was developed to study the relationship between European economic growth, traffic conditions, and carbon emissions (Tapio, 2005). This approach has been shown to effectively analyze the relationship between different systems or elements. This study used the Tapio model to explore the relationship between construction land expansion and economic growth. The calculation formula is as follows:
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where T is the decoupling index, Lt and Lt1 are the total construction land area of the geographical unit in years t, and GDPt and GDPt1 are the gross domestic production (GDP) of the geographical unit in years t and t1, respectively. From 2000 to 2020, the construction land and the GDP of all cities in the study area had increased. Both ΔL and ΔG were greater than 0, the Tapio index values ranged between 0.1 and 0.8, and the regional “construction land–economy” exhibited weak decoupling.

To further investigate the changes at different years and different internal units and also to consider the actual conditions in the study area, we subdivided the weak decoupling (WD) into three types according to the natural fracture point classification method: high WD (HWD, ΔL > 0,ΔG > 0,0≤T < 0.1), moderate WD (MWD, ΔL > 0,ΔG > 0,0.1≤T < 0.5), and low WD (LWD, ΔL > 0,ΔG > 0,0.5≤T < 0.8).






RESULTS


Spatio-Temporal Evolution of Construction Lands


Temporal Series Characteristics

Based on the expansion intensity values computed at different scales and perspectives (see Table 1), the expansion intensity of the construction land in the study area exhibited distinct stage characteristics and pronounced differences. The expansion intensity indices for 2000–2005, 2005–2010, 2010–2015, and 2015–2020 were 2.32%, 1.26%, 5.29%, and 3.81%, respectively. Based on these values, the expansion can be divided into three stages. From 2000 to 2010, the first stage exhibited low-speed expansion, with an expansion intensity index lower than 2.5%. At this stage, the urban agglomeration was in the primary cultivation stage, presenting a relatively low regional development level and relatively weak expansion intensity. In the second stage, from 2010 to 2015, the expansion intensity index accelerated and reached its peak. Here, the urban agglomeration was in the stage of rapid development, with the regional economy and society quickly developing. Demands for industrial and residential lands had also increased significantly, causing the accelerated expansion of the construction land. The third stage covered the period 2015–2020, where the urban agglomeration was in a stable development stage, and the expansion rate had decreased. During this period, the focus was on the quality of construction land expansion, resulting in a decrease in expansion intensity.


TABLE 1. Intensity index of construction land expansion from 2000 to 2020 (%).

[image: Table 1]
At the sub-urban agglomeration scale, the temporal characteristics of construction land expansion were comparable to those of the entire research area. The first and third stages of the WH-UA had a low expansion intensity, with urban expansion intensity index (UEI) below 1.50%, while the second stage expanded rapidly, with a 5.02% UEI. The first stage of the CZT-UA had a comparatively low expansion intensity, with a UEI lower than 3.00%, whereas the second and third stages both exceeded 6.00%, with the second stage at 6.65%. The temporal change in the construction land expansion in the PY-UA was slightly different from the overall pattern. In the second half of the first stage, the expansion intensity dropped significantly, with the UEI decreasing from 4.19% to 1.04%. The third stage was slightly stronger than the second stage, with the UEI increasing from 4.75% to 5.19%.

The temporal characteristics of construction land expansion at the metropolitan scale were similar to those of the other two scales. The expansion intensity index showed a rising–falling–rising trend, while the growth in the different metropolitan areas exhibited significant differences. As shown in Table 2, the Wuhan metropolitan area had the lowest overall expansion intensity, decreasing slightly during the study period. Compared to 2000–2005, the UEI for 2015–2020 declined by 0.19%. In comparison, the overall expansion intensity was the highest in the Changsha metropolitan area. During this period, the overall expansion intensity increased, with the UEI rising by 1.04%. The overall expansion intensity of the Nanchang metropolitan area was weaker than that of Changsha, with its overall expansion intensity increasing only slightly and the UEI rising by 0.16% for 2000–2020.


TABLE 2. Intensity index of construction land expansion in three metropolitan regions from 2000 to 2020 (%).

