

  sustainability-10-04701




sustainability-10-04701







Sustainability 2018, 10(12), 4701; doi:10.3390/su10124701




Article



Land Spatial Development Based on Carrying Capacity, Land Development Potential, and Efficiency of Urban Agglomerations in China



Zhenbo Wang[image: Orcid]





Key Laboratory of Regional Sustainable Development Modeling, Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China; Tel.: +86-010-64888147 (ext. 123); Fax: +86-010-64851844







Received: 15 November 2018 / Accepted: 6 December 2018 / Published: 10 December 2018



Abstract

:

The Chinese government is undergoing a major reform. The current core task of new Ministry of Natural Resources (MNR) is to establish a national territorial spatial planning system (NTSPS). Urban agglomeration has become a main body in NTSPS. China’s new urbanization strategy identified 19 key development areas of urban agglomerations (UA), but the land development path is not clear. Due to the lack of research on the land development intensity evaluation (LDIE) of urban agglomerations, this study applied a GIS-based, multi-criteria method for LDIE to the Shandong Peninsular urban agglomeration (SPUA). Evaluation indices were determined for three factors (development intensity, supporting capacity, and utilization efficiency) that comprise the discriminant model of the three-dimensional matrix method, which was used to establish the method for this topic and demonstrate the accuracy of the land spatial development intensity. This empirical study on the SPUA indicated that, overall, the average indices for development intensity, supporting capacity, and utilization efficiency in the study area are 0.40, 0.34, and 0.55, respectively. Using the three-dimensional matrix discrimination model, three zones of development intensity were identified: key, stable, and restricted development zones. The threshold values for construction land growth in the eight cities of the SPUA were obtained. The findings provide a theoretical reference and guide for the practical application of LDIE as well as a scientific basis for sustainable land development and utilization.
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1. Introduction


As more and more rural people choose to enter the city, many cities around the world are expanding rapidly. 2018 Revision of World Urbanization Prospects of United Nations [1] shows that the urban area has gathered more than half of the world’s population and is also the core area for future population growth. It is estimated that by 2050, about 70% of the world’s population will live in cities. Since the reform and opening up, China’s urbanization process has been accelerating, and the urbanization rate has increased from 17.90% in 1978 to 58.52% in 2017 [2]. The urban agglomeration is the product of the industrialization and urbanization transformation to the advanced stage [3]. Since the beginning of the 21st century, the UA has become a new regional unit for countries around the world to participate in global competition and international division of labor, and also the main body of China’s new urbanization process. China’s rapid urbanization and industrialization have led to severe pressures on resources and ecological environment, resulting in urban agglomeration diseases such as environmental pollution, traffic congestion, and degraded energy shortages in ecosystems. In order to completely resolve the contradiction between economic construction and ecological, social, and cultural construction, the central government decided to implement party and state institutional reforms, and merge, classify, and reorganize the Party Central Committee and the State Council departments with similar responsibilities to improve the efficiency of functional allocation. The main function of the newly established MNR is to uniformly exercise the duties of all-natural resource asset owners on behalf of the state and to uniformly exercise all land space use control and ecological protection and restoration duties. The current core task of MNR is to establish a national territorial spatial planning system (NTSPS), and to focus on promoting spatial governance and spatial structure optimization in urban agglomerations by judging the quality and potential of land space development. However, how to scientifically determine the intensity and potential of land spatial development is related to the quality and implementation effect of NTSPS. It is a major scientific problem that needs to be solved.



As early as 2006, the Chinese government proposed urban agglomerations as a key strategy to promote urbanization, in line with China’s attempts to enhance resource carrying capacity and environmental preservation. After 10 years of rapid development, urban agglomerations have become the main body of ‘new urbanization’ (people-oriented urbanization) in China [4]. To further optimize growth and urbanization, the 13th Five-Year Plan, released in March 2016, clearly highlighted the need for the reasonable and strategic distribution of cities to achieve harmonious development.



China plans to build 19 urban agglomerations, including 5 national-level urban agglomerations (Yangtze river delta UA, Pearl River Delta UA, Beijing–Tianjin–Hebei UA, the middle reaches of the Yangtze River UA, Chengdu-Chongqing UA), 8 regional-level urban agglomerations (Shandong Peninsula UA, Harbin-Changchun UA, Mid-southern Liaoning UA, West Taiwan Strait UA, Guanzhong UA, the Central Henan UA, Beibu Gulf UA), and 6 local-level urban agglomerations (Hubao Eyu UA, Jinzhong UA, Along the Yellow River in Ningxia UA, Lanzhou-Xining UA, Central Yunnan UA and Central Guizhou UA). Meanwhile, 19 urban agglomerations were created to support urbanization, and the development and construction of urban agglomerations have become one of the most significant strategies for national development. The national-level urban agglomerations have matured and limited space for improvement. SPUA is the fourth largest urban agglomeration in coastal area of China and located on the banks of the Yellow Sea and the Bohai Sea [5]. As the primary area of regional economic development in China, SPUA was listed as the frontier of open competition in the report of the 19th National Congress. SPUA is still in its early stages of development. Despite the strong development momentum in Qingdao, Jinan, and other node cities, there are widespread phenomena such as disordered and inefficient land use, unbalanced potential of development, and pollution of ecological environment. As the link between the Yangtze River Delta urban agglomeration and the Beijing–Tianjin–Hebei urban agglomeration, the development of SPUA is related to the overall rise of the entire eastern coastal region of China. It is imperative to establish a scientific and healthy development path to ensure the coordinated development of the urban agglomeration. At the same time, it could provide experience for the healthy development of other UAs in China.



