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Abstract

:

Land-use intensity (LUI) is one of the most direct manifestations of regional land use efficiency. The study of cross-administrative LUI in urban agglomerations is of great importance for the sustainable development of land, new urbanization, and territorial spatial planning. In this study, the urban agglomeration in the middle reaches of the Yangtze River in China was used as the case study area to explore the spatial spillover effect through the administrative division, underlying driving mechanism, and spatial interactions or constraints of LUI. First, LUI was measured using the index of the proportion of construction land to the total area of the administrative region. Second, the adjacency relationship of the county-level administrative units was identified on the basis of the queen-type adjacency criterion under the county-level administrative division system. Thereafter, spatial weight matrix for spatial modeling was constructed. Last, a spatial model using the “Spatial adjacency matrix” was devised to examine the influencing factors and the potential spatial interactions or constraints of administrative units. Results revealed that the level of LUI of different county-level administrative units were quite different, and the gap of LUI among county-level administrative units widened from 2010 to 2017. The fixed asset investment per land (FAIL), gross domestic product per capital (PGDP), and proportion of tertiary sector (PTS) are the driving factors of LUI. County-level administrative units not only had a significant and increasing spatial interaction effect based on the relationship of cooperation, but also had an influence of restraint mutually which was caused by the competition. The direct spatial spillover effect was remarkable. In the future, the effect of interaction among administrative units under the administrative division should be considered to promote the reasonable use and optimal layout of regional urban land to realize the optimal allocation of land resources.
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1. Introduction


Nowadays, global land use has been increasingly intensified as the imbalance between the supply and demand of land resources becomes an intractable issue in the context of rapid urbanization. Meanwhile, the expansion of construction land and consequent changes in land use pattern have become the main method used by cities to find new space for development internationally [1]. The change of land use pattern is a game process that combines the top-down administrative power and bottom-up benefit. As a means of spatial governance and the spatial allocation of state power, administrative division is an important factor that affect the pattern of regional land use [2]. The institutional setting, especially from the aspects of the administrative fragmentation, the local tax system, and the competition between local jurisdictions, is already empirically identified to influence regional land use [3].



Land-use intensity (LUI) is a complex and constantly updated and deepened concept. LUI is defined as the extent of land being used, which is also an indication of the amount and degree of land development in an area [4,5]. It refers to the development and utilization of territorial space in a region and reflect the comprehensive effects that the natural environment and human activities have on land [6,7]. The change in land use is an important aspect to reflect the variation in regional social and economic development and spatial differentiation [8]. However, land use changes were relatively different in each country, being influenced by place specific factors associated to geographical, demographic and socioeconomic conditions and the related historical, political, and cultural background [9]. Of all land changes, 60% are associated with direct human activities and 40% with indirect drivers [10]. For example, Europe as the most developed and urbanized continent at the global scale, the urbanization is the dominant factor of the land use changes in most European countries [11]. In Asia countries, the land use changes are driven by economic development, population and government policies. Exploring the driving forces of land use changes is essential for realizing sustainable urban development worldwide. Empirical studies proved that socio-economic, physical environment, administrative governance, and other factors are the major influencing factors [12,13,14]. Socio-economic factors significantly influence LUI, and regional economic development, urbanization, and urban population density (PD) are the major contributions [15], and the growth of per-capita GDP is the most important economic factor influencing the degree of land development. Moreover, classical location theory suggests that transportation accessibility is an important determinant of LUI [16]. Regional socio-economic factor is only one of the important influencing aspects. The administrative governance significantly impacts land use, and administrative division restructuring is the major strategy to achieve governance for the LUI. Administrative division restructuring profoundly influences the land use of cities by changing the economic and social management authorities and resource allocation rights of local governments [17,18,19].



In China, land use management is implemented under a top-down system of administrative division [20,21]. The top-down administrative division system and the bottom-up land use change have an inevitable unintegration boundary effect, and the administrative authority under the administrative division system affect the allocation of regional land resources [21,22]. The utilization of territorial space and adjustment of administrative division are significantly important to achieve ecological civilization and to promote the modernization of territorial and spatial governance. Land-use intensity (LUI) has been proposed to measure the magnitude of the intensified land use [1]. LUI is important for the sustainable development of cities. Therefore, research on the influencing factors and spatial interaction of LUI plays an important role in achieving more efficient land use strategies and realize the sustainable use of land resource.



With the rapid urban land development around the world, various issues related to LUI have been widely studied, mainly focusing on the mode, the trend, the differences and the influencing factors of construction land expansion at the national, regional, provincial, and city scales, the impact of LUI on resources and environment, and other aspects [12,23,24]. However, the research examining whether administrative division affect LUI is limited. Thus, this study aims to create a model of administrative spatial interaction of construction land to verify and explain the effect of administrative spillover on LUI. The remainder of this paper is structured as follows. Section 2 presents a theoretical framework. Section 3 presents the material and methods, in which Section 3.1 shows the study area, Section 3.2 discusses the methods, the formation of administrative matrix, and the spatial model of administrative division. Section 4 provides the results of this study. Section 5 and Section 6 are the discussion and conclusion sections, respectively.




2. Theoretical Framework


The relationship between county-level administrative units and LUI has a theoretical basis. Under the administrative division system, the interaction of county-level administrative units is a cooperative game relationship in the process of regional development, which means competition and cooperation both exist. Therefore, game theory was used to analyze the interaction of county-level administrative units under the administrative division. Based on game theory, some significant points, such as cooperation, game, reginal development, and so on must be focused on.



