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Abstract: Urban vitality is a spatial phenomenon and a
public service. Previous studies often did not measure the
fairness of the accessibility of urban vitality. This research
analyzed the spatial distribution of urban vitality in Wuhan
as a case study area using big data from multiple sources.
The study used the two-step ﬂoating catchment area
method (2SFCA) to measure the accessibility level of each
residential district to the vibrant zones (VZs). Furthermore,
the inequality in the level of accessibility of residential
areas with diﬀerent housing prices was assessed on the
basis of the Gini coeﬃcient. The main conclusions are as
follows: (1) the Gini coeﬃcient of reaching the accessibility
level of high-grade VZs is 0.426, and the corresponding
sub-high-grade Gini coeﬃcient is 0.274. This shows that
the inequality in accessibility of diﬀerent residential areas is
more obvious as the level of vitality is higher and (2) residential areas with high housing prices have greater accessibility
than those areas with low housing prices. It was also noticed
that the level of accessibility and fairness in vitality is generally higher in central urban areas than in suburban areas.
The Gini coeﬃcient of high-grade vitality is generally higher
than that of sub-high-grade. The results of this study provide
a reference for researching the accessibility level of urban
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vitality, which considers the needs of population, and can
also provide guidelines in urban planning regarding the allocation of services and resources.
Keywords: urban vitality, spatial accessibility, 2SFCA,
Gini, Wuhan

1 Introduction
Diverse and vibrant urban spaces are receiving increased
attention in modern urban planning [1,2]. Space is the carrier
of human activities, and its attractiveness and capacity for
human activities are key factors in determining the quality
and degree of urban vitality. Because of diﬀerent degrees of
human aggregation and activities, there is a spatial diﬀerentiation of the vitality distribution in the city [3]. Some areas
have lively street and dazzling shops where residents can
enjoy the beneﬁts of urban vitality, while other areas can
lack activities for nearby residents and they have increased
commuting costs to reach vibrant shopping and working.
This diﬀerence could be interpreted from the dimension of
supply and demand. On one hand, the convenience of
reaching vibrant areas is diﬀerent (supply), while, on the
other hand, the number of people served by each vibrant
area is also diﬀerent (demand). However, one of the main
gaps in the urban vitality research is that the service levels
of vibrant spaces are often not considered from the perspective of supply and demand. In particular, the diﬀerence
between the urban rich and the urban poor, which is reﬂected
in housing prices, is ignored. Therefore, the analysis of diﬀerences in the spatial distribution of accessibility to highvitality areas and its relationship with communities
with diﬀerent social and economic status will better assist
urban planning and promote social equality and justice.

1.1 Vitality deﬁnition and evaluation
It is generally accepted that urban vitality is characterized by adequate population agglomeration and diverse
This work is licensed under the Creative Commons Attribution 4.0
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urban activities [4–6]. Starting with the observation of
urban street life, the study of Jacobs noticed that the
diversity of urban life is a necessary condition for vitality,
with the intertwined processes of human activities and
living places that form the diversity of the city [1]. Montgomery et al. recognized activity, transactions, and diversity as the constituent elements of urban vitality [7]. Dougal
et al. deﬁned urban vitality as a measure of the spillover
eﬀects generated by interactions between urban residents
[8]. Furthermore, Wu et al. believe that urban vitality is
generated by residents’ activities and their interactions
with spatial units [9]. Accordingly, it can be stated that
the urban environment provides a place for people’s activities, carries urban life, and provides a container for urban
vitality, while people are there to create urban vitality.
Some subsequent scholars also expressed their personal
opinions on the deﬁnition of urban vitality [6,10,11]. However, suﬃcient spatial attention [4,6,12], diverse commercial activities, and population agglomeration [11,13–15] are
the most common features in describing urban vitality.
Summarizing the deﬁnitions of previous scholars, urban
vitality is deﬁned in this paper as a spatial phenomenon
of rich and diverse urban life and activities generated by
population agglomeration.
In the past, qualitative rather than quantitative measurements of urban vitality have been more dominant
because of diﬃculties in obtaining relevant data for
urban vitality studies [4,16]. Nevertheless, there are several quantitative studies based on traditional urban statistics, such as community population and road mileage
[4], yet it has not been applicable for accessing the level
of urban vitality on a microscale. The development of information and communication technologies and the increasing
availability of multi-sourced geographical big data have
provided new opportunities for urban research capable of
depicting details of urban vitality and accurately quantifying spatial relationships between residents and cities [13].
For example, location-based data, such as the density of
Weibo check-in, and the number of point of interest (POI),
have become a proxy for evaluating urban vitality [4,17].
The measurement of urban vitality can be based on a single
data index, such as small catering businesses [10], call
detailed records [18], position-based data [15], Wi-Fi data
[19],transport mobility data [20], population density [13],
land use mix [13,16], and check-in density [16]. However, a
single indicator can reﬂect only one feature of urban
vitality. For example, cell phone signal density can reﬂect
the degree of agglomeration of people, but it cannot indicate whether urban activities are abundant. Although a
multi-dimensional index formed by a combination of multiple single-type indices can compensate for the lack of

single-type indices (see ref. [4–6,20]), there is still controversy over the choice of index types. Therefore, to comprehensively evaluate the spatial vitality from multi-dimensional
features, a detailed index selection is required.

