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Abstract: Urban commercial centers play a critical role in the development of cities, and it is of
significant relevance to research the influencing variables of the urban vitality of commercial centers
to improve the quality of urban commercial centers. This study employs big data to construct
a multiple linear regression model in order to uncover the spatial-distribution characteristics of
urban vitality and commercial sectors in commercial centers within the primary urban region of
Guangzhou. The findings indicate that the commercial sectors of life, business, finance, and leisure
have a substantial influence on the fluctuation of pedestrian flow in commercial centers throughout
the day. Conversely, public service commercial sectors do not have a significant impact on pedestrian
flow. Furthermore, the effect of various commercial sectors on the vibrancy of urban commercial
centers varies, and their performance differs on weekdays and holidays. Additionally, the level of
integration among commercial sectors affects the vitality of the city’s commercial space. This research
presents empirical facts that can be used to optimize the logical allocation of urban commercial
resources in urban planning.

Keywords: central urban area; commercial industry; multiple logistic regression; multisource
data; Guangzhou

1. Introduction

As China’s urban planning and construction advances to the stage of stock develop-
ment, how to promote spatial vitality in limited urban space has become a hot topic in recent
years. Conventional urban spatial research is mostly focused on static and materialistic
investigations of the physical aspects of the urban landscape, such as the built environment
and land-use patterns [1]. As the functional core of the city, with intensive economic
activities and active commercial behavior, urban commercial space is usually characterized
by having high population concentration and regular changes in urban vitality, and the
optimization of its internal functional organization is the most important task in urban
construction. In this context, research of the influencing variables of urban vitality in urban
commercial centers can allow the relevant departments to improve the quality and vitality
of commercial centers and even the whole city, and provide essential references for the
development and construction of the city. The study of commercial centers began with the
central location idea proposed by Christaller [2], and there have been numerous influential
theses. Early study generally originated from the identification of commercial centers,
hierarchy, and geographical organization to conduct qualitative research, and the system is
relatively developed [3–5]. Until the concept of urban spatial vitality was put forward in
the 1960s [6], spatial vitality began to be a concern in urban planning, geography, and other
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fields, scholars focused on exploring the material spatial factors affecting the generation of
urban vitality and social environmental factors, such as mixed land use, building density,
and urban texture network relationships, etc., proving that all types of built environment in
the city will have an impact on the vitality of the region, and then correspondingly they put
forward the strategy of optimizing urban vitality [7]. Ian Bentley highlights that locations
offering a diverse array of activities are more appealing to individuals compared to those
with a singular purpose. Moreover, areas that offer a wide range of activities are preferred
by a larger number of people, resulting in a livelier atmosphere [7]. Summia presents that
the economic activities of business centers, both locally and regionally, are directly affected
by land use, zoning, and traffic policies [8].

The development and appeal of commercial districts are influenced by numerous
elements, which have been examined and investigated by the relevant scholars. We can
only provide theoretical support for optimizing the building of the relevant regions and
boosting their vitality by thoroughly understanding these impacting elements. The retail
gravity model, proposed by American scholar Reilly, quantifies the extent of services offered
by commercial centers based on the distance between the population of different centers and
the center itself [9]. This model reveals that the range of influence of a commercial center is
directly proportional to the population size of the center and inversely proportional to the
square of the distance between centers. The Huff model, developed by Huff, posits that the
appeal of a specific store to customers is determined by two primary factors: the magnitude
of the commercial cluster and the proximity to the commercial cluster [10]. Hotelling
contends that when there is no price competition (where each firm sets its price equal to the
cost of producing an additional unit), the outcome of enterprises maximizing their profits is
that each firm gravitates towards the middle of the market [11]. Nevertheless, commercial
research in the early years was primarily limited by data and technological constraints.
As a result, it heavily relied on the center-place theory and focused on the meso–micro
level, specifically examining specific neighborhoods [12–15]. The characterization of urban
vitality was predominantly derived from the researcher’s field records, which resulted in
commercial center research being primarily qualitative in nature.

In recent years, the advancement of technology in collecting and analyzing big data
has significantly increased the significance of big data in urban geography research. Conse-
quently, numerous scholars have started utilizing big data to conduct extensive research
on commercial centers [16,17]. The integration of extensive social perception data and
remote sensing pictures will serve as a crucial milestone in advancing the study of urban
development [18–21]. Current research on urban commercial centers utilizing big data
mostly concentrates on three key areas: identification of urban commercial centers, analysis
of their geographical characteristics, and examination of the spatio-temporal patterns of
human activities [22–24]. The study of identifying and analyzing business centers mostly
relies on urban hotspot data, specifically point of interest (POI) data [25,26]. This type
of data offers significant advantages over field research data and economic statistics, in-
cluding its huge volume, real-time nature, high precision, and wide coverage. Within the
framework of POI feature expression, the kernel density approach (KDE) outperforms
other density expression methods (such as sample density and density based on Voronoi
diagrams) because it takes into account the locational influence described by the first law
of geography [27]. Chainey utilized the kernel density analysis technique and the notion
of standard deviation curves to quantify the spatial extent of the data’s highest value and
effectively identified a concentrated area of criminal activity in the city [28]. This approach
has also been employed to identify crime hotspots in urban areas [29].

This approach is employed to verify the urban central business district (CBD) bound-
ary and identify the area with the highest concentration of data values. It prevents extreme
values from distorting the overall analysis results, which can occur when using the tra-
ditional arithmetic method that is sensitive to local conditions. This method is suitable
for determining the spatial location of the polarized central area of the city and is highly
important for confirming the boundary. As an illustration, Thurstaon retrieved retail store
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data using socio-economic statistics and determined commercial hubs by creating a seam-
less surface of kernel density space using GIS technology [30]. Wu, K. et al. employed
59,125 points of interest (POI) from data within the central region of Guangzhou to estab-
lish the limits of commercial centers [31]. They achieved this by utilizing kernel density
analysis and integrating it with the existing urban planning of Guangzhou. The objective
was to investigate the composition and arrangement of commercial areas in Guangzhou.
Regarding the study of urban vitality in commercial centers, researchers have started using
big data sources such as mobile phone signaling data, Baidu heat maps, popular reviews,
and microblogging check-ins to conduct relevant research [32]. The main focus of this
research is to visualize the spatial characteristics of urban vitality, examine the spatial
and temporal changes, and analyze the distribution differences among different types
of vitality [33]. Researchers utilized the Baidu heat map tool to investigate and analyze
the temporal variations in variables such as crowd density, concentration location, and
population center of gravity during a continuous week. The central metropolis of Shanghai
was chosen as the specific case for this study [34].