[image: Table 2]


Spatial Pattern Characteristics

There were distinct spatial differences in the construction land expansion in the study area (Figure 2). For the given study period, the high-value areas in expansion intensity were concentrated in the CZT-UA, mid-value regions were mainly in the PY-UA, and the low-value areas were situated primarily in the WH-UA. The results suggest that the CZT-UA had expanded most rapidly, followed by the PY-UA, and the WH-UA’s expansion had been the slowest. The relatively low expansion rate was due to the large expanse of the construction land in the WH-UA. This is consistent with the analysis results of the expansion intensity index mentioned before. In comparison, the expansion in the CZT-UA had significantly accelerated due to the construction of numerous high-tech, economic development, and new national-level zones.
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FIGURE 2. Spatial pattern of difference of construction land expansion intensity from 2000 to 2020.


For the PY-UA, the development of the high-speed expansion areas and the area’s rapid growth mainly occurred from 2000 to 2005. In particular, Nanchang and Pingxiang cities expanded the fastest, with urban expansion intensity differentiation index (UEDI) indexes reaching 6.37 and 8.14, respectively. Many medium- and low-speed expansion areas were found in the CZT-UA, while the WH-UA mainly had low-speed expansion areas. From 2005 to 2010, high-speed expansion areas were distributed throughout the three sub-urban agglomerations, but the number was small; only Changsha, Xianning, and Xinyu cities had high-speed expansion. Medium- and low-speed expansion areas were mostly found in WH-UA and CZT-UA, while slower expansion areas were mainly in the PY-UA.

From 2010 to 2015, Xiangtan, Loudi, Hengyang, Jiujiang, and Yingtan cities from the CZT-UA and the PY-UA experienced high-speed expansion. The medium-high expansion areas were found mainly in the WH-UA, while the medium-speed expansion area was distributed in many cities in all three urban agglomerations. The medium- to low-speed expansion areas were located primarily in the PY-UA, and the low-speed expansion areas were only found in the WH-UA. For 2015–2020, the high- and medium-speed expansion areas were concentrated in the PY-UA and the CZT-UA, while the medium- and low-speed expansion areas were mainly in the WH-UA.

There were also pronounced spatial differences in construction land expansion in the three major metropolitan regions (Figure 3). From 2000 to 2020, the UEDI for the Wuhan metropolitan area was generally low, and the expansion intensity was relatively weak. The UEDI for the Changsha and Nanchang metropolitan areas was not significantly different, but the expansion intensity of Changsha was slightly greater than that of Nanchang. From 2000 to 2005, the construction land in the Nanchang metropolitan area expanded rapidly, with a UEDI of 1.70, and the high-speed expansion areas were concentrated in the Nanchang municipal area, Xinjian district, Jing’an county, and Fengxin county. The expansion of the Wuhan metropolitan area was relatively slow, with low-speed expansion areas found mainly in Macheng, Tuanfeng, Ezhou, Xiantao, Hanchuan, and areas around the municipal area. From 2005 to 2010, the construction lands in the Changsha and Nanchang metropolitan areas expanded rapidly, with similar UEDI; the high-speed expansion areas were concentrated in Changsha county, Ningxiang city, Jing’an county, and Fengxin county.
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FIGURE 3. Spatial pattern of difference of construction land expansion intensity in three metropolitan regions from 2000 to 2020.


From 2010 to 2015, the construction lands in the Changsha metropolitan area continued to expand, with a UEDI of 1.41; the high-speed expansion areas were mainly in Wangcheng district, Xiangtan county, and Zhuzhou county. From 2015 to 2020, the expansion intensities of the three metropolitan areas decreased, and there were no high-speed expansion areas. During this period, the expansion rate of the Changsha metropolitan area was relatively fast, with a UEDI of 1.36. Medium-high expansion areas were located in Changsha municipal district, Wangcheng district, Ningxiang city, Xiangtan city, Xiangtan county, Zhuzhou county, and Liling city and were distributed contiguously.




Expansion Quality Measurement

High-quality development is largely characterized by sustainable growth, which can address people’s growing needs and tackle unbalanced and insufficient development. It encompasses various aspects of development, such as efficiency improvements, structural optimization, and coordination and order. High-quality development of construction lands is crucial to meet the spatial needs for production, living, and ecological activities; support the optimal allocation of resources; improve land-use efficiency; and help create a harmonious relationship between people and land.

