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Abstract

:

A successful built environment is assumed to encourage street vitality in the time and space dimensions. The availability of mobile location data has made it possible to measure street vitality from a large-scale and multiperiod perspective. We used the mobile location data recorded in West Nanjing Road and the surrounding streets in Shanghai as a proxy for street activity, and introduced intensity and instability as indicators of street vitality to test whether there is still a correlation between street vitality and built environment in high-density cities, and whether there are applicable conditions. The results show that for spatial units with higher intensity, the street activities tend to be more unstable. It is more effective to promote street vitality by increasing the diversity of commercial formats. For the streets in high-intensity areas, increasing the mix degree of building functions and the development intensity of the surrounding blocks may not necessarily enhance the street vitality. The design of the external spaces is always an effective measure to maintain continuous vitality. Subway stations play a significant role in promoting street vitality.
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1. Introduction


“Think of a city and what comes to mind? Its streets. If a city’s streets look interesting, the city looks interesting; if they look dull, the city looks dull.” [1] Streets are an important part of urban public open space and are regarded as the most important symbol of the public domain [1,2,3,4,5,6,7,8,9]. The activities in streets are the source of street vitality, and energetic street space should maintain intensive and continuous crowd activities. The theories of urban planning and design hold that the built environment is an important factor affecting street vitality [1,10,11,12]. The diversity of buildings’ functions, the intensity of development, small street segments, old buildings, and other built environment conditions can effectively promote street vitality. There is a direct relationship between the quality of the built environment and the activities in the streets. The street furniture, the scale of the walking spaces, and the layouts of daily commercial service facilities can attract activities in streets. These views have been widely accepted and become the guiding principles of street design.



However, the abovementioned theories on street vitality originated from the empirical observation of large cities in Western countries from 1950s to 1970s. With the development of Information and Communication Technology (ICT) and the popularization of mobile communication equipment, the travel purposes and spatiotemporal features of street activities in Chinese cities in the 2010s have changed greatly. Due to the use of e-commerce online payment services, the frequency of residents’ shopping trips has been greatly reduced, which has had a strong impact on traditional street activities. Due to the differences of the localized built environment between Chinese cities and Western cities, as well as the changes in the purposes and patterns of residents’ street activities under the background of the new era in China, it is questionable whether the design theories based on a qualitative analysis and subjective summary can still reflect the current pattern of the street activities in China.



To clarify the influence mechanism of the built environment on street vitality under the background of Chinese modern cities, the primary task of this study is to carry out an objective observation and systematic analysis of street vitality. Street vitality refers to the people and their activities that can be observed in street spaces and is the product of the number, types, and duration of various activities [1,10]. Although existing quantitative research studies measure street vitality with field survey data and make some explorations on its influence mechanisms, they are far from reaching a conclusion, and there is still a lack of reliable data that would enable an accurate measurement and quantitative analysis of street vitality from a large-scale, multiperiod perspective.



Traditional street research studies mostly use field observation, questionnaire surveys, travel diaries, interviews, and other field survey forms to obtain research data. The advantage of these kinds of data is that they are rich in information and comprehensive in content, can record specific street activity types, and are suitable for micro-scale research studies. However, these kinds of data comprise static data and can only reflect the spatial distribution of street population in a certain time section. Limited by manpower and material resources, only residents’ small-scale activities can be sampled, and the applicability and operability of each key point in a specific high-density environment cannot be answered. At present, with the development of ICT, mobile location data, considered “Big Data”, can make up for the above deficiencies. Relevant research studies can use new data sources for sensing crowd activities to observe street vitality in a long-time dimension or at a large scale in a precise way, thereby enabling the recording of the behaviors and feelings of a considerable number of users in continuous time and space under multiple scales [13]. These data sources thus provide the possibility for a better quantitative analysis of the influence of the built environment on street vitality [14,15,16,17,18]. With the help of mobile location data with massive samples to sense crowd activity, street research can dig out the behavior rules of space users in continuous time and space and is no longer limited to small sample sampling and small-scale research. In recent years, a research trend has been to perceive urban streets from a new perspective, evaluate the characteristics of vitality, and examine the street design, especially the concept of place and its related theories, which are closely related to users’ behavior and feelings [19]. Several previous studies have started from the idea of quantitative verification and have used more detailed records of residents’ behaviors, quantitative models, and statistical methods to deepen the design theories of how the built environment affects street vitality and to propose street design strategies to better promote vitality [20,21,22].



The research aim of this study is to verify the influence of the built environment on street vitality in a high-density urban environment. The following questions will be tried to answer: From a large-scale and multi-period perspective, how does the built environment influence the street vitality measured by mobile location data? To what extent is the traditional theory established, and are there applicable conditions for the theoretical points? The main route is the following. First, multifunctional streets with high street vitality and complex built environment conditions are selected as the case studies. Mobile location data, a new data source for sensing street activities in large scale and full time, are used to measure street vitality and to analyze the spatiotemporal characteristics. Second, the street vitality indicators of each spatial unit are summarized. Third, an indicator system is constructed to measure the built environment. Fourth, after a series of model checking, 10 time-segmented models are constructed to identify the built environment conditions that significantly affect street vitality in the current urban environment and compare them with existing theories to further clarify the application.



The correspondence between the above content and each chapter is as follows. Section 2 clarifies the connotation and definition of street vitality. In Section 3, mobile location data and their spatial-temporal characteristics are used to discuss the measurement of street vitality. The quantification of the built environment, the adopted method, and the analysis results are described in Section 4. Section 5 offers concluding remarks and discussions on this study.




2. Literature Review


To explore the connotation of street vitality, a literature review is conducted from two aspects of classic theory and recent research.



(1) Classic theory



In the classic discourse, vitality comes from enough people [1]. To maintain vitality, the density of people must reach a high level, regardless of the purpose of those people. Furthermore, vitality is the flow of people in different periods of time. The time here is a short period of time and is calculated by hours. Regardless of who goes out according to different schedules or who comes in for different purposes, people should be able to use common facilities. Streets need people who come and go every day [5,10]. The pedestrian flow in different periods and in various groups represents vitality [11,12]. The continuous flow of people can produce economic effects.



In addition, the distribution of the absolute number of people using streets is different during the day. Regardless of how high the density of the population is, no neighborhood or area can ignore the necessity of enabling the distribution of the people during daytime; otherwise, the vitality will be greatly reduced. Time distribution is of great significance [1,11,12]. It is necessary to focus on how the characteristics of the intensity and duration of the pedestrian flow change with time. In a successful and energetic street, people should appear at different times. The space-time continuity of people and activities is the basic characteristic of street vitality.



