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Abstract

:

Urban land-use efficiency (ULUE) has been increasingly recognized as an issue of land-use management across the world in the last century as the globe experienced unprecedented rapid urban expansion. However, although a large body of studies was dedicated to analyzing the driving forces of ULUE, literature was rarely focused on the impacts of regional cooperation on ULUE. To bridge the knowledge gap, we used the Chinese trailblazer of regional cooperation–Yangtze River delta (YRD)—as a case to reveal the impacts of regional cooperation on ULUE. Social network analysis and a super efficiency SBM model with undesirable outputs were used to measure regional cooperation and ULUE, respectively. Furthermore, the impacts of regional cooperation on ULUE were examined by using the geographically and temporally weighted regression model. The results show that regional cooperation in the YRD strengthened from 2009 to 2016, among which Shanghai was the core node city in the YRD. Only seven cities maintained good ULUE with a stable trend during 2009–2016. The regression results indicated the positive impacts of regional cooperation on ULUE, which was more evident in the southern cities of the YRD. The potential mechanism to explain the impacts of regional cooperation on ULUE includes co-building transportation facilities and joint development zones. These findings provide insightful implications for improving ULUE by strengthening regional cooperation in Chinese cities.
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1. Introduction


The world has witnessed unprecedented urban expansion during the last century [1,2]. Global urban land has increased by 58,000 km2 from 1970 to 2000. If the trend is to be continued, global urban land area is projected to increase by 1.2 million km2 in 2030, tripling the amount circa 2000 [3]. Unfortunately, rapid urban expansion has been accompanied by inefficient urban land use, which more frequently takes place in developing countries [4,5,6]. Inefficient urban land use indicates extensive land development that is characterized by high coverage of the urban built-up area with low yield in a region. According to the report on China’s land use situation by Wang, et al. [7], 45% of urban land is used inefficiently, and approximately 5% of it is vacant. Furthermore, inefficient urban land use has resulted in considerable loss of cultivated land and ecological land, imposing challenges for food security and environmental protection [8,9,10]. Therefore, the concerns about ULUE and its driving forces have attracted great attention from decision-makers, scholars, and planners across the world.



ULUE was defined as the yield per unit of urban land area with respect to social and economic activities [11]. There is a plethora of studies related to ULUE, which can be categorized into two main streams. The first stream is measuring ULUE through the lens of economic, social, and environmental output [12,13]. An increasing body of studies found that most cities show an increasing trend of ULUE with technological progress [14]. At the urban agglomeration scale, the world-class urban agglomerations are inclined to have better ULUE than nation-class and region-class urban agglomerations [15,16]. At the city scale, developed cities are generally characterized by higher land-use efficiency [17,18]. In terms of land types, residential land has been used effectively as compared to industrial land [19]. The second stream is exploring the driving forces of ULUE. Existing literature found that land market [20], land-use structure [21], socio-economic development [22], local government behavior [23], and public policy [24] imposed positive impacts on ULUE. However, existing literature was focused on the effect of endogenous factors of a city on ULUE, particularly from the perspective of socio-economic determinants. By contrast, exogenous factors resulting from the interaction among cities, such as regional cooperation, were chronically overlooked in previous studies.



Regional cooperation is likely to be an instrument in affecting land-use efficiency [25,26]. Regional cooperation is regarded as any kind of formalized trans-local, international, or bi-lateral cooperation between local authorities and their communities [27]. It is well-known as the modes of “twin city strategy” [28], “city-helps-city schemes” [29], and “inter-city integration agenda” [30], which is an efficient way to facilitate the linkages of economic, social, and institutional affairs among cities for alleviating urban competition [31]. Inevitably, regional cooperation seems to have profound impacts on regional land-use management [32]. On the one hand, industrial development cooperation among cities over a physical space (e.g., cross-jurisdictional economic development zones) promotes industries from scattered distribution to a cluster pattern [33]. This gains the industrial agglomeration effect, which is beneficial for industrial yield but also saves industrial land resources. On the other hand, cooperative spatial planning for a city-region regulates disordered urban land development through formulating spatial zones and planning ordinances [34]. By establishing coordination mechanisms for land development, intensive land development could be implemented in the region. For example, the Pearl River Delta Urban Cluster Coordination Plan proposed a spatial zone with “one core area, three belts, and five axes” to prevent urban sprawl. Nevertheless, although regional cooperation is increasingly acknowledged as a driver affecting urban land use, the impacts of regional cooperation on ULUE remain rarely explored.