Since the reform and opening up in 1978, urbanization and industrialization in China have sped up, and the development and utilization patterns of the nation’s lands have experienced great changes. These changes are mainly embodied by the strengthening of land development intensity (LDI) [6,7,8], the rapid expansion of construction land, and the continuous decrease in natural eco-spaces [9,10,11,12,13]. The strengthening of LDI has led to conflicts between economic and social development and environmental protection, resulting in severe challenges for sustainable development [14]. In recent years, as global environmental problems have intensified, countries around the world have made a target of green, healthy, and sustainable development to adjust their development models. China has also introduced a new urbanization development strategy, and the core idea behind the strategy is the green, healthy, and sustainable development of the nation’s land resources. The path for development has thus become a hot topic, and how to scientifically regulate and control the LDI has become the essential problem for realizing the development goals [15].



The land development intensity evaluation (LDIE) is conducive to optimizing land development and utilization. This complicated and systematic method has attracted attention from many scholars. Existing research is mainly focused on the current development scale, the identification of factors driving development [16], temporal-spatial differentiation and patterns of urban land expansion [17,18,19,20], the productivity and efficiency of construction land use [21,22], and the evaluation of development potential [23]. Three above conditions (i.e., scale, efficiency, and potential) should be simultaneously taken into consideration to achieve the goal of sustainable development. Development scale is described as the extent to which urban agglomeration land space is exploited, which means the mass of land development. Utilization efficiency reflects the efficiency of the developed urban agglomeration space, and potential reflects the area that could be further used for construction purposes. Although these three elements should be regarded as a unified whole, little research has considered all three elements. In a study on space exploitation and the division of a drainage basin, Wang (2012) established a three-dimensional distinguishing matrix model deals with the relationship of the spatial development constraint indexes, space development intensity indexes, and space development guidance indexes [24]. This method gives us a good idea, and we attempt to extend its research from the basin to the urban agglomeration in this paper.



The evaluation of technology and methodology is the core of research in this area. In 1969, the American landscape architect McHarg proposed an evaluation method for the ecological suitability of land use from the perspective of superposition [25]. This evaluation method has become the basis for initial studies on modern land use and development intensity. In the past 40 years, LDIE has gradually become a significant method in urban and regional planning along with ecological and environmental planning. The main methods used can be categorized into two types [26,27,28]: (1) the element superposition method, which is rooted in the hand-drawn overlay techniques created by McHarg, Steinitz, and others [29]; and (2) the multi-criteria evaluation method based on GIS (MCE-GIS), which is applied in this study [30,31,32]. MCE-GIS includes methods such as interval multi-objective linear programming model [17], technique for order preference by similarity to an ideal solution (TOPSIS) [33], concordance analysis [34], analytic hierarchy process [35], fuzzy evaluation method [36], and a new identification method of priority landscapes and spatial conflicts with new investment area [37]. The second method is artificial intelligence, for which the main applications include fuzzy mathematics methods [38,39,40], artificial neural networks [41], matter-element models [42], cellular automata [43], and genetic algorithms [44]. In addition to the two types of methods mentioned above, an ecological niche-based method for assessing the suitability of land [45] along with a comprehensive evaluation of land based on public participation [46] (Shearera & Xiang, 2003) have appeared in recent years. Although the assignment of weights to index elements involves uncertainty [26], weighting methods are still the most widely used within LDIE research due to their simplicity and compatibility with GIS [47]. Landscape capacity assessment method become more and more popular in land spatial planning intensity. The base for assessing the possibility of new investment areas is an evaluation of landscape features which influence on possibility to hide new building area in landscape. This method is useful for planning development of suburban areas, especially those parts with high-value landscape [48]. However, based on the relationships among mass, efficiency, and potential, regulating and controlling the path and object of LDIE is regarded as a three-dimensional supporting relationship, it cannot be simply expressed by a weighted stack. So, we learn from the three-dimensional distinguishing matrix model to deal with the relationship of scale, efficiency, and potential in LDIE.



Although LDIE has been frequently used in research and in practice, it has rarely been applied to urban agglomerations. The application of LDIE to urban agglomerations has important theoretical significance related to China’s new urbanization development strategy, the sustainable development of urban agglomerations, and the development and utilization patterns of land in China. Using existing research findings, this study applied LDIE and MCE-GIS to study SPUA and obtain the zoning categories of land spatial development intensity. The purpose of this study was to provide a new method for LDIE in China’s urban agglomerations and provide a basis for decision making regarding land spatial development.