Therefore, street vitality refers not only to the way an absolute number of people use the streets but also the way these people are distributed in different time periods. The balanced distribution of time periods implies the need for more dynamic street space [11,12,20]. The manner in which an absolute number of the people use the streets is different from the way these people are distributed in the streets at different times of the day. These two connotations cannot be compared, and a distribution with a balance of use times should be emphasized [1]. Diversified functional configurations around the streets can bring long-term and continuous pedestrian flow to street space [1,10,11,12,20].



(2) Recent research



In recent years, there have been a considerable amount of street vitality studies conducted from various perspectives. In these related studies, street vitality refers to a variety of people engaged in activities, especially the social communication activities, conducted in street-based external public spaces at various times. The connotation of street vitality can be analyzed from the perspective of social communication activities, the number of active people, and instability. Social communication activities refer to a series of fixed or continuous social activities in which the static and slow-moving people participate in the streets’ public spaces. The more intensive the social communication activities are, the more vital the streets [1,10,20,23,24,25]. The number of people refers to those who participate in continuous street activities and social activities of groups in the streets. The more people there are, the more vital the streets. The number of people can be measured by the intensity of the activities in the streets [1,10,11,12,20,26,27,28]. Instability refers to the balance and continuity of the street activities over time. Activities should take place at different times. Time here refers to small time periods in a day. The influence of the time dimension is very important to the vitality at the street level, but it is often ignored [12,24,29,30]. Instability is the characteristic denoting how activities maintain balance with time. This feature has a great correlation with the stay time. The longer the stay time of the active people in the streets is, the lower the instability.



(3) Theoretical background



In summary, we believe that street vitality refers to the dense people and the intense activities in the street, regardless of the purpose of the people. The street activities especially refer to the social communication activities in the streets’ public spaces, and street vitality is the product of the number and duration of various activities. Therefore, street vitality includes both the intensity of the street activities in different time periods and the instability of these activities over time. Street vitality can be quantified as the spatiotemporal characteristics of the intensity and instability of the activities in the streets.




3. Data and Methods


3.1. Research Area


The middle section of West Nanjing Road in Shanghai is chosen as the research area, which is located in the core section of Shanghai city (Figure 1). As a highly developed modern metropolis, Shanghai has a strong universality in its built environment and streets, which can provide reference for the construction and development of other developed countries and cities. West Nanjing Road is a representative multi-functional street in a high-density built environment in China, with a large number of people coming here for different purposes. It has high research value and can be used to verify the applicability of traditional design theories in a high-density built environment. To the east of the research area are square and tourist street, and to the west is a living street, which intersects with the viaduct. The built environment and street vitality of the above segments are quite different. Therefore, West Nanjing Road is chosen as the research area, which has a total length of 2.6 km. At the same time, the street section intersecting with the middle section of West Nanjing Road is also included in the research area and has a total area of approximately 0.36 km2.



West Nanjing Road was built after the concession period in the early 20th century and contains high-density residential buildings, such as apartments and lanes, on both sides. In the 1950s, when the middle section of West Nanjing Road was rebuilt, large public cultural buildings, such as the Shanghai Exhibition Hall, appeared. After the 1990s, large-scale construction began in Shanghai. The middle section of West Nanjing Road was converted into commercial and high-rise office buildings. However, the historical building environments, such as the apartments and lanes, remained in many sections. Up to now, the street segments in the middle section of West Nanjing Road cover various types of typical commercial streets, historical streets, daily life service streets, etc. Most of the street segments retain the 20 m road width of the concession era, and due to the reconstruction of high-rise buildings, several segments have formed a red-line open space area. As a result, the street types and the diversity of the street spaces of West Nanjing Road make them suitable to be taken as representative research cases.




3.2. Data Description


Location-based services (LBS) data generated by mobile phone applications (APPs) is suitable mobile location data for street research [13]. As mobile Internet devices are widely used in street activities, such as reading, socializing, navigation, and shopping, these mobile Internet services will generate LBS data of GPS accuracy, which is accurate up to 10 m. A trajectory point represents a mobile smart device user who is currently moving or staying at that location in the street. Based on the above principles, LBS data can effectively identify and extract the position of people in the streets’ public spaces, reveal their social communication activities, and continuously record the accurate trajectories of the users in a wide space-time range. In addition to providing the unique advantages of large data, such as massive samples, objective random sampling, and wide space-time range, LBS data also provides the advantage of accurate positioning. These advantages make it especially suitable for micro-level research studies, which can provide a data basis for better street vitality analysis. With the help of the LBS data that includes massive samples providing a sense of the street activities, the studies on street vitality can dig out the behavioral patterns of the street space users in continuous time and space and observe the street activities on a large scale, in multiple time periods and in a fine manner; moreover, these studies need no longer be limited to small samples and small-scale research studies. Based on the above, it is possible to analyze the influence of the built environment on street vitality from the perspective of large scales and multiple time periods.



The LBS data used in this study is the anonymous geographical location data obtained from the APPs supported by TalkingData services. TalkingData is a company that provides the SDK (Software Development Kit) positioning development environment functionality for application software in smart phones and other smart devices. By 2017, the service of TalkingData covered more than 750 million active independent smart devices per month, serving more than 100,000 mobile APPs in China. The anonymous geographical location data from TalkingData are very popular with users, provides wide coverage, and is suitable for the studies using basic data to analyze the urban residents’ activities. The TalkingData service is triggered by the user’s positioning request when using the mobile Internet and comes from various mobile phone applications (APPs), that is, the instant location data formed by the user’s logging in, searching, sending and receiving information, pushing, and other events on the TalkingData client APPs. These data record both time and space location information with GPS accuracy.



This study selected all LBS trajectory points positioned in the West Nanjing Road district in March 2017. March is the season of early spring in Shanghai. Street activities become lively and outdoor activities are abundant. March 2017 does not include holidays, which is helpful for exploring the daily street activities. In addition, after 31 days of LBS data inspection and climate information, it was found that the weather in March 2017 had a relatively small impact on street vitality. These trajectory points comprised 3,080,512 trajectory points representing a total of 450,660 anonymous user IDs. Among them, in the most typical public spaces of West Nanjing Road and its adjacent streets, a total of 163,051 anonymous ID users left 387,810 trajectory points. A trajectory point represents the location and time of a mobile Internet user when in the street; the user makes a location request, which indicates that the user is moving or staying at that location in the street at that moment.




3.3. Algorithm


The data processing method is as follows: First, the distribution of the 24-h street activities is described; second, the indicators of street vitality are calculated, including intensity and instability.