1.2 Review of accessibility and inequality
Urban vitality can be measured on diﬀerent scales using
new data and technologies. However, we cannot directly
observe the level of urban vitality “radiation” enjoyed by
residents living in diﬀerent locations in the city, i.e., the
vitality accessibility. The vitality accessibility is ﬁrst deﬁned
as the convenience of reaching vibrant zones (VZs). VZs
can be understood as a clustering of high vitality points.
There are numerous studies on the topic of accessibility
and majority of them are based on the application of the
geographic information system methods for measuring
accessibility. Three main methods are generally used to
estimate accessibility: (1) the nearest-neighbor analysis
model that uses Euclidean distance or network distance
to the nearest facility to measure accessibility [21,22]; (2)
the gravity-based models that measure the attractiveness of
each facility in a sub-area and add these attractions to
obtain the reachability value for the facility in the subarea [23]; and (3) the ﬂoating catchment area (FCA) model
based on supply point and demand point [24–26]. It takes
the critical value of the deﬁned travel distance limit
as the search radius (i.e., the distance threshold). For
example, a mobile search was conducted twice to compare
the number of resources or facilities accessible to residents
within a critical value. The higher the value, the better the
accessibility. The ﬁrst method assumes that residents will
choose to go to the nearest facility, yet residents actually
have more choices. Although gravity-based models consider the possibility of residents’ multi-choice, it does not
consider the supply–demand relationship between green
space and population. FCA considers supply (vitality),
demand (residents), and their interactions. However, the
traditional methods are mainly based on the buﬀer zone of
the Euclidean distance or the road network distance when
setting the search range, while less consideration is given
to the actual commuting conditions of the road. Housing
conditions and real estate values can change because of
inequality of public services around housing [23,27]. Highincome families have the freedom to choose the type of
housing and are more likely to choose to live in areas
with high-quality public services. In contrast, groups with
lower socioeconomic status are forced to gather in inconvenient areas and are often deprived of the opportunity to
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approach the urban vitality center, leading to unfair phenomenon because residents of diﬀerent socioeconomic status
will enjoy diﬀerent urban vitality. The inequality in urban
residents’ enjoyment of urban vitality is mainly reﬂected in
their diﬀerent accessibility to VZs, i.e., possibilities for people
to participate in various activities, which is an important
index on the fairness of social resources. To measure the
accessibility fairness, it is necessary to compare the diﬀerences in the accessibility of resources/facilities among the
residents with diﬀerent socioeconomic characteristics.

1.3 Current research gap and research
questions
In the current literature, we can easily ﬁnd studies on the
evaluation of vitality, as well as measures of the accessibility levels to a certain infrastructure (e.g., park or hospital). However, according to the authors’ knowledge,
none of the studies focused on the accessibility of VZs,
let alone considered the inequality of access to VZs among
people with diﬀerent socioeconomic status. VZ, as a type of
clustering of high vitality points, analyzes its accessibility
and is a supplement to the previous studies that considers
only the convenience of facilities. Meanwhile, measuring
the inequality of accessibility of people with diﬀerent social
and economic levels will provide a reference for planning
and promoting urban equity in the future. To compensate
for the limitations noticed in previous studies (e.g., the
spatial distribution of urban vitality was not accessed
from a supply and demand perspective, and the distance
threshold of the search area of the FCA model did not
consider the actual traﬃc cost), this research focused on
two research issues: (1) What is the distribution in accessibility of VZs for urban residents from the perspective
of the balance between supply and demand? Moreover,
does it show a signiﬁcant diﬀerence with the results of
the evaluation of urban vitality space? and (2) Is there
inequality in people’s accessibility to vitality spaces in
diﬀerent residential areas because of diﬀerent housing
prices? Wuhan, a city in central China, was selected as
the research area in this paper. The Yangtze River and
the Han River divide Wuhan into three areas: Hankou,
Hanyang, and Wuchang (see Figure 2). Consequently, several urban vitality centers are formed and this provides a
basis for researching the accessibility level of VZs by considering the needs of the local population. The results of
this study can potentially have an important impact on the
local government decision-making in the process of allocating services and resources in the city.
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2 Methodology
To answer the above-mentioned two research questions,
this paper ﬁrst collects multi-source geographic big data
to evaluate urban vitality of the study area. Research
units are often at street/block scale [10,20], patch scale
[13], or overall urban scale [4]. In this paper, a 1 km grid is
used as the evaluation unit of urban vitality and is combined with population density data obtained at a 1 km
resolution from Landscan. The Jenks natural breaks (JNBs)
are used to classify and display the high and low levels of
urban vitality distribution. JNB is a frequently used statistical
method for grading and classifying according to the law of
numerical statistical distribution. Generally, an odd number
of classes is used to reﬂect the gradual transition from low to
high values. We decided to divide the vitality into ﬁve levels,
because three levels represent only a few categories, while
more than ﬁve levels are too scattered. This paper uses the
two-step FCA method (2SFCA) to analyze the accessibility
level of urban vitality areas by taking into account supply
and demand perspective. In this study, we consider highlevel and sub-high-level VZs as suppliers, while residents
are on the demand side. Finally, we measured the diﬀerence
in accessibility of diﬀerent urban income groups with Gini
and discussed whether there are signiﬁcant diﬀerences
based on income inequality. The ﬂow chart of the method
is shown in Figure 1.

