Urban street network from the perspective of complete streets
Multidimensional feature measurement and empirical research based on the
analysis framework of transportation, society, and nature
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Abstract: As a continuous, large-scale, and multi-attribute network system, streets can be
accurately controlled by finely characterizing their network measurement system to plan
intervention directions in stock updates. At the same time, the network type classification mode
can also guide the refinement design strategy of streets. Taking residents' mobility, interaction,
and ecological behavior as the core, using the concept of complete streets as the medium, and
multi-attribute street network elements as the guarantee, establish a multi-attribute street
network measurement system covering transportation, society, and nature. Selecting Dalian City
as the research area, principal component analysis, case comparison, and cluster analysis were
used to evaluate the characteristics of street networks with different attributes. Research has
found that convenient transportation networks have relatively high levels of density, form, and
proximity to bus stops, which can ensure the safety needs of mobile behavior and are in line with
the goal of safe streets; Social service-oriented networks have a relatively high level of location
advantages, functional complexity, and interface quality, which can to some extent meet the
requirements Rich demands for social interaction behavior, reaching consensus with the goals of
dynamic streets; The blue-green level and accessibility of natural dominant networks are
relatively high, which can guide ecological behavior and better match the goals of green streets;
However, the deficient network is seriously inadequate in terms of traffic safety, social vitality,
and environmental quality. It is urgent to improve the quality of the street network through
measures such as improving station proximity, functional support, and green quality. Finally,
suggestions and references are provided for the refinement of street design and the
revitalization of existing street networks in the context of urban renewal.
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With the high-quality development of new urbanization, the focus of urban construction has
shifted from incremental expansion to stock renewal, and refined street design has become a
key approach to urban renewal in the new era. The street network, as an important way to
understand the structure and texture of the city, not only ensures mobile safety, but also
undertakes the functions of urban social and ecological benefits. In recent years, the drive of big
data and new technologies has provided a new perspective for the study of urban street space.
Most street research work mainly focuses on two aspects: visual quality and topological form.
Some scholars 2% are dedicated to the human scale street visual quality features, mainly based
on street view photos and deep learning technologies, to characterize interface quality features
by measuring street penetration rate, green visibility rate, sky visibility, interface transparency
and openness, etc; At the same time, some scholars 7 have also paid attention to the study of
street morphology, using spatial syntax and sDNA analysis of axis or line segment models to
measure indicators such as integration, selection, centrality, and proximity to characterize
network morphology features. It can be seen that a large amount of research has laid a solid
theoretical foundation for refined street design.

However, existing research has mostly focused on the quality or morphological
characteristics of street interfaces at the micro level, with less attention paid to the refined
measurement of street network systems at the overall level, and the proportion of research on
network type recognition is relatively low. Hillie 1% believes that the most important factor in
shaping pedestrian movement patterns is the structural relationship of the street spatial network
itself. As a continuous, large-scale, and multi-attribute network system, the precise
characterization of the network measurement system of streets can help to accurately control
the planning intervention direction in stock updates. At the same time, the network type
classification pattern can also guide the refinement design strategy of streets.

Therefore, the study attempts to start from the behavioral needs of residents and take how
to accurately characterize complete streets using quantitative methods as the research question,
attempting to construct a refined network measurement system that covers multiple attributes
of transportation, society, and nature, aiming to provide a preliminary foundation for the
measurement and practice of street networks. Taking Dalian City as the research area, the street
network is selected as the research object, and principal component analysis and empirical
research are used to explore the main characteristics of street networks with different attributes.
In addition, cluster analysis methods are used to further clarify the types of street networks, in
order to provide reference and guidance for the refinement design of streets and the
revitalization of the rationality of street networks in the context of urban renewal.