(1) Algorithm of the 24-h street activities



LBS data is generated based on the operation of the APPs, and a mobile phone user will continuously leave multiple trajectory points in a short time at the same position. Calculations based on time periods will cause errors. Also, to make up for the discontinuity of the LBS data in the space-time trajectory, the characteristics of the street activities are recorded according to the cumulative number of location points at each time point. After data inspection, it is found that there is no significant difference in the spatial distributions of street vitality on weekdays and weekends. The difference between weekdays and weekends is the number of people, not the spatial distribution of the street activities. What we are concerned about is the relationship between the spatial distribution of street vitality and built environment, therefore, no distinction is made between weekdays and weekends. The data processing method is as follows: First, select all the LBS location records of all the user IDs within the study area in March 2017; second, calculate the position records of the users at the exact hour of the day, and take the position record closest to the exact hour as the positions of the users at that time. For example, during the period from 17:00 to 18:00, select the location record with each ID closest to 18:00. Third, the 24-h results of the 31 days in March were collected to obtain the distribution of the 24-h street activities.



(2) Algorithms of intensity and instability



Based on previous data preprocessing, the intensity of the street activities is calculated as follows:


Intensity = Pop/Length_street



(1)




where Pop is the number of people in the street unit and Length_street is the length of the street unit. As the density of street length can objectively reflect the number of active people accumulated per unit length, the intensity is calculated as the density of the street length instead of the area of the spatial unit.



Instability is the measurement of the changes in the street activities over time. The standard deviation can effectively reflect the degree of dispersion of a data set. The smaller the value is, the more stable the data. Standard deviation can be used to measure instability and is calculated as follows:


  Instability   =    1 T    ∑   i = 1  T   (   x i  − μ  )     



(2)




where T represents the number of the time points in the statistical period, i.e., the number of the intensity indices involved in the calculation;    x i    is the intensity index of each unit and  μ  is its average value (arithmetic average value).




3.4. Spatiotemporal Characteristics


(1) Spatiotemporal Characteristics of the 24-h street activities



The calculation results reflect the spatial characteristics of the activities in the streets in different periods (Figure 2).



Through the accumulation of the data for a whole month, the change of the number of the active people in the research area during the period was identified (Figure 3). The overall time-varying rule is that the number of the people in the streets in the daytime is much larger than that in the evening. From 7:00 in the morning, the number rises sharply. The periods 7:00–9:00 and 17:00–19:00 are the two peak periods. The number of active people in the evening peak period is larger than that in the morning peak period. During the off-peak hours of the day (10:00–16:00) between the morning and evening peaks, the number of active people showed a steady upward trend. After 22:00, the number of people in the streets dropped sharply. The standard deviation of each hour in the 31 days is similar to the change of the number of people. The more the number of people, the larger the standard deviation.



(2) Spatiotemporal Characteristics of intensity and instability



The spatial distribution of intensity is shown in Figure 4. In the research area, there are two activity-intensive areas, which have high intensity throughout the day. The two activity-intensive areas correspond to two street sections: the Meilong Town-CITIC Pacific street section and the Jing’an Kerry Center street section. These two sections are not only the commercial, office and employment centers on West Nanjing Road but also the public activity centers serving the entire Shanghai area. In addition to the high degree of functional mixing, the design of the street exterior public spaces of the above street sections is also relatively perfect, causing the spaces to attract a large number of active people.



From the 24-h change of intensity (Figure 3), it can be seen that there are fewer outdoor activities on the streets at night and that the mobility in this period is extremely weak; therefore, it is not necessary to explore the street activities in this period. Moreover, if the vitality of this period is included in the research, it will cause interference to the overall results and increase the value of instability. To sum up, the instability of the street activities during the daytime is calculated. According to the obvious change nodes of intensity within a day, we calculate the instability of the street activities based on the values of intensity from 7:00 to 22:00.



The calculation of instability needs to be based on the division of spatial units to show the spatiotemporal characteristics of instability. The spatial units are divided by the road intersections and the building facades on both sides of the street as the boundaries [19,29]. Since the LBS data is based on GPS positioning, there is a positioning error of 10 m. Therefore, the spatial unit buffers 10 m outwards so as to select the active people in the street as much as possible. At the road intersections, the boundary is still the angular bisector of the intersecting road centerlines. In the research area, the streets are divided by intersections into natural segments comprising units with a length of 58.7–471.5 m, with unit lengths mostly measuring 200–300 m. The street units of these lengths have been able to independently assume spatial functions. For pedestrians, this is not a short street scale and is a suitable street unit for walking. As far as the sense of spatial experience is concerned, there is a complete space between the two intersections, and the psychological feelings of the people in the streets are continuous [1,20]. Environmental functions, old buildings and other environmental elements on the same street will have an impact on the activities in the space. The impact is continuous and direct in the space unit. In addition, as West Nanjing Road and its surrounding streets are all car ways, the intersections will have a certain split effect in terms of the psychological feelings of the people in the streets. Therefore, the natural segments are used as the spatial units.



As seen from Figure 5, the street activities change greatly during the early and late peaks, while the changes during the off-peak hours are not obvious. The change in instability is mainly due to the sudden increase and decrease in traffic at peak hours in the morning and evening. The Meilong Town-CITIC Pacific section and the Jing’an Kerry Center section are not only high-value areas of intensity but also areas with high instability. In addition, the streets with less intensity naturally have a lower range of change, and the instability assignment is correspondingly smaller.





4. Results


4.1. Division of Time Periods


According to the 24-h time-varying characteristics of the street activities accumulated by the LBS data for 31 days (Figure 3), the activities in the exterior spaces in the evening are very few. Consequently, it is of little significance to study them, as their inclusion in the study will lead to the deviation of the overall analysis results. Therefore, to make an in-depth analysis, we choose street vitality during the daytime. According to the important nodes in the 24-h time variation, 10 time-segmented models were constructed, including five intensity models for the time periods represented by the following hours during the day: (time points between 7:00 and 22:00); morning peak (7:00, 8:00, 9:00); non-peak hours (time points between 10:00 and 16:00); evening peak (17:00, 18:00, 19:00); and evening (20:00, 21:00, 22:00). In addition, five instability models with time divisions the same as those in the intensity models were constructed.



The distributions of the intensities of the spatial units in each time period are shown in Figure 6, and the spatial distribution of instability has been shown in Figure 5.




4.2. Quantification of the Built Environment


4.2.1. Indicators of the Built Environment


In recent years, many scholars have analyzed the built environmental conditions that affect street vitality. The environmental conditions at street scale mainly include street function, street texture, self-characteristics, format types, format mix, format density, building function, height and length, street bottom interface, sidewalk, street trees, public facilities (such as seats, street lamps, billboards, telephone booths, newspaper kiosks, etc.), and fences [20,23,31].



