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Introduction: At the crucial stage of China’s transition from extensive expansion driven by external factors to intensive, connotation-focused development, scientifically optimizing the spatial form of new urban districts, promoting dynamic and adaptive spaces, and enhancing the quality and diversity of urban environments are issues of substantial importance.Methods: Based on urban morphology, this study proposes that high street accessibility, appropriate building density and typology, and a sufficient degree of functional mixing are the foundations of spatial morphology for promoting sustainable urban development. Using spatial syntax, a spatial matrix, and mixed-function indices, this study measures urban spatial morphology elements and explores differences and rhythms in sustainable spatial morphology in new urban districts with varying development functions and cycles.Results: The results of the study show that: 1) the overall synergy of the accessibility spatial network in the new urban districts of Yinzhou and Xianlin is high. The building typology was dominated by mid-rise slab and enclosed types, low-rise enclosed types, and high-rise slab types, while the multistory high-coverage forms were interspersed with intervals. 2) Development in new urban districts primarily adopted a large land plot development mode with a single function. The degree of multifunctional mixing was observed to be relatively low. The dual-functional mixing degree in the Yinzhou New Urban District is higher than that in the New Xianlin urban district. 3) A significant level of overlap was observed among functional mixing, accessibility, building density, and typology. Of the functional mixing units, 42.41% of the dual-function and 78.57% of multi-function types were clustered in high-value areas of urban vitality. Additionally, 50.25% of dual-function and 85.71% of multi-function units were aggregated in high-accessibility areas.Discussion: The mixed-use of sites contributes to the creation of urban vitality and sustainability, and the effect of the correlation between mixed-functionality and accessibility is more pronounced when mixed units involve utility land. The research results provide a reference for evaluating the current sustainable challenges of spatial patterns and offer specific tools for optimizing new urban districts.Keywords: sustainability, urban spatial form, grid scale, spatial vitality, New Urban
1 INTRODUCTION
Understanding the relation between urban spatial patterns and sustainability is crucial for the study of urbanization and global change. Urban planning and the resulting spatial patterns are essential for promoting sustainable urban development (Wei, 2016; Cao and Deng, 2021; Du et al., 2024). In 2015, all member states of the United Nations adopted the 2030 Agenda for Sustainable Development, which included 17 Sustainable Development Goals (SDGs). Buildings in cities play a critical role in achieving certain SDGs, such as making cities and human settlements inclusive, safe, resilient, and sustainable (SDG 11). After years of rapid urbanization and expansion, China’s economy is gradually transitioning to a “new normal”, establishing a new urbanization strategy that is people-oriented and emphasizes spatial quality and vitality (Ye et al., 2016; Chen M. et al., 2019; Chen M. X. et al., 2019; Meng and Xing, 2019). In this context, the paradox of medium- and high-intensity buildings coexisting with low-density human activity, common in China’s new cities and districts, has become prominent. Many new cities and districts have high development intensities and population densities, which theoretically create a strong foundation for urban vitality. However, achieving vitality in practice, remains a pressing challenge (Duan and Yin, 2011; Xia et al., 2020; Liu et al., 2022; Wang et al., 2022). In addition to the anticipated organic regeneration of historical cities, new towns and districts require transformation (Xue et al., 2013; Feng, 2018; He et al., 2018). As China transitions from extensive and rudimentary to more sophisticated and intensive development, it is crucial to scientifically optimize the spatial forms of new towns and districts. This includes creating dynamic spaces and enhancing the quality and diversity of urban areas—critical issues that merit further exploration. Simultaneously, exploring construction ideas and updating models with a focus on “sustainable spatial form” for new cities and districts holds long-term strategic importance for urban development.
Although a precise definition of sustainable spatial patterns has not been established in current research, scholars have concentrated on identifying the key features of sustainable urban spatial patterns. These include compactness, suitable density, high street connectivity, human-scale design, efficient public transportation systems, mixed land use, well-designed public spaces, diversity, rigorous environmental controls and urban governance (Song et al., 2018; Cao et al., 2019; Cai et al., 2021). Alberti (1996) proposed urban spatial form indicators, such as morphology, density, differentiation, and connectivity, within the context of urban sustainability (Alberti, 1996). Lynch (1981) suggested that a good urban form should include a range of elements, such as vitality, diversity, accessibility, controllability, ease of feeling, flexibility, and social equality (Lynch, 1981). Rogers (1998) proposed that a sustainable urban form should have seven characteristics: equity, ecology, aesthetic principles, creativity, compactness, richness, and functional complexity (Rogers 1997). By analyzing the basic concepts of different urban form development patterns, Jabareen (2006) refined the elements of sustainable urban form to include compactness, green space, sustainable transportation, high density, mixed urban use, and diversity (Jabareen, 2006). Yu et al. (2016) summarized sustainable spatial forms from the perspective of spatial morphology as good street accessibility, appropriate building density and typology, and a sufficient functional mixture (Ye et al., 2016). Behind these theoretical models of urban spatial form are some common elements for realizing the concept of sustainable urban development, whereas different models reflect varying emphases and combinations of these elements. However, the response strategies in current urban planning and architectural design are mostly aimed at high-density spaces, old urban areas, or new European and American cities (Ye et al., 2018; Zumelzu and Barrientos-Trinanes, 2019; Larkin et al., 2021; Zhang et al., 2022). And there are few systematic analyses of the morphology of new towns and districts in China, which hinders the scientific understanding of the process of sustainable new town regeneration and limits rational support for optimizing the scheme.