1. Theory and Framework
1.1 Theoretical Basis: Behavioral Needs - Complete Streets - Multi Attribute Networks

The research attempts to construct a theoretical framework for multi-attribute street
networks (Figure 1), taking residents' behavioral needs as the core, using a complete street
concept as the medium, and multi-attribute street network elements as the guarantee, to
establish a multi-attribute street network system measurement system. Among them, resident
behavior mainly includes three dimensions: mobility, interaction, and ecological behavior; The
goal of a complete street refers to the construction of safe streets, vibrant streets, and green
streets; The multi-attribute street network mainly covers transportation, social, and natural
networks.
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Fig.1 Theoretical framework

1.1.1 Resident behavioral needs (core): mobility communication ecology

According to Maslow's hierarchy of needs theory, the satisfaction of residents' behavioral
needs is an increasing process from lower to higher levels. The existing research has relatively
matured in the construction of activity behavior theory. Yang Gail divided outdoor activities into
three categories: necessity, spontaneity, and social activities. Chai Yanwei et al. ®? divided
residents' behavior into daily activity patterns, commuting behavior, shopping behavior, and
leisure behavior. In addition, Zhou Suhong et al. 13 divided daily activities into three categories:
maintenance activities that meet the needs of family life, work-related survival activities such as
work and school, and leisure activities such as entertainment and exercise. Based on the above,
the study divides resident behavior into three dimensions: mobility, interaction, and ecology as
the core. Mobile behavior mainly includes walking, taking subways, buses, and motor vehicles,
and street safety is the basic guarantee for the occurrence of mobile behavior; Interpersonal
behavior mainly includes leisure and entertainment, social interaction, shopping and dining, and
street vitality is the internal driving force for sustained interpersonal behavior; Ecological
behavior mainly includes natural experiences, physical exercise, and recreational observation,
and green streets are the external driving force for the increase of ecological behavior.
1.1.2 Complete street (medium): safety vitality green

The United States has proposed the "Complete Streets" policy, aimed at ensuring the right
of way for all modes of transportation, meeting travel and safety needs. The main objectives of a
complete street design are three: @ safe streets. Ensure the safety of users of all modes of
transportation on the street Vitality Street. Increase the public space of the street to promote
social interaction among residents, enhance the attractiveness of the street to serve people
Green streets. Enhance the greening rate of streets, improve rainwater infiltration and reuse,



and encourage residents to choose green and healthy modes of transportation. In this study,
"complete street" serves as a medium for measuring residents' behavior and streets, mainly
including two levels: at the resident level, it refers to meeting the needs of all residents'
complete behavior; At the street network level, it refers to solving the problems faced by
residents' behavior by measuring the complete multi-attribute network elements (traffic, society,
and nature), namely how to improve street traffic safety, enhance street vitality and spatial
perception, and strengthen street green facilities and spatial contact opportunities.

1.1.3 Multi attribute Network (Guarantee): Transportation Society Nature

Based on the above residents' behavioral needs and the complete connotation of the street,
the street network is divided into three attributes: transportation, society, and nature. At the
same time, it conforms to the goals of safety, vitality, and green streets in the complete street,
and corresponds to the residents' mobility, communication, and ecological behavioral needs.
Research on street networks has gradually focused on their multidimensional properties,
proposing to view streets as an integrated network of multiple public benefit systems. For
example, the Regional Plan As of New York (RPA) calls for a reconsideration of streets as "three
interconnected network systems that can work together to improve quality of life," mainly
involving the following three attributes: street networks will carry transportation systems, street
networks will also serve social systems, and street networks should also be part of natural
ecosystems.