Game theory is a scientific theory that studies the process of decision making among multiple subjects on the basis of their own desired goals and the outcome of the game equilibrium, generally including cooperative and non-cooperative games [25]. The “actors”, “strategies”, “payoffs”, “orders”, “information”, and “equilibrium” are the basic elements of game theory [26]. The basic conditions of game theory are as follows: The decision of the “actors” in the game are discussed with one another; each “actor” will adjust his or her own strategy on the basis of the decision of other “actors”; the process of the game is restricted by some rules; the “actors” in the game can make independent decisions and can scientifically evaluate his or her own payoffs. While traditional administrative regions are based on hierarchical power relations, the new forms of reginal cooperation depend more on spontaneous cooperation and coalition [2]. Each country has their own administrative division system, China has adopted a “Five-level” hierarchical administrative system, which is interpreted as “Country-Province-City-County-Village” (as shown in Figure 1) [20]. Under the administrative division system in China, the county-level administrative units are the “players” who participate in the game. The county-level system, as the tertiary administrative region, is the basis of the local government, which involves “county-level city”, “urban district”, and “county” [17,27]. They play games and cooperate with one another, adopting a series of policy strategies to achieve the purpose of optimizing the layout of construction land and improve the efficiency of construction land use to achieve sustainable development within the urban agglomeration. The players sharing the information that influences the equilibrium result of the game in the process of development, so that the strategy can be adjusted in accordance with the local conditions and their own actual development [28]. Game players of counties, county-level cities, and districts adopt different strategies of land spatial planning authority, construction land indicator, and land profit distribution system [29].



The administrative division system is a top-down resource-based geographical division pattern with an obvious boundary constraint effect. The administrative division system is a basic means of regional control by the Chinese government, administrative division adjustment indicates the adjustment of spatial dominant power [18,19]. County-level city, urban district, and county have their own regional characteristics. The development of a county is dominated by agriculture and rural division, and generally have jurisdiction over towns and villages. The urban district is a completely urban administrative district, which mainly has jurisdiction over subdistrict and focuses on non-agricultural economic development [30]. The county-level city has jurisdiction over the subdistrict, which focuses on agriculture and rural development and non-agricultural economic development. The county-level city is well developed in urbanization, has a relatively developed non-agricultural economy, and urban functions and morphological characteristics are prominent [31]. The adjustment of administrative division at the county level will directly affect the authority of local governments and change the original resource allocation and land financial pattern [32]. Governments of different administrative levels also have various institutional constraints on land tax revenue, such as “prefecture-level cities”, “urban districts”, “county-level cities”, and “counties” are different in the allocation of urban construction land and the proportion of land tax revenue. The interaction between various types of county-level administrative regions directly impacting the land development and use. Therefore, on the basis of game theory, this study conducts a theoretical analysis of the cooperative game relationship between county units in the region.



The land spatial planning of county-level has a significant role in the entire planning system. It implements the superior level land spatial planning and is also a specific scientific and reasonable arrangement for the development and protection of the administrative region [33]. Counties and county-level cities have the right to compile land spatial planning independently, whereas urban districts generally do not have. Under the situation of the continuous reduction of incremental construction land resources, the cities have gradually transferred the process from “incremental development” to “revitalize the stock” [34]. The indicator of construction land is self-balancing at the county level, coordinate balance at the city level, supplemented by adjustments within the province. As an important policy to realize the cross-regional adjustment of construction land indicators, “link urban construction land increases to decreases in rural construction land”, which is; therefore, called “Linkage between Urban Land Taking and Rural Land Giving” (LUTRG), plays an important role in promoting the economical and intensive use of construction land and coordinating urban-rural development [34,35,36]. The adjustment and improvement of the usage scope of land transfer fee has attracted great attention in China, and the proportion of land transfer fee used in agriculture and rural areas has been improved steadily [37]. County-level governments have the initiative to use the land transfer fee, whereas district-level governments generally do not have. The goal of county-level administrative units is to realize social and economic development and protection of the ecological environment, the competition is particularly reflected in the factor of labor, land, and capital. The administrative division restructuring is the result of cooperation and competition among county-level administrative units. In recent years, adjustments in the administrative division were frequent, which involves “Revoke County to County-level city”, “Revoke County to Urban District”, “Merger of Administrative Unit”, “Revoke County-level city to Urban District”, “Revoke County to Urban District“ and “Split of Administrative Unit”.



The impact of the administrative division system on the land use of county-level administrative units is determined by the spatial continuity of land resources and the boundary effect of the administrative division. On the basis of game theory, we propose a theoretical framework of administrative division-socio-economic-land system to explore the interaction of county-level administrative units. In terms of the methodology, the factor of “administrative division” spatial weight matrix was embedded in the spatial econometric model.




3. Materials and Methods


3.1. Study Area


The urban agglomeration in the middle reaches of the Yangtze River is a complex of super colossal urban agglomerations with the three central cities of Wuhan, Changsha, and Nanchang. The urban agglomeration in the middle reaches of the Yangtze River located in central China, including Wuhan urban agglomeration, Changsha–Zhuzhou–Xiangtan agglomeration and the urban agglomeration around Poyang Lake, with a regional area of approximately 3.17 × 105 km2 was chosen as the study area. Geographically, the urban agglomeration in the middle reaches of the Yangtze River stretches from east to west, connecting north and south. The urban agglomeration in the middle reaches of the Yangtze River comprises 29 cities of Hubei, Hunan, and Jiangxi provinces (Figure 2), with 3.4% of the total area and 9.0% of the total population, accounting for 9.6% of the total GDP of China in 2017. The urban agglomeration in the middle reaches of the Yangtze River comprises 206 administrative units in 2010, and 207 administrative units in 2017 (The Gongqingcheng City which is a new county-level city established in November 2010.), which is an important part of the Yangtze River Economic Belt. The urban agglomeration in the middle reaches of the Yangtze River was selected in this study because it is one of the largest agglomerations of state-level in China, which plays a significant role in the national strategy of Rise of Central China and New Urbanization.



Table 1 lists data collected and sources for this study, the datasets involved interpreted land use and socio-economic data of 2010 and 2017. The land use data were obtained using the Landsat thematic mapper (TM) remote sensing images, with a spatial resolution of 30 m. Socio-economic data, such as population and gross domestic product (GDP), were obtained from the Hubei Statistical Yearbook in 2011 and 2018, Hunan Statistical Yearbook in 2011 and 2018, Jiangxi Statistical Yearbook in 2011 and 2018, and the County-level Socio-economic Statistical Yearbook of China in 2011 and 2018.




3.2. Methods


In this study, the measurement of LUI, the selection of driving factors, and the spatial econometric model were used to explore the spatial effect of administrative division on land-use intensity. The administrative adjacency relationship was transformed and integrated into spatial econometric model. Furthermore, the amplifying coefficient was introduced to explore the existence and the effect of administrative barriers.