While population and economy are important driving factors in construction land expansion, they are also major carriers of challenges and contradictions. The coupling and coordination of construction land, population, and economy can reflect the quality of urban expansion. In this study, we characterized the quality of construction land expansion by measuring the coordination degree of “construction land–population” and the coupling/decoupling degree of “construction land–economy.”


Coordination Measure of “Construction Land—Population”

The “construction land–population” coordination degree was generally uncoordinated, varying at different periods but exhibiting a generally fluctuating upward trend (Figure 4). In 2000–2005, the coordination index between construction land and population was 1.212, and the coordination type was UC. For 2005–2010 and 2010–2015, the coordination type developed into RUC. In 2015–2020, the coordination index was 1.343, and the coordination type transitioned from RUC to RC.
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FIGURE 4. Change of coordination degree of “construction land–population” from 2000 to 2020.


Overall, the coordination state for “construction land–population” can be divided into three stages. The period 2000–2010 exhibited an uncoordinated stage dominated by growth, 2010–2015 presented a relatively uncoordinated stage dominated by imbalance, and 2015–2020 displayed a more coordinated stage focusing on quality improvements. Since the start of the 21st century, China’s regional development strategy has promoted the development of the central and western regions. Policies and measures focused on western development and major improvements in the central region have been proposed. However, due to the long-term lag in economic development and constraints in the industrial structure, the labor force in the central and western regions has been moving into the coastal areas. At the same time, the local government’s fiscal and tax revenues have been overly dependent on land finance, causing land urbanization to significantly outpace population urbanization. This has resulted in a mismatch between population and construction land development in the central and western regions.

With the strengthening of the regional coordinated development strategy, the socio-economic progress in the urban agglomerations in the middle reaches of the Yangtze River has accelerated considerably. Construction lands have expanded rapidly, investments and industries have emerged in some large cities in the central region, and the population outflow has decelerated. The “construction land–population” coordination has improved, but the regional growth differences remain considerably large, leading to uneven development. After implementing new urbanization and encouraging high-quality development, the urbanization levels of many small and medium-sized cities in the study area have significantly improved. The influence of large cities has been further enhanced, the expansion of construction land has intensified, and the labor force has started to return. The “construction land–population” coordination has evolved toward a more coordinated state.

The “construction land–population” coordination in each of the sub-urban agglomerations was largely comparable to the overall urban agglomeration. While the coordination state generally exhibited an upward trend, there were slight variations at different time periods. The “construction land–population” coordination degree for the WH-UA was the lowest among the three urban agglomerations. The coordination relationship has improved significantly, from being in the UC state in 2000–2015 to the RUC state in 2015–2020. The coordination degree for the CZT-UA was in the UC state from 2000 to 2005, RUC from 2005 to 2015, and RC from 2015 to 2020. This means that its general coordination relationship has improved continuously. The PY-UA was in the UC state for 2000–2005, the RUC state for 2005–2010, slightly decreased in 2010–2015, and returned to the RUC for 2015–2020.

The overall “construction land–population” coordination degree in the three major metropolitan areas has been rising (Figure 5), developing from uncoordinated to relatively coordinated. However, the coordination degree and evolution process among the different metropolitan areas varied considerably. The Wuhan metropolitan area had UC, RUC, and RC phases, with a 1.385 coordination degree in 2015–2020, the highest among the three metropolitan areas. The Changsha metropolitan area had similar coordination types as Wuhan, but the coordination was slightly lower at a 1.360 coordination degree for 2015–2020. The Nanchang metropolitan area had the lowest coordination degree and experienced three stages of coordination types: UC, UC, and RUC. Its coordination generally improved to relatively coordinated, with a coordination index of 1.347 in 2015–2020. The results suggest that the degree of “construction land–population” coordination in the three major metropolitan areas is better than the overall urban agglomeration and the different sub-urban agglomerations.
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FIGURE 5. Change in the coordination degree of “construction land–population” in the three metropolitan regions from 2000 to 2020.