2. Materials and Methods


2.1. Study Area and Data Sources


SPUA is located in the coastal area of eastern China, which contains eight cities (Jinan, Qingdao, Yantai, Zibo, Weihai, Weifang, Dongying, and Rizhao; Figure 1). The eastern and southern part of SPUA is a hilly landform, and the Yellow River delta plain in the middle. The rivers are densely, and the Yellow River, the second largest river in China, passes through the region and flows into the Bohai Sea from southwest to northeast. SPUA close to the Bohai and Huanghai seas, and has an area of 7.47 × 104 km2. To the south of the peninsula is the Yangtze River Delta UA, and to the north are the Beijing–Tianjin–Hebei UA and Liaodong Peninsula UA. The Korean Peninsula and Japan lie to the east of SPUA. As China’s frontier area involved in regional cooperation in Northeast Asia, the SPUA has a relatively high level of economic development based on industrial development. In 2017, the study area had a total population of 41 million. Meanwhile, according to the spatial distribution of economic activity, the research area has formed three centers of economic growth: Qingdao, Jinan-Zibo, and Yantai. SPUA is the important urban agglomerations in National 13th Five-Year Plan. Thus, strong emphasis should be placed on its optimization and improvement. Faced with typical problems related to LDIE, including relatively high intensity and low efficiency, the SPUA is a representative study area for urban agglomerations in China.



The research data include physical geography data and socioeconomic data. The data sources show in Table 1. The data were standardized using the range-standardized method, and the weights were determined using the Delphi method in the ArcGIS 10.2 platform. The Delphi method is a structured communication technique, originally developed as a systematic, interactive forecasting method which relies on a panel of experts [49]. Delphi is based on the principle that forecasts (or decisions) from a structured group of individuals are more accurate than those from unstructured groups. The protected lands and landscapes of SPUA include the nature conservation area and the basic farmland area, which were shown in the map of Main Functional Area Planning of Shandong Province. When evaluating the natural potential for land development, the influence of elevation could be ignored because the majority of the SPUA is occupied by plains.




2.2. Methods


In February 2017, the State Council issued the “National Land Planning Outline (2016–2030)”, stating that many serious problems exist in the process of urbanization, including inconsistence between economy; population and resource distributions; structural contradictions in urban, agricultural, and ecological spaces; mismatch between land development intensities and resource and environmental carrying capacity; and low-quality urbanization. The planning requires significant improvement of land development quality and efficiency. By 2030, the land development rate should not exceed 4.62%. Thus, in this study, the index system for assessing the quality of land development is constructed, taking into account the requirements of the national land planning outline. Only when the comprehensive model of urban agglomeration LDIE is scientific, complete, and systematic can it accurately determine the zoning of land development and utilization, which could establish a foundation to decide upon a pattern of land utilization and development (Figure 2).



2.2.1. Evaluation System for Land Development Intensity in the SPUA


This study built a concrete measurement index based on the evaluation extent index, development supporting ability index, and development and utilization efficiency index of land in the SPUA. A four-grade (target, standard, criterion, and index layers) evaluation system was thus developed (Table 2).




2.2.2. Method for Evaluating the Land Development Extent in the SPUA


The LDI of land space could be comprehensively evaluated based on the percentage of construction land area in each administrative unit out of the total area of the units (%) and the average rate of increase in the percentage of construction land. Construction land consists of cities and towns, independent mines, rural residential area, transportation land, water conservation facilities (excluding reservoirs), and other construction space. The formula for LDI is


  LDI =  w 1   x 1  +  w 2   x 2   



(1)







LDI reflects the land development extent, where x1 is the proportion of construction land out of the total administrative area with weight w1, and x2 is the annual rate of increase in the proportion of construction land with weight w2. The weight is scored by a number of experts.




2.2.3. Method for Evaluating Land Use Efficiency in the SPUA


Land use efficiency (LUE) was determined based on the strength and output of construction land bearing strength, which represents the amount of development and utilization activities, directly determines the efficiency of urban development and is usually expressed by a single or composite index (e.g., population and economic input). In this study, we selected the permanent resident population and fixed investment in construction land per km2 to illustrate bearing strength and the GDP of construction land per unit (100 million) to show the output efficiency of land development. These two elements comprehensively represent the urban development and utilization efficiency. The formula for LUE is




    L U E =  W  12   (  w 1 ′   x 1 ′  +  w 2 ′   x 2 ′  ) +  W 3   x 3      



(2)





LUE reflects the land use efficiency, where    x 1 ′    is the standardized index of permanent resident population density for construction land with weight    w 1 ′   ;    x 2 ′    is the standardized index of fixed-investment density for construction land with weight    w 2 ′   ;    x 3    is the standardized index of GDP for construction land; W12 is the weight of the bearing strength index; and W3 is the weight of the output efficiency index. The weight is scored by a number of experts.




