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Abstract

:

Territorial space is a valuable resource, and it is the home on which human beings depend for their survival and development. However, due to disorder, excessive and decentralized development, resource constraints are tightening, ecological environment deterioration, regional development imbalance and other prominent problems. Agglomeration development has become the strategic choice of territorial space development in China. Therefore, understanding the agglomeration characteristics of territorial space is helpful for local governments to carry out territorial spatial planning. Based on POI (point of interest) data, the method of spatial point pattern analysis is used to characterize the territorial spatial agglomeration in Ningbo city. We found that the elliptic center of Ningbo’s territorial space is distributed in Haisu district. The whole trend is along the “northwest to southeast” direction, and there is a significant directionality. The entire territorial space presents spatial agglomeration, and the agglomeration characteristics of the commercial space are more significant. Moreover, there is a spatial scale effect on the agglomeration of territorial space, which changes with the geographical distance attenuation and presents an inverted “U” structure. With Sanjiangkou as the core, the agglomeration hotspots of all levels distribute in a gradient manner, and the spatial differentiation of “center-periphery” is obvious. The characteristics of its spatial distribution are “river-oriented” and “sea-oriented”. In conclusion, the locking effect of a single center is still significantly higher than the evacuation “magnetic force” of multiple centers in Ningbo city. In the future, we should effectively disperse the densely clustered areas in the central urban area, and focus on cultivating peripheral sub-centers/groups to enhance the positive interaction between multiple centers.
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1. Introduction


Territorial space is a valuable resource, and it is the home on which human beings depend for their survival and development [1]. The development and utilization of territorial space is a double-edged sword: Although it effectively supports the rapid development of the national economy and social progress, there are also some outstanding problems of great importance that must be solved—such as the sharp decline of cultivated land, ecological damage, environmental pollution, low efficiency of territorial space utilization, and uncoordinated development of urban and rural areas. For a country, especially a large country, choosing the strategy of territorial space development is an important proposition for development and prosperity [2]. In a period of rapid industrialization and urbanization and rapid change of spatial structure, it is particularly important to adhere to the scientific orientation of the territorial space development. Therefore, agglomeration development has become the strategic choice of territorial space development in China. In 2017, the State Council promulgated the National Territorial Planning Outline (2016–2030), which made a comprehensive and systematic deployment for the development, protection and renovation of China’s territorial space. For the first time, it clearly put forward “focusing on agglomeration development, encouraging conditional areas to take the lead in development, giving full play to agglomeration benefits, and improving the radiation-driven ability to the surrounding areas” [3]. Agglomeration development will be the leading way of territorial space development in China for a long time in the future. Therefore, considering issues related to territorial spatial agglomeration under the space governance system, it has important practical significance for the construction of the pattern of territorial space development with moderate, intensive and sustainable use.



Agglomeration is a common phenomenon of economic activities for a long time in the word. The spatial agglomeration of industry is the most prominent geographical feature of economic activities [4]. A large number of empirical studies mainly focus on manufacturing industry [5,6,7], but some scholars have noticed the impact of spatial agglomeration on the service industry [8]. In addition, the relationship between industrial agglomeration and environmental pollution has also aroused scholars’ interest [9]. In recent years, people are more and more interested in the phenomenon of economic geographical concentration. In Europe, more than 50% of the European population accounts for only 4% of its land area and two-thirds of its GDP [10]. How to explain the agglomeration of economic activities will be a challenge. Previous studies have shown that agglomeration is not only attributed to the first natural factor alone, but also to the second natural factor, namely, human agglomeration economy [11]. For example, when the urban population changes exogenously, road density will improve the efficiency of agglomeration [12]. The future development of urbanization is to enhance the agglomeration through the integration of cities and towns, but the research on understanding the role of agglomeration and decentralization in urban growth is still very limited [13].



Since the 18th National Congress of the Communist Party of China, the optimization of the development pattern of territorial space has become the primary task of ecological civilization construction. How to optimize it becomes a difficult problem to be solved urgently [14,15,16], but mostly based on qualitative research focusing on coping strategies. With the idea of the spatial structure of “production, life and ecology”, the research results are increasing gradually, which is highlighted in such aspects as functional zoning [17], quantitative identification and features [18,19], classification evaluation [20], and evaluation of the suitability of territorial space development [21]. A small number of scholars also pay attention to the efficiency and quality of territorial space [22,23]. However, the research on territorial spatial agglomeration is very limited. Some scholars have discussed the spatial pattern of urban land use, mostly using the landscape index combined with the spatial statistics method to explore the agglomeration characteristics of urban green space, urban construction land, etc. [24,25]. There are also scholars who have made relevant evaluation studies on the degree of territorial spatial agglomeration from the connotation, dynamic mechanism and evaluation system, but the explanation of the characteristics of territorial spatial agglomeration is relatively insufficient [26].