3.2.1. Measurement on LUI and the Selection of Driving Factors


The construction land includes urban and built-up lands, rural settlements, and other construction lands (e.g., industrial parks, transportation facilities, mining areas, and so on) in 2010 and 2017 [38]. Based on the Major Function-Oriented Zone Planning (MFOZ Planning) of China (2010), the proportion of construction space in the total area of the region is defined as the LUI in a region. LUI was measured using the ratio of the construction land occupying the total area of the administrative area in this study. The calculation formula of LUI is as follows:


  L U I =   C L A   T A    



(1)




where LUI is land use intensity, CLA refers to the area of construction land, and TA presents the total area of the administrative units.



Industrialization, urbanization, and population growth have been considered common forces that contribute to land use changes on a global scale [39]. Transportation and infrastructures can directly drive the expansion of regional construction land, which positively affects LUI [8,40]. In our study, nine potential factors were selected by considering regional characteristics and data accessibility. These factors are gross domestic product per capita (PGDP), fixed asset investment per capital (PFAI), fixed asset investment per land (FAIL), total social consumption per capita (PSSC), proportion of industrial sector (PIS), proportion of tertiary sector (PTS), population density (PD), disposable personal income for urban residents (DPIU), and railway network density (RND). The verification revealed that a linear relationship exists between LUI and some independent variables. Correlation analysis and OLS regression were conducted to identify highly correlated factors and eliminate factors showing high levels of multicollinearity among the nine factors. Ultimately, three explanatory variables were selected, namely, PTS, PGDP, and FAIL to examine their influence on LUI.




3.2.2. Model Specification


To determine the relationship between the LUI and influencing factors and the interaction among administrative units, the spatial autocorrelation and regression models, including ordinary least squares (OLS) and spatial regressions were conducted. The regression method is a widely used statistical tool to estimate the coefficient of the cointegration equation and can also identify the strength of the relationship between the dependent variable and a collection of independent variables. In the OLS regression procedure, a spatial correlation was estimated for all explanatory variables [41]. The exploratory spatial data analysis (ESDA) was also used to estimate the spatial effect of LUI, including global Moran’s I and local Moran’s I. Global spatial autocorrelation is the description of the spatial characteristics of the attribute value in the total amount of the study area [42].



Spatial Regression Model


The spatial regression model is a standard tool for analyzing data with spatial correlation. The spatial regression model is widely used in many fields, such as spatial econometrics, ecological economics, geography, and so on. In contrast to the OLS regression model, the spatial regression model would examine the spatial spillover effects of neighboring cities. The spatial regression model is as the following equation [43,44].


  y =  β 0  + α  W   F  i j      y ′  + β  x i  + γ  W   F  i j      x ′  + μ  w   F  i j     ε + ε  



(2)







In this formula, y is the dependent variable, xi is the independent variables, y’ and x’ are the neighbors’ “spillover” of y and x, respectively. WFij refers to the spatial weight, β is the coefficient of spatial regression of independent variable, β0 is a constant term. α is the spatial lag coefficient vector, γ is the spatial lag coefficient vector of independent variables, ε is the spatial error vector, and it is independently distributed and conform to normal distribution, and μ is the spatial error coefficient vector.



(1) When γ = 0, μ = 0, this formula turns to be a spatial lag model (SLM), which indicates that the interaction relationship of research units is directly reflected in the dependent variable of neighbor units.



(2) When γ = 0, α = 0, this formula turns to be a spatial error model (SEM), which reveals that the interaction relationship of research units is reflected in the spatial error vector of model.



(3) When μ = 0, this formula turns to be a spatial Durbin model (SDM), which indicates that the interaction relationship of research units is reflected not only in the dependent variable of neighbor units, but also in the influencing factors of the dependent variables.




Administrative Embedded Spatial Econometric Model


The administrative division and LUI were integrated into spatial econometric model to explore the spillover effect of the interaction among administrative county units on land use in the urban agglomeration in the middle reaches of the Yangtze River.



Under the administrative division system, the adjacency relationship of administrative units is judged on the basis of the spatial adjacency relationship under the queen-type adjacency criterion. That is, if two administrative units share a public administrative boundary or node on the map, then the two administrative units have an adjacent relationship, as shown in the Figure below: Chibi City and Jiayu County. Contrarily, if the two administrative units do not have a public administrative boundary or node on the map, no neighboring relationship exists between these two administrative units, for example, the Linxiang City and Tongshan County, as shown in Figure 3.



Figure 3 presents that Jiangxia District and Jiayu County are adjacent to each other, and the value between them is 1; if the counties have no adjacent relationship, such as the Jiangxia District and Chongyang county, the value between them is 0. Thus, the administrative spatial matrix was constructed.


  W =      w  i j       i , j = 1  n   



(3)






   w  i j   =       1 ,  A i    a n d    A j    s h a r e   a   p u b l i c   a d m i n i s t r a t i v e   b o u n d a r y   o r   n o d e       0 , o t h e r s        



(4)




where Ai and Aj are the county-level administrative units, and wij is the weight of the administrative units.



In this study, we assumed that the spillover effect between the adjacent administrative units in different provinces subjected to the administrative boundaries. In Figure 3, Chibi City, Jiayu County, Chongyang County, Jiangxia District, Xianning City, and Tongshan County belong to Hubei Province. Linxiang City is affiliated with Hunan Province. Taking into account the effect of administrative barriers between county-level administrative units in different provinces, the administrative barriers coefficient λ is introduced. If two adjacent county-level administrative units belong to two different provinces, such as the Linxiang City and Chongyang County, as shown in Figure 3, the administrative barriers coefficient value between them is λ, if two adjacent county-level administrative units belong to the same province, such as the Chibi and Linxiang cities, the administrative interaction coefficient value between them is 1.