In this study, the conditions that are closely related to street activities and oriented by urban design are selected to measure the built environment. The built environment is subdivided into five groups: functional diversity, small street segments, old buildings, density, traffic, and site design [1,14,22,24,32]. Each condition contains several quantitative indicators. According to the framework of this study, the indicators that are commonly used in related research are chosen to measure the built environment. A total of 18 indicators are selected to measure the built environment at the street level.




4.2.2. Data for Measuring Built Environment


There are two data sources of the built environment: the topographic map and field survey data.



The 1:500 digital topographic map of Shanghai contains detailed information on the buildings and the roads. The information on the building includes the functions, the building areas, floors, and other characteristics of all the buildings in the central urban area of Shanghai. The information on the roads includes the following: road name; layout and length of the railways; and expressways and roads at all levels. The acquisition time of the topographic map is the year of 2015, which is close to the acquisition time of the LBS data in 2017. The LBS data records the space-time information of the street activities, and the topographic map shows the built environment of the streets. As the acquisition time of the LBS data and that of the topographic map data are close, the data can be used to measure the influence of the built environment on street vitality.



Other street physical built environment data were obtained from a field survey in January 2018. The survey of the built environment at the street level includes five aspects, namely, land use mix, small street segments, old buildings, density, traffic, and site design, which are all consistent with the conditions selected above.




4.2.3. Connotation and Algorithm of the Indicators


Table 1 shows the connotations and algorithms of the indicators of the built environment. The descriptive statistics of these indicators are detailed in Appendix A.





4.3. Influence of Built Environment on Street Vitality


4.3.1. Model Specification


As seen from Figure 6, street vitality shows significant spatial agglomeration characteristics. Therefore, this study considers the use of a spatial statistical analysis method. Therefore, to construct 10 time-segmented models, the intensity and instability of the street activities in five periods are taken as the explained variables, and the quantitative indices of the built environment on the street are taken as the explanatory variables. The process of model checking and the final selection of the analysis methods are as follows.



First, a collinearity diagnosis was carried out for the explanatory variables. According to the diagnosis results, among the variables, there is collinearity, in which the tolerance of three variables, namely, the diversity of the architectural ages, the density of the population, and the density of the employment positions is ≤0.1 and the VIF (variance expansion factor) is ≥10 (Table 2). After deleting these three independent variables, the collinearity diagnosis result is good. Finally, 15 explanatory variables are selected for the regression analysis.



Second, a spatial autocorrelation analysis is performed on the dependent variables. The general measure of a spatial autocorrelation analysis is the Moran’s I. The results in Table 3 indicate that the intensities and instabilities of the street activities in five time periods show obvious spatial agglomeration characteristics. Therefore, the spatial econometric models are adopted to analyze the influence of the built environment on street vitality.



Finally, 10 time-segmented models are tested, and the final regression method is determined. Taking the model of hours of the day as an example, the procedure is as follows. The Ordinary Least Squares (OLS) model, as the most common benchmark model, is used as a comparison reference. After the OLS regression, the Lagrange Multiplier Test (LM) is performed on the residuals returned by OLS. The test contains two statistics: the LM-Error and the LM-Lag. The test results are illustrated in Table 4. As the LM-Lag statistic is significant, the spatial lag model was chosen as the final model. If both statistics were significant, robustness was used to multiply the subtest (Robust LM test). According to the inspection method above, all the 10 time-segmented models have chosen the spatial lag model as the final regression model. The contiguity weight (queen contiguity) is used to evaluate the relations of the adjacent units.




4.3.2. Influence of Built Environment on Intensity


(1) Overall Spatial Effects



Table 5 shows the analysis results of the influence of the built environment on the intensity of the street activities. The R2 of the five models are all high, indicating that the spatial lag model fits well and can reveal the correlation between the built environment and street vitality. The coefficients of the spatial weight matrix in the five models are all negative and of high significance, which indicates that the vitality of the adjacent units has a competitive effect. Under the condition of a similar spatial location and function, the street units with a better built environment have higher street vitality, which shows that the built environment of West Nanjing Road has a significant influence on street vitality in terms of the overall spatial effect.



(2) Spatial Characteristics



Among the five groups of 15 indicators, the main factors that influence street vitality are the diversity of the commercial formats along the street, the ratio of the commercial building area along the street, the entrances of subway stations, the ratio of the exterior public spaces, the length of the street segments, the width of the sidewalks, and the continuity of the stores. The above seven indices are significantly correlated in the five models, of which the first four are positively significant and the last three are negatively significant. The above results show that improving the diversity of commercial formats along the street, the ratio of the commercial building area along the street, and the ratio of the exterior public spaces can attract street activities and that the surrounding entrance of the subway stations can also effectively gather the activities. The shorter the segment length is, the denser the street activity, which is consistent with the diversity theory of Jacobs. Consistent also with general planning and design cognition, too wide sidewalks reduce street vitality. The continuity of the stores will negatively affect the activities in the streets, mainly due to the narrow sidewalks in front of many shops along West Nanjing Road, which when the width occupied by plants is excluded, can accommodate only two to three people in parallel on average and is not suitable for pedestrians to stay. The mobile location data used in this study represents the trajectory points left by the stationary and slow-moving activities, and it is difficult to locate people who rush by in front of the shops. Therefore, this result is not representative and universal.



(3) Temporal Characteristics



In the time dimension, the correlation of six indicators, namely, the diversity of commercial formats along the street, the ratio of the commercial building area along the street, the entrances of the subway stations, the length of the street segments, the width of the sidewalks, and the continuity of the stores, all have the same regularity. The effects are greater in the early peak and the late peak and less in the off-peak hours and in the evening.



Among these indicators, the time characteristics of the entrances of the subway stations, the diversity of the commercial formats along the street, and the width of the sidewalks are more obvious. These three indices not only have the strongest significance but also coefficients that in the five models exhibit obvious changes, all of which have the greatest impact in the late peak and the least impact in the off-peak hours and the evening. According to Figure 3, the evening peak is also the highest peak period in terms of the total number of people in the streets in the research area, showing that the entrances of the subway stations, the diversity of the commercial formats along the street, and the width of the sidewalks are the most dominant built environmental indicators that affect the street activities of West Nanjing Road.