2.2.4. Method for Evaluating Land Development Supporting Ability in the SPUA


Land development support (LDS) is the basis for the development of land in urban agglomerations and includes natural potential, locational condition, and economic development. A greater supporting ability of land development corresponds to a larger bearing development intensity and persistence.



Natural potential comprehensively evaluates the effects that restrictive factors such as geologic disasters; slope, water, and soil losses; and the preservation of water resources and basic farmland have on the development and construction of lands. The spatial scale of lands adopted in this study was determined by the negative planning concept as


  NP = min ( x )  



(3)




where x is the suitability value of the spatial index, which represents the natural potential, and NP is the natural potential index. The lower the grade of the evaluation unit, the less appropriate it is for development and construction, and thus the smaller the natural potential. To maximize ecological benefit, the natural potential grade in the formula is calculated by the minimum-value method in GIS layers.



Five constraint forces (geologic disasters; slope, water, and soil losses; and the preservation of water resources and basic farmland) were graded according to their significance in land development. The index weights were set by the Delphi method as follows: unrestricted area, −1; low restricted area, −3; medium restricted area, −5; relatively high restricted area, −7; and restricted area, −9. These weights further confirm the restricted areas (Ar) in spatial development, including those areas restricted by geologic conditions (Agr), slope and topographic conditions (Asr), water resources (Awr), water and soil loss (Apr), and basic farmland (Acr)




   A r = A g r + A s r + A w r + A p r + A c r   



(4)





In Equation (4), Agr includes disaster areas related to geologic processes such as avalanches, landslides, debris flows, surface collapses, ground fractures, and surface subsidence. Based on the Geological Disaster Prevention and Control Program, the urban agglomeration in this study is divided into four areas, the key prevention area, second key prevention area, medium prevention area, and non-disaster area, with respective weights of 9, 5, 1, and 0. Asr belongs to the slope-restricted area. According to the urban land site engineering specification (CJJ8-99), the maximum slope should be no more than 25°. Thus, areas with slopes exceeding 25° are defined as non-construction areas and are weighted with 9, while areas with slopes less than 25° defined as construction areas and weighted with 0. Awr is the water resources-restricted area. Based on the zoning of groundwater overexploitation (2006.12) as well as the extent of environmental deterioration of the overdraft division of shallow underground, Awr is categorized into three types, severe overdraft area, medium overdraft area, and dynamic monitoring area, with respective weights of 9, 5, and 3. Apr is the area restricted by water and soil loss. In accordance with the map of the key prevention area of water and soil loss in Shandong Province and the classification and gradation standards for soil erosion in China, the SPUA is divided into the extreme loss area, strong loss area, moderate loss area, slight loss area, and tiny loss area, with respective weights of 9, 7, 5, 3, and 1. Acr is the basic farmland preservation area and has a weight of 9 due to a policy that prohibits its exploitation.



Using the overlay analysis of GIS, this study overlayed the above types of layers based on the maximum method. Finally, Ar is divided into five types of restricted areas: Ar1, Ar3, Ar5, Ar7, and Ar9.



Construction potential varies from restricted area to area. A non-restricted area is suitable for construction, while no construction is allowed in a restricted area. After engineering and prevention measures in low-, moderate-, and high-restricted areas and non-restricted areas, these areas are multi-functional. For example, a low-restricted area could be developed with public facilities, a moderate-restricted area could be used as residential land, and a high-restricted area could be regarded as an ecological landscape. Therefore, a correlational study (Wang et al., 2015) set the utilization potential indices k for different types of areas. Ac, which represents land potential, is obtained by summing all land types as


  A c = A  r 1   k 1  + A  r 3   k 3  + A  r 5   k 5  + A  r 7   k 7  + A  r 9   k 9  − A e  



(5)




where Ac is the potential of construction land, Ae is the current construction land area, and k are the potential indices of land utilization for different types of restricted areas (k1 = 1, k3 = 0.8, k5 = 0.6, k7 = 0.4 and k9 = 0), which means that land in non-restricted areas can be fully used. The utilization rates of available lands are 0.8 in low-restricted areas, 0.6 in moderate-restricted areas, 0.4 in high-restricted areas, and 0 in restricted areas.



The location condition is based on two factors, the distance to the city center and road density, and is given by summing the linear weights of these two factors. The urban development index (UD) is represented by GDP per capita. Hence, the development and supporting ability LDS is calculated as


  LDS =  W 1  × N P +  W 2  × L C +  W 4  × U D  



(6)




where W1 is the weight of the natural potential index, W2 is the weight of the location condition index, and W4 is the weight of the UD. The weight of the indexes come from the Delphi method.




2.2.5. Zoning Method of Healthy Development in the SPUA


The three-dimensional discrimination method is widely applied in land development research. In this study, development and supporting ability was plotted on the x-axis, utilization efficiency was plotted on the y-axis, and development intensity was plotted on the z-axis. This results in a three-dimensional coordinate system for the evaluation of LDI. Three points at the same distance from the origin are selected to represent the levels of the three dimensions (high, moderate, and low). Vertical lines are created from these points to the three axes, forming a 3 × 3 × 3 isometric chart and 27 matrix units, among which each unit (x, y, z) stands for the combination of development intensity, guidance, and constraint (Figure 3).