To bridge the knowledge gap, we used the Chinese pioneer of regional cooperation—YRD—as a case to explore the impacts of regional cooperation on ULUE. This paper was dedicated to two issues: (1) what are the characteristics of regional cooperation and ULUE in the YRD; (2) how regional cooperation imposes impacts upon the ULUE. We used social network analysis and a super efficiency slack-based measure (SBM) model with undesirable outputs to measure the intensity of regional cooperation and ULUE, respectively. Furthermore, the impacts of regional cooperation on ULUE were examined by using geographically and temporally weighted regression (GTWR). Thus, this article proceeds as follows. Section 2 following the introduction presents a conceptual framework about the definitions, dimensions, and potential impacts of regional cooperation on ULUE, which provided the theoretical premise for this study. Section 3 introduces the study area of YRD, data source, and research methods. Section 4 demonstrates the results, including regional cooperation, ULUE, and the impacts of regional cooperation on ULUE. Section 5 shows the mechanism related to the impacts of regional cooperation on ULUE, policy implications, and limitations. Section 6 is the conclusion. The present work has two potential contributions. On the one hand, a conceptual framework was established to clarify how regional cooperation imposes impacts on ULUE, providing a new lens on the driving forces of ULUE. On the other hand, the empirical analysis was conducted to examine the conceptual framework about the impacts of regional cooperation on ULUE and to further discuss the possible explanations for the differences in the impacts among cities.




2. Conceptual Framework


Regional cooperation is defined as the coordination made by the governments, society, and markets to reduce negative externalities from economic globalization and intercity competition [35]. According to Zhang, et al. [36], regional cooperation can be summarized as three dimensions: economic cooperation, social cooperation, and institutional cooperation. Firstly, economic cooperation reflects the agglomeration of economic activities for a city-region [37]. It is considered to be the initial form of cross-border regional integration [38,39], which focuses on promoting the flow and recombination of production elements among regions. In recent years, due to the fewer land quotas, more big cities are keen on seeking physical space for industrial development with surrounding less-developed cities. More economic cooperation modes are emerging, such as co-building industrial development zones, and developing infrastructures. Secondly, social cooperation is related to social welfare to improve social interaction, which helps support economic contact. It aims to integrate multiple participants (e.g., enterprises, the public, governments, and non-governmental organizations) to share better social services in terms of science, education, culture, public health, and entertainment. For example, the case of Ningbo-Zhoushan-Taizhou (Zhejiang province) city-regional cooperation shows that in parallel with economic cooperation, a range of social cooperation in realms, i.e., human resources, credit information, and healthcare is set to enhance social wellbeing. Thirdly, institutional cooperation bridges territorial authorities in forms of urban planning, urban management, and institution construction [36]. Existing literature shows that it is an efficient way to be initiated by subordinate governments with the active involvement of superior governments [40]. It can not only ensure that the local authorities make great efforts for the mutual interests, but also enable the superior government to play its regulatory role, as well as provide support and preferential policies for the cooperation.



ULUE includes two concepts–structure efficiency at the macro level and margin efficiency at the micro level. The former is focused on the degree of planned land use, which reflects the effects of public policy on land use. The latter is focused on the output of land per unit area, which reflects the productive capability of land resources. In this paper, ULUE was used to measure the input-output relationship at the micro level, reflecting the transformation capability from resource consumption to economic, social, and environmental benefits. Generally speaking, the dimensions of land input often refer to production elements, including labor, land, and capital [41]. According to Xie, et al. [42], technology is the other important dimension of land input. The dimensions of land output were initially focused on economic and social benefits [25,43]. However, due to the worsening environmental issues across the world, negative environmental externalities of land use have attracted great attention. They are often regarded as undesirable outputs from land development. For example, the wastewater and solid waste from the secondary and tertiary industries are defined as undesirable outputs.