The results of the sustainability assessment of new urban districts in the Yangtze River Delta showed that the sustainability of these districts is influenced by urban planning and design, spatial form structure, urban vitality, and, specifically, by the core elements of high densities, sustainable transportation systems, and mixed land use (Li and Li, 2017; Huang et al., 2020; Wang, 2022). First, density is an intuitively important factor in determining urban form, and there is a consensus in the field of urban design that high-density development patterns have the advantages of conserving land, reducing transportation and energy consumption, encouraging people to socialize, and improving residents’ perceptions of the living environment (Talen, 2011; Usman and Abdullah, 2017; Wang and Shaw, 2018). Second, a sustainable transportation system is one of the factors that most substantially impacts environmental quality, and the impact of transportation planning on urban form is critical (Hui and Yu, 2013; Kashem et al., 2014; Liu et al., 2021; Haseli et al., 2024). Third, mixed land-use patterns are necessary for sustainable urban form and vitality, which can be understood as vibrant and engaging urban life shaped by the influence of the urban spatial form. In summary, drawing on the theoretical framework of urban sustainability, it is worthwhile to investigate methods for translating the concept of sustainability into actionable spatial strategies for improvement and to provide urban planners with more detailed spatial design guidelines. Consequently, this study selected two representative cases from the Yangtze River Delta, commencing with an examination of their urban form, and explored the relation between sustainable development and urban spatial form through a quantitative investigation of three core elements: street accessibility, building density and typology, and the degree of functional mixing. This study facilitates a more precise and meticulous investigation of the temporal evolution of sustainable urban spatial form characteristics and vitality levels within a new district.
2 METHODS AND DATA SOURCES
2.1 Study area
The Xianlin New Urban District is located to the east of the main urban area in Nanjing, Jiangsu Province, China. It extends from the Ring Road in the west to the Qinhuai River in the east and from Ningzhen Road in the north to the Yangtze River in the south. The total land area is approximately 80 km2. The region is divided into four zones by natural mountainous terrain running from east to west through the central region, with rivers flowing from north to south. These zones are designated as university concentration zones, science and technology industrial zones, international exhibitions and exchange zones, and residential zones. The Yinzhou New Urban District is located in the southern part of the core area of central urban Ningbo, situated on both sides of the Fenghua River. It extends from the Ningbo Airport Expressway in the west to the Tongsan Expressway in the east, and from the Hangyong Expressway in the north to Yinzhou Avenue in the south. It is an important component of the Sanjiang Area in the central urban zone of Ningbo. The total study area is 30 km2 (Figure 1).
[image: Figure 1]FIGURE 1 | Geographic location of the case new urban district.
A sustainability assessment of 15 new districts in the Yangtze River Delta (Wang et al., 2017), was conducted, selecting these districts as case studies of urban areas with relatively superior levels of sustainable development and different development functions and cycles. The term “new districts” is defined as urban built-up zones that are rapidly developed and constructed within a short period following planned design. This includes extensions adjacent to existing built-up areas as well as leapfrog developments that possess a certain level of independence, such as new towns. The term “new” primarily refers to these areas in contrast to “old” cities, which have developed gradually over a long period. Yinzhou and Xianlin New Urban Districts belong to the first and third levels of sustainable development, respectively. The leading function of the Yinzhou New Urban District is industry, whereas the Xianlin New Urban District was developed for higher education. The development cycles of these districts fall under the categories of renewal and newly built areas. The Yinzhou New Urban District was constructed during the rapid urbanization phase, Xianlin New Urban District is an important hub for higher education resources in Jiangsu Province and nationwide. The selection of these two case study areas is representative, and the research results are significant for the transformation and upgrading of other new urban districts. To determine the fundamental spatial analysis unit, comprehensive consideration was given to the walkability of both the street network architecture and residents. Specifically, an overly small raster scale leads to the fragmentation of street network buildings, whereas an unduly large scale undermines the precision of the vector analysis. A 150 × 150 m2 grid was used as the analysis unit in this study. Subsequently, cells with a minimal land area or ambiguous functions were excluded, and the resulting sample comprised of 2,096 cells.