According to the natural potential law in land development, when x = 1, the development and supporting ability is relatively low; thus, development is prohibited in this area. In other words, such an area is defined as a non-development area. When x = y = z = 5, the area is optimum for development and is called a priority development area. L is regarded as the development suitability degree and is given by


  L =     ( x − 3 )  2  +   ( y − 3 )  2  +   ( z − 3 )  2     



(7)




where L is the development suitability degree index, x is the land development supporting capacity index, y is the land use efficiency index, and z is the land development.



Geometric manipulation gives the Euclidean distance between the area A(x, y, z) and the optimum development area (3, 3, 3). The purpose illustrates the extent to which the area is suitable for development. Calculating the L values of all areas while temporarily ignoring vector direction, ordering the values, and dividing them into three groups, we divided the study area into three types of areas (key, stable, and restricted development area) according to the development intensity and propose a concrete project (Table 3). The natural potential and environmental carrying capacity are the basic conditions for land development in an urban agglomeration. For this reason, in this paper, we define the areas with low development and supporting abilities as restricted development areas.






3. Results


3.1. Land Development Extent


In 2014, the area of urban construction land in the SPUA was approximately 14,255.08 km2, accounting for 19.08% of the urban agglomeration. From 2001 to 2017, the annual average rate of increase in the area of construction land was 3.41%. The current development extent index B1 is obtained by weighting and combining the proportion index and the annual average rate of increase in construction land area. In 2017, B1 of the study area was 0.4. From the perspective of space, the area along the Jiaoji Railway connecting Jinan and Qingdao as well as downtown Weifang showed the highest levels of development, followed by the Jiaozhou and Qingdao downtown areas. However, the extents of development in the south-central and northern coastal areas were relatively low.




3.2. Land Use Efficiency


The land use efficiency (LUE) index is obtained by weighting and combining the bearing strength index and output efficiency index. In 2017, the average LUE index was 0.55. From the perspective of location, the development and supporting abilities were relatively high in the southern and eastern parts of the study area, which is primarily attributed to the high LUE indices of the Qingdao-Rizhao coastal area, Jinan-Zibo connecting area, and Yantai-Weihai coastal area. The downtown areas of Qingdao, Jinan, and Zibo along the Jiaoji Railway had the highest LUE indices (>0.9). Meanwhile, the LUE index of downtown Dongying in the northern coastal part of the study area did not exceed 0.21.




3.3. Land Development Supporting Ability


The land development and supporting ability index (B2) of the SPUA is obtained by weighting and combining the natural potential index, locational conditions index, and UD of national land development. In 2017, the average B2 of national land was 0.34. In terms of location, the northern and eastern parts of the study area had relatively high values of B2, with that of Kenli County in the Yellow River Delta being the highest (0.60) followed by the downtown areas of Qingdao and Dongying (0.59 and 0.56, respectively). The indices of the south-central and west-central parts were relatively low, with that of downtown Weifang being the lowest (0.11). The B2 values of Changle, Juxian, and Shanghe counties were no more than 0.2.




3.4. Zoning Based on LDIE


According to the development extent index, development and supporting ability index, and development and utilization efficiency index, this study also used a three-dimensional matrix model (Figure 3) and matrix table (Table 3) of LDIE to evaluate zoning in the SPUA. The land of Shandong Peninsula was partitioned into three types of areas: key development areas, stable development areas, and restricted development areas (Table 4 and Figure 4).



Based on the partitions, we compared the indices of development extent, development efficiency, and supporting ability of SPUA with those of other urban agglomerations. The maximum and minimum values were used to measure the threshold values of land development intensity for areas with different functions in the study area; thus, the results can be used to develop a regulation and control scheme.



In 2017, the average proportion of Shandong Province’s administrative district occupied by construction land was approximately 19%. The maximum current development extent is 25%. Thus, the national space is classified according to the range of 19–25%. Taking the increase speed of different types area and proportion of construction land into consideration, the higher the proportion of construction land, the lower the average annual rate of increase (AARI) construction land in future. The AARI in the proportion of construction land in the SPUA was 3.4% from 2000 to 2017, while the supply increase rate of construction land in China from 2006 to 2017 was 4.30%. Since 2000, the AARI in construction land in the Pearl River Delta was 7.57%, while those for the Yangtze River Delta and Beijing–Tianjin–Hebei region were 6.25% and 5.82%, respectively. The maximum AARI in construction land in the SPUA could be based on the average value of 6.54%, ranking it second out of the three urban agglomerations in China. Therefore, the threshold values for the rate of increase in construction land in the study area were defined as 3.40% (key development area), 4.30% (stable development area), and 6.54% (restricted development area) (Table 5).