The influence of the ratio of the exterior public spaces is relatively similar and balanced in each time period, and there is no significant fluctuation within 1 day. The entrances of the public buildings and the ratio of the gray spaces significantly affect street vitality in the evening. The entrances of the public buildings play an increasing role, while the ratio of the gray spaces plays a reducing role. In the evening hours, the entrances of the public buildings can effectively gather active crowds, and people can stop, talk, rest, and engage in other activities in the transitional space between indoor and outdoor. However, the grey spaces failed to effectively enhance street vitality in the evening, mainly because the grey space along West Nanjing Road mainly comprises the corridors that are in front of the shops. These corridors have a narrow width and non-pleasant scales and mainly support the traffic function. In addition, the lighting conditions in these spaces in the evening are not as bright as those of the public buildings and shopping malls. Therefore, even in the evening, people seldom stay in the gray spaces.



In summary, commercial diversity, small street segment, and external environment design can effectively enhance the intensity of street activities. Among them, the external environment design can enhance the vitality of all time periods during the day. As important entrances of streets in high-density environments, the planning and design of the subway stations should be coordinated. exterior public spaces can attract a constant flow of people. The lighting environment is also vital to night vitality.




4.3.3. Impact of Built Environment on Instability


(1) Overall Spatial Effects



The analysis results in Table 6 show that the R2 values of the five models are high, which indicates that the spatial lag model has a good fitting degree and can reveal the correlations between the built environment and street vitality. The spatial distribution of instabilities in each hour of the day, in the early peak hours, and in the evening hours has significant spatial autocorrelation characteristics, and the weight matrix coefficient is negative. The overall level of the intensities of the street activities is also higher for the spatial units with higher instability. The increase and loss of the activities in spatial units with higher intensity can enhance the intensity of their surrounding spatial units and thus make the density of the street activities more stable. The instabilities in the non-peak hours and the late peak hours did not show significant spatial autocorrelations.



(2) Spatial Characteristics



The diversity of the commercial formats along the street, the ratio of the commercial building area along the street, the entrances of the subway stations, and the ratio of the exterior public spaces are significantly positively correlated, while the continuity of stores, the length of the street segment, and the width of the sidewalks are significantly negatively correlated. The diversity of the commercial formats along the street, the entrances of the subway stations, the length of the street segment, and the width of the sidewalks have the highest significance. The result is consistent with the result of intensity, mainly because only the spatial units with higher activity intensity have higher instability. The pedestrian flows of these spatial units vary greatly in the early, late peak, and other periods; therefore, the instability is also high.



In addition to the above indicators, the other eight indicators did not show a significant impact in each period.



(3) Temporal Characteristics



In the time dimension, the six indicators, namely, the diversity of commercial formats along the street, the ratio of the commercial building area, the length of the street segment, the subway station entrances and exits, the width of the sidewalks, and the continuity of the stores, show similar patterns. The late peak period has the greatest impact, the early peak period is slightly weaker than the late peak period, the non-peak period is next to the early peak, and the evening period has the weakest impact.



The influence of the continuity of the stores is not significant in the evening, mainly because the scarcity of business operations and the small number of the customers make it difficult for this factor during this period to have a significant influence on the instability of the street activities. The influence of the ratio of the exterior public spaces in the early peak is not significant because the influence of the built environment on the behavior of the active people in the streets is mainly reflected in the leisure time. The discussion on the influence of the built environment on street activities mainly focuses on the leisure time, and when discussing street vitality, the traditional theories pay more attention to the staying or slow-moving people on the streets [1,10,11,37,38,39,40]. In the morning rush hour, people are on their way to work and in a hurry, and the special purpose of behavior leads to an insignificant impact, which further confirms the rationality of constructing the time-segmented model in this study. The difference in the findings between the time-segmented models better proves the establishment of the influence of the built environment on street vitality.



In summary, to a certain extent, the indicators of increasing intensity will also lead to instability of street vitality. However, there are still some conditions that can stabilize the intensity. Small streets can increase opportunities for people to communicate, reasonable sidewalk widths can effectively attract people to stay, and continuous commercial interfaces can continuously attract crowd activities. These environmental conditions effectively maintain the balance of street activities at various times.






5. Discussion and Conclusions


5.1. Discussion


The connotation of street vitality in this study refers to all static and slow-moving activities in the street, and the types of activities and travel purposes (residence, work and shopping) have not been distinguished. The main reason lies in the fact that in the related researches and discussions, street vitality refers to a variety of people engaged in activities, especially the continuous and social communication activities. The density of the people must be high enough, no matter what purpose these people come to the street. Diversity is the source of vitality. However, it is undeniable that the classification of street activities is meaningful. If different types of street activities can be distinguished, more detailed conclusions could be obtained. In addition, some studies recorded the flow of the people as street vitality. Due to the discontinuity of the trajectory, LBS data cannot be used to measure the flow. However, since the research scene is an outdoor space, these trajectory points represent the flowing people. It is rare for a person to stay in the street all day. During the cleaning and inspection of the LBS data, it is found that few mobile phone users remain in one position for a long time. Therefore, the data already had captured the information and attributes of the flowing people.



Each trajectory point of the LBS data represents a mobile phone user’s active social behavior. Selecting and then accumulating the trajectory points in the streets can effectively identify the active social behavior of the pedestrians in the streets, thus distinguishing the difference of the intensities in different areas in the street and the intensity change in 1 day. In addition, there is localization error in the LBS data, which cannot be eliminated and well quantified. However, the localization error did not have a significant impact on the results. Reasons are as follows. First, the positioning (based on GPS) is relatively accurate, and the space unit buffers 10 m outward, so that the trajectory points in the street can be included as much as possible. Second, TD location points inside buildings rely on WIFI positioning, which hardly shifts to the street. Third, even though a small number of trajectory points located on the edge of the building will shift to the street, the relatively large area of the spatial unit can reduce the influence. In addition, on street segments with intense activities, more drift points at the edge of the building are also accompanied by intense street activity. In summary, despite the existence of localization error, the findings of this study are still considered credible. LBS data enables the realizing of the quantitative measurement of the street activities in multiple periods, which is research content that cannot be realized by the field observation data in traditional research studies.



This study adopts the division method of natural street segments as spatial units. West Nanjing Road and its surrounding streets are all car ways. Regarding the impact of the intersections on the psychological feelings of the people, the intersections will have a certain split effect. Within the research area, the length of the segment units formed by road intersection segmentation is mostly 200–300 m. As far as the sense of spatial experience is concerned, there is a complete space between the two intersections, and the psychological feelings of the people are continuous. For pedestrians, this is already a non-short activity scale and a suitable unit for walking. The built environmental elements on the same street will influence the activities in the street, and this influence is continuous and direct in the spatial unit. Therefore, the natural street segments are chosen as the spatial units.