2.1 Urban vitality evaluation
Good urban functions and suﬃcient human activities
are generally considered to be the basics of urban vitality
[5]. GPS data can help to understand the distribution
of urban population, their activities, movements, and
needs. Urban functions consist of facilities/entities with
associated activities. Urban POI refers to a geographic
facility or entity that is closely related to people’s life,
including real estate, shopping, traﬃc facilities, ﬁnance,
hotel, scenic spots, life services, recreation and entertainment, healthcare, food and delights, and incorporated
business. POI provides spatial and attribute information
about facilities/entities, such as name, address, and coordinates. In addition, the density of POIs can reﬂect the
abundance of urban facilities [13] that enable the ﬂow of
material, population, traﬃc, and information generated
by urban political, economic, and cultural activities.
People check-in at diﬀerent places in the city can reﬂect
the impact of the geographical environment on human
activities [28]. The study found that places with more
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where MIX represents the mixed degree of land use, rn
represents the proportion of the number of the n-th POI
type, h represents the total number of POI types, Npoi
represents the total number of POIs in the patch, and
Ntag represents the total number of Weibo check-ins
and commented times in the patch. S represents the
area of each study unit, and here S = 1 km2. It should
be noted that the number of elements involved in each
indicator is determined by urban areas within each grid.
To eliminate the inﬂuence of dimension, MIX, POID,
and CIQ were standardized to the range from 0 to 100,
and the urban vitality of each patch was evaluated according
to Formula 6 using a straightforward method to evaluate
urban vibrancy that avoids subjective settings for the weight
of each dimension [4,14], where EV represents the urban
vitality:

Figure 1: Flow chart of methodology.

check-ins are more likely to attract people willing to commute, and these activities will increase the concentration
of population and commerce, and will enhance the vitality
of the city [13]. Diﬀerent types of POIs can promote mixing of
functions in an area, and mixed land use can stimulate
urban vitality, both of which have been recognized by
academia and urban planning practices. A high degree
of land function mixing can promote the ﬂow of people at
diﬀerent time points [1,3] and generate increased social
interaction, diversiﬁed consumption, and improved economic and social beneﬁts. We selected POI density (POID),
land function mix (MIX), and Weibo check-in density as
proxy for urban vitality. Diﬀerent elements included in
each indicator are shown in Table 1.
The equations for the abovementioned indices are as
follows:

2.2 Accessibility measurement
The 2SFCA method can consider the level of accessibility
from a supply and demand perspective. In this study, the
supply of urban vitality comes from each VZ that can be
divided into diﬀerent levels by applying diﬀerent threshold
values. The source of demand comes from the urban residential area. In this regard, there are two speciﬁc steps for
supply and demand:
(1) For each supply source j, search all demand points (k)
within j search radius (d0), and calculate the supplydemand ratio Rj as follows:

Sj

h

MIX = −

∑ (rn ×

ln rn),

(1)

n=1

CIQ =

POID =

Ntag
S

Npoi
S

(2)

,

,

(3)

(4)

EV = MIX × POID × CIQ.

Rj =

∑k ∈{tkj ≤ t0} G(ckj, c0) Pk

,

where Pk is the total number of households in (ckj ≤ t0)
community k within the spatial scope of VZ j; tkj is the
actual travel time from community k to the center of VZ j;
Sj is the area of VZ j; and G(ckj,c0) is the weight equation

Table 1: Elements included in the urban vitality indicators
Indicator

Element

Proxy of urban vitality

MIX

Residential community (extract from real estate), shopping, bus station and metro
station (extract from traﬃc facilities), catering, and incorporated business
Weibo check-in location (point)
Real estate services, shopping, traﬃc facilities, ﬁnance, hotel, scenic spots, life
services, recreation and entertainment, healthcare, food and delights, and
incorporated business

Agglomeration of function

CID
POID

(5)

Spatial attraction
Concentration of facility
distribution
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considering the blocking eﬀect of travel expenses. In
general, the distance weight is calculated by Gauss
equation.
(2) For each demand point i, search all supply points within
the search radius (t0) of i, and sum all supply–demand
ratios Rj to obtain the accessibility AFi of point i.

AFi =

∑

G(cil, c0) Rl .