The potential impacts of regional cooperation on ULUE are concluded as follows (Figure 1). First, economic cooperation improves ULUE through joint development zones (JDZs) and co-building transportation facilities. China’s development zones were initially designed to attract foreign direct investments and promote regional economic development [44,45]. JDZs usually attract high-added-value industries [46] by supporting extensive land, abundant labor, and sufficient raw materials. The process promotes intensification of land use and upgrading of industrial structure, which is conducive to gaining an agglomeration effect [22]. As mentioned by Duranton and Puga [37], “sharing, matching, and learning” among cooperative firms fosters agglomeration externalities. In addition, economic cooperation is concomitant with coordinated planning of transportation facilities, i.e., a joint port, a regionally integrated railway network with identical railway gauges, regional shipping companies, and an integrated highway system [47]. The co-building transportation facilities are committed to facilitating land development along the routes and quickening production-element exchange among cities. Second, social cooperation is an efficient way to optimize land-use strategy. On the one hand, an important approach of social cooperation is building social infrastructure, such as research institutions, universities, cultural institutions, and healthcare facilities [48,49]. Those infrastructures are likely to be distributed along with the sites of economic cooperation, i.e., urban core, industrial parks, and economic development zones. Such a strategy ensures a compact land-use pattern. On the other hand, the enhancement of cooperation in social services contributes to increasing social interaction and driving human and social capital. The process leads the urban population to concentrate in urban areas, which intensifies urban density. Third, institutional cooperation acts as a guide in urban land use from government behavior through coordinated urban management and cooperative spatial planning. Coordinated urban management refers to a series of governance rules formulated by cities to regulate land developmental order, including planning ordinances and spatial governance zones [34]. This takes account of urban land development intensity and density in different cities, which is beneficial for reducing ineffective land use. Cooperative spatial planning is dedicated to depicting a concrete spatial structure of the core, axe, belt, and network among cities. By implementing these cooperative regional plans, land-use patterns will be stipulated, which prevents disordered urban land use. In sum, we suppose that regional cooperation will pose positive impacts on ULUE according to the conceptual framework.




3. Data Source and Methodology


3.1. Study Area


The Yangtze River delta is located downstream of the Yangtze River, which belongs to the middle coastline of China (Figure 2). The proposal of YRD Regional Planning was approved in 2010, stipulating its realm and including 16 core cities with an area of 113,852 km2, including Shanghai, Nanjing, Suzhou, Wuxi, Changzhou, Zhenjiang, Yangzhou, Taizhou (Jiangsu province), Nantong, Hangzhou, Ningbo, Huzhou, Jiaxing, Shaoxing, Zhoushan, and Taizhou (Zhejiang province). As an economic growth engine, the YRD only takes 2.03% of China’s urban district area but harnessed 17.23% of the nation’s gross domestic product (GDP) in 2020. The GDP per capita is 144,397 Yuan, indicating the high level of economic development in the YRD. With the deepening of regional integration, the YRD has evolved into one of the most integrated urban agglomerations in China. In 2003, 16 cities in the YRD took the first step of regional cooperation by signing the proposal of urban linkage development in the YRD. Currently, regional cooperation in the YRD has expanded from economy, transportation, and tourism to culture. Along with an increasingly important role in regional cooperation, its ineffective land use is becoming evident [50]. The growth rate of urban land (3.53%) was much higher than that of the urban population (3.24%) from 2009 to 2016 [51], revealing ineffective urban land use in the YRD. Therefore, it is necessary to explore whether ULUE is related to regional cooperation in the YRD.




3.2. Data Source


Media data and statistics yearbooks were used in this work. Firstly, media data of intercity cooperation news between 2009 and 2016 was collected from local government official websites. The data was the most comprehensive and systematic records, involving the joint actions of governments at all levels, government-affiliated institutions, enterprises, private organizations, and non-governmental organizations for coordinated development [32]. It has been widely applied to measure the intensity of intercity cooperation [29,36]. For the data collection, target city names were entered as keywords on a local government website to search for official news about regional cooperation [29,36]. For instance, Nanjing and Shanghai were used as keywords on Shanghai and Nanjing’s official websites to search for cooperation news between the two cities, respectively. We defined 240 news keywords search combinations and obtained 5299 pieces of news after excluding the irrelevant cooperation news. Secondly, statistical data regarding prefecture-level cities for the period 2009–2016 were obtained from the China city statistical yearbook and the China city construction statistical yearbook from 2010 to 2017. Most statistical indicators were extracted from China city statistical yearbook, including the proportion of employees in secondary and tertiary industries (%), total investment in fixed assets (10,000 Yuan), the proportion of secondary and tertiary industries in GDP (%), the average salary of employees (Yuan), industrial wastewater discharge (10,000 t), industrial SO2 emissions (t), and industrial smoke/powder/dust emissions (t). Park area per capita (m2) and urban area (km2) were extracted from China city construction statistical yearbook.