The integration of big data with geospatial attributes and quantitative research models
has emerged as a prominent trend in recent years [19,29,35]. Significant progress has been
made in studying commercial centers using this approach, although some limitations
still exist. Firstly, most commercial centers primarily focus on retail [27,36], neglecting
the examination of business finance, leisure and entertainment, and other commercial
forms. This raises concerns about the scientific rigor and comprehensiveness of the research
findings. Secondly, the current research on the factors influencing the urban vitality of
commercial centers only considers common factors such as location, traffic, and land-use
intensity [37]. Moreover, this research is predominantly qualitative and exhibits a high
degree of repetition. Consequently, there is a gap in understanding the impact of the
diversity of commercial forms on the vitality of these centers. And, there is a vacuum
when starting from the perspective of the mixed degree of commercial activity. Academics
and planners have long recognized the importance of mixed land use for urban vitality.
However, it remains unclear if different commercial formats have varying effects on the
urban vitality of commercial centers, which are known to have the greatest levels of urban
vitality in cities. Does a quantitative correlation exist between commercial formats and
the urban liveliness of commercial centers? Can the implementation of mixed commercial
development have an impact on the vibrancy and liveliness of urban commercial centers?

Therefore, with the help of multisource big data such as Gaode POI and Tencent
“Yi Travel”, by focusing on the primary urban region of Guangzhou, this study uses
the kernel density analysis technique to pinpoint the urban commercial center, and it
analyzes the characteristics of the commercial-mixing degree and urban vitality based on
the identification of commercial activity, studies the differences in the influence of different
commercial forms on urban vitality, and constructs a model of the relationship between
the mixing degree of commercial forms and urban vitality with the aim of quantitatively
analyzing the influencing mechanism of the commercial forms of urban commercial centers
and urban vitality, with a view to providing empirical evidence for the optimization of the
rational allocation of urban commercial resources.

2. Selected Case and Data Sources
2.1. Selected Case

Situated in southern China, Guangzhou serves as the capital of Guangdong province.
It is the central city of the Pearl River Delta metropolitan area and ranked as the fourth-
largest city in the nation in terms of GDP in 2023. Guangzhou plays a significant and distinc-
tive role in China’s process of modernization and its engagement with the global community.

The Guangzhou Master Plan (2017–2035), published in 2018, designates the primary
urban area of Guangzhou City as encompassing four entire municipal districts: Liwan,
Yuexiu, Tianhe, and Haizhu. Additionally, it includes the region located south of the Baiyun
North Second Ring Road Expressway, the area south of Whampoa Jiulong Town, and the
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area north of the Panyu Guangming Expressway (Figure 1). The total land area of this urban
region is approximately 1102 square kilometers. Guangzhou City’s major metropolitan
area is a highly developed economic region. It boasts well-established commercial facilities
and a thriving business environment, making it the central hub for economic, cultural,
and comprehensive services in the city. The primary urban region has a high density
of land designated for development, a diverse range of land categories, well-developed
infrastructure, and thriving economic and social activities. It retains a clear superiority in
terms of functioning industries, traffic conditions, and infrastructure setup. Simultaneously,
the primary city possesses favorable conditions for advanced development, abundant POI
data, and has undergone several stages of urban building and development. Additionally,
it encompasses a wide range of business types, making it an excellent specimen for research
purposes. Therefore, conducting research on the distribution of commercial centers and
the characteristics of urban vitality in the main urban area of Guangzhou City is highly
valuable. This research will analyze the relationship between the commercial sectors and
urban vitality, aiming to enhance the quality and vitality of the commercial centers. The
findings will contribute to improving the efficiency of the city’s commercial operation
and service level, as well as promoting sustainable and healthy development of the city’s
commerce. Additionally, the research will provide valuable insights for the development of
commercial centers in other regions.
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Figure 1. Study area: (a) map of China, (b) map of Guangdong, and (c) map of study area. The
Guangzhou Master Plan (2017–2035): A, Guangzhou primary urban area; B, Nansha secondary urban
area; C, Conghua urban area; D, Huadu urban area; E, airport’s economic area; F, known city area; G,
Zengcheng urban area; H, southern city of Panyu.

2.2. Data and Processing

The primary data utilized in this study mostly consist of Gaode map point-of-interest
data (POI) and Tencent’s “Yi Travel” data. The Gaode map point of interest refers to the
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abstract data points on the map that represent physical surface items. These points have the
advantages of being highly precise, providing extensive coverage, and offering powerful
real-time information. The Gaode map now holds the highest penetration rate among
domestic map applications, and it is the primary commercial map data source utilized
by major websites in China. The 2019 commercial point-of-interest data collected in the
main urban area of Guangzhou has been reclassified into five categories of commercial
businesses, namely, living, business, finance, public services, and leisure, based on the
National Economic Industry Classification (GB/T 4754-2011) and the research findings of
the relevant scholars [31,38]. Following the process of de-weighting, bias correction, and
geographical matching, a total of 159,143 data points of interest were recovered from the
study region (Table 1). The actual usefulness of the data was evaluated next, in conjunction
with field research sampling.

Table 1. Types of commercial POIs (points of interest) in the main urban area of Guangzhou.

