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Abstract

In the context of the global outbreak of COVID-19, this study took Wuhan as
an example, using mathematical statistics and spatial analysis, and other me-
thods to explore the distribution characteristics and distribution of COVID-
19 in residential spaces in the main city of Wuhan. Based on the above analy-
sis, this study summarized the influencing factors and revealed their internal
connection with the spread of the epidemic, and finally proposed correspond-
ing prevention and control strategies. The results show that: 1) The epidemic
in Wuhan has significant spatial aggregation characteristics, with epidemic com-
munities concentrated in urban areas with high population density and dense
commercial areas along the Changjiang River more likely to be infected; 2)
The construction planning factors of epidemic communities are closely re-
lated to epidemic density. The results indicated traffic convenience, business
services and the accessibility of hospitals are significantly related to the spread
of the virus. The epidemic density is highly negatively correlated with com-
munity’s land area, base area, number of households, building height, build-
ing spacing, and completion time, and may negatively correlated with the num-
ber of buildings, greening rate. But it positively correlated with community’s
building density. Therefore, the epidemic prevention and control of urban res-
idential spaces should start with improving the built environment of the com-
munity. It means, by creating a rich and diverse community flexible space, the
community can effectively prevent the epidemic, and then realize the city’s
comprehensive anti-epidemic and development growth.
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1. Introduction

According to statistics from the real-time big data of the epidemic and the Na-
tional Health Commission, the cumulative number of COVID-19 cases in the
world has reached 190 million, and the cumulative number of confirmed cases in
China has reached 92,875, with 199 con-firmed cases and 2 suspected cases until
July 30, 2021. Thanks to the concerted efforts of the Chinese people, the epidemic
has been basically under control in China. But in the past two years, the rebound
of the epidemic in some regions has continued globally.

COVID-19 is an infectious disease caused by a newly discovered coronavirus
(SARS-CoV-2). Epidemiological analysis showed that the SARS-CoV-2 virus is
mainly transmitted through droplets of saliva, or expelled from the nose when
the infected person coughs or sneezes. The incubation period is 1 - 14 days, and
most people infected with the SARS-CoV-2 virus will experience mild to mod-
erate respiratory disease. Elder infected people, as well as those with underlying
medical problems, are more likely to experience severe symptoms such as diffi-
culty breathing or loss of speech and motor function.

COVID-19 is known as a sudden acute infectious disease in epidemiology.
Since the outbreak of the epidemic, COVID-19 has posed a serious threat to the
life safety of urban residents and the social stability of the city (Jin, 2003). The
COVID-19, like the spread of AIDS and SARS, closely related to the structure,
morphology and function of urban space. The Lancet also reported that cities are
perhaps the greatest threat to human health, and the breeding grounds and hot-
beds of the deadliest known virus after SARS. With the improvement of modern
urbanization, urban material and spatial environmental problems such as urban
population expansion, traffic congestion and environmental pollution have ac-
celerated or even multiplied the spread of the epidemic (Yang et al., 2018; Li &
Zhang, 2003). On the other hand, Britain formulated The Public Health Act be-
cause of the cholera in the 19th century, hoping to improve the urban environ-
ment and promote public health by regulating street space and guaranteeing drai-
nage and other infrastructure construction. The plague of 1894 led to the intro-
duction of The Hong Kong Public Health and Building Ordinance, which stipu-
lated the area of open space in buildings and the width of streets. In 2005, after
the SARS outbreak, China issued and implemented The National General Emer-
gency Plan for Public Emergencies, which made detailed provisions on various
emergency measures in the process of handling public health emergencies. It is

these constant reflections after disasters that guide the healthier development of
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cities and also promote the birth of urban planning in the modern sense (Li &
Hou, 2020).

The relationship between urban planning and major epidemics has brought
great challenges to urban spatial planning and governance. The outbreak and
spread of the epidemic is a process of space-time evolution and human-land-
space interaction (Li et al., 2020a). Understanding the evolution and develop-
ment rules of the epidemic in different scales such as regions, cities, and com-
munities is an important decision-making basis for urban planning in dealing
with major epidemic prevention and control (Chen et al., 2021). For disease re-
search at the large regional level, Eisen, L et al. discussed how to use GIS to pre-
vent and control diseases such as malaria and West Nile virus (Eisen & Eisen,
2011). At the urban spatial scale, Cao Zhidong et al. used the disease thematic
map to describe the spatial pattern and differentiation characteristics of SARS
cases in Guangzhou and provided a scientific basis for public health emergency
plans (Cao et al., 2008).