3.3. Methodology


3.3.1. Social Network Analysis


Social network analysis was a set of methods to quantitatively analyze the structure and attributes of social relations [52]. Social network analysis in urban studies could reveal intercity relations and spatial interaction [53,54]. During the analysis, urban agglomeration was considered as the overall network, and each city within was regarded as a node in the network. As one of the network structure indexes, centrality measured the influence of nodes in the complex network, including degree centrality, betweenness centrality, and closeness centrality [55,56]. In this study, degree centrality was used to analyze the structural characteristics of regional cooperation, which indicated the number of linkages for a node. The higher the degree centrality of a node, the more connections it had with other nodes, and further reflected the strong regional cooperation [32,36]. The degree centrality of each city in the regional cooperation network of the YRD was analyzed using UCINET. The following equation shows the degree centrality of node i to its adjacent nodes:


   C D   (   N i   )  =   ∑   j = 1  g   x  i j    (  i ≠ j  )   








where    C D   (   N i   )    represents the degree centrality of node  i ; g refers to the amount of nodes in the network;    x  i j     refers to the sum of linkages between node  i  and node  j .




3.3.2. Super Efficiency SBM Model with Undesirable Outputs


Data envelopment analysis has been widely adopted to measure the land-use efficiency of decision-making units with multiple inputs and outputs [26,57]. To compensate for the slack problem of input and output, Tone [58] proposed the SBM model based on non-radial and non-angle by putting the slack variables directly into the objective function. In addition, considering the negative environmental consequences induced by production and life, undesirable outputs were taken into account [59]. The model can crack the issue in efficiency evaluation that decision-making units are simultaneously efficient with the value of 1 [60]. Therefore, we applied the super efficiency SBM model with undesirable outputs to measure ULUE. There were  n  decision-making units with m input indicators,    S 1    desirable output indicators, and    S 2    undesirable output indicators. The inputs, desirable outputs, and undesirable outputs were represented as   x ∈  R m  ,    y g  ∈  R   s 2    ,    y b  ∈  R   s 2     , respectively. The vectors   X ,    Y g  ,    Y b    were expressed as   X =  (   x  i j    )  ∈  R  m × n   ,    Y g  =  (   y  r j    )  ∈  R   s 1  × n   ,    Y b  =  (   y  r j    )  ∈  R   s 2  × n    . Therefore, the super efficiency SBM model with undesirable outputs for evaluating decision-making units    (   x 0  ,    y 0 g  ,    y 0 b   )    is as follows [61]:


    min  α *    =    1 m    ∑   i = 1  m   (   x ¯  /  x  i 0    )    1 +  1   s 1  +  s 2     (    ∑   r = 1    s 1     (   s r g  /  y  r 0  g   )  +   ∑   r = 1    s 2     (   s r b  /  s  r 0  b   )   )        s . t .   {      x ¯  ≥ X λ          y g   ¯  ≤  Y g  λ          y b   ¯  ≥  Y b  λ        x ¯  ≥  x 0  ,    y g   ¯  ≤  y 0  ,    y b   ¯  ≥  y 0 b  , λ > 0        








where α* is the efficiency value of decision-making units    (   x 0  ,    y 0 g  ,    y 0 b   )   ; λ is the weight vector;    s g    and    s b    correspond to the slacks in desirable outputs and undesirable outputs, respectively.



The following indicators were selected to measure the input and output of land use. Descriptions of the indicators are shown in Table 1.




3.3.3. Geographically and Temporally Weighted Regression


GTWR was used to examine the impacts of regional cooperation on ULUE. The GTWR model was developed by Huang, et al. [62], which is better to describe the temporal and spatial relationship between dependent variables and independent variables. In the GTWR model, spatial or temporal variations of ULUE were taken into consideration, which is superior to common regression models–ordinary least squares (OLS) and temporally weighted regression (TWR) [63,64]. In fact, location and time are both important determinants of ULUE. On the one hand, location is an important factor since ULUE is often affected by the spatial spillover effect of peripheral cities [24,57]. On the other hand, there are temporal effects, such as inflation related to the economic output. In this study, OLS and TWR were also used to compare the performance of model fitting. The GTWR model is specified in the following equation:


   Y i  =  β 0   (   u i  ,  v i  ,  t i   )  +   ∑  k   β k   (   u i  ,  v i  ,  t i   )   X  i k   +  ε i   








where i denotes city;    (   u i  ,    v i  ,    t i   )    refers to the spatial-temporal coordinates (longitude, latitude, time) of city i;    Y i    refers to the explained variable;    X  i k     refers to the k-th explanatory variable;    β 0    refers to the constant term;    β k    refers to the regression coefficient of the k-th explanatory variable;    ε i    is a random error term. The estimation of    β k   (   u i  ,  v i  ,  t i   )    can be expressed as:


    β ^  k   (   u i  ,  v i  ,  t i   )  =    [   X T  W  u i  ,    v i  ,  t i  X  ]    − 1    X T  W  u i  ,  v i  ,  t i  Y  








where   W  (   u i  ,  v i  ,  t i   )  = d i a g (  W  1 u v t   ,    W  2 u v t   , … ,    W  n u v t   )   refers to the spatio-temporal weight matrix, which is used to determine the influence of other sample points on the regression sample point. This paper used the Gaussian function method to determine the spatial-temporal weight matrix:


   W  i j   S T   = e x p  [  −    (   d  i j   S T   /  b  S T    )   2   ]   








where    d  i j   S T     is the spatial-temporal distance,    d  S T   = λ d S + μ d T  , λ and μ represent the weight of space and time distances, respectively;   b  S T    is the bandwidth, and the cross validation (CV) method is generally used to determine the optimal bandwidth. The expression is:


  C V =   ∑  i n     [   Y i  −   Y ^  i   ( b )   ]   2   











When CV is the minimum value, the corresponding b is the optimal bandwidth.



Dependent variables, independent variables, and control variables are shown in Table 2. ULUE of a city was defined as the dependent variable. The amount of news about regional cooperation was used to indicate regional cooperation, which was defined as the independent variable. Four control variables, including GDP per capita, the proportion of fiscal expenditure in GDP, population density, and science expenditure, were added to control the impacts of economic development, government investment, population, and technology on urban land use.






4. Results


4.1. Degree Centrality of the Cities in the YRD


Figure 3 demonstrates the degree centrality of 16 cities within cooperation networks in the YRD. Regional linkages in the YRD have intensified during the research period as the degree centrality of 16 cities increased from 568 in 2009 to 893 in 2016. Besides, the network structure of the YRD shows as an increasing agglomeration. In 2009, the YRD formed four groups from north to south, including Nanjing-Yangzhou-Zhenjiang-Changzhou-Taizhou (Jiangsu province), Changzhou-Wuxi-Nantong-Suzhou-Shanghai, Hangzhou-Huzhou-Suzhou-Jiaxing-Shanghai, and Hangzhou-Shaoxing-Ningbo-Zhoushan-Taizhou (Zhejiang province). Jiangsu province and Zhejiang province strengthened their ties within the province, respectively, in the following years, and all cities actively cooperated with Shanghai. In addition, increasing cross-provincial cooperation has been achieved between Hangzhou, Ningbo, Huzhou, Jiaxing, and Nanjing, Suzhou, and Wuxi, in which the sum of linkages increased from 29 to 76 within eight years. This is reflected by the more frequent information exchange, regional survey, and scientific cooperation in terms of cooperative industrial development and urban management. Finally, in 2016, taking Nanjing-Wuxi-Suzhou-Shanghai as the intersection, the YRD formed two large network circles with the other five cities in Jiangsu province and seven cities in Zhejiang province, respectively.



The degree centrality of 16 cities can be classified into three types. The first type is Shanghai, which leads substantially in the degree centrality. The average centrality of Shanghai reaches 101, far exceeding that of other cities. The second type includes Nanjing, Zhenjiang, Yangzhou, Nantong, Hangzhou, and Huzhou. The average degree centrality of these cities ranges from 45 to 60, indicating the relatively active roles of these cities in regional cooperation. The other nine cities belong to the third type, whose degree centralities are less than the average. Among them, Wuxi (25), Zhoushan (22), and Shaoxing (22) have the lowest degree centrality.




4.2. ULUE Changes in the Cities of the YRD


The ULUE of 16 cities from 2009 to 2016 is shown in Figure 4. The overall ULUE in these cities remains low; only seven cities are characterized by effective land use, and the other nine cities remain in an ineffective state of land use, when considering the average ULUE of 1 as the threshold for effective land use. Among them, Zhoushan (1.445) ranks first, and Ningbo (0.608) ranks last. From the temporal scale, the ULUE of 16 cities shows a slight decline, with an annual decline rate of 0.89%. Geographically speaking, cities in the middle of YRD have relatively high ULEUs from 2009 to 2016.