(6)

l ∈{til ≤ t0}

In the traditional 2SFCA method, the above search
radius generally applies the traditional Euclidian distance or the road network distance without considering
the actual traﬃc conditions during diﬀerent commuting
times. In this study, “distance” was replaced by the
shortest real commuting time. In general, the desire to
reach the active area decreases with increasing commuting expenses. Therefore, we improved the distance
attenuation function deﬁned by Gauss and changed the
distance to the actual time cost. The calculation formula
for this is as follows:

 − 1 ×  ckj 2
−( 1 )
 ( ) c
G(ckj, c0) =  e 2  0  − e 2 , if ckj ≤ 0 ,
 0,
if ckj > 0





(7)

where c0 is the time threshold and ckj is the time cost of
driving a car.

2.3 Inequality detection
In this paper, the measure of inequality includes two
dimensions: (i) inequality of vitality accessibility as a
whole and (ii) inequality of vitality accessibility of communities with diﬀerent incomes. The statistical unit of
household as an original measure of the income gap is
mapped to the community unit, and the level of household income is mapped to the level of vitality accessibility. Afterward, the accessibility level of urban vitality
of the community was divided into ﬁve groups from low
to high, and the proportion of households and accessibility in each group was counted by the Gini coeﬃcient
according to the following formula:
′

GC = 1 +

∑ Yi Pi − 2 ∑ ∑ Pi  Yi,








(8)

where GC stands for Gini coeﬃcient, Yi represents the
proportion of vitality accessibility level in group i to the
total vitality accessibility, Pi represents the proportion
of households in the group i to total households, and
(∑Pi)′ represents the percentage of cumulative number
of households from group 1 to group i in total households.



473

Regarding the assessment of inequality between different income levels, diﬀerences in housing prices can
represent the income of residents to a certain level.
Therefore, the average price of a house in the community
obtained through an online real estate trading platform
was taken as the proxy of residents’ income. Based on
the distribution of housing prices in the study area,
ﬁve groups of communities with diﬀerent housing price
(≥20,001, 15,001–20,000, 12,001–15,000, 10,001–12,000,
and ≤10,000 Yuan/m2) were used to indicate diﬀerent
income levels. The community with an average house
price of less than 10,000 Yuan/m2 was taken as the reference group, and the four dummy variables, i.e., [0,0,0,1],
[0,0,1,0], [0,1,0,0], and [1,0,0,0], represented the other
four experimental groups, respectively. A regression model
was applied to evaluate diﬀerences in the accessibility of
urban vitality in the community.

3 Study area and data
Wuhan, the largest city in central China, is located from
113° 41′ to 115° 05′ E and from 29° 58′ to 31° 22′ N. The city
connects nine provinces and is also known as “River
City” with numerous lakes and rivers and the largest
amount of freshwater per capita in the world. The
Yangtze River and the Han River, as its largest tributary,
divide Wuhan into three parts (Wuchang, Hankou, and
Hanyang) that face each other across the river (Figure 1).
By 2018, Wuhan’s gross domestic product (GDP) was 1.48
trillion Yuan (about $220 billion), ranking the city on the
eighth place in terms of GDP in the Chinese mainland.
The city has jurisdiction over seven central districts and
six suburban districts. This paper focuses only on the
seven central districts. The built-up area of the city is
about 1,217 km2, with a total population of 11.08 million
and an urbanization rate of 80.2%. Wuhan is a vibrant
city and is ranked at the forefront of the ﬁrst-tier cities in
China. The city is also an important science and education center that gathers numerous universities and has
the largest number of college students in the world
(about 1.3 million).
To measure the vitality of urban areas, we ﬁrst deﬁne
urban areas as the built-ups in the national land-use/
cover database of China produced by the Institute of
Geographic Sciences and Natural Resources Research of
the Chinese Academy of Sciences, in which, built-ups
were deﬁned by impervious surface as interpreted by
remote sensing images [29,30]. The comprehensive
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Figure 2: Study area and the distribution of communities and population.

evaluation of data accuracy exceeds 90% and is considered as one of the most reliable sources of land use data
in China [29,31]. The analysis of urban vitality is based on
the open multi-source geographic big data that is captured by applying the web crawler technology to obtain
POI data from Baidu Map (https://map.baidu.com), Weibo
check-in data of the China’s largest social platform, i.e.,
Sina Weibo (https://weibo.com/), and a location-based
food evaluation platform, i.e., Dianping data (http://
www.dianping.com/). LandScan of population spatial
distribution at 1 km resolution was downloaded from
the Oak Ridge National Laboratory (USA) (available at:
http://web.ornl.gov/sci/landscan/) (Figure 2). Community data were obtained from Anjuke (available at: https://
wuhan.anjuke.com/sale/?from=navigation) and Fangtianxia
(available at: https://wuhan.esf.fang.com/), which are two
leading online real estate trading platforms in China. The
obtained attributes include the latitude and longitude of
the community, the total number of households, and the
average house price. Complete information was collected
for 2,115 communities (Figure 2). The shortest commuting
time between two points in the urban grid was automatically
recorded and stored using a Python-based program through
the application program interface provided by AMap (the
largest navigation website in China). The capture time represents the average commuting time at 8 AM, 12:00 PM, 5 PM
and 8 PM on July 2019. We have also collected a geographic

national base map, a vector map of the administrative division of the study area, major rivers/lakes, trunk roads, the
spatial location of the government residence, etc. as auxiliary
data. All spatial data were checked and veriﬁed before use.