Now, there are few discussions on the spatiotemporal evolution and distribu-
tion of COVID-19 epidemic in China and there is no systematic study. What
more comprehensive is that Li, G. used spatial analysis method to explore the
spatiotemporal evolution process of COVID-19 epidemic in China from four
spatial scales of province, city, county and community (Li et al., 2020a). At the
provincial and municipal spatial level, Li Qingqing et al. explored the migration
of the trajectory of the epidemic gravity center and its influencing factors through
the spatial epidemiological analysis of the epidemic in Guangdong Province (Li
et al., 2020b). Zhu Yong et al. and Chen Xiao et al. conducted relevant analysis
and demonstration on the evolution of spatial distribution pattern, clustering
characteristics, and influencing factors of the COVID-19 epidemic in Chongging
(Zhu et al., 2021; Chen et al., 2020). Jin Annan et al. found out the epidemic spread
mode dominated by “linear” migration in Shenzhen, and proposed the preven-
tion and control theory under the mutual feed and cooperation of “time-space-
human” (Jin et al., 2020). In addition, transmission dynamics constructs corres-
ponding models based on the history and current situation of the epidemic to
predict the future trend. For example, Zhou Tao et al. and Xiong et al. found in
their studies that the isolation rate and intervention policies have a great impact
on the transmission of the virus (Zhou et al., 2020; Hao & Yan, 2020).

At present, researches on the spread and distribution of the epidemic in Wu-
han mainly focus on the urban spatial scale. For example, Li Xin et al. explained
and performed the actual situation and mechanism of the occurrence, transmis-
sion, and diffusion of the epidemic in the urban space of Wuhan based on the
microblog data from the four indicators of social population, Urban Morpholo-
gy, urban facilities, and urban function. Ma Yiwen et al. studied the relationship
between residential space characteristics and the occurrence and development of

the epidemic from the scale of residential communities within the Third Ring
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Road in Wuhan (Li et al., 2020c; Ma et al., 2020). Zhou Wei focused on the
community with a high epidemic incidence in Hankou from the perspective of
the urban built environment, carried out a study on the spatial correlation of
communities affecting the epidemic with 15-minute living circles (Zhou, 2020).
Another important research direction in this field is to analyze the spread of the
epidemic from a geographical perspective (Zhang et al., 2020).

In addition to the study on the spatial distribution characteristics of the epi-
demic, Ye Zhongnan derived the community unit model of urban epidemic tran-
smission for the epidemic in the central urban area of Wuhan, revealing the
process of epidemic transmission and diffusion, and effectively simulating the
impact of public health interventions on the development of the epidemic (Ye,
2020).

The mainstream of previous studies on the spatiotemporal distribution of CO-
VID-19 outbreaks were the analysis of distribution characteristics at the provin-
cial, municipal, and district scales combined with epidemiology, deduction of
the transmission evolution process, and evaluation of epidemic prevention and
control intervention measures (Chen et al., 2021). However, there are relatively
few epidemics that focus on the scale of urban communities. The epidemic pre-
vention experience in the past year or more tells us that epidemic prevention
and control must not only involve regional closure and joint prevention at the
city level, but also in-depth control and isolation prevention and control at the
community and building level. Only by interlocking the epidemic prevention
systems from large to small, can we deal with sudden and major epidemics more
comprehensively and systematically, and promote the healthy development of
cities.

Therefore, starting from the space of the community, this study takes the epi-
demic community in the main urban area of Wuhan as the research object. Based
on the epidemic data of Wuhan, the relevant POI data of the city, and the plan-
ning data of the community, the study discusses the spatial distribution charac-
teristics and relevant influencing factors of the epidemic and reveals the relevant
transmission law and action mechanism. The aim is to provide suggestions for the
prevention and control of urban public health events and the spatial planning and

governance of residential areas in the post-epidemic and re-epidemic eras.