The characteristics of ULUE change vary across these cities. Shanghai, Yangzhou, Nantong, Hangzhou, Huzhou, Jiaxing, and Zhoushan remain in a high ULUE from 2009 to 2016. ULUEs of these cities are both above 1, reflecting the highest ULUE in the YRD. These cities balance the economic, social, and environmental benefits of land development yield, and make efforts to control urban land expansion. Nanjing, Changzhou, Zhenjiang, Taizhou (Jiangsu province), and Ningbo are featured by a slight increase in ULUEs from 2009 to 2016. ULUEs of these cities mainly range from 0.5 to 1. In particular, the land-use efficiency of Changzhou improves significantly, with an annual growth rate of 7.3%. The economic yield of land use is high, while social and environmental yield remains in a medium range. Suzhou, Wuxi, Shaoxing, and Taizhou (Zhejiang province) are featured by “multi-peak” fluctuation falling. ULUEs of these cities decrease from 2009 to 2016, with the decline range between 0.5 and 0.9. Especially in Taizhou, the annual decrease rate of ULUE achieves 10.8%. Suzhou and Wuxi have high industrial energy consumption and pollution emission, leading to considerable negative environmental output and the weakening of ULUE. The descending ULUE in Shaoxing and Taizhou (Zhejiang province) is attributed to their higher proportion of employees in secondary and tertiary industries, higher total investment in fixed assets, and lower average salary of employees, in comparison to land development.




4.3. The Impacts of Regional Cooperation on ULUE


The model fit of two traditional models (OLS and TWR) and GTWR are compared after the tests of multicollinearity and spatial autocorrelation (Table 3). It should be noted that the percentage of explanation of variance has increased from 37.21% in the OLS and 39.03% in the TWR to 76.44% in the GTWR. Besides, adjusted R2 values increase from 0.3460 in the OLS and 0.3653 in the TWR to 0.7547 in the GTWR. It reveals that the GTWR model is the best, even if the differences in degrees of freedom with the reduction in AICc (from −19.5304 for the OLS and −15.7549 for the TWR to −67.9987 for the GTWR) are taken into account. By comparing the residual sum of squares (RSS), the decreased value further indicates that the GTWR shows a better regression fitting than the OLS and TWR models.



The regression results of the GTWR are presented in Figure 5. The minimum, median, mean, and maximum coefficients of regional cooperation are 0.0021, 0.0057, 0.006, and 0.0108, respectively. This indicates a positive impact of regional cooperation on ULUE in the cities of the YRD. Meanwhile, the mean coefficients of regional cooperation are varied in the YRD, showing that the impacts of regional cooperation on ULUE vary among 16 cities. In general, the mean regression coefficients are large in the southern cities of the YRD, medium in the middle cities, and small in the northern cities. The mean regression coefficients of Ningbo, Zhoushan, and Taizhou (Zhejiang province), which are the top three cities in the YRD, are above 0.8. Wuxi and Changzhou results are also prominent in the northern YRD, with mean regional cooperation coefficients of 0.0063 and 0.0062, respectively. By contrast, those in Taizhou (Jiangsu province), Zhenjiang, Shanghai, Yangzhou, and Nanjing remain at low levels, with scores below 0.005. The mean regression coefficients in the other seven cities ranges from 0.005 to 0.0063.





5. Discussion


5.1. The Influence Mechanism of Regional Cooperation on ULUE


5.1.1. Improvement of ULUE by Co-Building Transportation Facilities


Our findings reveal that the mean regression coefficients of regional cooperation in Ningbo and Zhoushan are the highest in 16 cities of the YRD. The possible explanation is that co-building port facilities improve ULUE, which is inferred from a large amount of regional cooperation news about the Ningbo-Zhoushan Port between Ningbo and Zhoushan. The Ningbo-Zhoushan Port is one of the largest ports and the first port in the world with an annual cargo throughput of more than 1 billion tons. It was merged with Ningbo Port and Zhoushan Port in 2006. The positive effect of the Ningbo-Zhoushan Port on ULUE benefits are its spatial plans, efficient land-use mode, and high economic output. First, cooperative spatial plans contribute to compact land patterns. In 2006, Ningbo-Zhoushan Port Management Committee was established to regulate the major construction projects of Ningbo-Zhoushan Port integration. Local governments planned a comprehensive road network as “2 rings, 10 radials, 4 links, and 4 avenues” to gain the agglomeration effect in the Ningbo-Zhoushan Port. The master plan of Ningbo-Zhoushan Port (2014–2030) designed the spatial pattern of “1 port, 4 cores, and 19 districts”, which clarified functional positioning, respectively. Second, a series of strategies were adopted to promote effective land use in the Ningbo-Zhoushan Port. On the one hand, local authorities revitalized a large number of deserted islands in Zhoushan and built related infrastructure. The successive development of fishing villages, i.e., Jintang, Shulanghu, Huangzeshan, and Liuheng to core parts of Ningbo-Zhoushan Port contributes greatly to land economic yield. On the other hand, the Ningbo-Zhoushan Port was committed to developing intermodal systems to save transportation costs and ease traffic tension. For example, Meishan Port was opened as a free-trade zone of the Ningbo-Zhoushan Port, to play an important role in international trade in 2010. Third, the Ningbo-Zhoushan Port took advantage of increasing returns to scale to develop the port industry and port service industry. It expanded the scale of the port area from 2009 to 2016 by means of increasing the number of berths and lengths of wharves. In 2015, there was an increase to 170 large berths of 10,000 t class and 100 extra-large deep-water berths of 50,000 t class, which evolved into the busiest port for large ships in China.