In the age of big data, the emergence of big data on the Internet not only changes people’s work and life, but also brings great challenges and opportunities to the academic community [27]. Big data has gradually become an important way for scholars in various fields to carry out research [28]. A point of interest (POI) is a kind of spatial point data representing real geographic entities in the form of large data that contains attribute information, such as name, category, longitude, latitude, and address [29]. POIs of the urban space based on distribution patterns and density have become an important breakthrough point in the fine urban spatial analysis [30]. At present, POI data have been widely used in urban functional area identification [31], boundary delimitation of built-up areas [29], spatial structure [32,33] and industrial layout [34,35]. Compared with the traditional data, POI data have good timeliness and objectivity; has a higher spatial resolution; intuitively and effectively reflects the density of urban construction, the degree of industrial agglomeration, and so on. It not only keeps a high degree of conformity with the current situation of construction, but also helps to improve the research accuracy. [36]. The essence of territorial spatial agglomeration is to gather population, industry and towns. Therefore, high density is the most basic characteristic, which can be described by the spatial distribution difference of POI points. However, empirical work on characteristics of territorial spatial agglomeration by using POI data is sparse.



In 2016, the State Council promulgated the Development Planning of Urban Agglomeration in the Yangtze River Delta, which clearly defined the goal of building a world-class urban agglomeration with global influence, and proposed to speed up the construction of the Ningbo metropolitan area and raise it to a higher strategic level. Under the background of the integration of the Yangtze River Delta, Ningbo city, as an important node, will have positive or negative effects on the development of urban agglomeration, due to its agglomeration and diffusion effects. Therefore, it is urgent to promote the overall coordination of Ningbo city, strengthen the polar core function of the central city, and comprehensively improve the urban competitiveness.



Based on POI data and taking Ningbo city as the research area, with the help of Crimestat 3.3 (Ned Levine and Associates, Houston, TX, USA) and ArcGIS 10.1 (ESRI, Redlands, CA, USA) software. This paper comprehensively uses the method of spatial point pattern analysis to describe the characteristics of territorial spatial agglomeration on the aspects of distribution pattern, agglomeration degree, spatial scale, and agglomeration hotspots. In order to provide precise suggestions for optimizing the pattern of territorial space and related policies and indicators.




2. Data and Methods


2.1. Study Area


Ningbo is located at the intersection of the “T”-type structures in the north and south of China and the Yangtze River. It has convenient internal and external radiation and obvious location advantages (Figure 1). The land area of the city is 9816 km2, the sea area is 9758 km2, and the total length of the coastline is 1594 km. It has ten counties (cities and districts) under its jurisdiction, which are the six districts of Haishu, Jiangbei, Zhenhai, Beilun, Yinzhou and Fenghua; two county-level cities of Yuyao and Cixi; and two counties of Ninghai and Xiangshan. By 2018, the permanent population of the city was 8.22 million, and the urban population was 5.98 million, with an urbanization rate of 72.9%. Its GDP of the region reached 1074.6 billion yuan ($162.4 billion), making it one of the cities with a GDP of one trillion yuan ($151 billion). According to the permanent population, the per capita GDP is 132,603 yuan ($20,038).



According to the survey of land use status in 2016, the total scale of urban and rural construction land in Ningbo is 1429.77 km2, accounting for 14.7% of the total land area. Among them, the scale of urban construction land is 807.94 km2, and that of rural residential land is 621.83 km2. As a regional, central city in the south wing of the Yangtze River Delta, Ningbo’s division of labor functions mainly to give play to the advantages of the port, promote the development of the Ningbo metropolitan area, and build the foundation of the international port city, advanced manufacturing industry and modern logistics industry. In order to adapt to the development of the new era, the Ningbo 2049 Urban Development Strategic Plan put forward the ideal spatial pattern of “one core and two sub-centers, Sanjiang, Sanwan, and Grand Garden”, and gradually realizes the leap from the “Sanjiang era” to the “Sanwan era” to optimize and expand the urban spatial pattern.