2. Study Foundation
2.1. Study Area

As the epicenter of the outbreak in China, Wuhan was relatively concentrated in
the early stage of virus transmission, mainly distributed in the main urban areas
with frequent activities. We made a preliminary determination of the distribution
data of each district, and found that the density of the epidemic in the peripheral
urban areas of Wuhan differs significantly from that in the main urban areas. To

make the study more representative and accurate, this study takes the main urban
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area of Wuhan, which is composed of seven administrative regions, as the research
area. As of the end of 2019, Wuhan’s main urban areas included Jianghan Dis-
tricts, Hanyang Districts, Jiangan Districts, Hongshan Districts, Wuchang Dis-
tricts, Qingshan Districts, and Qiaokou Districts (Figure 1). The main urban area

is 863 square kilometers, and the built-up area is 552.61 square kilometers.

2.2. Research Data and Sources

2.2.1. Epidemic Data of Wuhan Community

According to a notice issued by the Wuhan Municipal Health Commission, the
period from late January to late February 2020 is the most severe period of CO-
VID-19 and the fastest increase in cases in Wuhan. The epidemic spread mainly
through natural transmission, and the degree of intervention by public interven-
tion policies on confirmed cases is relatively low. Since the official website did
not release the corresponding announcements specific to each community, this
study made statistics on the news of the epidemic in each community in Wuhan
through the WeChat account (Zhongbei Road)'. In this study, the total number
of cumulative confirmed and suspected cases in 447 epidemic communities in
the main urban area of Wuhan was used as the total number of cases in each com-
munity. And the coordinates of the data are matched by the address informa-
tion. In order to verify that the content of the WeChat public account is consis-
tent with the regional distribution, and that the data is authentic and representa-
tive, a fitting comparison was made between the epidemic data and the cumula-
tive number of confirmed cases in each administrative region released by the
Wuhan Healthcare Commission (Table 1). As shown in the table, Pearson chi-
square value was 156, and the significance P-value was 0.233 (p > 0.05). There is
no significant difference. So, the distribution of epidemic data in the community

is reasonable.

Figure 1. Research scope.

!'Zhongbei Road: this WeChat account mainly releases Wuhan urban construction and other related
news. During the COVID-19 outbreak in 2019, the number of confirmed patients in Wuhan was
collected and updated in real-time. This paper collected and analyzed the results later to demon-
strate their rationality.
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Table 1. Chi-square distribution test of epidemic data.

Covariance Item Jiang’an District  Jianghan District

Qiaokou Hanyang Wuchang Qingshan Hongshan

Official notification
WeChat statistics

Pearson
chi-square

Significance
P-value

District  District District District District
4239 7227 6757 3514 8032 2924 4784
1267 1327 1129 2200 1994 1721 4195
156
0.233

2.2.2. Community Internal Planning Indicator Data

We searched the relevant planning information of the residential community
until December 2020 through the Internet housing data website, Baidu map, and
Amap. There are a total of 10 indicators, including land use scale, base area,
floor area ratio, building density, building height, building spacing, number of

buildings, number of households, green space rate, and completion time.

2.2.3. POI Data of Supporting Facilities near the Community

According to the relevant characteristics of infectious diseases, the layout of ur-
ban open space and traffic nodes to a large extent affects the spatial distribution
of the epidemic (Niu et al., 2021). Therefore, this study obtained the population
data of various streets in Wuhan from the Urban Data Party website (2019) and
got the POI statistics of the distribution of public transportation and subway sta-
tions, commercial service facilities, and large general hospitals near the commu-
nity through Baidu Map API (2020).

In Figure 2, Figure (a) shows the population data distribution of each street in
the main urban area. There are 93 streets in the main urban area. Figure (b) shows
the distribution of public transportation stations (subway and bus), with 2259
major transportation stations. Figure (c) is the distribution map of commercial
facilities composed of a large commercial complex, residential commercial area,
and main businesses along the street. We counted 32,907 points of business points
of interest. Figure (d) shows the distribution of 2539 hospitals (including general
hospitals at city and district levels, specialized hospitals, and other hospitals with
better facilities). The distribution of these four kinds of interest points is mainly
distributed along the axis, and the distribution is dense along the Changjiang
River and Luoyu Road to Guanggu area. Meanwhile, the distribution is divergent
and decreasing from both sides of the Changjiang River to the outer circle layer,
and the distribution density of the north bank of Changjiang River is larger than
the south bank of Changjiang River.

2.3. Research Methods

2.3.1. Spatial Autocorrelation

Spatial autocorrelation refers to the potential interdependence of observed data
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Figure legend
* Street population

Figure legend

+  Commercial

Figure 2. POI data distribution.