Based on this, the study further selected sub indicators through three attribute features to
accurately characterize the complete street. Firstly, the transportation network is the spatial
carrier for mobile behavior, and it is necessary to ensure the safety needs of residents'
movement in terms of network density, morphological characteristics, and public transportation
level 17); Secondly, social networks determine the duration and occurrence of social interactions,
and they need to meet residents' demands for vitality in terms of location advantages, functional
complexity, and interface quality; Finally, natural networks influence the frequency of ecological
behavior and guide residents towards a green and healthy lifestyle at the level of green and blue
spaces on streets (193],

1.2 Measurement System: Transportation, Social, and Natural Networks

The transportation network system is mainly reflected in density characteristics, structural
characteristics, and connectivity characteristics, and mainly focuses on traffic safety, walkability,
and accessibility. Specifically, density features refer to the comprehensive level of street segment
density divided by intersections and intersection density. Research has shown that 24 road
network and intersection density can affect the number of traffic accidents, resilience level 2%,
traffic organization, and walkability of streets ?°1; The structural features are represented by the
degree of detour (detour rate) and the degree of curvature (line curvature rate). The former
refers to the ratio of the actual distance based on the network to the distance in a straight line,
while the latter refers to the ratio of the length of the network's connections to the distance in a
straight line at the endpoints 7). Research ] shows that the greater the degree of network
detours, the greater the possibility of covered destinations, which is more conducive to walking
activities. Compared with curved networks, linear networks are more conducive to convenient
movement ?°. The connection feature is represented by the distance between the subway and
bus stop, which reflects the proximity between the subway station and bus stop. Ye Yu et al. 130



believe that the distance from bus and subway stations has a significant impact on the
accessibility of pedestrian spaces on streets and the convenience of community life.

The social network system mainly includes location advantages, functional complexity, and
interface quality, and focuses on street centrality, pedestrian flow distribution, street vitality,
and social activities. Specifically, at the level of location advantage, betweenness centrality
(intermediary centrality) and proximity centrality (proximity centrality) are used to represent it.
The former refers to the number of times the shortest path appears in any street network as a
starting and ending point, while the latter represents the average sum of distances from the
starting point to all endpoints within the search radius. Ye Yu et al. P! believe that intermediary
degree can help enhance the potential of streets to carry traffic and determine whether the
network is suitable as a center. Che Guangiong et al. 8 also suggest that streets with higher
proximity are more likely to attract pedestrian traffic. At the level of functional complexity,
characterized by functional density and diversity, it mainly covers service facilities such as
healthcare, education, commerce, transportation, and leisure. A large number of studies have
shown that service facilities can help increase social stopping behavior 21, and enhance street
vitality and walkability 26 3234 At the interface quality level, interface continuity and diversity
are used to characterize it. The former is represented by the building line sticking rate index,
while the latter is represented by the mixed height types of buildings on both sides of the street.
Most studies have found that interface continuity has a positive effect on nighttime street vitality
and social activity 1. Ashihara Yoshinobu believed that the facades along the street enclosed by
buildings on both sides of the street were very necessary, and Jacobs also emphasized that a
great street must have clear boundaries, and therefore the building interface plays a key role in
the degree of enclosure of the street space.

The natural network system is mainly represented by street green and blue levels. Among
them, green streets are represented by green space accessibility and green infrastructure. The
former is measured by the two-step mobile search method to calculate the AOI accessibility of
parks and green spaces, while the latter is measured by the normalized vegetation cover index
NDVI value; Blue streets are represented by the distance from the blue space, the number and
type of blue spaces, which mainly include beaches, rivers, and water systems. Most studies 3536
have shown that blue-green spaces, as important places for residents to actively engage in
activities, are more likely to make residents feel happy and have a stress relieving effect 37-38,
Exposure to blue-green spaces also helps to improve public health, happiness, and cohesion 3942,
Moreover, studies 2> 4344 indicate that compared to green spaces, blue spaces are more
effective in leisure and relaxation, while green spaces have a more significant effect on physical
exercise.