4 Results
4.1 Vitality evaluation, accessibility, and
Gini value
The evaluation value of urban vitality for each 1 km grid
is obtained in the study area. The spatial distribution of
the ﬁve grades of urban vitality, based on the natural
breakpoint method, can be seen in Figure 3. It can be
noticed that the distribution of the high-grade VZ is limited, but it directly reﬂects the distribution of the ﬁve
major business districts in Wuhan (marked in Figure 3),
which account for only 1.70% of the total study area.
These areas are characterized by frequent business activities and a dense ﬂow of personnel, which makes them a
convenient area for life and recreation. The sub-highgrade VZ has a wider spatial distribution (9.87% of the
study area) with various activities that promote urban
vitality, in addition to commercial activities. The Gini

Is there an equality in the spatial distribution of urban vitality
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Figure 3: Spatial distribution of urban vitality in Wuhan.

coeﬃcient of vitality distribution is only 0.076, which
indicates equality distribution of urban vitality supply
in the districts. However, this result can easily lead to a
misunderstanding that the urban vitality distribution is
balanced. This result conﬁrmed our initial concern that
the uneven distribution of urban vitality could be concealed from a supply perspective alone. However, if both
supply and demand are considered, then equality will
be disrupted. Figure 4 shows the spatial distribution
of accessibility level for diﬀerent communities to enjoy
the high-grade and sub-high-grade levels of urban vitality.
It can be noticed that the locations of high dynamic
agglomeration and high accessibility do not match, i.e.,
high accessibility is mainly distributed in the south. This
is a deviation from our usual understanding, i.e., from
Figures 2 and 3, we can see that there are population
clusters and high vitality distribution in Hankou (see
Hankou’s location in Figure 1). We imagined it might
have high accessibility as well, but the results diﬀer
from our assumptions. It is precisely because of the large
population that there is a higher demand, and if the
supply is insuﬃcient, then the accessibility will be low.
The high accessibility in the south means that although
supply may not be as high as in the north, the actual
accessibility level will be higher because the population
in need of services is signiﬁcantly lower than in the
north. We noticed that regardless of the level of vitality
being investigated, the most signiﬁcant feature is the

neighborhood near the Optical Valley (see circle in
Figure 4) as a high-accessibility cluster. The Optical
Valley is the main development area in Wuhan, and it
is also the area with the most concentrated optoelectronic
industry and scientiﬁc research in the world. In addition,
the Optical Valley is the most popular business district
for the local population. These characteristics ensure that
the residents of this area can comfortably enjoy a variety
of urban services. By measuring accessibility levels from
the perspective of supply and demand, we noticed that
the Gini coeﬃcient for the high-grade VZ for the whole
district is 0.426, which exceeds the warning threshold of
0.40. This indicates a signiﬁcant inequality in the enjoyment of VZ by residents with diﬀerent incomes. As for the
sub-high-grade of VZ, the corresponding Gini coeﬃcient
is 0.274, which indicates that the accessibility of VZ is
relatively fair in diﬀerent districts. We can therefore conclude that the unreasonable spatial distribution of the
high-grade urban vitality areas is the main reason for
the inequality in accessibility of VZ in Wuhan.

4.2 Inequality in vitality accessibility for
diﬀerent income levels
Table 2 presents the inequality measurements between
communities with diﬀerent income levels. The results
show that for the high-grade VZ with the increase in
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Figure 4: Spatial distribution of accessibility levels for diﬀerent communities to enjoy the high-grade level and sub-high-grade level of
urban vitality.

the level of housing prices in the community, the coeﬃcient is increasing and has a signiﬁcant positive value.
This suggests that people with higher incomes are more
likely to enjoy the high-quality and vibrant urban areas
than people with lower income. For communities with

diﬀerent income, it is more diﬃcult to reach the subhigh-grade vitality area, and it was further noticed that
with increasing housing prices comes a coeﬃcient
that does not show a monotonic increasing trend. For
example, the coeﬃcient value (20.78) of the third group

Is there an equality in the spatial distribution of urban vitality

Table 2: A comparison of equity among communities with diﬀerent
levels of housing prices
Ref: ≤10,000 Yuan

High-grade

Sub-high-grade

10,001–12,000
12,001–15,000
15,001–20,000
≥20,001

5.77***
6.23***
6.68***
8.52***

21.07***
20.78***
26.22***
31.59***

*** means signiﬁcant at 99% level.

of communities (12,001–15,000) is smaller than the
coeﬃcient value of the second group of communities
(10,001–12,000). We noticed that with the increase in
the housing price level in the community, the average
number of households in the community is also increasing.
The average number of households in the third group
increased by 70.63% compared to the second group
(from 606 households to 1,034 households), which is
far more than the other two groups. For example, the
number of communities in the second group increased
compared to the ﬁrst group (598 vs 606), the fourth group
increased compared to the third group (1,034 vs 1,389),
and the ﬁfth group increased compared to the fourth
group (1,389 vs 1,491). As a result, an excessive increase
in demand may reduce the accessibility level so that the
accessibility level of communities of the third group is
lower than that of the second group communities. This
result also shows that the imbalance in reaching the subhigh-grade urban vitality areas observed between communities with diﬀerent income levels is not so obvious.