©)

304
. ",.o |
[
N=93 Figure legend N=2259
Public transportaion stations
4N
N=32907 Figure legend N=2539

+ Hospital (d)

of some variables within the same distribution area. Tobler’s First Law of Geo-
graphy states that everything is related to everything else, but close things are
more related than things that are far away (Tobler, 1970). In this study, the glob-
al spatial autocorrelation analysis (Moran I) of the ArcGIS10.5 spatial statistical
tool was used to measure the overall spatial distribution of the epidemic data of
447 communities, to find out the clustering characteristics of the epidemic situa-
tion in the urban space within the research scope. In terms of Local measure-
ment, clustering and outlier analysis (Anselin Local Moran I) under the cluster-
ing distribution mapping mode of spatial statistical tools was used to explore the
specific spatial distribution locations of communities with different epidemic den-

sities.

2.3.2. Getis-Ord Gi*

It is mainly used for spatial clustering of high value (hot spot) and low value
(cold spot) with statistical significance. In this study, the distribution law of cold
and hot spots in the main urban area of the epidemic was analyzed by the Ge-
tis-Ord Gi* under the clustering distribution mapping model of ArcGIS10.5 spa-

tial statistical tool.
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2.3.3. Principal Component Analysis

Principal component analysis (PCA) is an attempt to recombine the original
multiple indicators with certain correlation into a new set of comprehensive in-
dicators, to replace the original ones with the idea of dimension-reduction, to ob-
tain a better subset of variables and interpretation effect. In this study, the SPSS
principal component analysis was used to reveal the correlation between the ep-

idemic density and the built environmental factors.

2.3.4. Multiple Linear Regression

The change of many urban phenomena is often affected by multiple variables at
the same time. Multiple linear regression can be used to study the relationship
between change and multiple factors and to find out the specific influence of each
factor. In this study, SPSS multiple linear regression analysis was used to reveal
the relationship between the built environment factors extracted from dimen-

sion reduction and the epidemic density.

2.4. Research Methods

The research process and ideas of this paper mainly include three steps, which
are as follows and Figure 3.

1) The spatial distribution of the epidemic area data was studied to obtain the
regional agglomeration effect and the distribution of cold and hot spots.

2) Description of the spatial distribution of the index factors of the cell, com-
bining the various index factors with the spatial geographical location of the cell,

and unifying the analysis scale of each factor from the space.

Study on the spatial distribution of epidemic
in a community

Literature review cases study

Collection and collation of epidemic and
indicator data

! }

spatial distribution Spatial analysis of index
characteristics of epidemic factors

| Settlement density analysis |

Index factor preliminary
selection

Principal component analysis

Influence factor final
selection

Multiple linear regression analysis

Results evaluation and analysis

Figure 3. Research flow chart.
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3) Correlation analysis. a) Pearson correlation tests were performed on the
primary screening indicators to determine the correlation between each indica-
tor and epidemic density. b) Using principal component analysis and multiple
linear regression analysis to explore the influence and direction of each principal
component factor on the epidemic.

3. Analysis of Spatial Distribution Characteristics of
Epidemic Communities

3.1. Description of the Spatial Distribution of the Epidemic

As of February 26, 2020, among the 447 affected communities in Wuhan, the
average number of cases in the communities was 15.92. And the highest number
of cases in the communities was 139 and the lowest was 1, and the standard dev-
iation was about 16.832. Based on kernel density estimation (KDE), the average
epidemic density at the community level in Wuhan was 2.92 people/ha, with a
standard deviation of 4.99.

According to the natural breakpoint classification method, the core density of

447 epidemic communities was divided into 9 layers (Figure 4). The distribution

Figure legend

Infected community

Epidemic Nuclear Density [ 11, 998. 02171 - 14,997, 52713

10 - 2,999. 505425 [ 14, 997. 52714 - 17, 997. 03255
[ 2, 999. 505426 - 5, 999. 010851 I 17, 997. 03256 - 20, 996. 53798
[ 5 999. 010852 - 8,998. 516276 I 20. 996. 53799 - 23, 996. 0434
[ 8 998. 516277 - 11, 998. 0217 I 23, 996. 04341 - 26,995. 54883