There are underlying reasons for the spatial differences between agglomerations in sub-urban and metropolitan areas. Due to its strategic location and policy advantages as a national central city, in one of the core nodes of the Yangtze River Economic Belt, many resources aggregate in Wuhan and the Wuhan metropolitan region. By contrast, other cities in the city group experience resource shortages and significant limitations. As a result, while the overall coordination degree for WH-UA is not high, the Wuhan metropolitan area exhibits a high degree of coordination. The CZT-UA has a comprehensive urban system with higher mobility and better linkages, so the overall level of man–land coordination tends to be higher than that in the other regions. For the PY-UA, however, because of its low development level, weak leadership, ineffective self-organization, and limited interactions with other cities, the overall coordination degree and the metropolitan’s degree of coordination are generally low.



Decoupling of the “Construction Land–Economy”

The “construction land–economy” decoupling index of urban agglomerations in the middle reaches of the Yangtze River was calculated to be between 0 and 0.8, presenting a fluctuating downward trend from 0.409 in 2000–2005 to 0.335 in 2015–2020. The “construction land–economy” decoupling relationship is generally characterized as weak decoupling. Economic growth is notably faster than construction land expansion. The coupling/decoupling state is good, and the overall situation indicates further optimization (Figure 6). From 2000 to 2010, the regional expansion for construction lands did not exhibit a strong momentum, and the economic growth rate was much faster than construction land expansion. The results indicate that the decoupling index is relatively low and that the construction land expansion and economic development of urban agglomerations, as a whole, have low coordination levels.
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FIGURE 6. Change in the decoupling degree of “construction land–economy” from 2000 to 2020.


In 2010–2015, delayed effects from economic growth began to appear, further accelerating urbanization. Numerous development policies and strategies for urban agglomerations in the middle reaches of the Yangtze River were also implemented to promote socio-economic growth. The construction land expanded more rapidly and grew slightly faster than economic growth. From 2015 to 2020, a national strategy and guiding principles were adopted to focus on high-quality development. The expansion of regional construction land was controlled and managed, causing the coupling/decoupling relationship between “construction land and economy” to gradually enter a stage of quality-oriented optimization.

Among the sub-urban agglomerations, the WH-UA was mostly of the MWD type during the study period, except for 2005–2010, when it was of the HWD type. Its decoupling index at each time period was the lowest (all below 0.5) and slightly declined over time, indicating that it had the best coupling/decoupling relationship among the three and that the construction land expansion had entered the stage of quality growth (Figure 6). The CZT-UA was of the MWD type from 2000 to 2010, the LMD type from 2010 to 2015, and again of the MWD type from 2015 to 2020. The decoupling index value initially decreased, then increased, and then decreased again. Its overall value decreased, although its coupling/decoupling relationship was worse than that of the WH-UA. The PY-UA was of the HWD type from 2005 to 2010 and the LWD type in other periods. The construction land expansion and economic growth were generally coupled, although its decoupling index was the highest. There was a slight increase in decoupling over the research period, indicating that both economic growth and construction land expansion were in a rapid rising period and that the acceleration of construction land expansion was greater than economic growth.

The decoupling indices for the construction land and economy in the three major metropolitan areas were below 0.4 during the study period and exhibited a downward trend. The decoupling type was mostly MWD, with no LWD type. The coupling/decoupling relationship was generally better, indicating that the “construction land–economy” coupling at the metropolitan scale was significantly better than the overall urban agglomeration and the sub-urban scale (Figure 7). The “construction land–economy” coupling/decoupling relationship was best in the Wuhan metropolitan area. The overall decoupling index slightly decreased, indicating that the coupling/decoupling relationship was optimized. For the Changsha metropolitan area, the decoupling index dropped significantly. While the coupling/decoupling state was also optimized considerably, the overall coupling/decoupling degree differed slightly from that of Wuhan. The decoupling index of the Nanchang metropolitan area, the highest among the three regions, increased slightly, and its coupling/decoupling relationship was slightly worse than the other two regions.
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FIGURE 7. Change in the decoupling degree of “construction land–economy” in the three metropolitan regions from 2000 to 2020.


There are several explanations why the “construction land–economy” coupling at the metropolitan scale is better than the urban agglomeration. First, the foundation and development stages of the metropolitan area are higher than the overall urban agglomeration. Second, the development strategy focuses on catching up, and the role of leadership is inadequate. Third, as the urban agglomeration has a large spatial scope, the overall agglomeration effect is insufficient, and the spillover effect and leadership roles of core cities are not so strong.