POI Category Subcategories Number of POIs Proportions%

Living Category

Tea art houses; cake makers and bakeries; cafés; fast-food
restaurants; cold drink shops; foreign restaurants; Chinese
restaurants; convenience stores; supermarkets; clothing,
shoes, hats, and leather goods stores; personal
goods/cosmetic stores; flower, bird, fish, and insect
markets; home-appliance and electronics stores;
home-appliance and repair centres;
home-building-material markets; shopping malls; leather
goods care stores; special buying and selling places;
sporting goods stores; cultural goods stores; specialty
shops; general markets; motorcycle repair shops; electric
vehicle service-related stores; automobile service-related
stores; and life service stores.

95,764 60.17

Business Category Corporations and business offices. 30,720 19.30

Financial Category Banks, insurance companies, security companies,
and ATMs. 6317 3.97

Public Service Category

Museums, media organisations, archives, exhibition
centres, driving schools, science and technology museums,
art galleries, training institutes, libraries, cultural palaces,
arts and culture groups, clinics, emergency centres,
specialist hospitals, general hospitals, disease-prevention
institutes, medical and healthcare outlets, and hotels and
guest houses.

20,831 13.09

Leisure Category
Scenic spots, parks and squares, golf related,
agricultural/folkloric tours, leisure venues, cinema
theatres, entertainment venues, and sports venues.

5511 3.46

The city vitality data are obtained from using Tencent’s location of big data service
window (https://heat.qq.com/index.php, accessed on 16 June 2019 and 19 June 2019)
for Yi Travel data. These data consist of real-time location information captured from
active users of Tencent’s series of products, including Tencent QQ, WeChat, space, games,
and websites. Due to its large user base and high rate of adoption, it provides a more
accurate representation of the current population distribution in the study area [39]. This
paper utilizes web-crawler technology to acquire thermal data for the main urban area
of Guangzhou City on two specific days in June 2019: 16 June (Sunday) and 19 June
(Wednesday). These days are representative of weekends and weekdays, respectively. The
thermal data has a spatial resolution of 25 × 25 m and a temporal resolution of 1 h. The
10.6 Arc-GIS software is employed to convert the original CSV format data into point
data based on the provided coordinates. Based on the weather data from the Guangdong
Meteorological Bureau, the city of Guangzhou is expected to have clear skies and favorable

https://heat.qq.com/index.php
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conditions for outdoor activities and commercial operations over the next two days. This
ensures that the study’s results are not affected by weather considerations.

3. Research Methodology
3.1. Commercial Center Identification and Research Unit Division

The kernel density estimation method is commonly employed for detecting urban
spatial hotspots. In this study, we utilized spatial distribution data of commercial POI.
Initially, we conducted the kernel density analysis using the kernel density tool in map-
processing software. A search radius of 1200 m was set [40]. The natural intermittent
method was employed to divide the kernel density values into 20 categories. We then
compared and observed the smoothness, precision, and clustering patterns of the results
across these categories. The initial range of commercial centers is determined by selecting
suitable thresholds, and the randomness of agglomeration for the point-of-interest data is
tested using the average nearest-neighbor distance index. Based on the information that
secondary road intersections in urban road planning are typically spaced 350–500 m apart
and research indicating that the optimal walking distance for people in urban environments
is 200–300 m [30], the study area is divided into a spatial grid of 350 × 350 m as the
fundamental unit. Statistical corrections are then applied to the grid, taking into account
the current urban conditions such as road and land use. This process determines the final
range of the commercial center in the main urban area of Guangzhou City. Finally, an
appropriate spatial grid is selected as the effective basic research unit.

3.2. Relationship Model between Commercial Business Types and Regional Real-Time
Pedestrian Flows

Once the fundamental research unit is established, our initial analysis focuses on exam-
ining the impact of various commercial sectors on the real-time movement of individuals
inside the study area. The regional pedestrian flow is a non-negative integer. After testing
for an open root, it follows a normal distribution. The arithmetic square root of the real-
time pedestrian flow in the basic research unit is the dependent variable. The independent
variable is the structure of the commercial industry. A multiple linear regression model is
constructed to analyze the relationship between the commercial industry and the regional
real-time pedestrian flow. To comprehend the fluctuation pattern of the influence of various
commercial sectors on the liveliness of commercial centers throughout the day, it is impera-
tive to conduct a multiple regression analysis for each hour. This entails establishing a total
of 24 distinct multiple linear regression models, denoted as yt0 , yt1 , yt2 , . . ., yt23 , respectively.
The ultimate model depicting the correlation between commercial sectors and real-time
pedestrian flow in the vicinity is outlined as follows:

yti = β0 + β1x1 + β2x2 + β3x3 + β4x4 + β5x5 + ϵ (1)

Let x1, x2, x3, x4, and x5 denote the quantities of POI in the categories of living, busi-
ness, financial and public services, and leisure, respectively, inside each basic textual unit.

3.3. Calculation and Modelling of Commercial-Mixing Degree

To conduct a more precise quantitative analysis of the correlation between commercial
mix and urban vitality in commercial centers, it is imperative to develop a model that
represents the relationship between commercial mix and urban vitality at the fundamental
research level of commercial centers. Initially, a dependent variable is created to measure
the level of urban vitality, together with an independent variable to measure the extent
of business mixing. Additionally, numerous sorts of fundamental independent variables
are established.

3.3.1. Classification of the Vitality of Business Center Cities

To measure the urban vitality of the commercial center in Guangzhou, we consider
the stability of changes in the flow of people in the main urban area. We aim to accurately



Land 2024, 13, 250 7 of 19

reflect the activities of the crowd. To do this, we use the ratio of the average flow of people
between 10:00–12:00 and 22:00–24:00 as an indicator of the day–night population ratio. The
calculation formula is as follows [41,42].

Day–night population ratio A =
Average of pedestrian volume from 10 : 00 − 12 : 00
Average of pedestrian volume from 22 : 00 − 24 : 00

(2)

Calculate the threshold value by considering the data features. If A is greater than or
equal to 1.1, it is considered daytime active and assigned a value of 1. If A is between 0.9
and 1.1, it is considered all-day active and assigned a value of 2. If A is less than 0.9, it is
considered nocturnally active and assigned a value of 3.