Figure 4. Distribution map of epidemic nuclear density.
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Moran I index: 0.597940
Z score: 4.022680
P values: 0.000058

of epidemic com-munities in the study area presented a hierarchical pattern of
spreading from the center to the outside. The epidemic communities were mainly
distributed within the third ring road and divided by rivers and lakes into a spa-
tial pattern of “One Belt, Three Core”. “One Belt” refers to the Wuchang-Qing-
shan high epidemic density coastal zone on the south bank of the Yangtze River,
and “Three Core” refers to the three high epidemic density areas formed by the
Yangtze River and the Han River, with Jianghan District, Hanyang District and
Hongshan District as the core respectively. In addition, due to the influence of
the tourism location of East Lake, the epidemic distribution in Hongshan Dis-

trict developed into an epidemic area around the lake.

3.2. Spatial Autocorrelation Characteristics of the Epidemic

Kernel density analysis has been used to determine the distribution density of
the epidemic communities, and global spatial autocorrelation reveals the spatial
clustering types of the epidemic communities (Figure 5(a)), indicating that it
has significant spatial autocorrelation (Moran index is 0.598, Z value is 4.023,

Significance Level Critical Value
(p-value) (z-score)

0.01 mm <-2.58

0.05 [ -2.58--1.96

010 [—3 -1.96--1.65
- [ -1.65-1.65

0.10 [ 1.65-1.96

0.05 [E3 1.96-2.58

0.01 Em  >2.58

{—l. (Random) | —
Significant Significant

Dispersed Clustered

Z-score is 4.0226795052, the probability ofrandomly generating this chustering pattern is less than 1%.

()

DOI: 10.4236/cus.2021.93031

511 Current Urban Studies


https://doi.org/10.4236/cus.2021.93031

C.J. Liang et al.

Figure legend Getis-Ord Gi* Gi_Bin
Main road A
@® Cold Spot — 99% Confidence © Hot Spot — 90% Confidence
@ Cold Spot — 95% Confidence @ Hot Spot — 95% Confidence
©  Cold Spot — 90% Confidence @® Hot Spot — 99% Confidence
C  Not Significant

(b)

Figure 5. Spatial autocorrelation analysis. (a) Global spatial autocorrelation analysis (Moran I); (b) Local spa-
tial autocorrelation analysis (Anselin Local Moran I).

and the probability of random generation of this clustering pattern is less than
1%). According to the discussion of Anselin, under the condition of spatial clus-
tering, if a community is a high-density infected area, then it is mostly surrounded
by high-density epidemic communities, or a low-density epidemic community is
mostly surrounded by low-density communities (Anselin & Getis, 2010). The re-
sults of clustering and outlier analysis (Figure 5(b)) were basically consistent with
the kernel density estimates. High aggregation areas are mainly distributed in
the north of Jianghan District, Hanyang District and Wuchang District along the
Yangtze River and then spread to the periphery. Jianghan and Hanyang are the
main parts of the main urban area of Wuhan City, with high development inten-
sity, high population density and dense stream of people, and are greatly affected
by the epidemic. Hongshan District is a concentrated area of colleges and uni-
versities. During the epidemic period, most college students had left Wuhan.
With the barrier effect of natural geography, rivers and water areas, the epidemic
density was mainly low aggregation. The high and low aggregation distribution

of the epidemic communities in the city area is obvious, which reflects the Geo-
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spatial proximity characteristics of infectious diseases.

3.3. Distribution Characteristics of Cold and Hot Spots

In-depth exploration of the hot spots where the epidemic occurred will help to
further explore the law of epidemic transmission and evolution. Hotspot analysis
shows that the hotspots with a 99% confidence level are located in Jianghan Dis-
trict, Jiangan District, Qi-aokou District and the north of Wuchang District. At
the edges of these regions, there are mainly hot spots and insignificant cold and
hot areas with 95% and 90% confidence levels. Cold spots with a confidence level
of 99% were found in the south of Hanyang District and the south of Hongshan
District. The cold and hot spots are more intuitive than cluster analysis to show
the occurrence probability of epidemics in space (Figure 6).