4.3 Inequality in vitality accessibility in
diﬀerent spatial ranges
To further verify whether the vitality accessibility has
spatial characteristics, we deﬁned 18 buﬀer rings (with
a 1 km resolution) from the center, which is represented
by the location of the Wuhan municipal government.
Furthermore, we deﬁned four areas that are divided
by four traﬃc loops. Afterward, the average accessibility
and Gini coeﬃcients for the sub-high-grade level and
the high-grade level VZ of each buﬀer ring and four inner
areas were calculated (Figure 5). It can be noticed that the
equality of vitality accessibility increases from the innermost to the outermost ring, while the average level of
accessibility decreases. For a high-grade VZ, the average
level of accessibility is 4.95 times higher in the ﬁrst ring
than in the fourth ring, while the corresponding gap is
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2.90 times higher for the sub-high-grade level. The accessibility of buﬀer ring did not show a trend of gradual
increase or decrease. The highest (26.83) and lowest
(15.25) accessibility of the high-grade VZ occurred in
the 15 km ring and 13 km ring, respectively. The corresponding values of the sub-high-grade appear in the
17 km ring (144.49) and 18 km ring (100.87). It can be
seen that the gap between the highest and the lowest in
the buﬀer ring is much smaller than the corresponding
gap in the road ring. Gini coeﬃcient of the high-level
vitality is generally higher than that of the secondary
high-level, indicating that the high-level inequality is
more obvious. In particular, the inequality in vitality
accessibility gradually increased from 2 to 10 km from
the city center, while the accessibility inequality increased
within 13–17 km. The correlation analysis between the
vitality accessibility and Gini coeﬃcient of the rings obtained
the correlation coeﬃcient value of −0.594 (signiﬁcant at the
99% level), indicating that higher accessibility is associated
with lower equality.

5 Discussion
5.1 Comparison with non-real commuting
distance
Real commuting costs are used instead of the traditional
Euclidian distance or network distance in this study.
Euclidian distance uses the straight-line distance of a
simple two-point connection, neglecting the actual structure of the traﬃc network. Although the network distance
may be closer to the real path, it does not consider the
actual situation of the commuting capacity. Accordingly,
none of the above-mentioned approaches can accurately
reﬂect the true cost of commuting. According to statistics,
the Gini coeﬃcients of the Euclidian distance and network distance are, respectively, 0.322 and 0.387 for the
high-grade vitality area, while the Gini coeﬃcients are,
respectively, 0.245 and 0.281 for the sub-high-grade level
vitality region. Regardless of the levels of VZs, the Gini
coeﬃcient obtained by the straight-line distance method
is lower than that obtained by considering the real commuting costs. This suggests that the straight-line distance
method decreases the real gap between diﬀerent income
communities that enjoy urban vitality because they
inﬂate the real traﬃc situation near the low-income
neighborhoods. For example, a low-income community
may have a short straight-line distance to a nearby mall
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Figure 5: Accessibility and Gini coeﬃcients for the sub-high-grade level and the high-grade level vitality of buﬀer rings and four inner areas.

and the associated evaluation of the accessibility would
show good results, but the actual cost of commuting may
be relatively high because of the lack of convenient travel

facilities. The situation gets more complex when the network distance method is used in which the Gini coeﬃcient for the high-level vitality area is smaller than that

Is there an equality in the spatial distribution of urban vitality

calculated by the real commuting cost. Nevertheless, Gini
is higher at the lower level, which indicates that the
former hides the urban vitality equality gap, while the
latter widens the gap. This is because the network distance method generally starts with choosing the shortest
route and does not consider the actual commuting costs
caused by morning and evening commuting peaks, speed
limits, road grades, etc. which can lead to a diﬀerence in
the real accessibility situation.
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that with a higher ratio comes higher planning urgency.
Based on this principle, we divided the above-mentioned
46 grids into “urgent planning,” “priority planning,” and
“moderate planning” by applying the natural breakpoint
method. These divisions can provide a reference in decision-making and can suggest time priorities in urban
planning.