3.3.2. The Hill Numbers Diversity Index

This paper utilizes the Hill numbers biodiversity index to quantitatively assess the
level of business mixing in commercial centers. The index considers three dimensions:
species richness, Shannon entropy, and Gini-Simpson index. These dimensions collectively
provide a comprehensive evaluation of the degree of business mixing from three different
perspectives. The biodiversity index is commonly employed as a metric to assess the extent
of land mixing in urban and rural planning, as well as in land-use studies. Its computation
method is as follows:

qD ≡
(

s

∑
i=1

pq
i

)1/(1−q)

(3)

The symbol pi reflects the frequency at which species i occurs, whereas q = 0 represents
the order of diversity, which indicates how sensitive the diversity index is to both common

and rare species. When q = 0, 0D ≡
s
∑

i=1
p0

i , the diversity index is insensitive to all species.

At this point, the diversity index represents species richness, which reflects the diversity

of the business. When q = 1, 1D ≡ exp(−
s
∑

i=1
pi ln(pi)), the diversity index is equal to

the power index of Shannon entropy, indicating the level of disorder in the distribution

of commercial business. When q = 2, 2D ≡ 1/
(

s
∑

i=1
p2

i

)
, the diversity index represents

the Gini-Simpson concentration index, which measures the degree of agglomeration of
the same type of commercial business. A smaller index value indicates a lower degree of
agglomeration and a higher level of mixing.

3.3.3. Commercial Format

Given that the ratio of each type of Point of Interest (POI) to the total number
of POIs provides a more accurate representation of the business sector’s structure, we
used a ratio of lifestyle, business, finance, public services, and leisure POIs to the to-
tal number of POIs in the study unit as the independent variable; they are denoted as
xratio1, xratio2, xratio3, xratio4, and xratio5 respectively.

3.3.4. Population Base

The population base within the basic research unit is a crucial determinant of urban
vitality [37,43]. It has been observed that the population undergoes minimal fluctuations
between 2:00 a.m. and 5:00 a.m. within a day, and the standard deviation during this
time period is relatively small compared to other time periods. Hence, the population
base, represented by the variable xp, is determined by calculating the average real-time
population data between 2:00 and 5:00 a.m.

The relationship model between the degree of commercial format mixing and the
urban vitality of commercial centers may be constructed based on the three types of
variables mentioned above, and inside the fundamental research unit. This work utilizes
unordered multiclassification logistic regression to establish a relationship model between
the commercial format and urban vitality, as there is no apparent sequential association
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among the three urban vitality groups described in this study. The conclusions of this
paper are drawn by looking at the regression coefficients of each independent variable in
the model.

4. Results
4.1. Identification and Spatial-Distribution Characteristics of Commercial Centers in the Main
Urban Area of Guangzhou
4.1.1. Business Center Identification Based on Business Points of Interest

A kernel density analysis was conducted on commercial points of interest data in the
primary urban area of Guangzhou using the kernel density tool available in map-processing
software. The search radius for kernel density analysis was set at 1200 m. The kernel density
values ranged from 0 to 21,864,368, and were divided into 20 categories using a natural
intermittent grading method. By comparing the smoothness, fineness, and agglomeration
status of the results against certain thresholds, it was determined that there were nine
closed areas with kernel density values greater than 9,200,000, which were identified as
commercial agglomeration distribution areas. This served as the initial result for identifying
the range of commercial centers (Figure 2). We entered all the collected data on commercial
points of interest for the average nearest-neighbor distance index test. The results show that
the commercial points of interest in the urban area of Guangzhou are highly clustered, with
a p-value score close to zero. This indicates that the clustering pattern observed in the main
commercial center of Guangzhou is highly unlikely to occur randomly, with a probability
of less than 1%. The randomness test for the aggregation of commercial points of interest
data has been successfully passed. After dividing the preliminary range of commercial
centers into a grid with dimensions of 350 × 350 m, the statistical threshold for commercial
interest points in each grid cell ranges from 1 to 516. These cells are then divided into four
levels using the natural intermittent grading method. It has been observed that grid cells
with a statistical value of commercial interest points greater than 238 mostly fall within
the identified range of commercial centers. Any errors in the initial grid cell statistics are
corrected by adjusting the results through addition, elimination, or scaling.
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Upon including a limited number of mistakes and inconsistencies, we derived the
updated range of commercial centers using the grid cell statistics (Figure 3a). Due to the
spillover impact of nuclear density analysis, which contradicts the actual urban morphology
structure, the limit of the commercial center is adjusted by taking into account the current
state of roads, rivers, mountains, and land. This paper primarily examines the quantitative
relationship between commercial factors and urban vitality. The incomplete spatial grid
may be attributed to the limited number of points of interest and low population density,
which makes the data unreliable and leads to unstable trends. After a careful analysis,
435 research units were selected as the effective basic units (Figure 3b). These units include
a total of 66,131 points of interest, with the life, business, financial, public services, and
leisure categories accounting for 62.03%, 21.37%, 6.08%, 10.05%, and 0.47%, respectively.
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4.1.2. Distribution Characteristics of Urban Vitality