On the basis of the spatial interaction of different administrative units, the LUI, influencing factors, and spatial spillover effects between adjacent administrative units were explored in the urban agglomeration in the middle reaches of the Yangtze River. The Stata15 was used to perform statistical and spatial analyses. The administrative embedded spatial econometric model is expressed as follows:


  L U  I i  =  β 0  + α  W   F  a d m     L U  I ′  + β  x i  + γ  W   F  a d m      x ′  + μ  W   F  a d m     ε + ε  



(5)




where LUIi is land use intensity; xi is factors influencing the LUI; the WFadm is the spatial adjacency matrix of county-level administrative division of the urban agglomeration in the middle reaches of the Yangtze River; LUI’ and x’ are the neighbors of administrative “spillover” of LUI and x, respectively; β is the coefficient of factors influencing the LUI; and γ is the spatial lag coefficient vector of factors influencing LUI.







4. Results


4.1. Spatio-Temporal Variability of LUI


Table 2 presents the maximum, minimum, average, median, and standard deviation of LUI of the urban agglomeration in the middle reaches of the Yangtze River in 2010 and 2017. The lowest LUI was observed in Tonggu County, the value was 0.0022 and 0.0052 in 2010 and 2017, respectively. The highest LUI was observed in Jianghan District (0.7796 in 2010 and 0.9607 in 2017), which is at the center of the Wuhan urban agglomeration. From 2010 to 2017, the Yuhua District had the highest increment (0.4762), and Lengshuijiang City was 7.73 times higher than that in 2010. The average value of LUI in 2017 was 1.76 times higher than that in 2010. From 2010 to 2017, the standard deviation was increased, signifying that the gap of LUI among counties widened.



Table 2 also shows the characteristics of FAIL, PGDP, and PTS of the administrative county-level units in the urban agglomeration in the middle reaches of the Yangtze River in 2010 and 2017. FAIL as an input indicator, from 2010 to 2017, the highest appeared in the Tianxin District (72,367.0973) in 2010, and Jianghan District (193,344.7389) in 2017, whereas the lowest appeared in the Lean County (46.6484) in 2010 and Zixi County (207.5307) in 2017. PGDP as the economic indicator, the highest PGDP was observed in Yuhua District (11.4308) in 2010 and Furong District (20.8306) in 2017, the lowest PGDP was observed in Duchang county (0.5510) in 2010 and Poyang county (1.5582) in 2017. The average and median values of FAIL and PGDP tremendously increased from 2010 to 2017. The highest value of PTS appeared in the Donghu District (0.9384) in 2010 and Jianghan District (0.9345) in 2017. The lowest value of PTS appeared in the Hukou County (0.1211) in 2010 and Hannan District (0.1461) in 2017. The economic indicators in most districts are higher than counties and county-level cities.



Figure 4 shows the spatio-temporal variability and hotspot patterns of LUI in the urban agglomeration in the middle reaches of the Yangtze River in 2010 and 2017. The level of LUI of different county-level administrative units are quite different. The urban district presented the highest value. The values in the Wuhan, Changsha, and Nanchang are higher than other cities and cluster around the three central cities. The administrative units of districts played a dominant role in 2010 and 2017. The values of Wuhan urban agglomeration are higher than Changsha–Zhuzhou–Xiangtan agglomeration and the urban agglomeration around Poyang Lake. By comparison, the urban agglomeration around Poyang Lake has the lowest LUI.



Hotspots refer to the statistically significant high-value clusters of LUI, whereas coldspots indicate statistically significant low-value clusters of LUI. No coldspots existed in 2010 and 2017. The hotspots were mainly clustered in Wuhan, Changsha, and Nanchang areas. In the Wuhan urban agglomeration, the range of significant hotspots in 2017 is identical to that of 2010. The LUI of all the counties in Wuhan and Ezhou cities are the hotspots in 2010 and 2017, and all the counties are at 99% confidence in 2010 and 2017. In the Changsha–Zhuzhou–Xiangtan agglomeration, the range of significant hotspot area was expanding, and the significance levels of some districts are becoming higher. Among them, Yuelu District, Shaoshan City, Yuetang District, Shifeng District, Hetang District, and Lusong District leaped from 90% to 99%, showing the greatest change, and Kaifu District, Furong District, Tianxin District, Changsha County, and Yuhua District leaped from 95% to 99%. The new hotspots that appeared were Wangcheng District, Zhuzhou County, and Xiangtan County in 2017, all of them were neighboring with the existing hotspots. In the urban agglomeration around Poyang Lake, the LUI of all the counties in Nanchang City were the hotspots area in 2010 and 2017, and the significance of counties except Nanchang County and Xihu District had improved from 2010 to 2017, Donghu District, Qingyunpu District, Qingshanhu District, Xinjian County, and Jinxian County leaped from 95% to 99%, Wanli District and Anyi County leaped from 90% to 95%. The new hotspots appeared were Gongqingcheng City and the significance level was 95%. Most of the other counties have insignificant hotspots of LUI of the urban agglomeration in the middle reaches of the Yangtze River.




4.2. Driving Forces of LUI


The multicollinearity and spatial autocorrelation tests were conducted on the basis of theoretical analysis. The FAIL, PGDP, and PTS have remarkably high correlation coefficients with LUI in 2010 and 2017. The global Moran’s I test was conducted to examine the correlation of LUI, FAIL, PGDP, and PTS under the administrative division system. In 2010 and 2017, the values of the global Moran’s I of the LUI, FAIL, and PGDP were all above 0.3, and all the values of the four indicators were significant at 1%, indicating that the LUI showed a strong positive spatial correlation. The global Moran’s I of LUI was 0.390 in 2010 and 0.549 in 2017. The global Moran’s I of FAIL was 0.480 in 2010 and 0.392 in 2017. The global Moran’s I of PGDP was 0.522 in 2010 and 0.489 in 2017. The global Moran’s I of PTS was 0.127 in 2010 and 0.133 in 2017. From 2010 to 2017, the global Moran’s I of LUI and PTS has increased, which means that the autocorrelation of the two factors have gradually increased.



Table 3 shows the results of the spatial autocorrelation tests of the Wuhan urban agglomeration, Changsha–Zhuzhou–Xiangtan agglomeration, and the urban agglomeration around Poyang Lake in 2010 and 2017. Most of the variables of the three agglomerations are significant at 1%. In the Wuhan urban agglomeration, from 2010 to 2017, the global Moran’s I of LUI, PGDP, and PTS have increased to varying degrees, signifying that during this period, the autocorrelation of the LUI, PGDP, and PTS has gradually increased. Contrarily, the value of FAIL has decreased. The autocorrelation of the LUI has increased, whereas the other three indicators have decreased in the Changsha–Zhuzhou–Xiangtan agglomeration from 2010 to 2017. In the urban agglomeration around Poyang Lake, the autocorrelation of PTS was not significant, and only the LUI has an increased autocorrelation.