1.3 Technical roadmap

The research is generally divided into four steps: data collection, indicator calculation,
principal component analysis, and cluster analysis (Figure 2). Firstly, the study defined the
section of road sandwiched between two intersections as a street, forming a network of 26246
streets, and established a 25 meter buffer zone based on this to measure multidimensional
feature indicators within the buffer zone; Secondly, the principal component analysis method is
used to extract dominant feature features, and ArcGIS is used for spatial visualization analysis. At
the same time, typical cases are selected for specific analysis of spatial features; In addition, the
study used clustering analysis to classify the network types of urban street networks based on



multiple indicators, and obtained the characteristics of different types of street networks by
grouping them; Finally, an attempt is made to describe and summarize the overall patterns and
divisions of different street networks in Dalian, and to propose suggestions for improving the
quality of multi-attribute street networks from a complete street perspective.
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Fig.2 Technical route

2 Data and Methods
2.1 Research Object

The study takes the central urban area of Dalian as the empirical research area and selects
the urban street network as the research object [Figure 3 (a)]. As a typical mountainous city,
Dalian has complex terrain, winding street networks, and significant spatial heterogeneity.
Therefore, conducting research on the street network system in Dalian has typical characteristics
and practical significance.
2.2 Data measurement

The street network data measurement mainly includes 9 multivariate datasets, including
road network vector data, subway stations, bus stations, points of interest (POI), building vectors,
population density, park and green space AOI, NDVI, and water systems. The measurement
methods and data sources are shown in Figure 2. It is worth noting that the study used Shannon
diversity index ® to calculate functional diversity and interface diversity based on existing
research on diversity 4>, |In addition, based on existing literature on measuring the accessibility
of parks and green spaces, two-step mobile search method @ was used to calculate the
accessibility of green spaces 7! The specific calculation formula can be found in the annotations.
2.3 Measurement Results

The measurement results of different attribute street networks in Dalian city show
significant differences in spatial distribution. At the level of transportation network system, the
spatial distribution of measurement results is shown in Figure 3 (b). Due to the fact that street
networks with different analysis radii can match corresponding distances for travel, usually 500
meters is a comfortable walking distance for residents 8. Therefore, the study selected a 500
meter buffer zone for street segment density and intersection density. In addition, the overall
analysis of sDNA also selected a 500 meter angle distance as the index for detour and curvature;
Finally, according to the "Standard for Urban Comprehensive Transportation System Planning"



GB/T 51328-2018 and the distance of residents' travel, the distance between adjacent public
transportation stations is divided into three levels. The distance between adjacent subway
stations is: Level 1 is distance > 800 meters; The second level is 500 m < distance << 800 m; Level
3: Distance << 500 m; Distance from nearby bus stop: Level 1 requires a distance of > 500 meters;
The second level is 300 m < distance << 500 m; The third level is a distance of less than 300
meters. At the level of the social network system, the spatial distribution of measurement results
is shown in Figure 3 (c). As mentioned earlier, based on 500m as the optimal distance for
residents' travel, the search radius for the betweenness centrality and proximity indicators in the
overall analysis of sDNA also selects an angular distance of 500m; In addition, to improve the
refinement and differentiation of indicators, the diversity of street facilities is calculated based
on POI subcategories; At the same time, a 25 meter buffer zone is established based on the
centerline of the road network for interface continuity, and the building alignment rate is
calculated. Shannon diversity index is used to calculate interface diversity based on building
height mixing.

At the level of natural network systems, the spatial distribution of measurement results is
shown in Figure 3 (d). At the level of blue streets, according to Wang Lan et al. [23],
"neighborhoods" are divided into "small neighborhoods (800m) and large neighborhoods
(1600m)", and the accessibility of blue spaces is divided into three levels: level one is distance >
1600m, level two is 800 m < distance << 1600m, and level three is distance << 800m; Divide the
number of blue spaces within the search range into four levels: level zero is no blue space, level
one is only one blue space, level two is two blue spaces, and level three is three blue spaces;
Divide the diversity of blue spaces within the search range into five categories: Level 1 refers to
no blue space, Level 2 refers to only small water systems, Level 3 refers to riverbanks or
riverbanks and small water systems, Level 4 refers to at least one or two types of blue spaces
along the coast, and Level 5 refers to the coexistence of coastal riverbanks and small water
systems.
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3 Feature extraction of street network elements
3.1 Feature Extraction