2.2 Methods
2.2.1 Accessibility indicators
In this study, we employed a line segment model analysis from Space Syntax, which introduces the concept of spatial scale into the axial analysis method. The accuracy of the analysis results was further improved and enhanced through the introduction of new accessibility measurements, “metric weighting” and “angular weighting” (Xiao et al., 2014). For the specific accessibility measure, we selected Hillier’s (1984) “normalized angular choice (NACH),” (Equation 1) which reflects the probability that a segment will be traversed during the process of interconnecting all segments. The formula is as follows:
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where CH represents the global or local selectivity, and TD denotes the spatial depth.
Spatial syntactic analysis can be divided into two categories—global and local—based on their different computational radii. At the global scale, major paths with high accessibility are effectively identified; at the local scale, neighborhood, residentia, and other places with small-scale accessibility can also be effectively identified (Van Nes and Stolk, 2012). Therefore, in this study, the NACH values at both global and local scales were considered. The NACH values of each road network were assigned to their corresponding parcels using the ArcGIS software, and the accessibility values were calculated. The global and local NACH values were classified as high, medium, and low through the natural breaks (jenks) method of the ArcGIS software and were then unified and integrated by overlay analysis (Table 1).
TABLE 1 | Definition of high, medium and low values in spatial syntax analysis.
[image: Table 1]2.2.2 Building density and typology indicators
The Space Matrix proposed by Berghauser and Haupt, (2010) in the context of European urban planning is an analytical framework for the typological analysis of urban forms. It includes four indicators: the Floor Space Index (FSI), Ground Space Index (GSI), average number of building layers, and Open Space Ratio. This framework constructs a classification standard for urban forms based on quantitative data, thereby providing a more efficient way to differentiate between urban morphologies (Ye et al., 2018). Based on the different building heights within the parcels, they can be classified into three categories: low-rise (1–3 floors), mid-rise (4–7 floors), and high-rise (≥8 floors), reflecting variations in construction intensity. In addition, different building typologies within the parcels can be classified into point, slab, and enclosure forms, which reflect different morphological characteristics. The overall urban form was categorized into nine types based on these criteria (Figures 2A): low-rise point type (A), low-rise slab type (B), low-rise enclosure type (C), mid-rise point type (D), mid-rise slab type (E), mid-rise enclosure type (F), high-rise point type (G), high-rise slab type (H), and high-rise enclosure type (I). Van Nes and Stolk (2012) classified nine types of construction intensity and building typology in a Space Matrix framework into three broad categories based on their impact on urban spatial vitality: 1) high-value areas, including mid-rise slabs or enclosures and high-rise enclosures; 2) medium-value areas, including mid-rise points, high-rise points, and slabs; and 3) low-value areas, including low-rise points, slabs, and enclosures (Figures 2B).
[image: Figure 2]FIGURE 2 | Space matrix model (A) and high-medium-low value partition of urban vitality analysis (B).
2.2.3 Mixed-use index (MIX)
The MXI was developed by Van den Hoek at Delft University in the Netherlands to measure the degree of functional mixing of urban land units (Ye and Nes, 2014). This index aims to analyze the quantification of functional mixing and define the degree of functional mixing of a site by the ratio of the floor area of the three main functions of the site: 1) residential (including pure residential, residential buildings with commercial premises, and community public buildings, etc.); 2) office (including administrative office buildings with service outlets and industrial plant, etc.); 3) commercial services (pure commercial areas, mixed commercial and administrative offices, and educational land such as primary and secondary schools and universities, etc.). If one of the functions accounts for more than 95%, it is called a single-function site. If two types of functional land use are mixed and the proportion of each type of land use is >5%, it is called a dual-function site. When three types of functional land use are mixed and the proportion of each type of land use is >5%, it is called a multifunctional site. This study adopts the MXI to characterize the degree of functional mixing of urban land units.
2.3 Data sources
2.3.1 Road data
Road data were obtained from OpenStreetMap (https://www.openstreetmap.org/) and, in conjunction with remote sensing imagery, were employed to extract expressways, main roads, secondary roads, side roads, residential roads, and district roads in the residential areas of the new urban district. Missing or incorrect parts of the road network were verified and corrected through field reconnaissance.
2.3.2 Building data
Building data were obtained from CNBH-1029 (https://wwanben1994.users.earthengine.app/view/cnbh10mtest). The building vector data were sourced from the AutoNavi Map and Tianditu Data Platform, and include information, such as the building footprint area and number of stories. Based on the aforementioned data, the following equations were used to calculate the floor area ratio (Equation 2) and building density indicators (Equation 3) for each parcel within the new urban district:
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where [image: image] is the floor area ratio, [image: image] is the building density, [image: image] is the gross floor area above the ground, [image: image] is the urban plot area, [image: image] is the aboveground building footprint, and [image: image] is the number of building floors.
2.3.3 Functional mixture data
The functional mixture of each land-use unit in the new urban area was obtained through field investigations combined with the Nanjing and Ningbo Urban Master Plans of 2022. Among them, residential functions mainly include pure residences, residences with ground-floor commercial premises, and public buildings in residential areas. The production function mainly includes administrative office buildings with service outlets and industrial plants. The production-service function includes pure commercial areas, mixed commercial and administrative office areas, and educational land such as middle schools and universities. The survey results were marked in the building attribute table to obtain a functional mixture database.