To better understand factors underlying the spatial inequality of administrative division system, the regression and spatial regime analyses were conducted. The R2 was 0.6650 in 2010 and 0.7624 in 2017 and the adjusted R2 was 0.6600 in 2010 and 0.7624 in 2017, revealing that the independent factors well explain the LUI. The diagnoses of the spatial autocorrelation tests and significant spatial auto-correlations (p value at 0.01 significance level) were observed in 2010 and 2017 with respect to LUI in the urban agglomeration in the middle reaches of the Yangtze River. Based on the Lagrange tests, SLM performed better than SEM, thus, SLM and SDM models were applied to present the spatial econometric model results. Table 4 shows the results of OLS regression, SLM, and SDM.



As shown in Table 4, the three indicators of SLM were also significant at 1% in 2010 and 2017. The R2 (0.7394 in 2010 and 0.8662 in 2017) and the adjusted R2 (0.7369 in 2010 and 0.8649 in 2017) are higher than that of the OLS regression, implying that the explanatory variables highly fit the SLM model. The three indicators significantly and positively affect LUI in 2010 and 2017, indicating that FAIL, PGDP, and PTS exert a positive driving effect on the land use. The coefficient of PTS is the highest. This result means that the growth of LUI depends more on the development of the tertiary sector. From a temporal perspective, from 2010 to 2017, the coefficient of FAIL and PTS were decreased. Contrastingly, the coefficient of PGDP increased, demonstrating that the driving effect of PGDP became stronger, while the effect of FAIL and PTS weakened. From 2010 to 2017, the county-level administrative units had a significant and increasing spatial interaction effect, and the direct spatial spillover effect was remarkable.



In SDM, the coefficients of spatial correlation (γ) were 0.3744 and 0.3742 in 2010 and 2017, respectively, and the significance level was 1%. The coefficients of driving factors (FAIL, PGDP, and PTS) were significant at 1%. The influences of FAIL and PGDP dramatically weakened, but the PTS slightly increased. The spatial coefficient of W_PGDP changed from negatively significant to positively significant from 2010 to 2017, whereas the spatial coefficient of W_FAIL and W_PTS were insignificant in 2010 and 2017. For the insignificant coefficients of W_FAIL and W_PTS in both years, the indirect spatial spillover effects of FAIL and PTS through the administrative division could not be observed. The robustness of SDM was confirmed, given that the R2 and adjusted R2 were higher than 0.85.



To further examine the factors underlying the spatial inequality of administrative division system of the three agglomerations, the SDM spatial analysis was conducted on the three agglomerations. Table 5 shows the SDM results of Wuhan urban agglomeration, Changsha–Zhuzhou–Xiangtan agglomeration, and the urban agglomeration around Poyang Lake.



In the Wuhan urban agglomeration, as shown in Table 5, the correlation coefficients of FAIL were significant at 1% in 2010 and 2017, and the positive influences of FAIL were strengthened from 2010 to 2017, indicating that FAIL exerted a positive driving effect on LUI. The correlation coefficient of PGDP became insignificant from 2010 to 2017, whereas the coefficient of PTS changed from insignificant to significant at 1% from 2020 to 2017. The driving effect of PTS was becoming stronger, whereas the effect of PGDP was weakened, which is the same as the urban agglomeration in the middle reaches of the Yangtze River in SDM. The robustness of SDM was confirmed, and the R2 (0.9025 in 2010 and 0.9110 in 2017) and the adjusted R2 (0.8937 in 2010 and 0.9029 in 2017) were higher than 0.85 in both years. The independent factors (FAIL, PGDP, and PTS) well explain the LUI and the local factors were highly fitted in the SDM. The spatial coefficient of LUI was significant in 2010 and 2017 with values of 0.3845 and 0.4555, respectively, and both of them were significant at 1%, indicating that the direct impact of neighbors existed and gradually strengthened through the administrative division from 2010 to 2017. With respect to the spatial coefficient of W_PTS, the spatial coefficient changed from insignificant to significant at 1% from 2010 to 2017, whereas all the coefficients of W_PGDP and W_FAIL were insignificant in both years.



In the Changsha–Zhuzhou–Xiangtan agglomeration, the coefficient of FAIL and PTS were significant at 1% in 2010, and the coefficient of FAIL, PGDP, and PTS was significant at 1% in 2017. The coefficient of FAIL was gradually decreasing, while the coefficient of PGDP and PTS was gradually increasing. The results indicate that the economic and industrial factors have become the dominant factors of LUI. The R2 (0.7756 in 2010 and 0.9005 in 2017) and the adjusted R2 (0.7562 in 2010 and 0.8920 in 2017) were greatly improved from 2010 to 2017. This reveals that the independent factors well explain the LUI, and the explanatory variables are highly fitted in the SDM in 2017. From 2010 to 2017, the spatial interaction effect of administrative units weakened. The spatial coefficient of LUI was insignificant in 2010 and 2017, indicating that the direct impact of neighbors through the administrative division system not yet existed. The spatial coefficient of W_FAIL, W_PGDP, and W_PTS was insignificant in both years, and the indirect spatial spillover effects of local factors could not be observed.



In the urban agglomeration around Poyang Lake, the FAIL, PGDP, and PTS exerted a positive driving effect on LUI in 2017, and the FAIL and PGDP exerted a positive driving effect on LUI in 2017. Particularly, the driving effect of FAIL had a noticeable increment, signifying that the driving force of FAIL on LUI dramatically increased. The R2 and the adjusted R2 were higher than 0.9 in 2017, confirming the robustness of SDM. From 2010 to 2017, the spatial coefficient of LUI was changed from insignificant to negatively significant, indicating that the direct impact of neighbors through the administrative division system existed but did not show a positive effect. The spatial coefficient of W_FAIL and W_PGDP in 2017 indicates that the direct impact on LUI of neighbors of spatial spillover effect was obvious.