Although the street network will affect the trajectories of individuals to a certain extent, the street in this study is interpreted as a public place accommodating activity rather than a path or a connecting channel. The overall spatial distributions of the street activities are explored. To display the connotation of public places better, one representative street and its intersecting roads were selected as the research area, not a street network. In addition, natural street segments are chosen as spatial units, which are similar to polygons. Therefore, the conventional spatial analysis methods are introduced, and the spatial adjacency matrix based on queen adjacency relationship is chosen to analyze the interactions of street vitalities on each time section.



Several existing research studies used POIs to measure the functional diversity along the street, which has not been adopted in this study. The main reasons are as follows. First, the map of POIs simplifies each function into a point. This point only has the attribute of its spatial location but does not include the concept of area and scale. On the street, there is a great difference in the influences of a small convenience store and a large supermarket on the street activities; that is, buildings of the same function and different sizes along the street have different impacts on street vitality. Second, it is easy for the POIs to repeatedly mark the same function point, for example, the repeated labeling of the residential buildings within the same residential quarter or the repeated labeling of the entrance and the hall of the same exhibition hall. This repeated marking is likely to cause errors in the analyses on the micro scale. For the above reasons, this study, based on the building area, still measures the functional diversity along the street. However, the results of this study do not prove that the functional diversity along streets has no effect on street vitality, but the functional diversity based on the building area statistics has little effect on the street activities.




5.2. Conclusions


This study investigates the influence of the built environment on street vitality using mobile location data. According to the analysis results, in the high-density cities and the current Internet age, the traditional theories are established to a certain extent, and on street vitality, the built environment still has an influence, which can be analyzed from two dimensions of time and space.



In the time dimension, the influence of most indices shows obvious time characteristics. Due to the different spatio-temporal characteristics of the street vitalities, the explanatory variables that do not change with time show different influence features in each model. The influence of the temporal series is mainly reflected in the comparison of time-segmented models. In general, the effects are greater in the early peak and the late peak and less in the off-peak hours and in the evening. Among the indicators, the time characteristics of the entrances of the subway stations, the diversity of the commercial formats along the street, and the width of the side-walks are more obvious. Street sections with higher intensity have higher instability.



In the space dimension, it is found that the streets in the high-density urban environment show different influence characteristics from traditional theories. In general, the indicators of built environment that significantly affect street activities include the diversity of commercial formats along the street, the ratio of the commercial building area along the street, the entrances to the subway stations, the ratio of the exterior public spaces, the length of the street segment, the width of the sidewalks, and the continuity of stores. The detailed conclusion is as follows: (1) It is more effective to promote street vitality by increasing the diversity of commercial formats than to increase the commercial area along the street. Most of the services provided by the businesses along the street are not long lasting. People’s perception of functional diversity is more important than the perception of commercial scale. (2) For the streets in high-intensity areas, increasing the mix degree of building functions and the development intensity of the surrounding blocks may not necessarily enhance the street vitality. The improvement of function and intensity is not always a feasible means. (3) The design of the external spaces is always an effective measure to maintain continuous vitality. On streets with imperfect functional configuration along the street, exterior spaces of high quality can still effectively attract activities. (4) Compared with the evenly distributed bus stations, subway stations have a significant role in promoting street vitality, which is always neglected. Subway stations should be used as important entrances to the street and arranged in coordination with large commercial facilities.



Mobile location data has not been widely accepted as an effective tool for measuring street vitality. This study was exploratory and verified that street vitality can be objectively measured and reflected by mobile location data because of the characteristics of a wide range of time and space, relatively high precision, large volume, and passive sampling, and this can effectively support research on street vitality. Traditional street researches mostly use field survey data to explore the variations of the street activities in a small space-time range. It is difficult to accurately describe the temporal characteristics of street vitality and identify the features whether vitality remains stable with time changes. The availability of mobile location data has made it possible to measure street vitality and analyze its spatiotemporal characteristics on a large urban scale and in multi-time periods, which provides a better understanding for street designers and urban planners. Based on the measurements of street vitality, the influence of the built environment on street vitality can be explored in a comprehensive, systematic, and in-depth manner.



The contributions of this study are mainly reflected in three aspects. First, theoretical significance. In-depth exploration of the connotation and the basic theoretical understanding of street vitality have been made clear, which can provide a reference for subsequent researches. Second, practical significance. The classic theories of street vitality are verified. It is found that in high-density urban areas, the built environment has certain applicability to the influence of street vitality. This study provides theoretical basis and practical guidance for the sustainable development of streets. Vitality is the basis for the survival and sustainable development of streets. If a street cannot attract people and activities, it can only die away. Also, implications are provided for planners and policy makers to enhance the complexity of the street systems through a better understanding of the street vitality and its relationships with the built environment. Third, methodology significance. The feasibility and limitations of LBS data in urban micro-research have been tested. The measurement of intensity and time-varying characteristics is more reliable, but the credibility of the measurement of mobility and diversity needs further verification. At present, mobile location big data has been widely used in urban researches, especially on the macro level. Due to the discontinuity of trajectory points, the application on micro level has certain limitations and needs further exploration in the future.
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Appendix A


The descriptive statistics of the indicators of the built environment are shown in Table A1.
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Table A1. Descriptive statistics of the indicators of the built environment.






Table A1. Descriptive statistics of the indicators of the built environment.





	
Condition

	
Indicators

	
Minimum

	
Maximum

	
Mean

	
Standard Deviation






	
Functional Diversity

	
functional diversity of the buildings

	
0.10

	
0.63

	
0.34

	
0.12




	
diversity of the commercial formats along the street

	
0.00

	
0.77

	
0.19

	
0.25




	
ratio of the commercial building area along the street

	
0.00

	
25.39

	
7.49

	
8.36




	
Small Street Segment

	
length of the street segment (m)

	
58.68

	
471.54

	
192.30

	
96.53




	
Old Buildings

	
proportion of the old buildings

	
0.01

	
0.53

	
0.14

	
0.13




	
Density

	
development intensity (person/square hectare)

	
0.00

	
35,397

	
13,217.42

	
9675.04




	
Traffic and Site Design

	
entrance of the subway stations

	
0.00

	
5.00

	
0.47

	
1.09




	
bus stations

	
0.00

	
2.00

	
0.47

	
0.75




	
width of the sidewalks (m)

	
0.02

	
29.65

	
6.72

	
4.79




	
entrance of the public buildings

	
0.00

	
51.00

	
5.00

	
9.83




	
continuity of the stores (m)

	
0.00

	
1.92

	
0.82

	
0.56




	
continuity of the fences (m)