Based on the threshold values given in Table 5, the area types of the eight prefecture-level cities in the SPUA are provided in Table 6. These values provide a scientific basis for accurately regulating and controlling the development intensity. Taking Jinan City as an example, the key development area with construction land is no more than 19% of the total area. Meanwhile, as can be seen in Table 6, if the annual average rate of increase is less than 6.54%, the future increase in the area of construction land will be no more than 57.06 km2.





4. Conclusions and Discussion


As stated by Stieglitz, urbanization in China and the development of new technology in the United States will be the two engines driving human development in the 21st century [50]. For more than 30 years, urbanization in China has promoted the rapid development of the economy and society in China. Five major UAs (the Yangtze River Delta, Pearl River Delta, Beijing–Tianjin–Hebei, Chengdu-Chongqing, and Middle Reach of the Yangtze River UA) account for 9.06% of China’s area, 45% of the urban population, 50% of its GDP, 60% of fixed-asset investment, and 65% of the foreign direct investment in China. Therefore, urban agglomerations represent the core of China’s strategy for economic development. Meanwhile, China must deal with the pressures of a growing population, strain on resources, and environmental degradation, which are also faced by other developing counties. It is possible to formulate a scientific plan for the sustainable development of urban agglomerations if the environmental carrying capacity, the status quo, and the future development potential of urban agglomeration areas are considered. At the beginning of 2017, the State Council issued the “Several Opinions on Delineating and Strictly Protecting the Red Line of Ecological Protection” to upgrade ecological security to the institutional and legal levels. One of the key tasks of the newly MNR is to improve the quality of land use in urban agglomerations, that is, to optimize the land use structure and improve land use efficiency of urban agglomerations without reducing ecological security land.



The traditional LDIE technique methods [10,51] with MCE-GIS pay more attention to the evaluation of land use intensity and development potential, but insufficient research on the current development efficiency. Therefore, we utilize a discriminant model of a three-dimensional matrix method composed of development intensity, supporting capacity, and utilization efficiency. The purpose of this method is to more scientifically and precisely identify problems related to land spatial development in urban agglomerations in order propose specific plans to improve land use quality. Then, based on the three-dimensional model, we obtained the zoning of national spatial development strength in the SPUA, China. The zones include key zones, stable zones, and restricted zones for development. The precise value of available construction land was calculated for each city in the SPUA. This method and evaluation result are highly consistent with the development needs of SPUA, and have been highly recognized by the Ministry of Natural Resources and the land administration department of SPUA. The research team was invited to give an academic report to the first National Symposium on Land Space Optimization Theory, Methods, and Practice organized by the Wuhan University and MNR in 25 November 2018 [52].



Urban sprawl is a non-compact, low-density development urban form, often exhibiting scattered, leapfrog, strip, or ribbon structure, resulting in poor travel patterns and irreversible environmental threat. Spatial planning framework have important influence on leading the urban growth. Sprawl is acknowledged to have several negative impacts in European Unions’ territory, and smart and compact growth will be the future direction of urbanization [53]. Tsilimigkas et al. considered that integrated spatial planning framework is very important for regulating the complex territorial issues raised in medium-sized cities [54]. The urbanization model of self-promoted housing strategies could exploit loopholes and/or only partial application of the spatial planning framework and the very strict building regulations [55]. This is also the case in China’s urbanization process. In order to explore the reform of the spatial planning system and build a national spatial planning system that is unified, interconnected, and hierarchically managed, the Central Office of the CPC Central Committee and the General Office of the State Council issued the “Provincial Space Planning Pilot Program” in January 2017, selecting Hainan and Ningxia. Jilin, Zhejiang, Fujian, Jiangxi, Henan, Guangxi, and Guizhou carried out provincial spatial planning pilots, coordinated various spatial planning, and prepared a unified provincial spatial planning. In April 2017, the Ministry of Land and Resources initiated the preparation of provincial land planning at the national level.



The state has officially approved nine urban agglomerations in the middle reaches of the Yangtze River, Harbin-Changchun, Chengdu-Chongqing, Yangtze River Delta, Central Plains, Beibu Gulf, Guanzhong Plain, Huhhot-Baotou-Erdos, Lanzhou-Xining, etc. The planning of the other 10 urban groups is being reported to the State Council according to procedures, and are awaiting replies. Coordinating provincial land planning and urban agglomeration planning, scientifically evaluating the quality of land use in urban agglomerations, is the basis for establishing the spatial planning system of “master plan-special plan-action plan”, and improving “national-provincial-urban-county-village”. This paper proposes development goals and paths based on the resource and environmental carrying capacity, land development potential, and efficiency of urban agglomeration. This method helps to break the balance of various spatial planning and can effectively link provincial and prefecture-level land space planning, realizing urban group space control from single-objective, rigid, static, to multi-objective, flexible, and dynamic development. We hope that this study will provide a reference for China’s urban agglomeration strategy and ideas for urban agglomeration policy makers in developing countries.



The article still has problems such as possible indicators for the multi-attribute evaluation system and uncertainty in the index weights is needed. In contrast, the identification method of spatial conflicts of new investment area [37] and the method of landscape capacity assessment [48] used in the same high-value landscape can better exploit the value of land. This method can complement our lack of research.