4.3. Administrative Barriers


To explore the administrative barriers of the three provinces, different administrative barriers coefficients λ were introduced ranging from 0.1–1 for verification. Figure 5 shows the coefficient changes of indicators (FAIL, PGDP, and PTS) and spatial coefficient (γ) under the different hypothesis coefficients of administrative barriers in 2010 and 2017. The results revealed that, as the λ increased, the spatial coefficient of LUI among administrative units showed a trend of strengthening first and then weakening in 2017 and kept strengthening in 2010. The coefficients of FAIL were weakening in 2010 and 2017 as the λ strengthened. The coefficient of PGDP showed a descending tendency as the λ strengthened in 2017, but a tendency of ascending first and then descending in 2010. Generally, the coefficients of FAIL and PGDP presented a decreasing trend along with the strengthening of λ. Particularly, the coefficients of PTS were remarkably different in 2010 and 2017. The coefficient of PTS showed the tendency of slightly increasing first and then decreasing with the λ weakening in 2010 and showed an increasing tendency in 2017.





5. Discussion


On the basis of game theory, an interaction relationship theoretical framework was proposed that reveals the administrative division-socio-economic-land system. This study aims to examine LUI under the administrative division, to explore the distribution and layout of construction land, underlying driving forces, and the spatial interaction of land development of the counties. This work took the urban agglomeration in the middle reaches of the Yangtze River as the case study area, including three different agglomerations, which is essential to study the LUI under administrative division within urban agglomerations.



LUI is a critical indicator to measure the level of regional land use, reveal the efficiency of land use, the level of social and economic development, the evolution of land spatial pattern, and control the allocation of land resources. The spatial distribution of LUI of administrative in different urban agglomerations showed great differences during the study period and presented a structure that radiated from the central city to the surrounding cities. From 2010 to 2017, the LUI had a substantial growth trend in Wuhan urban agglomeration. From the spatial perspective, as core cities of the urban agglomeration, Wuhan, Changsha, and Nanchang have demonstrated a radiating effect on the surrounding areas in terms of land development patterns. The demand for a large quantity of construction land is an essential factor in urban development of many cities, especially the big cities with rapidly development [45]. In the stage of critical urbanization, the spatial adjustment in urban planning and the strengthening of land use policies are warranted [46,47]. Many countries worldwide continuously face various problems, such as the imbalance space of LUI, overdevelopment, and extensive utilization, and the sustainable development of regional water, soil resources, and ecological environment threatened by the excessive expansion of construction land [48,49,50]. The optimization of the construction land layout and morphology can contribute to achieving a sound development of new urbanization, which also plays a critical role in forming efficient urban spatial patterns and structures [51]. Monitoring and controlling LUI can optimize the pattern of land spatial development and realize regional sustainable development.



The administrative level often determines preferences for policies and resource allocation, thus influencing LUI. Compared with the county and urban district, the county-level city has more authority of urban economic development, which implies more urban construction land index and the decentralization of land approval [19]. The construction land index is affected by the development strategy of the higher-level government, that is, the transmission and control of construction land indicators at the upper and lower levels and the influence among units at the same level is weak. However, as the results of this study reveal, the influence of LUI among county-level administrative units at the same level exists, the direct impact of neighbors existed and functioned through the administrative division system. The spatial spillover effect of administrative not only exists in the urban agglomeration in the middle reaches of the Yangtze River, but also in the urban agglomeration in Wuhan and around Poyang Lake.



The administrative spatial spillover effect has a complex influence on land use in the process of regional development, which is mainly through the regional competition and cooperation of different regions. When the relationship between different regions is cooperation, neighbors will often have a positive spatial spillover effect on the local area. Whereas when a strong competitive relationship exists between different regions, the administrative units with stronger competitiveness or higher administrative levels will often play a restrictive effect on the development of neighbor regions, which means a negative administrative spillover effect. In the process of land use, the cooperation and competition between neighboring regions should be fully balanced. The administrative spillover effect is significant and strengthening gradually in the Wuhan urban agglomeration. The administrative spillover effect is remarkably significant in the urban agglomeration in the middle reaches of the Yangtze River, which signifies that the Wuhan urban agglomeration has played a dominant role in the development of the middle reaches of the Yangtze River. On the other hand, the administrative spillover effect has not been observed in the Changsha–Zhuzhou–Xiangtan agglomeration and a negative administrative spillover effect has appeared in the urban agglomeration around Poyang Lake. Strict ecological protection policies have been implemented in these two urban agglomerations, and the cooperation between county-level administrative units focuses more on the protection of the ecological environment, thus, the spatial spillover effect of LUI is not obvious. Therefore, the spatial spillover effect among administrative units is a crucial factor that cannot be ignored in the coordinated development and sustainable development of regions [52]. The government can use the spatial spillover effect under the administrative division as a supplemental method to control the land market better [53]. In the background of land spatial planning, the spatial spillover should be fully considered in the major regional planning and special planning.



Concurrently, this study also verifies the existence of the cross-provincial administrative barriers effects under the administrative division system throughout urban agglomerations. The results show that when different coefficients were introduced, the influencing social economic factors on the LUI were different, and the influence of administrative units on neighboring units also shows different trends. The results revealed that the λ coefficient of 0.5 is the threshold value of administrative barriers, where the coefficient changed to different tendencies, such as changes from strengthening to weakening, from relatively stable to a sharp or a noticeable increase. That is, restricted by the administrative management and administrative boundaries under the administrative division, the spatial spillover effect between adjacent county-level administrative units belonging to different provinces is only half of that of adjacent county-level administrative units belonging to the same province. As the effect of administrative barriers weakens, the flow of production factors such as labor and capital between regions will be promoted. The existence of administrative barriers effects urges us to rethink the optimization of administrative governance during land use change. Therefore, to effectively break through the effect of administrative barriers is an effective measure to optimize structure of land use and improve the efficiency of land development.




6. Conclusions


In the context of rapid urbanization worldwide, the expansion of construction land and increasingly intensified land development have brought about great changes in the spatial structure and functions of the land. Meanwhile, a series of social and eco-environmental problems such as the reductions in arable land, soil erosion and forest destruction worldwide. Therefore, land use and land development have become a common concern of urban planning and development internationally.