	
0.00

	
1.54

	
0.46

	
0.43




	
ratio of the exterior public spaces

	
0.00

	
20.32

	
4.91

	
5.76




	
ratio of the gray spaces

	
0.00

	
5.31

	
0.56

	
1.27




	
ratio of the green lands

	
0.00

	
12.94

	
1.25

	
3.11
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Figure 1. Research area of West Nanjing Road in Shanghai. Source: Authors. 
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Figure 2. Distribution of the street activities in different time periods estimated by LBS data: (a) 10 o’clock, (b) 18 o’clock. Source: Authors. 
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Figure 3. Changes in the number of people in each hour within 31 days. (a) Changes in the number of people in the street for 24 h (multi-day average accumulated over a month); (b) Standard deviation of each hour in the 31 days. Source: Authors. 
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Figure 4. Spatiotemporal distribution map of intensity. Source: Authors. 
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Figure 5. Spatiotemporal distribution of instability. Source: Authors. 
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Figure 6. Spatiotemporal distribution of the intensities in the spatial units. Source: Authors. 
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Table 1. Connotations and algorithms of the indicators of the built environment.






Table 1. Connotations and algorithms of the indicators of the built environment.





	
Condition

	
Indicators

	
Connotation and Algorithm






	
Functional Diversity

	
functional diversity of the buildings

	
The calculation is based on the building areas of different functions in the neighborhoods on both sides. The building functions include residence, administrative office, cultural facilities, education and scientific research, health care, commerce, business, and transportation facilities. Diversity is calculated using the entropy method. [14,15,21,22,33,34,35,36]




	
diversity of the commercial formats along the street

	
The indicator denotes the diversity of commercial formats (except shopping malls) on both sides of the street. The format refers to the operating format, which refers to different service industries and the diversity of different service industries. Therefore, this indicator is a manifestation of functional diversity. Commercial formats include retail, catering, hotels, culture, and entertainment. The calculation formula is the same as that above.




	
ratio of the commercial building area along the street

	
The total commercial building area on both sides of the street segment/the length of the street segment.




	
Small Street Segment

	
length of the street segment

	
This indicator denotes the length of the street segment.




	
Old Buildings

	
proportion of the old buildings

	
The indicator denotes the proportion of old buildings (before 1949) among the buildings located within 50 m on both sides of the street segment. It is calculated based on the building area.




	
Density

	
development intensity

	
This indicator denotes the average density of the population in the neighborhoods on both sides of the street segment. The population data are obtained from the sixth national census in 2010.




	
Traffic and Site Design

	
entrance of the subway stations

	
The number of entrances to the subway stations in the neighborhoods on both sides of the street segment.




	
bus stations

	
The number of bus stations along the street segment.




	
width of the sidewalks

	
The average width of the sidewalks in the street unit, that is, the total area of the sidewalks/the length of the street segment.




	
entrance of the public buildings

	
The number of entrances to the public buildings along the street segment.




	
continuity of the stores

	
The length of the continuous shop interface on both sides of the street segment/the length of the street segment.




	
continuity of the fences

	
The length of the interface of the continuous fences (including walls) on both sides of the street segment/the length of the street segment.




	
ratio of the exterior public spaces

	
The area of the exterior public spaces in the spatial unit/the length of the street segment.




	
ratio of the gray spaces

	
The area comprising gray spaces, such as building entrances, areas under eaves, and arcades, within the spatial unit/the length of the street segment.




	
ratio of the green lands

	
The area comprising accessible green lands in the spatial unit/the length of the street segment.








Note: Since 1949 was the year of the founding of the People’s Republic of China, and the oldest buildings on West Nanjing Road were probably built in 1920–1930, buildings before the year 1949 are considered as old.
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Table 2. Partial results of the collinearity diagnosis.
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	Variables
	Tolerance
	VIF





	diversity of the architectural ages
	0.063
	15.939



	density of the population
	0.099
	10.063



	density of the employment positions
	0.084
	11.869
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Table 3. Results of the spatial autocorrelation tests.






Table 3. Results of the spatial autocorrelation tests.





	

	
Hours of the Day

	
Early Peak

	
Non-Peak Hours

	
Late Peak

	
Evening




	

	
Intensity

	
Instability

	
Intensity

	
Instability

	
Intensity

	
Instability

	
Intensity

	
Instability

	
Intensity

	
Instability






	
Moran’ I

	
0.17

	
0.19

	
0.14

	
0.17

	
0.15

	
0.28

	
0.20

	
0.19

	
0.17

	
0.24




	
Z value

	
1.89

	
2.07

	
1.70

	
1.98

	
1.65

	
3.03

	
2.16

	
2.10

	
1.91

	
2.51




	
Significance

	
0.06

	
0.04

	
0.09

	
0.05

	
0.10

	
0.00

	
0.03

	
0.04

	
0.06

	
0.01
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Table 4. Results of two Lagrange multiplier test (the model of hours of the day).
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	Test
	MI/DF
	Value
	Significance





	Lagrange Multiplier (lag)
	1
	7.8131
	0.00519



	Robust LM-Lag
	1
	6.6638
	0.00984



	Lagrange Multiplier (error)
	1
	2.0730
	0.14992



	Robust LM-Error
	1
	0.9237
	0.33649



	Lagrange Multiplier (SARMA)
	2
	8.7368
	0.01267
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Table 5. Influence of the built environment on intensity.
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Conditions

	
Indicators

	
Hours of the Day

	
Early Peak

	
Non-Peak Hours

	
Late Peak

	
Evening






	

	
W(Weight)

	
−0.45 ***

(0.15)

	
−0.46 ***

(0.16)

	
−0.52 ***

(0.15)

	
−0.37 **

(0.17)

	
−0.38 **

(0.14)




	
Functional Diversity

	
functional diversity of the buildings

	
−1.29

(2.25)

	
−0.13

(7.95)

	
−13.11

(11.53)

	
−4.86

(12.28)

	
−3.13

(4.93)




	
diversity of the commercial formats along the street

	
2.25 ***

(1.16)

	
14.68 ***

(4.11)

	
17.73 ***

(5.97)

	
21.90 ***

(6.34)

	
7.20 ***

(2.54)




	
ratio of the commercial building area along the street

	
0.09 **

(0.04)

	
0.37 **

(0.15)

	
0.41 *

(0.22)

	
0.47 **

(0.23)

	
0.22 **

(0.09)




	
Small Street Segment

	
length of the street segment

	
−0.01 ***

(2.77 × 10−3)

	
−0.04 ***

(0.01)

	
−0.05 ***

(0.01)

	
−0.05 ***

(0.02)

	
−0.03 ***

(0.01)