Perform principal component analysis on street network indicators (Table 1) to explore the
dominant factors in multidimensional and multi indicator analysis. Firstly, in order to eliminate
the possible impact of dimensional differences, the data was standardized. At the same time, to
verify the feasibility of principal component analysis of the data, KMO and Bartlett's sphericity
tests were conducted separately. The KMO values for the transportation, social, and natural
network systems were 0.545, 0.563, and 0.626, all of which were greater than 0.5

Sig<0.05 indicates that the data supports principal component analysis. The transportation,
social, and natural network systems extracted three principal components, with cumulative
contribution rates of 76.24%, 70.17%, and 85.05%, respectively, all greater than 70.00%. This
indicates that the dimensionality reduction analysis method is effective and that these principal
components can comprehensively reflect the main situation of the comprehensive evaluation of
street network features. Finally, based on the eigenvalues and component matrices of each
principal component, calculate the scores of each principal component factor. See Table 2.

At the level of transportation network system, the first principal component has high load
values for detours and curvatures, and positive factor coefficients, indicating that the first
principal component can reflect the information of both indicators and has a positive effect,
which can represent structural characteristics; The high load values and positive factor
coefficients of street segment density and intersection density in the second principal
component indicate that the second principal component can represent both indicators and is
positively correlated, which can represent density characteristics; The high proximity load value
and positive factor coefficient between subway stations and bus stations in the third principal
component indicate that the third principal component is a comprehensive reflection of the two
indicators and is positively correlated, reflecting the connectivity characteristics.

At the level of social network systems, the first principal component has high loadings of
interface continuity and diversity with positive factor coefficients, indicating that the first
principal component is mainly determined by the positive effects of two indicators, which can
express interface quality; The higher factor coefficients of functional density and diversity
loading values in the second principal component are positive, indicating that the second
principal component mainly reflects the information of two indicators and has a positive effect,
which can express the degree of functional complexity; The third principal component has higher
loadings for mediation and proximity, but the mediation factor coefficient is positive and the
proximity coefficient is negative, indicating that the third principal component can reflect two
indicators, with the former having a positive effect and the latter having a negative effect, which
can indicate location advantage.

At the level of natural network systems, the blue space accessibility, quantity, and diversity
loadings in the first principal component are relatively high and positively correlated, indicating
that the first principal component can reflect the three indicators of blue space and has a
positive impact. It represents the blue level of streets; The green space accessibility load value in
the second principal component eigenvalues is relatively high and positively correlated,
indicating that the second principal component is mainly determined by the positive impact of
green space accessibility, which represents the level of green accessibility in the street; The



green infrastructure load value in the third principal component is relatively high and positively
correlated, indicating that the third principal component is determined by the positive effect of
green infrastructure and can represent the green level of the street.

Table 1 Results of principal component analysis
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Measure = 0.563; Sig = 0.000
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Measure = 0.626; Sig = 0.000
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3.2 Feature Evaluation

Based on the score coefficients of principal component factors (Table 2), expressions for the
scores of each principal component were constructed. Using different street network score
functions and variance contribution rates as weights, comprehensive evaluation models for
street network systems were constructed. The larger the comprehensive score of each street
network element, the more prominent the feature. In addition, ArcGIS was used to perform
spatial visualization analysis on the scores of each principal component, and typical areas were
selected as case studies based on the three attribute features of transportation, society, and
nature to deeply evaluate the characteristics of the street network.