This study explored the spatial spillover effect of administrative division system and the influencing factors of LUI in the urban agglomeration in the middle reaches of the Yangtze River in 2010 and 2017. Results revealed that the LUI shows strong characteristics of spatial heterogeneity, and the gap of LUI among counties widened from 2010 to 2017. The fixed asset investment per land, gross domestic product per capital, and proportion of tertiary sector positively influence LUI. The county-level administrative units had a significant and increasing spatial interaction effect, and the direct spatial spillover effect of neighbors on LUI was remarkable. Moreover, the effect of interprovincial administrative barriers among county-level administrative units were observed. These findings are meaningful to better understand the interdependencies between urban socio-economic and LUI under the administrative division system.



The results of this study provide references for the intensive land use and sustainable development. The positive spillover effects of administrative division should be fully considered to improve the land development in the process of spatial governance and policies making, so that we can better solve the global contradiction between land supply and demand. Countries should adopt specific land development and spatial structure readjustment strategies in different regions. The spatial planning is a powerful policy tool to balance economic growth and land development, the spillover effect should be taken into account to achieve regional economic cooperation and policy coordination, to balance land use and land protection effectively. Furthermore, the spillover effect of urban areas is supposed to influence the function of adjacent regions, which can be fully used to strengthen the ties between regions. There are also some limitations, such as the effect of administrative division is difficult to quantify, which can be considered for future investigation. The existence of administrative barriers effects within the province should also be further explored and verified in future research.
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Figure 1. The theoretical framework. 
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Figure 2. Study area. 
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Figure 3. Conceptual model of the spatial adjacency matrix. Note: Chibi City is a county-level city administered by Xianning city of Hubei province. Linxiang City is a county-level city administered by Yueyang City of Hunan province. Jiayu County, Chongyang County, and Tongshan County are counties of Xianning city. Jiangxia District is a municipal district of Wuhan City. Xianan District is a municipal district of Xianning City. In the Figure 3, C1, C2, C3, C4, C5, C6, and C7 are Linxiang City, Jiayu County, Chibi City, Chongyang County, Jiangxia District, Xianan District, and Tongshan County, respectively. S1 is the adjacent scenario of county-level city and county-level city. S2 is the adjacent scenario of county-level city and county. S3 is the adjacent scenario of county-level city and urban district. S4 is the adjacent scenario of county and urban district. S5 is the adjacent scenario of urban district and urban district. S6 is the adjacent scenario of county and county. 
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Figure 4. Spatial and hotspot patterns of LUI in the urban agglomeration of the middle reaches of the Yangtze River in 2010 and 2017. (a) Shows the spatial and hotspot patterns in the urban agglomeration in the middle reaches of the Yangtze River in 2010. (b) Refers to the spatial and hotspot patterns in the urban agglomeration in the middle reaches of the Yangtze River in 2017. 
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Figure 5. Coefficient changes of indicators (FAIL, PGDP, and PTS) and spatial coefficient (γ) under different hypothesis coefficients λ of administrative barriers in 2010 and 2017. (a) Shows the different spatial coefficient (γ) of LUI under different hypothesis coefficients λ of administrative barriers in 2010 and 2017. (b) Refers to the coefficient changes of FAIL under the different hypothesis coefficients λ of administrative barriers in 2010 and 2017. (c) Presents the coefficient changes of PGDP under the different hypothesis coefficients λ of administrative barriers in 2010 and 2017. (d) Indicates the coefficient changes of PTS under the different hypothesis coefficients λ of administrative barriers in 2010 and 2017. Notes: The main axis, which is on the left, represents the year of 2010 and the secondary axis, which is on the right, represents the year of 2017. 
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Table 1. Data and Data sources.
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	Data
	Data Type
	Data Source
	Year





	Land use classification data (interpreted from Landsat TM/ETM images spatial resolution of 30 m)
	Cropland, grassland, forest, build-up land, water and others
	Geographical Information Monitoring Cloud Platform (http://www.dsac.cn/DataProduct)
	2010 and 2017



	Road network data
	Road
	Geographical Information Monitoring Cloud Platform (http://www.dsac.cn/DataProduct/Detail/201843)
	2010 and 2017



	Administrative division dataset
	Provincial boundaries, city boundaries and county boundaries
	Map World in National Platform for Common Geospatial Information Services (https://www.tianditu.gov.cn/)
	2010 and 2017



	Socio-economic dataset
	Population, GDP, sector structure, and so on
	the Statistical Yearbooks of Hubei, the Statistical Yearbooks of Hunan, and the Statistical Yearbooks of Jiangxi Province
	2011 and 2018
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Table 2. Descriptive statistics in 2010 and 2017.
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Index

	
Year

	
Counties

	
Min

	
Max

	
Mean

	
Median

	
Standard Deviation






	
FAIL

	
2010

	
206

	
46.6484

	
72,367.0973

	
3590.1510

	
455.9628

	
9843.0230




	
2017

	
207

	
207.5307

	
193,344.7389

	
8589.1070

	
1701.5730

	
22,850.6100




	
PGDP

	
2010

	
206

	
0.5510

	
11.4308

	
2.5884

	
1.9200

	
1.9353




	
2017

	
207

	
1.5582

	
20.8306

	
5.6731

	
4.3939

	
3.6155




	
PTS

	
2010

	
206

	
0.1211

	
0.9384

	
0.3494

	
0.3204

	
0.1375




	
2017

	
207

	
0.1461

	
0.9345

	
0.4197

	
0.3900

	
0.1421




	
LUI

	
2010

	
206

	
0.0022

	
0.7796

	
0.0768

	
0.0259

	
0.1326




	
2017

	
207

	
0.0052

	
0.9607

	
0.1353

	
0.0533

	
0.1963








Notes: Acronyms: FAIL: Fixed asset investment per land; PGDP: Gross domestic product per capital; PTS: Proportion of tertiary sector; LUI: Land-use intensity.
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Table 3. Global Moran’s I of the Wuhan urban agglomeration, Changsha–Zhuzhou–Xiangtan agglomeration, and urban agglomeration around Poyang Lake in 2010 and 2017.
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Variable