2.2. Data Sources


POI data in this article are obtained from the Baidu map open platform through the network data crawler tool, and the acquisition time is March 2017. In view of the fact that this paper focuses on the distribution pattern and characteristics of the territorial space in Ningbo, the original data is initially cleaned and reclassified. According to the principles of universality, consistency and publicity of POI classification [37], referring to the Standard of Urban Land Classification and Planning Construction Land (GB50137-2011), and this paper divides 82,453 POI data into the following five categories: Residential space, commercial space, industrial space, public service space, and urban open space (Table 1).




2.3. Research Method


2.3.1. Standard Deviational Ellipse


Standard deviational ellipse (SDE) is mainly used to summarize the spatial characteristics of the following geographical elements: Central trend, discrete trend and direction trend [38]. The central trend of the elements is represented by the average central coordinate of the SDE. The dispersion degree of the elements is expressed by the ellipse area and short axis. The short axis represents the range of element distribution. The azimuth angle reflects the main trend direction of its distribution (i.e. the angle of clockwise rotation from due north direction to the major axis of the ellipse). The greater the difference between the values of the long and short axes is, the more obvious the directivity of the elements.



When the elements have a normal spatial distribution (that is, they are the densest at the center and gradually sparse when they are close to the periphery), a range of standard deviations can include the centroids of the input elements, which account for approximately 68% of the total. The two standard deviation ranges will include approximately 95% of the total elements, while the three standard deviation ranges will cover the centroids of approximately 99% of the total elements.



The coordinates of the feature set are (   x 1   ,   y 1   ), (   x 2   ,   y 2   ) …, (   x n   ,   y n   ); then the direction angle  θ  of the SDE is calculated as follows [39]:


  tan θ =     ∑ i n   =   1    x ˜  i 2  −   ∑ i n   =   1    y ˜  i 2  +     (   ∑ i n   =   1    x ˜  i 2  −   ∑ i n     1    y ˜  i 2      )  2  + 4   (   ∑ i n   =   1    x ˜  i      y ˜  i  )  2          2   ∑ i n   =   1    x ˜  i    y ˜  i      .  



(1)







The standard deviations of the long and short axes are    σ x    and    σ y   .


   σ x  =  2        ∑ i n   =   1   (   x ˜  i  cos θ −   y ˜  i  sin θ )    2     n    ,  



(2)






   σ y  =  2        ∑ i n   =   1   (   x ˜  i  sin θ +   y ˜  i  cos θ )    2     n    ,  



(3)




where     x ˜  i    and     y ˜  i    are the differences between the mean center coordinates x, y and the feature coordinates    x i   ,    y i    respectively.




2.3.2. Nearest Neighbor Index


Nearest neighbor index (NNI) is the ratio of the actual nearest neighbor average distance (   D N   ) of the elements in the study area to the theoretical average distance (   D R   ) of the random distribution model (Form 4). When NNI = 1, that is,    D N    =    D R   , the elements analyzed are uniformly distributed. When NNI < 1, that is,    D N    <    D R   , the elements analyzed are aggregately distributed. When NNI > 1, that is,    D N    >    D R   , the elements analyzed are distributed [40].




   N N I =    D N     D R    =    1 n    ∑ i n   = 1  d i       1 2     n / A      .   



(4)





Among them, n is the number of elements,    d i    is the distance between elements i and its nearest neighbor, and A is the area of the study area.




2.3.3. Ripley’s K Function


There are differences in the distribution patterns of point elements in different spatial scales. Ripley’s K function is an effective tool for analyzing the distribution characteristics of point elements in arbitrary scales that counts the number of point elements according to the search range of a certain radius distance, representing the average number of point elements in the range d and the density of point elements in the region under the display. The ratio of degree is as follows [40]:


  k ( d ) = A   ∑  i = 1  n     ∑  i = 1  n      w  i j   ( d )    n 2        .  



(5)







Among the variables, n is the number of elements, A is the area of study area, and    w  i j     represents the distance between elements i and j in the range of d distance.



Besag [41] proposed replacing L(d) with k(d) and a making linear transformation of k(d) with the square root to keep the variance stable. The transformed formula is as follows:


  L ( d ) =     k ( d )  π    − d .  