5.1.2. The Positive Effects of JDZs on ULUE


As an important form of economic cooperation, the positive effects of cross-border industrial parks on ULUE can be confirmed by the regression coefficient of Wuxi and Changzhou, whose mean regression coefficients are prominent in the northern cities of the YRD. According to the news about regional cooperation, the news amount of JDZs in Wuxi and Changzhou leads other cities substantially. Since 2006, Jiangsu province has initiated the steps on the construction of cross-border industrial parks through north–south cooperation, to accelerate the industrialization process of northern Jiangsu and promote the industrial upgrading of southern Jiangsu. Wuxi and Changzhou are keen on cooperating with cities in northern Jiangsu and constructing industrial parks jointly, such as Wuxi-Xinyi industrial park, Xishan-Fengxian industrial park, Xinqiao industrial park, Yuehai industrial park, and Linjiang industrial park. According to Luo and Shen [40], such modes of JDZs in Wuxi and Changzhou play a crucial role in coordinating urban economy and industrial cooperation among cities. This is beneficial for improving ULUE.



Jiangyin economic development zone is a typical case of JDZs, which is a provincial development zone jointly established by Jiangyin (in Wuxi) and Jingjiang (in Taizhou, Jiangsu province) in 2003. Compared with other JDZs in Jiangsu province, which were initiated by some local enterprises for cross-border investment and conflict resolution, it has obtained the involvement of provincial governments, i.e., preferential policies, financial support, and management services. Such features provided new possibilities to guarantee intensive land development and land economic output. On one hand, joint land development is achieved by transferring industries, labor, and raw materials among cities, upon which land will be saved. On the other hand, the endowment of provincial government power may attract enterprises and maintain the smooth process of industrial production.





5.2. Policy Implications and Limitations


Detecting the impacts of regional cooperation on ULUE can provide policy implications for intensive urban land development. Firstly, joint land development among cities is an effective way to improve ULUE, such as the modes of co-building transportation facilities and JDZs. Due to the limited built-up land quotas in most cities in the YRD, joint land development can save built-up land quotas for multiple cities but also motivate related industries in a region to gain an agglomeration effect. Indeed, a few pioneer projects of joint land development were launched in the YRD and improved ULUE. For example, the Caohejing development zone has established a park with a planning area of 105 km2 in Yancheng and a zone with a planning area of 15 km2 in Haining, which saved Shanghai’s built-up land quota and stimulated industries to unitive parks in Yancheng and Haining. Our study also confirmed that the establishment of massive joint land development projects helps to improve ULUE in the cities of southern Jiangsu. The policy implication can be applied in cities in the Pearl River Delta and Beijing-Tianjin-Hebei urban agglomeration.



Meanwhile, joint land development as an instrument for transferring and upgrading industries helps economic yields of land use. Recently, the YRD is experiencing large-scale industrial relocation from big cities to surrounding cities, which provides the opportunity for joint land development among cities. On the one hand, joint land development projects in surrounding cities can relocate manufacturing industries from big cities to support economic development. On the other hand, it can provide more land for big cities to develop financial services, high-tech, and other industries to promote land-use benefits when manufacturing industries have been relocated. This strategy is particularly propitious to core cities, such as Shanghai and Hangzhou. In these, large-scale development of residential and commercial land indicates more economic and social yields than industrial output, which promotes ULUE.



Besides, local governments should be aware of the important role of cooperative spatial plans in improving ULUE, as revealed by the planning efforts in co-building transportation facilities and JDZs. Firstly, a cooperative spatial plan delimits the urban growth boundary in the urban agglomeration, which aims to restrain the disorder development and uncontrolled urban sprawl. It will prevent the inefficient development of urban land use. Secondly, spatial planning often portrays a spatial structure for compact land-use patterns, such as “points, axis, belts, and networks”, to guide the intensive land use. Thirdly, spatial planning can accelerate land, labor, and raw materials to industrial parks or development zones. Under the circumstances, overheated industrial land development and redundant facility construction are restrained.