6 Conclusions
5.2 Possible policy recommendations to
promote equality of urban vitality
accessibility
Equality of urban vitality accessibility is limited by multiple factors such as demand and households in the community, regional distribution of supply and vitality, and
spatial cost between them. The policy proposal could be
to connect vitality areas with the low-accessibility communities by building transportation facilities, such as
subways and buses. Furthermore, the number of households in the community can be modiﬁed and new vitality
areas can be built to enhance equality. It is feasible to
plan and build new vitality areas, such as large shopping
malls, schools, and other facilities. However, it is not
feasible to force the families in the community to move
out or move in. Accordingly, the starting point of our
policy is to promote the voluntary relocation of the community residents and to develop plans for the construction of new vitality areas. It is possible to identify areas
with a high spatial concentration of population and low
accessibility by overlapping the map of spatial clusters of
households in the community with the map of the spatial
clusters of the accessibility level. A total of 46 grids with a
high population concentration (i.e., high demand) and
low supply were identiﬁed and recognized as priority
areas for the construction of schools and shopping malls.
For example, the development of shopping malls can
greatly increase the eﬀect of population concentration,
can promote a variety of urban activities, and signiﬁcantly enhance urban vitality. In China, a family with
children can only choose schools near their community.
Therefore, the construction of schools, especially highquality schools, can attract many families to move to the
community near schools, thus contributing to the population mobility. Furthermore, the basic principle, i.e., the
ratio of the average number of households per unit area
to the average accessibility, can be used to plan shopping
malls and schools in a chronological order. This suggests

Accessibility is a popular spatial index in urban geography research that can indicate justice in resource
allocation. Justice means that everyone has equal access
to adequate resources, services, and healthcare. Urbanization
in most Chinese cities has a common characteristic of
rapid urban expansion and poor quality, and urban planners and designers generally underestimate the importance of urban vitality [10] and often do not consider
equality of space and society. This research identiﬁed a
pattern of spatial distribution of urban vitality in Wuhan
based on multi-source big data. It considered the community as a unit and also considered the dual dimensions
of supply and demand to measure the level of accessibility of the VZ reached by the residents of each community. This approach is based on the Gini coeﬃcient
that is necessary to estimate whether there is inequality
in the accessibility of diﬀerent income groups to reach the
VZ. Important conclusions from this study are as follows:
(1) Approximately 1.70% of the total investigated area is
a high-grade vitality space, with a corresponding proportion of 9.87% at a sub-high-grade level. The Gini
coeﬃcient of the high-grade level of urban vitality
has a value of 0.426, while the corresponding Gini
coeﬃcient at the sub-high-grade level is 0.274. Thus,
it means that the higher the level of vitality, the more
obvious is the inequality of accessibility of diﬀerent
communities;
(2) Comparing the accessibility of diﬀerent housing price
groups, it was observed that high-priced communities have higher accessibility than low-priced communities. The vitality accessibility inequality level of
central urban communities is generally higher than
suburban communities, and the associated Gini coefﬁcient of high-grade vitality is generally higher than
sub-high-grade level, indicating that the inequality of
the high-grade is more obvious.
The above conclusions are obtained based on the
classiﬁcation of spatial vitality distribution by the JNB.
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In fact, these conclusions are also applicable to other
classiﬁcation methods. For example, after sorting vitality
value from small to large, it is divided into ﬁve categories
according to equal number (each category has the same
number of samples) or equal interval of value; then the
Gini coeﬃcients of vitality accessibility in the high-grade
and sub-high-grade category were 0.401 vs 0.393 and
0.375 vs 0.298, respectively, and at the same time, highincome groups are more likely to access areas with higher
vitality. This paper revealed that the inequality of urban
vitality accessibility in diﬀerent income groups is a universal phenomenon, but it has not yet been proposed
how to alleviate this unjust planning program. In future
research, the authors want to realize the explicit conﬁguration of space in shopping malls, schools, and other
facilities with the aim of promoting spatial justice. This
can be achieved through a spatial optimization allocation
model (e.g., a spatialized genetic algorithm) that can
assist the urban planning decision-making process to
enhance the justice of the accessibility of vitality space.

[6]

Acknowledgment: This research was ﬁnancially supported
by the National Natural Science Foundation of China (Grant
No. 42077432 and 42001334).

[14]

Author contributions: Guoliang Ou and Min Zhou conceived and designed the research; Qingsong He helped
in experiments and data analysis; Zhongping Zeng and
Chaohui Yin helped in paper organization and language
correction; and Guoliang Ou wrote the paper.
Conﬂict of interest: Authors state no conﬂict of interest.

References
[1]
[2]

[3]

[4]

[5]

Jacobs J. The death and life of great American cities. New York:
Vintage Books; 1961. ISBN 9780679741954.
Delclos-Alio X, Gutierrez A, Miralles-Guasch C. The urban
vitality conditions of Jane Jacobs in Barcelona: residential
and smartphone-based tracking measurements of the built
environment in a Mediterranean metropolis. Cities.
2019;86:220–8.
Zeng C, Song Y, He Q, Liu Y. Urban–rural income change:
impact of landscape pattern and administrative spatial spillover eﬀect. Appl Geogr. 2018;97:248–62.
Jin X, Long Y, Sun W, Lu Y, Yang X, Tang J. Evaluating cities’
vitality and identifying ghost cities in China with emerging
geographical data. Cities. 2017;63:98–109.
Huang B, Zhou Y, Li Z, Song Y, Cai J, Tu W. Evaluating and
characterizing urban vibrancy using spatial big data: Shanghai
as a case study. Environ Plan B; 2019;47:1543–59.