3 RESULTS AND ANALYSIS
3.1 Spatial syntax-based accessibility analysis of street networks
3.1.1 Analysis of global and local standardized selectivity results
Global and local (500 m radius) standardized selectivity (NACH) distribution maps of the new urban district were obtained using a depth map. Global and local NACH values represent the accessibility of vehicular and pedestrian flows along different radii in a new urban district. As shown in Figure 3, the local NACH of Xianlin New Urban District was higher in Xianhemen, Dongchenghui, Gaoke Rongwei, Nanda Heyuan, and Yiyunxigu, with all values greater than 2.50. Other areas, such as higher education parks, exhibited cooler tones. The values of local NACH ranged from 1.25 to 1.85, and the tones became warmer on a global scale. The main roads of the new urban district showed higher accessibility, with all values greater than 2.55. Examples include Xianlin Avenue, which connects the new urban district to the central city, and Xuehai Road and Xianjing Road, which connect the center of Qixia to the new urban district. The overall level of local NACH in Yinzhou New Urban District was relatively low. On a global scale, the selectivity of each level is significant, and some urban trunk roads show high accessibility, such as Yinxian Avenue, which runs through the entire new urban district, connecting the eastern and western sides of the Fenghua River, and Tiantong Road, which connects the new urban district to the old city of Ningbo. Many public service facilities are clustered on both sides of the road.
[image: Figure 3]FIGURE 3 | Spatial syntax global and local NACH results based on segment patterns of the case new urban district. Xianlin new urban district. Yinzhou new urban district. (A) Xianlin new urban district (B) Yinzhou new urban district.
Statistical analysis was conducted on the global and local NACH values of Yinzhou New Urban District. In Figure 4, the red dots represent the street-road network of the new urban district. Global NACH values correlated well with local NACH values, with a significant positive correlation. This indicates that the spatial network of Yinzhou New Urban District exhibits a strong overall synergy between the local spatial network and overall spatial network structure, demonstrating a high level of integration. By contrast, Xianlin New Urban District showed a poor correlation between the global and local NACH values. This is mainly because, although Xianlin has a certain scale of residential land and preliminary conditions to support high-level public facilities, the residential land is internally aggregated within each district. The new urban district level is fragmented by ecological corridors and university campuses and lacks a unified organization. This situation has led to the dispersal of public facilities to the central areas of each district, resulting in low integration between the local and global spatial network structures. Additionally, segments with high global and low local NACH values tended to perform more functions in connecting busy surrounding traffic.
[image: Figure 4]FIGURE 4 | Correlation analysis of global and local NACH in Xianlin new urban district (A) and Yinzhou new urban district (B).
3.1.2 Street network accessibility analysis
The central area of the district showed high accessibility and relatively wide coverage, indicating the highest permeability for traffic and pedestrian flow in this area. Local accessibility was also high at points A, B, C, and D. However, areas farther from the center of the new urban district exhibited lower accessibility. In the analysis of street accessibility grid data for the new urban district (Figure 5), the proportions of high, medium, and low accessibility grid units in Xianlin New Urban District were 40.19%, 42.28%, and 17.53%, respectively, whereas in Yinzhou New Urban District, the proportions were 44.70%, 27.30%, and 28.00%, respectively. Overall, street network accessibility was relatively high.
[image: Figure 5]FIGURE 5 | Analysis on the accessibility of Xianlin new urban district (A) and Yinzhou new urban district (B) street based on grid.
3.2 Spatial matrix-based analysis of construction intensity and morphology
3.2.1 Analysis of results for density indicators
Based on the building height, building base area, and parcel units, the distributions of the FSI and GSI were obtained at the grid scale in the new urban district (as shown in Figure 6). Quantitative analysis revealed the following: 1) statistical analysis revealed that the building density (GSI) values in the Xianlin New Urban District were primarily distributed between 0.10 and 0.30, whereas the floor area ratio (FSI) values were mainly distributed between 0.2 and 1.5. Grid units with low intensity (FSI <1.5) accounted for 87.15% of the total grid units, and grid units with low density (GSI <0.3) accounted for 96.31% of the total grid units. 2) In the Yinzhou New Urban District, the building density (GSI) values were primarily distributed between 0.10 and 0.40, and the floor area ratio (FSI) values were mainly distributed between 0.2 and 2.5. Grid units with low intensity (FSI <1.5) accounted for 59.62% of the total grid units, and grid units with low density (GSI <0.3) accounted for 68.97% of the total grid units. Yinzhou New Urban District has a higher development intensity than that of Xianlin New Urban District, which is mainly related to its development history and initial functions. Xianlin New Urban District has undergone development since the beginning. Land plots with large areas and low development intensities are mainly used for research and educational purposes. By contrast, the Yinzhou New Urban District was developed based on Yinzhou County, and the resettlement communities in the original Zhonggong Temple and Shiqi Old Town Center were of medium to high intensity (FSI >1.5). Industrial functions also led to the Yinzhou New Urban District having a higher density (GSI >0.4) of large-scale industrial buildings, including the Samsung Group, Youngo Clothing City, and Ningbo Textile City. 3) The new urban district’s high volume ratio (FSI >3.0) units were concentrated in areas with high accessibility, accounting for 64.54% of them. In the new Xianlin Urban District, owing to the weaker overall synergy between global and local structures, the relation between accessibility and urban density was significantly influenced by the network scale and exhibited significant characteristics in local structures with a smaller radius.