There are some limitations to be further addressed. Firstly, the cities of the YRD were taken as a case to examine the hypothesis that regional cooperation is positively correlated with ULUE, due to the data unavailability. However, although the confirmation of the hypothesis in the case study may be typical, it is also to be verified in other regions, considering the differences in intercity cooperation and ULUE among regions. Secondly, while we preliminarily clarified the impacts of regional cooperation for economic, social, and institutional affairs on ULEUE in the conceptual framework, we failed to quantitatively explore the impacts from the perspective of different thematic areas of regional cooperation. Actually, regional cooperation could be further subdivided into many areas, including industrial development, infrastructure construction, urban planning, etc. [36]. Therefore, the impacts of multiple dimensions of regional cooperation on ULUE can be further explored.





6. Conclusions


The issue of what imposes impacts on urban land-use efficiency has attracted great attention from planners and governors across the world. Unfortunately, although a large body of literature was focused on analyzing the driving forces of urban land-use efficiency, those related to regional cooperation were rarely explored. To address the knowledge gap, we used the YRD, China as a case to examine the impacts of regional cooperation on urban land-use efficiency. Firstly, we developed a conceptual framework to uncover the potential impacts of regional cooperation on urban land-use efficiency. Secondly, official news about intercity cooperation was used to indicate regional cooperation through social network analysis. Urban land-use efficiency was measured through the super efficiency SBM model with undesirable outputs. Finally, geographically and temporally weighted regression was used to examine whether regional cooperation affects urban land-use efficiency.



The results show that regional cooperation increased from 2009 to 2016, indicating more frequent linkages among the cities in the YRD. Shanghai plays a leading role in the regional cooperation network in the YRD. Less than half of the cities in the YRD have good urban land-use efficiency. Shanghai, Yangzhou, Nantong, Hangzhou, Huzhou, Jiaxing, and Zhoushan maintain high land-use efficiency during 2009–2016, while Suzhou, Wuxi, Shaoxing, and Taizhou (Zhejiang province) feature low land-use efficiency, showing a declining trend. The regression results show a positive relationship between regional cooperation news and urban land-use efficiency, which verifies our hypothesis that regional cooperation will improve urban land-use efficiency. This impact in the southern cities of the YRD is more evident than that in the northern. The potential mechanism to explain the impacts of regional cooperation on improving urban land-use efficiency includes co-building transportation facilities and joint development zones. Therefore, cities are supposed to explore joint land development to save built-up land quotas and promote industrial transfer and upgrading. Besides, cooperative spatial plans can be regarded as local governments’ instruments to guide intensive land use.
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Figure 1. Conceptual framework. 
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Figure 2. Location of the YRD. 
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Figure 3. Regional cooperation network and degree centrality in the YRD. 
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Figure 4. ULUE change from 2009 to 2016. 
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Figure 5. Distribution of the mean regression coefficients. 
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Table 1. Variables of input and output.
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	Variable Types
	Dimensions
	Definitions





	Input
	Land
	Urban area (km2)



	
	Labor
	Proportion of employees in secondary and tertiary industries (%)



	
	Capital
	Total investment in fixed assets (10,000 Yuan)



	
	Technology
	Proportion of secondary and tertiary industries in GDP (%)



	Output
	Desirable output
	Average salary of employees (Yuan)



	
	
	Park area per capita (m2)



	
	Undesirable output
	Industrial wastewater discharge (10,000 t)



	
	
	Industrial SO2 emissions (t)



	
	
	Industrial smoke/power/dust emissions (t)
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Table 2. Variable definitions and descriptive statistics.
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	Variable Types
	Variables
	Mean
	S.D.
	Min
	Max





	Dependent variable
	Urban land-use efficiency
	0.94
	0.27
	0.40
	1.59



	Independent variable
	Number of news about regional cooperation
	41.40
	25.76
	6
	120



	Control variables
	GDP per capita (Yuan)
	85,054.75
	29,391.30
	33,166.00
	199,017.00



	
	Proportion of fiscal expenditure in GDP (%)
	11.39
	3.69
	7.14
	24.64



	
	Population density (Person/km2)
	821.67
	409.09
	411.80
	2286.70



	
	Science expenditure (10,000 Yuan)
	354,797.34
	601,108.78
	21,057.00
	3,417,109.00
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Table 3. Comparison results of OLS, TWR, and GTWR models.
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	Regression Types
	AICc
	R2
	Adjusted R2
	RSS





	OLS
	−19.5304
	0.3721
	0.3460
	5.8581



	TWR
	−15.7549
	0.3903
	0.3653
	5.7326



	GTWR
	−67.9987
	0.7644
	0.7547
	2.2155
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