The evaluation results of the street traffic network show an overall characteristic of being
high in the west and low in the east, with scattered points around. This indicates that the traffic
characteristics of the network are significantly influenced by its density, morphological structure,
and public transportation distribution, with the central area having the highest evaluation value
(Figure 4). The study selected three areas, Donglian Road, Zhongshan Road, and Southwest Road,
for case analysis. Specifically, in the first principal component, the overall street network spatial
distribution is relatively homogeneous, and all three areas are at a medium to high level,
indicating that the street structure has prominent advantages, mainly manifested as rich and
diverse structures; In the second principal component score, the high scoring areas are mainly
concentrated in the central western part, while other areas are at a medium to low level. Among
them, the Donglian Road and Zhongshan Road areas have moderate scores and average density,
while the Southwest Road area has a higher score, showing characteristics of high density and
small streets; In the third principal component, it mainly exhibits a decreasing trend towards the
outer circle centered around subway and bus stations. The scores of the three districts are all
high, indicating that the connectivity characteristics of the street network are obvious,
manifested as being closer to the subway station and bus station.

The evaluation results of the street social network show an overall characteristic of
decreasing from the center to the outer circle. This indicates that the social characteristics of the
network are significantly influenced by location conditions, street facilities, and interface quality,
with high evaluation values mainly concentrated in the western central region (Figure 5). The
study selected four important commercial districts for case analysis, namely the South China
Plaza commercial district in Ganjingzi District, the Xi'an Road commercial district in Shahekou
District, the Olympic commercial district in Xigang District, and the Qingniwagiao commercial
district in Zhongshan District. Specifically, in the first principal component, the overall network
evaluation is at a moderately high level, and the scores of the four commercial districts are also
high, indicating that the quality of the street interface is good, reflected in the continuity and
richness of the interface; In the second principal component, the evaluation results are similar to
those of the first principal component, both at a high level, indicating a good degree of functional
complexity in the street, reflected in the rich and diverse service facilities; In the third principal
component, high evaluation values are often found in the eastern region, while other regions are
at a moderate to low level. Among them, only the Xi'an Road commercial district scored low, and



the street location advantage is not obvious, while the other three major commercial districts
are moderately high, manifested by high proximity and centrality of the street network.

The evaluation results of the street natural network show a hollow overall feature of
increasing in a circular pattern, with low inside and high outside. This indicates that the natural
features of the network are greatly influenced by the blue-green spatial level, and the high
evaluation values are concentrated in peripheral water bodies, forests, and other areas. The
study selected three park square areas for case analysis, namely Zaoyuan Park area in the north,
Zhongshan Park area in the south central part, and Xinghai Square area in the south (Figure 6).
Specifically, in the first principal component, the evaluation values are generally higher in areas
adjacent to water systems and lower in areas farther away from water systems. Among them,
the Zaoyuan Park and Zhongshan Park areas have moderate to low scores, indicating a lack of
blue level in the network. The Xinghai Square area has a higher score, manifested by diverse blue
spaces and proximity to the coast and Malan River; In the second principal component, the
overall evaluation value is high for areas adjacent to parks and green spaces, and low for areas
farther away from parks and green spaces. Among them, Zaoyuan Park and Xinghai Square have
higher scores, indicating higher accessibility of green spaces, manifested as adjacent parks and
green spaces, while Zhongshan Park has the lowest score and is farther away from parks and
green spaces; In the third principal component, the overall spatial distribution is relatively
homogeneous, and all three areas are at a medium to high level, indicating that the green

infrastructure is relatively complete, mainly manifested by a high vegetation coverage rate in the

streets.
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Fig.4 Comprehensive scores and visualization analysis of the transport network systems
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Fig.5 Comprehensive scores and visualization analysis of the social network system

4 Analysis of Street Network Types

Perform K-means clustering analysis based on the above comprehensive scores (Table 3),
and perform spatial visualization analysis based on the classification results (Figure 7) to explore
the spatial distribution characteristics of the street network. Divide the types of street networks
in Dalian into four categories: natural dominant (Al), convenient transportation (A2), social
service (A3), and deficient (A4).