	
Old Buildings

	
proportion of the old buildings

	
0.44

(2.15)

	
2.22

(7.56)

	
3.79

(11.00)

	
−0.47

(11.67)

	
0.87

(4.71)




	
Density

	
development intensity

	
−0.38

(0.29)

	
−1.29

(1.04)

	
−1.96

(1.50)

	
−1.88

(1.60)

	
−0.88

(0.64)




	
Traffic and Site Design

	
entrance of the subway stations

	
1.88 ***

(0.26)

	
6.98 ***

(0.92)

	
8.08 ***

(1.34)

	
10.15 ***

(1.41)

	
4.85 ***

(0.57)




	
bus stations

	
0.08

(0.36)

	
0.39

(1.27)

	
1.00

(1.85)

	
−0.46

(1.96)

	
0.40

(0.78)




	
width of the sidewalks

	
−0.25 ***

(0.07)

	
−1.01 ***

(0.24)

	
−0.92 ***

(0.35)

	
−1.42 ***

(0.38)

	
−0.65 ***

(0.15)




	
entrance of the public buildings

	
0.04

(0.03)

	
0.09

(0.11)

	
0.26

(0.16)

	
0.17

(0.17)

	
0.13 *

(0.07)




	
continuity of the stores

	
−1.44 **

(0.65)

	
−5.83 **

(2.31)

	
−8.06 **

(3.34)

	
−6.43 *

(3.57)

	
−2.55 *

(1.42)




	
continuity of the fences

	
−0.54

(0.85)

	
−1.31

(3.01)

	
−3.22

(4.36)

	
−2.96

(4.63)

	
−1.23

(1.86)




	
ratio of the exterior public spaces

	
0.15 ***

(0.05)

	
0.42 **

(0.18)

	
0.87 ***

(0.27)

	
0.67 **

(0.28)

	
0.44 ***

(0.11)




	
ratio of the gray spaces

	
−0.23

(0.20)

	
−0.95

(0.69)

	
−0.55

(1.01)

	
−1.21

(1.07)

	
−1.02 **

(0.43)




	
ratio of the green lands

	
−0.06

(0.08)

	
−0.24

(0.27)

	
−0.36

(0.39)

	
−0.28

(0.42)

	
−0.07

(0.17)




	
R2

	
0.78

	
0.77

	
0.79

	
0.76

	
0.83








Note: *, **, and *** indicate statistically significant at the 10%, 5%, and 1% levels respectively; the numbers in the parentheses represent the corresponding standard errors of the coefficients.
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Table 6. Influence of the built environment on instability.






Table 6. Influence of the built environment on instability.





	
Conditions

	
Indicators

	
Hours of the Day

	
Early Peak

	
Non-Peak Hours

	
Late Peak

	
Evening






	

	
W(Weight)

	
−0.33 *

(0.18)

	
−0.46 ***

(0.17)

	
−0.28

(0.18)

	
−0.28

(0.18)

	
−0.37 **

(0.16)




	
Functional Diversity

	
functional diversity of the buildings

	
−0.34

(1.18)

	
−0.36

(1.03)

	
−0.27

(1.28)

	
−0.27

(1.28)

	
0.15

(0.36)




	
diversity of the commercial formats along the street

	
2.34 ***

(0.61)

	
1.99 ***

(0.53)

	
2.79 ***

(0.66)

	
2.79 ***

(0.66)

	
0.70 ***

(0.18)




	
ratio of the commercial building area along the street

	
0.05 **

(0.02)

	
0.05 ***

(0.02)

	
0.05 **

(0.02)

	
0.05 **

(0.02)

	
0.01 *

(6.71× 10−3)




	
Small Street Segment

	
length of the street segment

	
−4.36 × 10−3 ***

(1.45 × 10−3)

	
−4.36 × 10−3 ***

(1.27 × 10−3)

	
−4.58 × 10−3 ***

(1.59 × 10−3)

	
−4.58 × 10−3 ***

(1.59 × 10−3)

	
−1.76 × 10−3 ***

(4.43 × 10−4)




	
Old Buildings

	
proportion of the old buildings

	
−0.27

(1.11)

	
−0.10

(0.98)

	
−0.54

(1.21)

	
−0.54

(1.21)

	
−0.15

(0.34)




	
Density

	
development intensity

	
−0.18

(0.15)

	
−0.13

(0.14)

	
−0.27

(0.17)

	
−0.27

(0.17)

	
1.85e−003

(0.05)




	
Traffic and Site Design

	
entrance of the subway stations

	
0.91 ***

(0.14)

	
0.77 ***

(0.12)

	
0.94 ***

(0.15)

	
0.94 ***

(0.15)

	
0.33 ***

(0.04)




	
bus stations

	
−0.12

(0.19)

	
−0.10

(0.17)

	
−0.10

(0.21)

	
−0.10

(−0.49)

	
−0.07

(0.06)




	
width of the sidewalks

	
−0.14 ***

(0.04)

	
−0.13 ***

(0.03)

	
−0.15 ***

(0.04)

	
−0.15 ***

(0.04)

	
−0.04 ***

(0.01)




	
entrance of the public buildings

	
6.83 × 10−3

(0.022)

	
3.26 × 10−3

(0.01)

	
5.04 × 10−3

(0.02)

	
5.04 × 10−3

(0.02)

	
5.47 × 10−3

(4.99 × 10−3)




	
continuity of the stores

	
−0.71 **

(0.34)

	
−0.77 **

(0.30)

	
−0.89 **

(0.38)

	
−0.89 **

(0.38)

	
−0.03

(0.10)




	
continuity of the fences

	
−0.33

(0.44)

	
−0.17

(0.39)

	
−0.46

(0.49)

	
−0.46

(0.49)

	
0.07

(0.13)




	
ratio of the exterior public spaces

	
0.05 *

(0.02)

	
0.03

(0.02)

	
0.05 *

(0.03)

	
0.05 *

(0.03)

	
0.02 **

(0.01)




	
ratio of the gray spaces

	
−0.10

(0.10)

	
−0.04

(0.09)

	
−0.10

(0.11)

	
−0.10

(0.11)

	
−0.03

(0.03)




	
ratio of the green lands

	
−0.03

(0.04)

	
−0.02

(0.04)

	
−0.03

(0.04)

	
−0.03

(0.04)

	
−0.01

(0.01)




	
R2

	
0.72

	
0.71

	
0.71

	
0.71

	
0.79








Note: *, **, and *** indicate statistically significant at the 10%, 5%, and 1% levels respectively; the numbers in the parentheses represent the corresponding standard errors of the coefficients.
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