Different UAs have different development foundations, characteristics, and directions. The research method only discusses the land use quality evaluation of a coastal economic development type SPUA, which provides a reference for the evaluation of UA land use. The selection of evaluation indicators and weights is uncertain and cannot be directly used. Although insufficiencies remain, this study represents an exploration of the theory, method, and application of LDIE for urban agglomerations. As research continues, the theory and method will be gradually improved, and this paper will serve as a guide for the comprehensive, balanced, and sustainable development of urban agglomerations.
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Figure 1. Location and range of the SPUA. 
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Figure 2. Flowchart of the methodological approach. 
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Figure 3. Three-dimensional matrix model of LDI in the SPUA. 
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Figure 4. Divisions of the SPUA based on land development intensity evaluation. 
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Table 1. Research data source
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Data

	
Kind

	
Data Source






	
Physical geography data

	
Land-use data from 2001 to 2017

	
Statistical data

	
Government of cities in the SPUA




	
Digital elevation model data 1:10,000

	
Vector data

	
Shandong Mapping and Surveying Bureau




	
Water and soil loss data

	
Raster data

	
The map of the key areas for the prevention of water and soil loss in Shandong Province




	
Groundwater data

	
Raster data

	
Main Functional Area Planning of Shandong Province




	
Geologic disasters data (landslides, collapses, debris flows, and earthquakes)

	
Raster data

	
Shandong Province Prevention and Control Program of Geological Disaster (2003 to 2020)




	
Socioeconomic data

	
Road density, population, GDP, investment from 2001 to 2017

	
Statistical data

	
Statistical yearbooks of Shandong Province
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Table 2. LDIE indicator system for the SPUA






Table 2. LDIE indicator system for the SPUA





	
Target Layer

	
Standard Layer

	
Criterion Layer/Weight

	
Index Layer

	
Units






	
A1 The evaluation of land spatial development intensity in SPUA

	
B1 Current development level index

	
C1 Ratio index of construction land/0.5

	
D1 Area of construction land/area of administrative region

	
%




	
C2 Proportion index of the average annual growth rate of construction land/0.5

	
D2 Annual rate of construction land/area increase from 2001 to 2017

	
%




	
B2 Development supporting ability index

	
C3 Natural potential index of land development/0.4

	
D3 Appropriate slope (<25°)

	
Degrees




	
D4 Extent of water and soil loss

	
Grade




	
D5 Occurrence level of geological disasters

	
Grade




	
D6 Development intensity of underground water

	
Grade




	
D7 Area of basic farmland

	
km2




	
D8 Scale of available space of land

	
km2




	
C4 Geographical condition index/0.3

	
D9 Distance to city center/0.45

	
km




	
D10 Road density/0.55

	
km/km2




	
C5 Urban development index (UD)/0.3

	
D11 Gross domestic product (GDP) per capita

	
Renminbi (RMB)




	
B3 Development and utilization efficiency index

	
C6 Strength bearing index/0.45

	
D12 Resident population density of construction land/0.5

	
Individuals/km2




	
D13 Density of investment in fixed assets of construction land/0.5

	
100 million/km2




	
C7 Output efficiency index/0.55

	
D14 GDP of construction land

	
100 million/km2
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Table 3. Division of LDI in the SPUA






Table 3. Division of LDI in the SPUA





	Functional Division
	Matrix Units





	Key development area
	(2,2,3), (2,3,2), (3,2,2), (2,3,3), (3,2,2), (3,2,3), (3,3,2), (3,3,3)



	Stable development area
	(2,1,1), (2,1,2), (2,1,3), (2,2,1), (2,2,2), (2,3,1), (3,1,1), (3,1,2), (3,1,3), (3,2,1), (3,3,1)



	Restricted development area
	(1,1,1), (1,1,2), (1,1,3), (1,2,1), (1,2,2), (1,2,3), (1,3,1), (1,3,2), (1,3,3)
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Table 4. Zoning of SPUA based on land development intensity evaluation
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	LDIE Partition
	Name of Area





	Key development areas
	Jinan Downtown, Longkou City, Qingdao Downtown, Changdao County, Zibo Downtown, Guangrao County, Huantai County, Jimo City, Jiaozhou City, Laixi City, Penglai City, Rizhao Downtown, Rushan City, Weihai Downtown, Wendeng City, Yantai Downtown, Zhaoyuan City



	Stable development areas
	Gaomi City, Haiyang City, Laizhou City, Pingdu City, Qingzhou City, Rongcheng City, Zhangqiu City, Changle County, Dongying Downtown, Gaoqing County, Jiyang County, Juxian County, Laiyang City, Pingyin City, Xixia City, Shanghe County, Yiyuan County, Zhucheng City



	Restricted development areas
	Anqiu City, Changyi City, Kenli County, Lijin County, Linqu County, Shouguang City, Weifang Downtown, Wulian County
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Table 5. Regulation and partition for national LDI in the SPUA
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Area Type