(6)







Under the assumption of random distribution, the expected value of   L ( d )   is 0; L(d) > 0 indicates that the elements are clustered, and L(d) < 0 indicates that the elements are dispersed. To determine the significance of the L(d) function, the Monte Carlo method is used to estimate the confidence interval of the L(d) statistic, i.e., the upper and lower envelope traces. If the actual L(d) value is above the upper trace, the elements are spatially clustered. If the actual L(d) value is between the upper and lower envelope trace, the elements are randomly distributed. If the actual L(d) value is below the track of the subcontract, the elements are uniformly distributed in space. At this point, the maximum value deviating from the confidence interval is L(d) peak value, and the corresponding distance range of d is the spatial scale.



In this paper, the confidence of Ripley’s K function is 90%.




2.3.4. Kernel Density Estimation


Kernel density estimation (KDE) is used to calculate the density of elements in their surrounding areas. It takes the position of a specific point as the central point. The density at the center of the point is the highest, and decreases gradually with distance. The density at the limit distance (h) is 0. The specific attenuation mode is determined by the kernel density function. The attribute value of the central point is the sum of the density integrals in the whole threshold range. By calculating each element point in the region according to the same method and superimposing the density at the same location, the distribution density of elements in the whole region can be obtained [40].



Suppose    x 1   ,   x 2   , …,    x n    is an independent sample of the same distribution extracted from a population with a distribution density function f, and if f is estimated to be f(x), at point x, the formula is as follows:


   f n  ( x ) =  1  n h     ∑  i = 1  n   k (   x −  x i   h  )   ,  



(7)




where,   k ( ∗ )   is the kernel function, h > 0 is the bandwidth, and   x −  x i    is the distance from the estimated point x to the sample    x i   .



Relevant studies show that the choice of bandwidth h has a key impact on the results of kernel density estimation. Different bandwidth values will lead to different smoothness of the surface of the analysis results [42]. According to the actual study area, after debugging for the bandwidth many times, 3.5 km is finally selected as the bandwidth. This bandwidth size can intuitively show the efficiency and level of territorial spatial agglomeration in Ningbo and explore the internal characteristics of the spatial system.






3. Results Analysis


3.1. Distribution Pattern of Territorial Space Based on the SDE Method


In this paper, the SDE method is used to describe the distribution pattern of Ningbo’s territorial space of the centrality, spreading range and direction trend. The analysis results show that (Figure 2), the elliptic center of territorial space in Ningbo is located in Haisu district, near the Sanjiangkou. The ellipse covers 3189 km2 of the land area, accounting for 32.49% of Ningbo’s land area. The distribution of the ellipse center is obviously northward. The long half-axis of the SDE is 4.2 km, the short half-axis is 2.41 km, and the azimuth angle is 149.34°, which has a significant orientation. The overall distribution pattern of territorial space is characterized by “dense middle and sparse edge”, and the distribution trend is along the “northwest to southeast” direction. This also reflects that the radiation function of the large cities in Shanghai and Hangzhou in the northwest has a traction effect on the development of territorial space in Ningbo. Specifically, the centrality, spreading range, and direction of the SDE of residential and commercial space are all consistent with the overall characteristics of the territorial space, and develop in the direction of northwest to southeast. The distribution center of the SDE of industrial space is obviously northward, and the direction of spatial development is closer to the city of Yuyao and Cixi. The oblateness of the long and short axes of the SDE in public service space is the largest, and its spreading range is the largest. The SDE of urban open space has the smallest oblateness of long and short axes, the smallest spreading range and the weaker directionality.




3.2. Characteristics of Territorial Spatial Agglomeration Based on NNI


The NNI was used to explore the characteristics of the spatial distribution of territorial space in Ningbo. In Table 2, the NNI of the overall territorial space is less than 1, and it passed the significance test of 1% confidence level. The distribution of territorial space in Ningbo is the trend of spatial agglomeration. The NNI of different types of space is also less than 1. By comparison, the NNI of commercial space is the smallest, which indicates that the agglomeration of commercial space is the strongest. The commercial service industry has a strong agglomeration economic effect, which is influenced by its own profit purpose and population demand. Therefore, the spatial distribution shows a significant agglomeration trend. The NNIs of residential, industrial and public service spaces are 0.24, 0.23 and 0.27, respectively, with the agglomeration degree in the middle. The NNI of urban open space is relatively large, showing a general trend of agglomeration. The main reason is that parks and squares in Ningbo are mainly concentrated in urban built-up areas, the allocation of urban open space is still limited, and the scope of space services is relatively large.