In Guangzhou, urban vitality is primarily characterized by the combination of an “East–
West Ridge + North–South Ridge” and “flattened polycentricity + peripheral microcenters”
(Figure 4). The regions exhibiting significant liveliness are primarily located in the Tianhe
and Yuexiu districts. Additionally, there is a notable concentration of vibrant places around
the Airport Expressway, Panyu Avenue, and Guangzhou Avenue, which are also highly
populated. High-vitality areas exhibit greater concentration during daytime and rest days
compared to weekdays. Within commercial centers, high-vitality areas are scattered in a
fragmented manner on weekdays, whereas on rest days they are primarily concentrated
in specific locations such as the Tianhe and Haizhu districts. One possible explanation
for this phenomenon is that during weekdays, a larger number of individuals go to work
in the highly developed commercial districts, such as the Tianhe District. On their days
off, they tend to reside in neighborhoods with more affordable housing options that are
located at a specific distance from the city center. During weekdays, individuals like
to spend their time in the city center. However, on their days off, they prefer to reside
in residential neighborhoods that are located at a considerable distance from the city
center. This choice is influenced by the more affordable housing rates in those places.
This characteristic is also evident in the distribution of urban liveliness at nighttime on
weekdays and weekends when commercial hubs exhibit reduced pedestrian activity at
night and significantly increased spatial liveliness in their vicinity compared to daytime
spatial liveliness on weekdays. Upon categorizing urban spatial vitality into daytime, all-
day, and nighttime, it becomes evident that the majority of areas in the main urban region
exhibit daytime vitality. Conversely, nighttime vitality is more likely to occur on weekdays
and is more widely distributed compared to other days. The likelihood of experiencing
all-day active and night-active urban-vitality types is higher on rest days compared to
weekdays within commercial centers.
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4.1.3. Distribution Characteristics of Commercial Format Mix in Spatial Dimension

The spatial distribution patterns of the mixed degree of commercial factors in the key
metropolitan districts of Guangzhou exhibit similarities to the spatial distribution patterns
of urban-vitality kinds (Figure 5). As urban vitality increases, the diversity of commercial
sectors becomes more abundant, the distribution becomes more chaotic, and the degree of
aggregation decreases. Nevertheless, variations in the distribution features of each mixing
index persist. The figure illustrates that the main urban area of Guangzhou predominantly
consists of five types of commercial businesses, such as life and business, with a high
abundance level of 5. However, the vegetation-covered areas located further away from
the city center lack any commercial facilities. Conversely, the entropy and Gini-Simpson
indices exhibit greater variability between commercial and non-commercial centers, and
generally fall towards the lower end of the spectrum.
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4.2. Real-Time Analysis of Commercial Formats and Regional Pedestrian Flows

A multiple linear regression analysis was conducted, using Wednesday to represent
weekdays and Sunday to represent weekends. The 48 multiple linear regression equations
are evaluated sequentially using a covariance analysis. Each coefficient has a tolerance
greater than 0.7 and a variance inflation factor less than 2. The covariance of the five types
of commercial-business POIs is relatively weak, indicating a stable model. Additionally, the
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significance of the 48 regression equations is approximately 0, satisfying the significance test.
The results of the final regression model can be found in Table 2. There is a 95% confidence
level that there is a significant linear relationship between the real-time pedestrian flow in
the area and different classes of people. The business class shows a stronger significance
during weekdays and as does the pedestrian flow. However, the significance is lower
during the rest of the day. The financial class shows stronger significance between 9:00
and 21:00, while the leisure class shows higher significance during nighttime. On the other
hand, there is a lack of a significant linear relationship between the public service class and
the real-time pedestrian flows in the area. It is not believed that these two variables are
significantly linearly correlated.

Table 2. The linear regression coefficient of each business type and the pedestrian flows.

Hours
Living Category Business Category Financial Category Public Service

Category Leisure Category

Weekdays Weekends Weekdays Weekends Weekdays Weekends Weekdays Weekends Weekdays Weekends

0 0.019 *** 0.022 *** −0.018 * −0.014 + −0.054 −0.058 0.035 0.027 0.161 ** 0.209 **
1 0.012 * 0.015 ** −0.015 ** −0.016 * −0.078 −0.072 0.040 0.028 0.148 * 0.188 *
2 0.013 ** 0.012 ** −0.013 ** −0.010 + −0.043 −0.063 0.036 + 0.018 0.138 ** 0.169 **
3 0.014 *** 0.014 ** −0.007 −0.007 −0.097 * −0.119 ** 0.024 0.021 0.142 ** 0.187 **
4 0.006 + 0.008 * −0.006 + −0.006 −0.101 ** −0.096 ** 0.010 −0.019 0.146 ** 0.167 **
5 0.005 * 0.002 −0.002 −0.002 −0.008 −0.023 −0.001 −0.009 0.068 ** 0.032
6 0.007 + 0.007 + −0.010 * −0.003 −0.103 ** −0.090 * 0.012 −0.001 0.102 ** 0.101 +

7 0.001 0.007 + −0.057 * −0.007 −0.057 −0.098 ** 0.069 *** −0.052 ** 0.077 0.091 +

8 0.004 0.008 −0.012 * −0.005 −0.033 −0.041 0.065 ** 0.037 0.099 0.075
9 0.002 0.017 * 0.021 ** 0.001 0.264 *** −0.013 0.070 * 0.043 0.210 ** 0.069

10 0.013 * 0.027 ** 0.049 *** 0.005 0.522 *** 0.128 + 0.013 0.004 0.141 0.066
11 0.024 *** 0.035 *** 0.056 *** 0.012 0.586 *** 0.282 *** −0.022 −0.031 0.128 0.064
12 0.028 *** 0.047 *** 0.054 *** 0.013 0.581 *** 0.296 *** −0.034 −0.044 0.172 + 0.160
13 0.031 *** 0.052 *** 0.050 *** 0.007 0.556 *** 0.318 *** −0.055 −0.051 0.165 + 0.192 +