[7]
[8]
[9]

[10]

[11]

[12]

[13]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Xia C, Yeh AGO, Zhang A. Analyzing spatial relationships
between urban land use intensity and urban vitality at street
block level: a case study of ﬁve Chinese megacities. Landsc
Urban Plan. 2020;193:103669.
Montgomery J. Making a city: urbanity, vitality and urban
design. J Urban Des. 1998;3:93–116.
Dougal C, Parsons CA, Titman S. Urban vibrancy and corporate
growth. J Financ. 2015;70:163–210.
Wu C, Ye X, Ren F, Du Q. Check-in behaviour and spatio-temporal vibrancy: an exploratory analysis in Shenzhen, China.
Cities. 2018;77:104–16.
Ye Y, Li D, Liu X. How block density and typology aﬀect urban
vitality: an exploratory analysis in Shenzhen, China. Urban
Geogr. 2018;39:631–52.
Huang B, Zhou Y, Li Z, Song Y, Cai J, Tu W. Evaluating and
characterizing urban vibrancy using spatial big data: Shanghai
as a case study. Environ Plan B Urban Anal City Sci.
2019;47:2399808319828730.
He Q, Xu M, Xu Z, Ye Y, Shu X, Xie P, et al. Promotion incentives, infrastructure construction, and industrial landscapes in
China. Land Use Policy. 2019;87:104101.
He Q, Zhou J, Tan S, Song Y, Zhang L, Mou Y, et al. What is the
developmental level of outlying expansion patches? A study of
275 Chinese cities using geographical big data. Cities.
2020;105:102935.
Dougal C, Parsons CA, Titman S. Urban vibrancy and corporate
growth. J Financ. 2015;70(1):163–210.
Chi G, Liu Y, Wu Z, Wu H. Ghost cities analysis based on
positioning data in China. arXiv preprint arXiv.
2015;68(12):1150–6.
He Q, He W, Song Y, Wu J, Yin C, Mou Y. The impact of urban
growth patterns on urban vitality in newly built-up areas based
on an association rules analysis using geographical ‘big data’.
Land Use Policy. 2018;78:726–38.
Yue Y, Zhuang Y, Yeh AGO, Xie JY, Ma CL, Li QQ. Measurements
of POI-based mixed use and their relationships with neighbourhood vibrancy. Int J Geogr Inf Sci. 2017;31:658–75.
De Nadai M, Staiano J, Larcher R, Sebe N, Quercia D, Lepri B.
The death and life of great Italian cities: a mobile phone data
perspective. New York: Association for Computing Machinery;
2016. p. 413–23.
Kim YL. Seoul’s Wi-Fi hotspots: Wi-Fi access points as an
indicator of urban vitality. Comput Environ Urban Syst.
2018;72:13–24.
Long Y, Huang CC. Does block size matter? The impact of urban
design on economic vitality for Chinese cities. Environ Plan B.
2019;46:406–22.
Nutsford D, Pearson AL, Kingham S. An ecological study
investigating the association between access to urban
green space and mental health. Public Health.
2013;127:1005–11.
Mishra HS. An assessment of the relative contribution of
private residential gardens to the citywide green space
beneﬁts and services: the case of Tartu, Estonia. APS
meeting; 2016.
Mccormack GR, Rock M, Toohey AM, Hignell D. Characteristics
of urban parks associated with park use and physical activity:
a review of qualitative research. Health Place.
2010;16:712–26.

Is there an equality in the spatial distribution of urban vitality

[24] Wu J, Chen H, Wang H, He Q, Zhou K. Will the opening community policy improve the equity of green accessibility and in
what ways-response based on a 2-step ﬂoating catchment
area method and genetic algorithm. J Clean Prod.
2020;263:121454.
[25] Dai D. Racial/ethnic and socioeconomic disparities in urban
green space accessibility: where to intervene? Landsc Urban
Plan. 2011;102:234–44.
[26] Wu J, Feng Z, Peng Y, Liu Q, He Q. Neglected green street
landscapes: a re-evaluation method of green justice. Urban For
Urban Green. 2019;41:344–53.
[27] Jiayu W, Qingsong H, Yunwen C, Jian L, Shantong W.
Dismantling the fence for social justice? Evidence based
on the inequity of urban green space accessibility in the

[28]

[29]

[30]

[31]



481

central urban area of Beijing. Environ Plan B.
2018;47:239980831879313.
Gallegos L, Lerman K, Huang A, Garcia D. Geography of emotion: where in a city are people happier? arXiv preprint arXiv.
2015;1507.07632.
He Q, Song Y, Liu Y, Yin C. Diﬀusion or coalescence? Urban
growth pattern and change in 363 Chinese cities from 1995 to
2015. Sust Cities Soc. 2017;35:729–39.
Jiao L, Mao L, Liu Y. Multi-order landscape expansion index:
characterizing urban expansion dynamics. Landsc Urban Plan.
2015;137:30–9.
Ning J, Liu JY, Kuang WH, Xu XL, Zhang SW, Yan CZ, et al.
Spatiotemporal patterns and characteristics of land-use change
in China during 2010–2015. J Geogr Sci. 2018;28:547–62.