3.3. Spatial Scale Effect of Territorial Spatial Agglomeration Based on Ripley’s K Function


Whether the intensity of territorial spatial agglomeration in Ningbo will be affected by the spatial scale effect, this paper uses Ripley’s K function to verify it. The results are shown in Figure 3. The L(d) curve of the territorial space in Ningbo is located above the envelope, and the L(d) value is greater than 0 among 0–12 distance units. It has significant characteristics of spatial agglomeration, and the L(d) peak value increases first and then decreases with the change of geographical distance. The L(d) curve of each type of space shows an inverted “U” structure with a rise and fall, and the agglomeration trend is consistent with the overall territorial space. However, the spatial scales and corresponding L(d) peak values of different types of spatial agglomeration are significantly different. The L(d) peak values of residential space, commercial space, industrial space, public service space and urban open space appear at 8.99 km, 7.67 km, 14.33 km, 8.54 km and 9.67 km respectively. Among them, the spatial scale of commercial space agglomeration is the smallest. Commercial space is expected to have a higher rent, so the range of location selection is always in the nearest place to the city center; while industrial space is agglomerated in a larger space, and the range of location selection is the largest.




3.4. Hotspots Identification of Territorial Spatial Agglomeration Based on KDE


In this paper, the KDE method is further applied, and superimposes remote sensing image map (image time is 24 August 2016) to identify the spatial distribution pattern of territorial spatial agglomeration hotspots in Ningbo. The KDE is classified by the natural discontinuous point method (Jenks). The higher the density value, the higher the level of territorial spatial agglomeration, and vice versa. Finally, it is divided into four levels of agglomeration hotspots, and the results are shown in Figure 4. The first-level agglomeration hotspots are concentrated in the central area of Sanjiangkou. The specific distribution ranges from Jiangxia, Gulou, Yuehu Street in Haishu District, Zhongma Street in Jiangbei District, Baizhang, Baihe, Dongsheng and Minghou Street in Yinzhou District. The second-level agglomeration hotspots are distributed in the outskirts of Sanjiangkou, Zhaobaoshan Street in Zhenhai District, Xindan Street in Beilun District, Manping and Yuelin Street in Fenghua District, and the main urban and central towns in suburban counties and cities. The spatial distribution of third-level agglomeration hotspots is characterized by “large agglomeration and small dispersion”, not only on the edge of the second-level agglomeration hotspots, but also in Zhenhai, Yinzhou, Fenghua, Cixi and Xiangshan. The four-level agglomeration hotspots have a wide distribution range. Except for the Fenghua District, there are contiguous distributions in other areas; an axial agglomeration zone is formed between Zhenhai District and Cixi City. Overall, the level of agglomeration is decreasing with the increase of geographical distance with Sanjiangkou as the center, showing a clear law of distance attenuation. The distribution characteristics are “river-oriented” and “sea-oriented”. From this, we can see that the locking effect of a single center is still significantly higher than the evacuation “magnetic force” of multiple centers in Ningbo city.



In terms of classification, the distribution of agglomeration hotspots in residential space and commercial space is consistent with the overall distribution pattern of territorial space. The agglomeration hotspots in all levels still spread out as the core of Sanjiangkou, showing an obvious “central-periphery” distribution. The first-level agglomeration hotspots of industrial space are mainly concentrated in the periphery of Sanjiangkou, while the other-level agglomeration hotspots are concentrated in the city center, Yuyao and Cixi, respectively. Moreover, there are two axial agglomeration zones between Yuyao, Cixi and the central city. At the same time, the fourth-level agglomeration hotspots are scattered in the Cixi Binhai Economic Development Zone and the Zhangzhou Economic Development Zone. The overall distribution of agglomeration hotspots in public service space and open space is characterized by “large agglomeration and large dispersion”, with the core of Sanjiangkou in a patchy agglomeration and scattered in each county and urban area.