14 0.038 *** 0.059 *** 0.054 *** 0.007 0.591 *** 0.372 *** −0.064 + −0.050 0.221 * 0.298 **
15 0.043 *** 0.065 *** 0.063 *** 0.006 0.653 *** 0.428 *** −0.029 −0.055 0.266 ** 0.297 *
16 0.040 *** 0.066 *** 0.061 *** 0.004 0.710 *** 0.469 *** −0.047 −0.046 0.230 * 0.386 ***
17 0.040 *** 0.069 *** 0.058 *** 0.003 0.665 *** 0.420 *** −0.049 −0.030 0.215 * 0.409 ***
18 0.039 *** 0.063 *** 0.053 *** −0.007 0.588 *** 0.379 *** −0.047 −0.028 0.192 * 0.419 ***
19 0.038 *** 0.061 *** 0.034 *** −0.012 0.444 *** 0.287 *** −0.044 −0.018 0.190 * 0.417 ***
20 0.038 *** 0.060 *** 0.011 −0.016 + 0.258 *** 0.238 ** −0.006 −0.017 0.268 ** 0.442 ***
21 0.039 *** 0.056 *** −0.006 −0.017 + 0.137 * 0.209 ** 0.022 −0.009 0.304 ** 0.418 ***
22 0.036 *** 0.046 *** −0.015 + −0.024 ** 0.090 0.174 * 0.034 −0.016 0.280 ** 0.418 ***
23 0.027 *** 0.036 *** −0.013 + −0.025 ** 0.040 0.133 * 0.047 0.006 0.009 ** 0.288 **

Note: *** p < 0.001, ** p < 0.01, * p < 0.05, + p < 0.1.

The influence of individual commercial sectors on the real-time movement of pedestri-
ans within the commercial center fluctuates throughout the day (Figure 6). The commercial-
business lifestyle primarily consists of a variety of shops, catering establishments, and
service facilities that cater to the daily shopping and consumption needs of residents. It
serves as a crucial element for attracting pedestrian flows to the commercial center. The
presence of life-class commercial businesses, whether on weekdays or weekends, plays a
significant role in attracting people to the commercial center throughout the day. This leads
to a substantial increase in pedestrian flows, making the urban commercial center more
vibrant. This positive impact is particularly noticeable during the afternoon and evening,
when the pedestrian flow reaches its peak. Generally, life-class commercial businesses
have a greater impact on enhancing the vitality of the city on weekdays compared to other
commercial businesses. The afternoon and evening hours are when lifestyle businesses
have the greatest positive influence on urban vitality. Upon analyzing the regression co-
efficient of the business category, it is evident that the business category has a positive
impact on pedestrian flow during weekdays in the daytime. This effect remains consistent
and gradual.
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However, after 7 o’clock in the evening, the coefficient decreases rapidly, slightly
suppressing the pedestrian flow. On weekends, the business category has almost no effect
on the pedestrian flow. This suggests that the interest points of companies and other
businesses within the commercial-business category can enhance the spatial vitality of
the area on weekdays. Financial establishments primarily concentrate in urban cores
and exhibit a more fluctuating influence on local pedestrian traffic compared to other
industries. They significantly enhance urban liveliness during daytime and nighttime,
reaching their peak at around 4 p.m. However, they slightly diminish regional footfall after
midnight, mirroring patterns observed in the business sector. In general, the financial sector
exhibits greater activity on weekdays, particularly Wednesdays, compared to weekends
and holidays. A major percentage of company clients in the financial sector rely on physical
stores, which necessitates a considerable workforce. Consequently, industry plays a crucial
role in enhancing the liveliness and vibrancy of urban areas that serve as commercial hubs.
The leisure business sectors have a substantial impact on pedestrian flows throughout the
day and contribute to the liveliness of urban spaces, particularly during evening hours.
This effect is more pronounced compared to other business sectors, with peak activity
occurring in the afternoon and evening. Regression analysis indicates that people have a
stronger preference for leisure establishments on their days off compared to weekdays.

4.3. Analysis of the Relationship between Commercial Mix and Urban Vitality

The previous study established a relationship model between commercial sectors
and real-time pedestrian flows in a specific region using multiple linear regression. By
analyzing the partial regression coefficients of various commercial sectors and their daily
trends, it was determined that the sectors of living, business, finance, and leisure were the
main factors contributing to significant changes in real-time people flow within a day in
the commercial center. Due to the limited number of leisure POIs found within commercial
centers, which make up only 0.47% of the total POIs, only the living, business, and financial
categories were selected for a further analysis regarding the correlation between the level of
commercial-sector integration and urban vitality. When building the unordered multiclass
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logistic regression model, three types of Hill numbers diversity indexes were included in
the model. As a result, three models were created, each with a different model structure. In
all three models, the nighttime active type was used as the reference category.

Logit
(

π1
π3

)
= α1 + β11xratio1 + β12xratio2 + β13xratio3 + β14xp + β15xi

Logit
(

π2
π3

)
= α2 + β21xratio1 + β22xratio2 + β23xratio3 + β24xp + β25xi

(4)

In the formula, i = richness, entropy, and Gini-Simpson; π1, π2 and π3 represent the
probability of occurrence of daytime-active, all-day-active, and nighttime-active urban
vitality, respectively.

Following the test, the independent variables of the model must pass the covariance
test. The parameter estimates of the model are presented in Table 3, with the nighttime
active type as the reference type. It can be seen that the three models in the reaction to the
commercial sector’s mixing degree, using the Hill numbers diversity index’s significant
level, basically meets the test of significance, and the Nagelkerke R2 value of each model
can be seen to be working; for day, the overall model fitting effect is better, and as a whole
the working day model three was the most successful and can be listed in the expression
as follows.

Logit
(

π1
π3

)
= −25.952 + 23.484xratio1 + 26.639xratio2 + 39.285xratio3 − 0.014xp + 3.399xGini−Simpson

Logit
(

π2
π3

)
= −18.725 + 16.919xratio1 + 16.685xratio2 + 16.122xratio3 − 0.005xp + 2.348xGini−Simpson

(5)

Table 3. Estimation results of multinomial logistic regression.