[image: Figure 6]FIGURE 6 | Spatial distribution of FSI and GSI of the case new urban district. (A) Xianlin new urban district. (B) Yinzhou new urban district.
3.2.2 Building density and typology analysis
Through field investigations and high-resolution imagery, nine urban morphologies corresponding to the spatial matrix model of the new urban district were obtained. Figures 7A shows the building density and distribution of building typology in the Xianlin New Urban District. The building types are relatively homogeneous, with mid-rise point-style and slab-style buildings dominating. The grid units of mid-rise buildings (4–7 floors) accounted for 55.25% of the total grid units, whereas high-rise buildings accounted for a smaller proportion (15.93%). The main reason for this distribution is that the early planning of the Xianlin New Urban District was based on ecological and landscape considerations, and a low-density development concept was required at the time. Garden villas, detached houses, townhouses, and stacked villas are the predominant building types in the Xianlin New Urban District, and the main public facilities are developed around higher education parks, with a focus on multistory slab-style buildings. According to the research results, in 2007, Xianlin New Urban District began to construct high-rise point-style, slab-style, and enclosed buildings. Figures 7B shows that, in the Yinzhou new urban district, the main building types are mid-rise slab-style and enclosed, low-rise enclosed, and high-rise slab-style, accounting for 74.27% of the total grid units. The main reason for this distribution in Yinzhou New Urban District was its focus on county-level industrial development. During the initial stages of construction, low-density rural settlement buildings, medium-density town-style multistory residential buildings, and large-span factory buildings were the primary focus areas. The land use and development patterns in new urban districts are similar to those of traditional town areas, which are characterized by extensive land use. Consequently, concentrated areas of rural settlements and urban villages persisted. The nine construction intensities and form types in the spatial matrix were divided into three levels (high, medium, and low) based on their impact on urban spatial vitality (Figures 7B). In the Xianlin New Urban District, the proportions of high- value, medium- value, and low-value areas were 32.44%, 50.09%, and 17.46%, respectively. In the Yinzhou New Urban District, these proportions were 37.26%, 54.42%, and 8.32%, respectively. Compared with those in the Xianlin New Urban District, the proportions of high-value areas, which have a greater impact on urban spatial vitality, are higher in the Yinzhou New Urban District. This indicates that the proportion of multistory slab-style, enclosed, and high-rise enclosed buildings, which are included in high-value areas, is higher in the Yinzhou New Urban District than the proportion of mid-rise point-style, high-rise point-style, or slab-style buildings included in medium-value areas.
[image: Figure 7]FIGURE 7 | Spatial distribution of building type, building intensity and building morphology of case new urban district. (A) Xianlin new urban district. (B) Yinzhou new urban district.
3.3 Functional hybridity analysis based on hybrid functional indicators
Figures 8A shows that the high-mixed grid cells were mainly distributed in the main blocks of Xianhe in the Xianlin New Urban District, whereas the dual-function mixed grid cells were mainly distributed in areas such as the Nanjing Zhongke, Dongcheng Hui, and Xianhemen subway stations in Xianhe. Single-function grid cells are more widely distributed in the Xianlin New Urban District. From Figures 8B, high-mixed grid cells are distributed in the central area north of the “cross-axis” in the Yinzhou New Urban District, where commercial, residential, and office functions are more concentrated. Dual-function mixed grid cells were scattered in areas, such as the intersection of Songjiang Road and Qianhu Road, whereas single-function grid cells were mainly concentrated in the residential area north of Yinxian Avenue and in the higher education park area south of Yinxian Avenue. The MXI model of functional mixture proportion showed that the Xianlin New Urban District area had the largest share of single-service (A) land use, accounting for 44.96% of total grid cells (Figures 9A). The proportion of mixed-use land was 5.47%, which was much lower than the proportion of single-function (H, A, and W) land use (94.53%). The proportion of two-function mixed uses (H_A, H_W, A_W) was 4.42%, whereas the proportion of fully mixed use (H_A_W) was 1.05%. Owing to development sequence factors, the Xianhe area in Xianlin’s New Urban District had a higher level of mixing than the Baixiang area. In the Yinzhou new urban district area (Figures 9B), single residential (H) land use accounted for the highest proportion at 38.50%. Single-use land (H, A, and W) dominated with a proportion of 79.19%, whereas the proportion of mixed-use land was 20.81%. The proportion of two-function mixed uses (H_A, H_W, A_W) was 19.07%, whereas the proportion of fully mixed uses (H_A_W) was 1.73%.