4. Discussion


4.1. Comparisons with Traditional Research


The concept of land and space combines the two concepts of “territorial” and “space”, with the dual attributes of “resources” and “space” [43]. In the past, land use research survey data and socio-economic data were mostly used in territorial space research [44,45], which paid more attention to the resource attributes of territorial space, but neglected its spatial attributes. In this study, based on multi-type POI data, and the method of SDE, NNI, Ripley’s K function and KDE were used to explore the characteristics of spatial distribution, agglomeration degree, spatial scale effect and agglomeration hotspot distribution of Ningbo. The research results show that the multi-method comprehensive analysis based on big data can better describe the spatial attributes of territorial resources utilization. Taking Ningbo as an example, the empirical study objectively and comprehensively shows the agglomeration characteristics of Ningbo’s territorial space, which provides indispensable reference information for the territorial space planning that the city is preparing.




4.2. Agglomeration Promotes Regional Coordinated Development


The city is the focal point of the regional economy and the regional center. The main driving force for urban development is the function of the city to provide products and services to areas outside the urban area [46]. In essence, the territorial spatial agglomeration is to strengthen the regional core functions of cities and central towns through the agglomeration of economic benefits and economies of scale, to exert its market and radiation functions, to promote the economic development of the surrounding countryside, and to give full play to the unique advantages of each place. Then promote regional coordinated development [2]. According to the study, from the perspective of the metropolitan area, it reveals the economic ties between the central suburbs of Ningbo, including Yuyao, Cixi, Ninghai and Xiangshan, and highlights the status of the city’s central urban area and the scope of space construction. In order to avoid the phenomenon of industrial structure convergence, market segmentation, resource competition and mutual restriction on development, we should pay attention to the reasonable division of labor among counties and urban areas, establish and improve the regional urban system through regional coordination and overall planning.




4.3. Differentiation of Agglomeration Effect under Spatial Competition


Different from agricultural land use, location factor is crucial to urban land use, and the spatial competition of urban land use is particularly fierce. In addition, the area factor has a relatively weak limiting effect on urban land use, which amplifies the difference of spatial agglomeration effect of urban land use to some extent. Furthermore, it is not difficult to infer that the spatial competitiveness is positively correlated with the degree of agglomeration based on the law that the land rent level of various types of urban land decreases with the distance [47]. Specifically, commercial space is the most sensitive to location, with the strongest spatial competitiveness, and the degree of agglomeration is significantly higher than other types of territorial space. As a supplement to residents’ life, the urban open space has the weakest spatial competitiveness and the lowest degree of agglomeration. Compared with urban open space, public service space has a greater impact on urban development. A large amount of infrastructure construction investment by the municipal government helps to improve its spatial competitiveness [48], which makes the concentration of public service space slightly higher than that of urban open space. Industrial space and residential space have little difference in agglomeration degree, which is between commercial space and public service space. It should be noted that the agglomeration degree of industrial space is slightly higher than that of residential space. This may be because Ningbo’s industry is developed, the government pays more attention to industrial land, and the superposition effect of various preferential policies has made the industrial space location advantage prominent, and the agglomeration effect is relatively better. This is where Ningbo is doing better than other industrial cities [49,50]. Of course, this also reflects that the residential space pattern related to the basic quality of residents’ life of the city needs to be optimized to increase the degree of concentration further.




4.4. Limitations and Future Research


The study of territorial spatial agglomeration is the basis for optimizing the pattern of territorial space and enhancing the overall competitiveness of the country. Based on POI data and point pattern spatial analysis, this paper can better reflect the characteristics of territorial spatial agglomeration, but there are still some limitations, which need to be further studied. Firstly, territorial space is a complex giant system, and its pattern is a dynamic process of evolution with specific temporal and spatial attributes. Its shape and state show different characteristics in space-time scale [51]. In this paper, only the cross-section data is used to analyze the agglomeration characteristics of the territorial space, which fails to comprehensively and systematically reflect the dynamic evolution process of territorial spatial agglomeration pattern. Secondly, the analysis of the characteristics of territorial spatial agglomeration in this paper is more of a result study than a discussion of its causes, that is, the analysis of the influencing mechanism of territorial spatial agglomeration. In the future research on the mechanism of agglomeration, it is inevitable to explain the two main causes of agglomeration: The first nature (geography) and the second nature (human agglomeration economy) [52,53].





5. Conclusions


It can be seen from the above studies that the spatial distribution pattern, agglomeration degree, spatial scale and agglomeration hotspot distribution of territorial space in Ningbo have the following characteristics:




	
The overall distribution pattern of the territorial space is characterized by “dense middle and sparse edge”. The distribution trend is along the “northwest to southeast” direction, with significant directionality, and the spatial distribution of each type is quite different. The SDE of residential and commercial space is more consistent with the overall appearance of territorial space. The distribution center of SDE of industrial space is obviously northward, and the spreading range of SDE in public service space is the largest, while the urban open space is on the contrary.