	
Key Development Area

	
Stable Development Area

	
Restricted Development Area






	
Proportion of construction land (%)

	
<19

	
19 to 25

	
>25

	
<19

	
19 to 25

	
>25

	
<19

	
19 to 25

	
>25




	
Annual rate of increase (%)

	
<6.54

	
4.30 to 6.54

	
<4.30

	
<4.30

	
3.40 to 4.30

	
<3.40

	
<3.40

	
<3.40

	
<3.40
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Table 6. Annual rate of increase and increase in area of construction land in the SPUA
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Name of City or County

	
Type of Area

	
Rate of Increase (%)

	
Area of Increase (km2)






	
Key development area

	
<6.54

	
Weihai Downtown

	
<13.64




	
Rizhao Downtown

	
<27.45




	
Yantai Downtown

	
<35.93




	
Jinan Downtown

	
<57.06




	
Qingdao Downtown

	
<64.72




	
4.30–6.54

	
Zibo Downtown

	
34.02–51.74




	
Restricted development area

	
<3.40

	
Weifang Downtown

	
<31.06




	
Stable development area

	
<4.30

	
Dongying Downtown

	
<24.35












© 2018 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






media/file4.png
Land spatial development intensity evaluation of urban agglomeration

v

A4

v

Current development level

construction land

Development supporting ability

« Ratio index of construction land « Natural potential index of land
- Average annual growth rate of  Geographical condition index

» Urban development index

Utilization efficiency
« Strength bearing index
« Output efficiency index

The three-dimensional
discrimination method

A

Y

Functional division of urban agglomeration






nav.xhtml


  sustainability-10-04701


  
    		
      sustainability-10-04701
    


  




  





media/file2.png
Xinjiang

Xizang

0

Natioral boundaries
Coasthime
Provinee boundaries

km
255 510 1,020

Hepfong iiong

Inner Mangoel ta N
S
L oy J
] / ! i
=l i o | :
Ningxip ¢ Shanxi /
} I ( ¢
|
Qinghal Gt N
- e 4 — o o ntin A
> i . ! Shaanxi \, T 5
E = 4 i) Henan X
- . \ %

ANui S Shunhad

Sichuun 1 p
Hubse | i~
V4 r Med mn;?

A L {
I \
f o~ ‘I
\ . ! »
\ S man " Jiangs i
\ 7 ) ; d
- ) . i ¢ 5
. x v / Fujian g®
Yy 4 |

VL
g

s Guangdoog 7

Yunnas

Gurex i ¥
leii_Jr’igiZ:?::‘ il FAJI
\3 o
r’;';‘
:11!.- A:!;m /
~
- L

Bohai sea

4

izhao

. Changdu

.

woglul

. Weihai
. Xantax

L
gohene

ngao Yellow sea

« County

'® County-level city

® Pprefecture-level city
® Sub-provincial city
0 50 100 km

| F—






media/file5.jpg
=

ity X

ing capaci

Land development support:

~  A1jsualuy 1usudo[aAdp puw|





media/file3.jpg
Land spatial development inensity evaluation of urban agglomeration

12 v v
Current development level Development supporting abilty | [ Utilization efficiency
« Ratio index of consiruction land || + Natural potential index of land || = Strength bearing index
« Average annual growth rate of || + Geographical condition index « Outpur effciency index.

consiruction land - Utban development ndex
T T T

i e dimeasional i3

discrimination method ‘Functional division of urban agglomeration






media/file1.jpg





media/file7.jpg





media/file0.png





media/file8.png
Land development
intensity
0. 9989

0. 2035

Land development
supporting capacity
0. 5962

0.1188

S

100 ks

Land use efficiency
1. 1976

0. 1730

LSDI function zone
duo

« County

® County-level city

® Prefecture-level city

® Sub-provincial city

P Restricted Zone

[ Stable development zone
-Priority Development Zone





media/file6.png
x,

ty

ing capaci

.

'
'
1
'
'
'
'
1
'
1
'
'
'
'
oy .
A '
f . 1
i — 3 N
H - '
P |
1 o ot e e e e e S Wzifend e
4 s H R
% FER 1 1N
\ Proil (I [ 1 N
W - - 7 L Y ' ' D
Weasgr s ! ] ®
] 11 1 H “
' N
' . ' 1 a
1 . ’ !
" Yooz - -3
(IR Loy 4 '
H Tl ol ' )
" AL Y ' '
: [ .m. 4 ' i
¥ 1 ' )
: " T
' : i
! Y M E 1
s b '
[T 2 '
: _ :
' 1
! ' 1 f / X
lllllllllllllllllllllll s it "EEREPEP s | 2 ¢
. _ % ./ 35}
" “ M bl A
| 3
" _ s 4 B 4
T -S| | E— z\ <1 = {
e NS
¥ ' o, R
R2 A ozl N, L..\.
™ I no,v J.L}.
N : 0.0::
~
//" Q@lo
> N zZ >

~  Aj1sudjul juswdo[aAadp puer

Land development support