[image: Figure 8]FIGURE 8 | Spatial distribution of functional mix degree in Xianlin new urban district (A) and Yinzhou new urban district (B).
[image: Figure 9]FIGURE 9 | Code of urban Residential Areas Planning and Design (A) and density-shape interval diagram (B) in case new urban district. Note: a In the figure, green represents low-rise zones, blue represents multi-storey zones, yellow represents mid- to high-rise zones, and red represents high-rise zones. 
4 DISCUSSION
4.1 Correlation between residential density and form interval
According to the national standard for construction land floor area ratio (2012), the dominant building types in the Xianlin New Urban District are independent villas (floor area ratio: 0.2–0.5), townhouse villas (floor area ratio: 0.4–0.7) and multistory residential buildings below six floors (floor area ratio: 0.8–1.2). In the Yinzhou New Urban District, the dominant building types are independent villas (0.2–0.5), townhouse villas (0.4–0.7), multistory residential buildings below six floors (0.8–1.2), 11-story small high-rise residential buildings (1.5–2.0), and 18-story high-rise residential buildings (1.8–2.5). By combining the spatial matrix model with the principles of new urbanism, which advocate the creation and development of diverse, walkable, compact, and mixed-use communities—different combinations of density represent different urban forms in various locations, such as central areas and suburbs. Different residential forms also correspond to distinct density combinations, such as high-rise towers and densely enclosed blocks. Currently, the standards for residential area planning and design in China, known as the “Standard for Planning and Design of Urban Residential Areas” (GB50180-2018) (referred to as the Standard), reflect density regulations (China, 2021) regarding floor area ratio, building density, average number of floors, and open space ratio. Figure 10A of the spatial matrix model shows that a significant portion of the residential forms do not comply with or encourage normative standards. For instance, residential forms with low-rise buildings and high coverage, as well as multistory buildings with high coverage, are more common in Japan, Europe, and the United States. For example, in Tokyo, two-story housing accounts for over 40%, housing with fewer than seven floors accounts for over 80%, and housing with more than 15 floors accounts for 2.5%. In Barcelona’s expansion area, residential buildings are typically limited to five floors (Zhou and Wang, 2013; Xu and Huang, 2017).
[image: Figure 10]FIGURE 10 | Code of urban Residential Areas Planning and Design (A) and density-shape interval diagram (B) in case new urban district. Note: a In the figure, green represents low-rise zones, blue represents multi-storey zones, yellow represents mid- to high-rise zones, and red represents high-rise zones.
Compared to the residential forms reflected in the density regulations of the “Standard”, the case of the new urban district features residential distributions within the range of low-rise buildings with high coverage. However, the range of multiplestory buildings with high coverage is limited (Figure 10B). The residential forms in the new urban district are mainly concentrated in two types: 1) multistory panel buildings, which were common in the 1980 s and 1990 s, and 2) high-rise slabs and tower buildings, which have been widespread in Chinese cities over the past 20 years. The main reasons for this phenomenon are as follows: 1) The Code for Planning and Design of Urban Residential Areas (GB50180-9 referred to as the “Code”) stipulates that the green space ratio in residential areas in new urban districts should not be less than 30%, and in historic areas, it should not be lower than 25% (PRC, 2002). 2) The “Code” as the statutory basis for urban construction control planning, has long lacked consideration of morphological factors. The range of forms defined by the “Standard” is relatively broad. However, to maximize profits, the floor area ratio is pursued at the upper limit, and high-rise buildings are designed to achieve greater heights. This further narrows the range of options available for residential forms.
4.2 Degree of overlap between spatial form elements
The level of multiple-function high mixedness in the new urban district areas of Xianlin and Yinzhou was relatively low, at 0.38% and 0.27%, respectively. This indicates that the development pattern of large blocks with single functions leads to a lack of resilience in public spaces. This finding aligns with the comparison results of Yu et al. (2016) regarding the degree of functional mixture between the old and new areas of Songjiang (Ye et al., 2016). In the old area, multifunctional mixedness is not only concentrated in the historic center but also extends across the entire area. By contrast, in the new area, multifunctional mixedness is concentrated only in the central area, with single residential functions dominating the res. The main reasons for this phenomenon are as follows: 1) under the guidance of the Urban Land Classification and Planning Construction Land Standard (GBJ137-90) (PRC, 1991), land classification is rigidly determined based on land-use functions, where one land code corresponds to one type of land use. It is difficult to define mixed-use land, and large areas of land sold often result in single-function of usage. 2) The spatial form of new urban district areas is based on traditional land-use zoning and is influenced by “top-down” planning organizations. Because of the short development sequence, land control units were delineated within the framework of large-scale urban roads. This typically leads to the organization of functions such as residential and public buildings, without effective connections or complementarity, resulting in a lack of rational mixed-use. 3) Many multistory residential areas in new urban districts have undergone transformations from small-block old city renewals to large-scale comprehensive developments, resulting in low spatial integration and an overemphasis on single land use functions.