Nature dominated networks refer to networks with significantly higher natural attribute
evaluations than the other two attributes. These networks are mainly distributed in areas such as
mountains, forests, and water bodies around cities, and are characterized by good accessibility to
green spaces in streets, high levels of green infrastructure, and rich types of adjacent blue spaces;
Convenient transportation type refers to a network with significantly higher scores in
transportation attributes than the other two attributes. This type of network is mainly
distributed in the central western region, characterized by smaller street scales, richer forms,
and closer proximity to subway and bus stations; Social service type refers to networks with
prominent social attribute characteristics that are higher than the other two attributes. This type
of network is mainly distributed in old city areas and scattered in surrounding areas, showing
good location conditions, complete facilities, and continuous and diverse interface spaces;
Deficiency type refers to a type of street network with low scores in all three attributes,
scattered in urban centers and peripheral areas, mainly characterized by high network density,
distance from public transportation stations, insufficient facilities, discontinuous interfaces, and
a lack of blue-green spaces. It has no promoting effect on residents' travel and may even have a
negative impact. There is great room for improvement in this type of street network.

Tab.3 Cluster analysis of the street network system

Type
Dimension Nature- Traffic- Social Service Deficient  Type
Dominated Type | Convenient Type | Type (A3) (A4
(A1) (A2)




Traffic Network -0.639 0.5% 0.122 -0.220
Score

Social Network -0.635 -0.075 1.383 -0.361
Score

Natural Network | 0.471 0.241 -0.079 -1.267
Score

Number of 8301 8245 5383 4317
Streets

Total Number of 26246

Streets

5 Conclusion and Discussion
5.1 Main research conclusions

The street network, as a spatial carrier of resident behavior, has a guiding role in the refined
design of streets under the background of urban renewal through its multi-attribute
measurement system and type classification model. The study takes residents' mobility,
interaction, and ecological behavior as the core, uses the concept of complete streets as the
medium, selects multi-attribute elements of transportation, society, and nature as guarantees,
and attempts to provide new ideas for the measurement system of street networks. The specific
conclusions are as follows: @ Convenient transportation network. This type of network has a
relatively high density, morphological structure, and proximity level to public transportation,
which can ensure the safety needs of residents' mobile behavior and is in line with the goal of
safe streets Social service-oriented network. This type of network has a high level of location,
functional complexity, and interface quality, which can to some extent meet the rich demands of
residents' social interaction behavior and reach consensus with the goal of dynamic streets
Nature dominated network. The blue-green level and accessibility of such networks are relatively
high, which can guide residents' ecological behavior and better match the goals of green streets
Lack of network. This type of network accounts for a relatively small proportion and is
sporadically distributed in urban centers and peripheral areas. Measures such as improving site
proximity, functional support, and green quality are still needed to improve the quality of street
networks.
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Fig.6 Comprehensive scores and visualization analysis of the natural network system
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Fig.7 Clustering and visualization analyses of street networks

5.2 Extended Discussion

Based on the accurate diagnosis of street network types mentioned earlier, this study
proposes matching improvement suggestions for four types: @ convenient transportation type.
Despite having a safe and convenient transportation system, there is still a lack of vitality and
landscape environment in the streets due to the influence of location and function. It is
recommended to continue improving the level of transportation services while increasing the
diversity of street businesses, vegetation planting on both sides of the street, and street green
spaces to improve the level of street services [“>°% Social service-oriented. The good vitality of
the street also makes the street network slightly inadequate in terms of traffic safety and
environmental quality. It is recommended to improve the hierarchical structure of the street
network P2, adopt traffic diversion methods to reduce the frequency of accidents 3, and add
green facilities on both sides of the street to collect rainwater, appropriately increase blue-green
spaces and their guiding signs to improve the quality of the street Natural dominant type. The
unique natural resources provide the street network with environmental advantages, but also
bring problems such as inconvenient transportation and insufficient social vitality. It is
recommended to increase the coverage of public transportation facilities P, improve the
number of service facilities °> and interface quality ®° to increase transportation convenience
and street vitality, thereby enhancing the material support of the street network for residents'
activities and travel Lacking type. Affected by various factors, this type of street network has
many problems. However, on the premise of ensuring street safety, improving social vitality first
and then improving the quality of the street environment can help efficiently enhance the
refined design of streets under the background of stock renewal.
5.3 Insufficient research