DISCUSSION

Construction land expansion exhibited different expansion characteristics in different development periods and regions. The differences in expansion quality were also found to be closely linked to many elements in the regional spatial functional structure (Ouyang et al., 2022). The results of this study show that after the rapid expansion of the construction land in the study area, the expansion rate started to slow down, ushering in a new period focused on quality improvements. However, the level of coordination between the construction land and the population remains low. The increase in the construction land has neither supported the effective gathering and dispersal of the population nor improved the living environment. The spatio-temporal developments of the construction land and population have not yet reached a coordinated state.

While the coupling between the construction land and the economy in the study area can be characterized as generally good, there are still many places experiencing a shortage of construction lands. The lack of construction lands seems to be a significant problem restricting development (Li et al., 2020b). This problem implies that in the urban agglomerations of the middle reaches of the Yangtze River, the economic intensity of the construction land remains low and that unused lands can be commonly found in the cities. The coupling relationship between the two needs to be further enhanced.

Against the backdrop of high-quality development, new requirements are proposed for the coordinated symbiosis of productive, living, and ecological spaces (Li et al., 2021). These measures could make construction lands effectively support the agglomeration of the economy and population and satisfy the residents’ needs and wellbeing. Haphazard expansion and the low utilization efficiency of land resources should be addressed to generate a more efficient development; achieve better coordination between land use and economy, society, and ecology; and promote coordination and balance among cities.

Several recommendations are proposed for the high-quality development of the study area. First, the government should ensure high-quality land resource planning and develop a rational plan to account for the various land-use types. The organic harmony of different land-use types in urban and rural areas should also be promoted. Second, reforms on the land system and land use policies should be explored and initiated, and the management of land resources should be further strengthened. An information database for land resources should also be developed to record changes in land use. Third, the effective renewal of cities must be continued by strengthening intensive and human-oriented urban land use and accelerating the withdrawal of rural homesteads. Rural hollowing should be reduced, promoting the development of new homesteads instead of demolishing old ones. Fourth, the radiation and driving role of central cities should be strengthened, accelerating population agglomeration and socio-economic construction in small and medium-sized cities and towns. The government should aim to narrow the quality differences in the spatial development between cities and improve the coordination of high-quality development of the regional spatial structure.

Two issues that were not addressed in this study could be further explored in subsequent studies: The first is a comprehensive analysis of the spatial expansion quality of urban agglomerations based on the full perspective of economy, society, and ecology (Ren et al., 2022), and the second is establishing a scientific and systematic evaluation index system to quantitatively evaluate the quality of spatial development of urban agglomerations.



CONCLUSION

Using three scales (i.e., urban agglomeration, sub-urban agglomeration, and metropolitan), this study utilized the expansion intensity index to analyze the spatio-temporal evolution of construction lands in the urban agglomeration in the middle reaches of the Yangtze River. We used the coordination degree model, the Tapio elastic decoupling model, and the Theil index to explore the coordination and regional differences between the construction land, population, and economy. The main conclusions are as follows:

(1) The construction land in the research area continuously expanded during the study period. The expansion intensity varies at different periods and can be divided into three stages: slow expansion, accelerated expansion, and optimal expansion. In general, the expansion intensities of the CZT-UA and the Changsha metropolitan area were larger than those of the WH-UA and the Wuhan metropolitan area.

(2) Overall, the relationship between urban construction land expansion and the population has not been well-coordinated, but the coordination has gradually improved. Among the sub-urban agglomerations, the coordination degree was highest in the CZT-UA, while the Wuhan metropolitan area was highest at the metropolitan scale. Moreover, the optimization of the man–land coordination relationship was faster at the metropolitan scale than at the urban agglomeration scale.

(3) The decoupling relationship between the construction land expansion and the economy in the study area was found to be of the weak decoupling type. The coupling state was good and exhibited characteristics of further optimization. The coupling in the WH-UA and the Wuhan metropolitan area was the best among the sub-urban agglomerations and the metropolitan regions, while those in the PY-UA and the Nanchang metropolitan area were poor. In addition, the coupling/decoupling relationship at the metropolitan area scale was significantly better than that at the urban agglomeration scale.
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