Two case studies of new urban districts were integrated to analyze the spatial relation between the degree of functional mixture, accessibility, and urban vitality factors. The following findings were observed: 1) single units with mixed functionality (H_A, H_W, A_W) and multifunctionality (H_A_W) were clustered at 42.41% and 78.57%, respectively, in areas with high urban vitality. This indicates that mixed-use land is more attractive, contributing to urban vitality and promoting sustainable development. 2) Single units with mixed functionality (H_A, H_W, A_W) and multifunctionality (H_A_W) clustered at 50.25% and 85.71%, respectively, in areas with high accessibility values. Furthermore, influenced by spatial functions with high transportation dependencies, such as offices and commercial areas, the interaction between land use and public facilities has become more evident. Multiscale accessibility plays a crucial role in maintaining urban vitality and spatial network density (Ye and Nes, 2014).
4.3 Optimization measures
In the context of urban and sustainable development, achieving a sustainable urban spatial form has become essential for China’s future urban development. This study analyzed the main factors influencing sustainable urban spatial forms from a new perspective, which is of great significance for future urban renewal and development in China. From a morphological perspective, sustainable urban spatial morphology is characterized by appropriate building density, typology, and a sufficient functional mixture. These elements gradually aggregate towards high street-level accessibility sites. Specifically, street-level accessibility tends to remain relatively stable during this process, whereas construction intensity, building typology, and functional mixtures change over time. Urban vitality is fundamental to the sustainable development of a city, and it naturally increases over several decades as a result of the alignment between spatial structure (accessibility) and other factors based on spatial structure (construction intensity and function). In this process, sites with high accessibility, owing to their convenience, spontaneously attract high-intensity redevelopment and functional adjustments, gradually achieving the spatial aggregation of these three morphological elements and cultivating urban vitality.
However, urban vitality does not necessarily increase gradually over time. Two factors determine its manifestation in terms of physical form: 1) the inherent factor of street-level accessibility is based on the characteristics of the road network, which is largely determined by planning and design and does not change significantly over time. 2) Morphological elements evolve gradually over time after construction. If new urban districts are characterized by closed communities, dead-end roads, and cul-de-sacs, the overall street-level accessibility of their spatial structures may be lower. Considering the relatively stable nature of street-level accessibility over a long period, if the fit between these morphological elements and high-density development is already poor, urban vitality may remain at a low level for a long time, making it difficult for it to evolve and become more vibrant. Currently, construction models of closed communities and large block layouts with cul-de-sacs are common in new urban districts in China (Sui et al., 2020). However, new urban districts with good street-level accessibility, such as Xianlin’s “Newly Built District” and Yinzhou’s “Renewal District,” built on a county scale, currently perform poorly in terms of building density, typology, and functional mixture. Nonetheless, the expected urban vitality may gradually increase over time as the fit between these morphological elements improves.
At present, urban planning practices can impede the natural process of urban maturity, resulting in new districts lacking economic vitality and vibrant street life. This is because of the conflict between planning goals and complex dynamics of urban development. Consequently, there is a need to rethink urban planning strategies that can support urban vitality and foster long-term sustainable developmen. Therefore, when planning and designing to promote urban sustainability and foster urban vitality, street-level accessibility should be considered a key starting point for the spatial structure. First, good overall street-level accessibility should be ensured. Second, the distribution of highly accessible streets should be used to organize factors, such as construction intensity and functionality. In the field of urban planning, it is important to establish scientifically determined standards for residential area density, promote density zoning at the city level, and refine density morphology in detail. This could include reducing barriers to appropriate building typologies, enriching the range of options for residential area forms, and promoting the aggregation of multiple urban form features with positive effects. This can be achieved by: 1) establishing density zoning in city-level plans, 2) refining density morphology in detailed plans, and 3) ensuring the rationality of urban form layout. Ultimately, these efforts assist in achieving high urban vitality and sustainable urban spatial development. The importance of implementing the “block system” and “open neighborhoods,” as proposed in the central urban work conference, is emphasized. Good street-level accessibility is essential to promote urban vitality and improve sustainability. Only by gradually dismantling the “Hutong system”, changing the development model dominated by closed blocks, and continuously promoting the connectivity of block road networks, can we fundamentally improve the overall accessibility of the urban street system. This will open up more possibilities for enhancing urban spatial quality and diversity. Finally, while emphasizing functional zoning, it is important to consider a moderate mixture of urban land uses, diversify and integrate office, commercial, residential, and recreational functions, and create diverse urban life to enhance urban spatial vitality and sustainability.