Scenario

	
Wuhan Urban Agglomeration

	
Changsha–Zhuzhou–Xiangtan Agglomeration

	
Urban Agglomeration around Poyang Lake




	
2010

	
2017

	
2010

	
2017

	
2010

	
2017






	
LUI

	
0.509 ***

	
0.638 ***

	
0.383 ***

	
0.542 ***

	
0.284 ***

	
0.452 ***




	
FAIL

	
0.505 ***

	
0.427 ***

	
0.504 ***

	
0.323 ***

	
0.430 ***

	
0.414 ***




	
PGDP

	
0.434 ***

	
0.498 ***

	
0.568 ***

	
0.480 ***

	
0.471 ***

	
0.438 ***




	
PTS

	
0.123

	
0.198 **

	
0.156 **

	
0.143 *

	
0.046

	
0.001








Notes: *, **, *** refer to the 10%, 5%, and 1% significance level, respectively. Acronyms: FAIL: Fixed asset investment per land; PGDP: Gross domestic product per capital; PTS: Proportion of tertiary sector; LUI: Land-use intensity.
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Table 4. Results of OLS regression, SLM, and SDM in 2010 and 2017.






Table 4. Results of OLS regression, SLM, and SDM in 2010 and 2017.





	
Variable Scenario

	
OLS Regression

	
SLM

	
SDM




	
2010

	
2017

	
2010

	
2017

	
2010

	
2017






	
Moran’s I for LUI

	
-

	
-

	
0.390 ***

	
0.549 ***

	
-

	
-




	
LM

	
-

	
-

	
10.501 ***

	
46.997 ***

	
-

	
-




	
R-LM

	
-

	
-

	
0.070

	
50.560 ***

	
-

	
-




	
FAIL

	
8.01 × 10−6 ***

	
4.47 × 10−6 ***

	
6.97 × 10−6 ***

	
3.15 × 10−6 ***

	
7.85 × 10−6 ***

	
2.84 × 10−6 ***




	
PGDP

	
0.0125 ***

	
0.0203 ***

	
0.0090 ***

	
0.0118 ***

	
0.0160 ***

	
0.0089 ***




	
PTS

	
0.1466 ***

	
0.1870 ***

	
0.1429 ***

	
0.1869 ***

	
0.1594 ***

	
0.1648 ***




	
W_FAIL

	
-

	
-

	
-

	
-

	
−5.21 × 10 −7

	
8.63 × 10−7




	
W_PGDP

	
-

	
-

	
-

	
-

	
−0.0218 ***

	
0.0128 ***




	
W_PTS

	
-

	
-

	
-

	
-

	
0.0230

	
−0.0060




	
cons

	
−0.0357 *

	
−0.0965 ***

	
−0.0395 **

	
−0.0991 ***

	
−0.0243

	
−0.1255 ***




	
γ

	
-

	
-

	
0.2878 ***

	
0.5364 ***

	
0.3744 ***

	
0.3742 ***




	
R2

	
0.6650

	
0.7624

	
0.7394

	
0.8662

	
0.7565

	
0.8694




	
Adj-R2

	
0.6600

	
0.7589

	
0.7369

	
0.8649

	
0.7504

	
0.8661








Notes: *, **, *** refer to the 10%, 5%, and 1% significance levels, respectively. Acronyms: OLS: Ordinary least squares; SLM: Spatial lag model; SDM: Spatial Durbin model; LM: Lagrange multiplier test of general spatial autocorrelation. R-LM: Robust Lagrange multiplier test of general spatial autocorrelation; FAIL: Fixed asset investment per land; PGDP: Gross domestic product per capital; PTS: Proportion of tertiary sector; LUI: Land-use intensity.
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Table 5. Results of SDM in 2010 and 2017 of the three agglomerations.






Table 5. Results of SDM in 2010 and 2017 of the three agglomerations.





	
Variable Scenario

	
Wuhan Urban Agglomeration

	
Changsha–Zhuzhou–Xiangtan Agglomeration

	
Urban Agglomeration around Poyang Lake




	
2010

	
2017

	
2010

	
2017

	
2010

	
2017






	
Moran’s I for LUI

	
0.509 ***

	
0.638 ***

	
0.383 ***

	
0.542 ***

	
0.284 ***

	
0.441***




	
FAIL

	
1.07 × 10−5 ***

	
2.00 × 10−6 ***

	
3.02 × 10−6 ***

	
2.08 × 10−6 ***

	
1.17 × 10−6 ***

	
4.05 × 10−6 ***




	
PGDP

	
0.0325 ***

	
0.0072

	
0.0109 **

	
0.0134 ***

	
0.0185 **

	
0.0187 ***




	
PTS

	
0.0750

	
0.1965 **

	
0.2048 ***

	
0.2204 ***

	
0.1243

	
0.1324 **




	
W_FAIL

	
−2.96 × 10−6

	
5.10 × 10−7

	
1.05 × 10−6

	
3.99 × 10−6

	
2.16 × 10−6

	
4.41 × 10−6 ***




	
W_PGDP

	
−0.0120

	
0.0097

	
−0.0055

	
0.0076

	
−0.0104

	
0.0345 ***




	
W_PTS

	
−0.1201

	
0.3617 **

	
−0.1778

	
0.0236

	
0.1373

	
−0.0086




	
cons

	
0.0205

	
−0.2304 ***

	
0.0046

	
−0.1678

	
−0.0653

	
−0.1960 ***




	
γ

	
0.3845 **

	
0.4555 ***

	
0.2639

	
0.0145

	
−0.3022

	
−0.6602 ***




	
R2

	
0.9025

	
0.9110

	
0.7756

	
0.9005

	
0.7730

	
0.9191




	
Adj-R2

	
0.8937

	
0.9029

	
0.7562

	
0.8920

	
0.7579

	
0.9138








Notes: *, **, *** refer to the 10%, 5%, and 1% significance levels, respectively. Acronyms: SDM: Spatial Durbin model; FAIL: Fixed asset investment per land; PGDP: Gross domestic product per capital; PTS: Proportion of tertiary sector; LUI: Land-use intensity.
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