This study aims to accurately measure and characterize complete streets, but there are still
shortcomings and areas for improvement. Firstly, in the current context of multi-source big data,
different data choices can lead to instability in research conclusions to a certain extent, and this

difference has a certain impact on the universality of research conclusions. Secondly, research on



street networks still needs to explore the relationship with residents' activity behaviors,
especially the correlation between different types of activity behaviors involved in different
attribute networks. However, due to space limitations, the relationship between street networks
and residents' activity behaviors has not been included in the analysis. Based on this research,
further in-depth exploration of the intrinsic correlation with residents' activity behaviors will be
conducted in the future.

Notes

@ The formula for calculating Shannon diversity index is as follows: s =

-¥ PinP, In the calculation of functional diversity, M represents the number of facility types, Pi
i=1

represents the proportion of i-th type facilities in the total number, and when there is only one
type of facility, its value is 0; In the diversity of interfaces, M represents the number of building
floors and Pi represents the proportion of the i-th type of building height to the total. When
there is only one type of building height, its value is 0.

@ Two step mobile search method: The first step is to extract the population of the park and
green space as the supply point j for the park and green space. A search domain is established
with the maximum distance dO to the park and green space as the half longitude, and all the
population numbers in the search domain are summarized. The Gaussian function is used to
assign values according to the decay law, and the weighted population is added and summarized

to calculate the supply-demand ratio Rj
R =
7 G(d,)p,

.'3}
Zﬁsmm} ' (1)
Dk represents the population of each network buffer zone, dkj is the road network distance
between positions k and j. For parks with multiple entrances, the road network distance from the
demand unit to the nearest entrance is selected, and unit k needs to fall within the search
domain (i.e. dkj < d0); Sj is the area of park green space j; G (dij) is a Gaussian decay function that
considers spatial friction problems, and its specific form can be expressed as:

=L |I'J_‘f 2 !
2 -
¢ = 2

(:[dU]=—]° (d; < do) (2)

The second step is to use any entrance location i as the demand point and the maximum distance
do of the road network for people to go to the park and green space as the radius, establish a
search domain I, and then search for all parks and green spaces j within the search domain. The
supply-demand ratio Rj of these parks and green spaces is summarized and summed on the basis
of a Gaussian decay function to obtain the distance cost based park and green space accessibility
A of residential area i. The larger the value, the higher the accessibility level.

A= % eldJi (3)
jeld =d,}
@ Principal component score expression for transportation network system:
T1 =0.01X1 -0.004X2 +0.707X3 +0.707X4 + 0.001X5 -0.002X6;
T2 =0.712X1 +0.665X2 +0.002X3 +0.014X4 - 0.001X5 +0.229X6;



T3 =0.029X1 +0.214X2 +0.004X3 -0.006X4 + 0.769X5 +0.603X6,

Social network system:

$1=0.074X1-0.020X2+0.028X3+0.133X4+0.700X5+0.696X6

$2=0.124X1+0.044X2+ 0.707X3+0.684X4+0.066X5+0.094X6;
$3=0.667X1-0.737X2+0.072X3+0.019X4+

0.044X5+0.072X6 natural network system

N1=-0.007X1+0.004X2+0.513X3+ 0.612X4+0.602X5;

N2=0.991X1+0.045X2-0.022X3-0.065X4+ 0.104X5;
N3=0.045X1+0.996X2+0.048X3-0.035X4-0.045X5,

Comprehensive evaluation model:

Transportation network=0.230/0.762 x T1+0.253/0.762 x T2+0.210/0.762 x T3; Social
network=0.252/0.702 x S1+0.247/0.702 x S2+0.203/0.702 x S3; Natural network=0.448/0.851 x
N1+0.202/0.851 x N2+0.201/0.851 x N3,
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