Variant
Weekdays Weekends

Model 1 Model 2 Model 3 Model 1 Model 2 Model 3

π1
π3

Intercept 7.343 −23.258 * −25.952 ** −19.554 ** −33.319 *** −29.929 ***
Zratio1 −1.911 −21.532 * 23.484 *** 27.242 *** 34.427 *** 31.404 ***
Zratio2 11.818 26.633 * 26.639 *** 29.622 *** 36.343 *** 34.047 ***
Zratio3 33.239 ** 35.925 ** 39.285 * 21.720 ** 25.167 ** 24.812 **

Zp −0.012 *** −0.014 *** −0.014 * 0.002 0.001 * −0.073 *
ZRichness −1.245 * -- -- −1.442 ** -- --
ZEntropy -- 2.076 ** -- -- 0.174 --

ZGini-Simpson -- -- 3.399 ** -- -- 0.223

π2
π3

Intercept −9.978 −28.204 * −18.725 −0.011 −13.660 −11.745
Zratio1 8.265 25.873 * 16.919 4.612 12.862 11.148
Zratio2 15.563 * 23.891 ** 16.685 3.822 10.485 8.507
Zratio3 13.617 16.380 16.122 −0.092 2.371 2.080

Zp −0.005 *** −0.005 *** −0.005* 0.002 0.001 0.001
ZRichness 0.424 -- -- −1.049 * -- --
ZEntropy -- 2.419 *** -- -- 0.618 --

ZGini-Simpson -- -- 2.348 * -- -- 0.599

Nagelkerke R2 0.532 0.514 0.521 0.267 0.253 0.255

Note: *, **, *** indicate significant at the 0.1, 0.05 and 0.01 levels.

The model’s overall goodness of fit is low due to the fact that the urban vitality charac-
teristics of urban commercial centers are influenced by a combination of regional economic,
cultural, transportational, and other factors. However, this paper primarily focuses on the
impact of the commercial-business structure. Given that the primary objective of the study
is to investigate the correlation between the variables and not to forecast the urban vitality
category, the analysis is conducted solely on weekdays for illustrative purposes. The model
results indicate that variations in commercial-business attitudes have a discernible influence
on the vibrancy of urban commercial centers during weekdays. Increasing the prevalence
of nighttime-active commercial businesses relative to daytime-active ones dramatically
reduces the likelihood of daytime-active commercial spaces. However, there is only a
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slight rise in the likelihood of all-day-active commercial spaces, which is not statistically
significant. The probability of the all-day-active type occurring is 1.528 times higher than
the probability of the night-time-active type occurring. Thus, the likelihood of having
commercial spaces that are active throughout the day is higher when there is an increase in
the overall wealth of commercial businesses.

Simultaneously, augmenting the disarray of commercial-business dispersion greatly
enhances the likelihood of midday-active and all-day-active commercial areas compared
to midnight-active ones. When other factors are taken into account, each 1-unit increase
in the disorder of commercial-business distribution leads to a 7.973 times higher probabil-
ity of daytime-active occurrence and an 11.325 times higher probability of all-day-active
occurrence compared to the probability of nocturnal-active occurrence. Additionally,
the probability of all-day-active occurrence is 1.409 times higher than the probability of
daytime-active occurrence (calculated using the formula e(2.419−2.076) = 1.409). Therefore,
as the disorder in the distribution of commercial businesses increases, the likelihood of
the all-day-busy type of commercial space occurring also increases. Likewise, decreas-
ing the clustering of similar commercial establishments compared to the nighttime-active
establishments greatly enhances the likelihood of midday-active and all-day-active estab-
lishments appearing. Increasing the level of aggregation of similar commercial enterprises,
specifically from 2.348 to 1.489, leads to a higher chance of daytime-active commercial
space. Furthermore, according to the data presented in the table of resultant parameters,
the population base successfully meets the criteria for statistical significance in all three
models for weekdays. Additionally, increasing the population base of the area will lead to
a higher likelihood of nighttime-active commercial spaces compared to daytime-active and
all-day-active types.

To summarize, the study found that increasing the disorder of regional commercial
business and reducing the aggregation degree of the same business significantly increases
the likelihood of the all-day-active type and the daytime-active type. Specifically, increasing
the disorder of a commercial business is more favorable for the occurrence of all-day-active
types, while reducing the aggregation degree is more favorable for the occurrence of the
daytime-active type. In conclusion, the model’s results can be summarized as follows: The
diversified growth of its business sector can enhance the vibrancy of a city’s commercial
landscape. The outcomes of this modeling experiment align with previous discoveries in
the literature.

5. Discussion
5.1. Commercial Format and Residents’ Activity Pattern

Numerous academics have examined and analyzed the behaviors of city dwellers [44].
According to some scholars, residents’ activities can be categorized into two types: daily
essential activities and daily non-essential activities [45,46]. Daily essential activities refer
to residents’ regular and frequent behaviors like commuting, going to work, and studying.
On the other hand, daily non-essential activities encompass temporary and occasional
behaviors such as holiday travel and social activities. Most individuals exhibit a daily
activity pattern characterized by engaging in work during the daytime and resting during
the nighttime, mostly influenced by physiological considerations and work habits. From a
commercial perspective, the fixed working hours have a significant impact on the financial
and business sectors. Residents are required to be present at their respective workplaces
or business establishments during these hours. As a result, there is a substantial increase
in the number of people commuting between 9:00 and 18:00, followed by a sharp decline
on weekends compared to weekdays. During weekends, there is a substantial rise in the
number of individuals engaged in leisure and lifestyle industries, resulting in a more evenly
distributed overall activity duration.

The study’s overall conclusions about the influence of commercial format mixing on
urban vibrancy align with the concept of a land-use mix [47–49]. Jane Jacobs contends that
a highly desirable street should have consistent occupancy throughout the day. She asserts
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that the key to achieving this is by properly integrating essential urban amenities and dis-
tributing people’s commuting activities evenly over all hours of the day [6]. This approach
is believed to have significant positive effects on both the social and economic aspects of
a city. The many sorts of businesses described in this research can be understood as the
distinct fundamental and blended functionalities analyzed by Jane, and the findings of this
study strongly align with this significant thesis. Mixed land use is a fundamental aspect
of new urbanism and sustainable urban development. Grant provided a comprehensive
explanation of the theoretical development of mixed land use and supported it with real-life
examples [50]. Jacobs-Crisioni C focused on Amsterdam as a case study and developed a
model that establishes the relationship between different types of land use, the structure of
land mix, and the intensity of residents’ activities [43]. The study concluded that increasing
density and the degree of mixing can extend the amount of time residents spend engaging
in activities. By the end of the 20th century, urban planners largely acknowledged that
including a variety of land uses might result in efficient urban development, enhance
human interaction, boost urban vibrancy, and promote sustainable urban growth [51]. The
inclusion of mixed-land-use development provides valuable insights into the integration of
various types of commercial enterprises and confirms the findings of this study, as it has a
comparable influence on pedestrian movement.