5 CONCLUSION
Based on urban morphology, it has been proposed that good street accessibility, appropriate building density and typology, and a diverse functional mixture are the foundations of spatial morphology for promoting sustainable urban development. Furthermore, at the grid level, various analytical tools such as space syntax, spatial matrices, and mixed-use indices were used to quantify and describe these three spatial morphological characteristics. The main conclusions of this study are as follows:
1) There are both similarities and differences in the sustainable morphologies of the case studies in the on new urban districts. In terms of accessibility, the proportion of high-value areas in terms of accessibility is relatively high in both new urban districts. The overall synergy of the spatial networks in Yinzhou New Urban District was stronger, with local spatial networks integrated into the global spatial network structure. In terms of urban density, Yinzhou New Urban District has a higher development intensity than that of Xianlin New Urban District, primarily because of its development history and functions. Good connectivity of the global structure in Xianlin New Urban District and insufficient local microcirculation are important factors influencing urban density in relation to small-scale spatial structures. Regarding functional mixture, both the Xianlin and Yinzhou New Urban Districts exhibited a predominant pattern of large-scale land development with single functions, and the degree of multifunctional mixture was relatively low. However, the degree of dual-functionality mix was higher in the Yinzhou New Urban District than in Xianlin New Urban District.
2) The architectural forms in the case studies of new urban districts were predominantly mid-rise panel and enclosure-type buildings, low-rise enclosure-type buildings, and high-rise panel buildings. In the low-rise, high-coverage ratio forms, there are residential areas, but they are less evident in the multistory, high-coverage-ratio forms. The proportion of high-value areas that influenced urban spatial vitality was relatively high in the Yinzhou New Urban District, indicating better urban vitality compared with that of the Xianlin New Urban District. On the one hand, these forms provide sufficient construction intensity, ensuring that a sufficient number of people use these plots. On the other hand, the panel or enclosure form of buildings ensures permeability and interaction between the buildings and streets, enabling possibilities for diverse urban living. Therefore, it is recommended to appropriately enrich the forms of multistory panels, enclosures, and high-rise enclosures, which have a strong positive effect on the vitality of new urban districts.
3) There is a considerable degree of overlap between spatial elements, such as accessibility, building density/typology, and functional mixture. Specifically, 42.41% and 78.57% of the dual-function and multifunction mixed units in the new urban districts are clustered in high-value areas of urban vitality, indicating that mixed land use contributes to urban vitality and sustainable development. Furthermore, 50.25% and 85.71% of the dual-function and multifunction mixed units, respectively, were clustered in areas of high accessibility. This effect was especially pronounced when mixed units included public facilities, strengthening the association between mixed functions and accessibility. Additionally, 64.54% of the high plot ratio units were clustered in areas of high accessibility, indicating a strong correlation between microlevel accessibility and plot ratio, with a significant influence on the composition of land functions. These findings suggest that mixed land use in new urban districts contributes to accessibility, spatial vitality, and sustainable development.
Currently, numerous urban spatial design principles have been proposed by different theorists, each with distinct focal points and varying descriptions of spatial characteristics, making it challenging to effectively guide urban design practices. Therefore, it is essential to delve deeper into the sustainable spatial forms that underlie urban vitality and utilize these insights to provide practical guidance for enhancing urban spatial vitality. In this context, this study approaches the principles of urban vitality creation from a morphological perspective, by extracting key morphological elements from existing complex principles. It integrates traditional qualitative theories of morphology with new quantitative methods, including space syntax, spatial matrices, and mixed-function indicators. This framework enables the analysis of sustainable urban morphological characteristics that represent urban spatial vitality. Traditionally, the creation of sustainable urban spaces has mostly relied on the intuition and experience of designers. However, based on the morphological understanding of spatial vitality, this study conducted a conducts visual analysis, presentation, and evaluation of urban spatial vitality and sustainable development—key objectives of urban design—on a geographic information system analysis platform. By combining a series of quantitative urban morphological analysis tools, such as space syntax, with traditional urban morphology and urban design theories, designers can conveniently conduct quantitative verification to create sustainable urban spatial vitality at multiple stages of urban design. This provides a series of new analytical tools for quantifying urban built environments and offers the potential for a more precise and detailed study of the spatial form characteristics of new areas, along with the evolution of their vitality over time.
Owing to the lack of detailed urban morphological data over an extended time span, it has become necessary to conduct comparative analyses using multiple similar cases. Although this is currently the only feasible approach, the representativeness of these cases remains debatable. Moreover, issues such as the adaptability of this morphological analysis to different built environments and the weighting of various morphological elements require further investigation. However, the current research methodology has already demonstrated a strong development framework, with substantial for further expansion of research content. In the future, with the development of new data environments and the extensive collection of urban morphological data from different time periods, more in-depth empirical studies can be conducted. Additionally, with support from new data environments and urban research techniques and methodologies, future studies on sustainable urban forms may consider incorporating the concept of human-scale urban forms. This will lead to a deepening of research on classical urban morphology and better address the requirements of rational urban planning and design.
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