	
The results of NNI show that the entire territorial space presents spatial agglomeration, and the agglomeration characteristics of the commercial space are more significant. Moreover, the spatial distribution of residential, industrial and public service space is relatively agglomerative, while the agglomeration degree of the Urban open space is relatively weak.



	
Ripley’s K function analysis verifies that there was scale effect in territorial spatial agglomeration, with the decline of the geographical distance, and the trend of territorial spatial agglomeration presents an inverted “U” structure. However, the spatial scale and corresponding L(d) peak value of different types of spatial agglomeration are significantly different. Commercial space is expected to have a higher rent, so the spatial scale of commercial spatial agglomeration is the smallest; while industrial space is agglomerated in a larger space, and the range of location selection is also the largest.



	
The distribution of agglomeration hotspots in Ningbo is spread from the core of Sanjiangkou to the periphery. The spatial distribution of hotspots at different levels shows obvious distance attenuation rule. The overall distribution characteristics are “river-oriented” and “sea-oriented”, and the locking effect of a single center is still significantly higher than the evacuation “magnetic force” of multiple centers in Ningbo city. It is worth noting that the agglomeration hotspots of industrial space are mainly distributed in a concentrated contiguous pattern around Sanjiangkou, two axial agglomeration hotspots are formed between Yuyao, Cixi and the central city. In the future, we should effectively disperse the densely clustered areas in the central urban area, and focus on cultivating peripheral sub-centers/groups to enhance the positive interaction between multiple centers.
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Figure 1. Location of Ningbo city. 
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Figure 2. Standard deviational ellipse (SDE) of territorial spatial distribution in Ningbo city. 
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Figure 3. Ripley’s K function of territorial spatial distribution in Ningbo city. 
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Figure 4. Kernel density estimation (KDE) of territorial spatial distribution in Ningbo city. 
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Table 1. Classification of point of interest (POI) data in Ningbo city.
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	Territorial Space Categories
	Types of POI Contained
	Quantity (pcs)
	Proportion (%)





	Residential Space
	Residential district and supporting living service facilities, such as kindergarten, nursery, health station, convenience shop, catering, post and telecommunications office, neighborhood committee, etc.
	15593
	18.91



	Commercial Space
	(1) Commercial category: Retail, wholesale market, catering, hotel; (2) Business category: Financial insurance, business building; (3) Entertainment category: Theatre, cinema, Internet café, etc.
	37504
	45.49



	Industrial Space
	Manufacturing companies, factories, industrial parks
	24840
	30.13



	Public service Space
	(1) Administrative office: Party and government organs, social organizations, institutions, etc.; (2) Educational and scientific research: Institutions of higher learning, technical secondary schools, primary and secondary schools, scientific research institutions, etc.; (3) Medical services: Medical, health, epidemic prevention, rehabilitation and first aid facilities, etc.; (4) Sports facilities: Stadiums, swimming venues, all kinds of stadiums, etc.
	4277
	5.19



	Urban open space
	Park, square
	239
	0.29



	Total
	Residential, commercial, industrial, public service and urban open space
	82453
	100.00
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Table 2. Nearest neighbor index (NNI) of territorial spatial distribution in Ningbo city.
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	Territorial Space Categories
	Sample Size (pcs)
	Average Distance of Observation (m)
	Expected Average Distance (m)
	Nearest Neighbor Index (NNI)
	Z Test Value
	p Value
	Spatial Distribution Types





	Residential Space
	15593
	117.57
	480.73
	0.24
	−180.47
	0.00
	Comparative agglomeration



	Commercial Space
	37504
	36.88
	306.46
	0.12
	−325.9
	0.00
	Significant agglomeration



	Industrial Space
	24840
	86.63
	369.05
	0.23
	−230.74
	0.00
	Comparative agglomeration



	Public service Space
	4277
	240.48
	905.64
	0.27
	−91.89
	0.00
	Comparative agglomeration



	Urban open space
	239
	1516.73
	2994.93
	0.51
	−14.6
	0.00
	General agglomeration



	Total
	82453
	42.79
	209.2
	0.2
	−436.97
	0.00
	Comparative agglomeration
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