5.2. Recommendations for Implementing Effective Tactics in Commercial Center Planning

If the agglomeration benefit theory, central place theory, and land gradient theory
are primarily focused on analyzing the economic aspect of planning commercial cen-
ters [2,45,52], then modern commercial planning should also consider the social perspective,
which encompasses the integration of social function, urban culture, crowd experience, and
urban history. Urban planners can utilize the findings derived from the research presented
in this paper to inform the revitalization of historic cities, the development of new cities,
and the establishment of retail centers in urban planning, with the aim of attaining favorable
economic and social outcomes. The mixed development of various commercial sectors can
have an impact on the liveliness of urban commercial space [53]. Therefore, urban planners
can offer theoretical support for urban construction and management by considering the
distinct vitality characteristics of different commercial sectors. To ensure a balanced pedes-
trian flow throughout the day in urban areas with significant differences in activity levels
between weekdays and weekends, it may be beneficial to introduce additional functions
during periods of low activity. For instance, the Shangxiangjiu neighborhood, which is
primarily active at night, could incorporate commercial activities related to finance and
leisure to enhance the utilization of the space throughout the day. Similarly, for commercial
neighborhoods that experience a concentrated influx of people within a short timeframe,
such as the Tianhebei district, appropriate measures should be taken. For commercial
neighborhoods that experience rapid crowd concentration, such as Tianhebei, it is advisable
to reduce the level of concentration of the same type of businesses while diversifying
the types of commercial establishments. This will enhance the long-term sustainability
of crowd activity. However, it is crucial to strengthen crowd control and management
during peak periods. In the planning and development of newly constructed commercial
neighborhoods, it is recommended to introduce a variety of commercial businesses and
carefully coordinate their layout to prevent excessive concentration of similar types of
establishments. This approach will contribute to the overall liveliness of neighborhoods.
In the development of commercial neighborhoods, it is crucial to consider not only urban
traffic, parks, green space, and other factors that affect the liveliness of a city, but also
the level of integration of commercial sectors [54]. This aspect should be included in the
planning and construction process and should not be overlooked.

6. Conclusions

This study aims to assess the extent of commercial centers in the primary urban region
of Guangzhou. It utilizes kernel density analysis and correction techniques to analyze data
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from five different types of commercial POIs in the area. Additionally, the study examines
the variations in the impact of each commercial sector on the characteristics of urban vitality,
with the assistance of population big data. Furthermore, a relationship model is constructed
to establish a correlation between the urban vitality of commercial centers and the level
of integration among commercial sectors. This model provides evidence of the influence
of the degree of mixing of commercial sectors on the urban vitality of commercial centers.
The following points were found:

(1) The living, business, financial, and leisure business sectors are the most important
sectors affecting the change of pedestrian flow in the commercial center during the
day, while the public service business sectors do not have a significant effect on the
change of pedestrian flow.

(2) There is a difference in the influence of different business sectors on the urban vitality
of the commercial center during the day: the living business sectors significantly
promote the urban vitality of the urban commercial center, and the business and
financial business sectors have a positive effect on the pedestrian flow during the
day, but inhibit the pedestrian flow in the commercial center at night, and the leisure
type of commercial business has a significant stimulating effect on the pedestrian flow
throughout the day and is more conducive to the nighttime vitality of an urban space.

(3) On the whole, the mixing of various commercial businesses has a more significant
effect on the urban vitality of a commercial center on weekdays compared to rest days.

(4) Compared to commercial centers that are active at night, increasing the variety of
commercial forms and reducing the concentration of the same type of businesses
can significantly increase the likelihood of having businesses that are active all day
and during daytime. Diversifying the range of commerce is especially advantageous
for 24 h business activity, whilst minimizing concentration is particularly useful for
promoting daytime business activity. The mixed development of commercial forms
can also impact the vibrancy of urban commercial spaces in a city.

This paper focuses on downtown Guangzhou as the subject of research. It utilizes big
data analysis to generate more precise research findings compared to traditional surveys.
Additionally, it conducts a comparative analysis of the influence of various commercial
sectors on urban vitality. This analysis aims to enhance our understanding of the optimal
arrangement of different commercial sectors in the central areas of large cities.

Nevertheless, this study is still subject to certain limitations due to the constraints
of data acquisition. The analysis of urban vitality in commercial centers presented in
this paper relies on Tencent travel data. Due to its reliance on the spatial distribution
of Tencent app users, the Tencent travel data only reflect the population distribution in
each time period based on the number of people using the app. As a result, they can only
provide an approximate representation of the population’s spatial-distribution density and
cannot be considered accurate data for population distribution. Moreover, the data for this
paper were collected prior to the outbreak of the novel coronavirus and the subsequent
prolonged lockdown in China. These events have had a significant impact on China’s
business development. Furthermore, the data for this paper were collected prior to the
imposition of the new coronavirus blockade. The emergence of the new coronavirus and
the subsequent prolonged blockade of China’s business development have also had a
discernible impact. To obtain more informative conclusions, it would be beneficial to
incorporate the latest data on the new coronavirus in our research. And, the research in
this paper establishes a correlation between urban vitality and commercial formats in a
commercial space. However, it does not delve into the specific mechanism of this influence.
Future research can incorporate regional location, traffic conditions, and other factors to
control variables and conduct more specific analyses.
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