4. Index Factor Analysis Process
4.1. Spatial Distribution Analysis of Various Environmental Factors

4.1.1. Spatial Distribution of Physical and Environmental Indicators in
the Community

The description of 10 physical spatial environmental indicators of 447 epidemic

Figure legend

Anselin Local Moran I
o Not Significant

©  Cluster: High

® High Outlier

® Low Outlier

©  Cluster: Low

Figure 6. Analysis of cold and hot spots.
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com-munities is as follows: the average base area is 17,584.66 m? the average
land area is 73,965 m?, the size of the community is medium; the average num-
ber of buildings is 18.16;the average number of households is 1574; the average
plot ratio is 2.819; the average building density is 0.2653; the average building
height is 47.43 m, about 16 floors (calculated by 3 meters per floor), belongs to
the high-rise residence, and the average building spacing is 31.7 m; the average
greening rate is 34%, and the average completion time is 2007.

As shown in Figure 7, the spatial distribution of the spatial physical environ-
mental in-dicators of the community shows no obvious relationship between the
spatial distribution of building base area, land use area, number of buildings and
number of households and the epidemic situation. In the main urban area, the
plot size of Jianghan District, Jiangan District and Wuchang District along the
river area are small. Generally speaking, the plot base area of the larger land area
is larger. The FAR of residential areas within the second ring line on both sides
of the Yangtze River is generally higher than that of the peripheral areas. The
spatial distribution of building density presents an axis-circle pattern. The resi-
dential areas with high building density are mainly concentrated near the river-
side axis within the second ring road, while the distribution of building spacing
and building density is consistent. The residential areas with high building den-
sity have a smaller building spacing. The greenery rate on both sides of the axis
along the river is lower than that in the periphery, which is also consistent with
the completion time. The greening indicator of the newly built community is
higher than that of the old community.

4.1.2. Spatial Distribution of Supporting Facilities around
the Community

The density values of population density, public transportation stations, com-
mercial facilities and hospitals and other points of interest in each street in the
main urban area were connected to the research area to obtain the spatial distri-
bution of various planning factors outside the community, as shown in Figure 8.

The population density of the districts along the north bank of the Yangtze
River is generally high, and the high-density population is mainly distributed in
Jianghan District, Hanyang District and Wuchang District. The spatial distribu-
tion of public transportation stations, businesses, and hospitals around the com-
munity are mainly along the axis of the river. The overall density of the north
bank of the river is higher than that of the south bank of the river. The density of
supporting facilities in the area south of the river from Luoyu Road to Guanggu

area is also higher.

4.2. Analysis of the Relationship between Residential Density
and the Epidemic

Cities will inevitably face the impact of various types of disasters during the
growth process. Although the early modern cities in the world caused severe ep-

idemics during the process of urbanization, such as the Black Death in Europe in

DOI: 10.4236/cus.2021.93031

514 Current Urban Studies


https://doi.org/10.4236/cus.2021.93031

C.J. Liang et al.

Figure legend
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Figure legend
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Figure legend
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Figure 7. Spatial distribution of building planning indicators in the community. (a) Base area; (b) Land area; (c) Num-
ber of buildings; (d) Number of households; (e) FAR; (f) Building density; (g) Building height; (h) Building spacing; (i)
Greening rate; (j) Construction time.

the Middle Ages and the British and French cholera in the 19" century, these
public health incidents have promoted the germination of modern urban plan-
ning ideas. Urban planning has continued to grow in the process of fighting the
epidemic, and the city has not returned to pastoral mode due to choking. Urba-
nization is the outcome of the development of the social economy and human
civilization. Compared with traditional villages, urban intensive land use can re-
duce the service radius and provide more urban public service content per unit
area. It is the embodiment of intensive and optimal allocation of various resources,
which is also the fundamental significance of the existence of cities.

China is in a period of rapid urbanization, and the land use pattern is devel-
oping from “extensive” to “intensive”, but the efficient and intensive land use
often leads to the emergence of high-density space, that is, high land intensity
and high residential density (Tao, 2020). Regarding the epidemic situation, high
residential density is bound to increase the chance of cross-infection and the risk
of disease incidence (Dong, 2005; Wang et al., 2021). However, some current
studies on COVID-19 have shown that high residential density does not neces-
sarily lead to high epidemic density, which may be due to the improvement of
the prevention and control management ability of communities after SARS in
China (Zheng & Liu, 2020; Cao & Liang, 2020; Zhang & Lu, 2003; Xue, 2020)
and the planning and design of the community itself can support epidemic pre-
vention more scientifically and rationally.

But it is difficult to know the individual transmission routes of specific cases.
The population density of the main urban area where the 477 sample communi-
ties in this study are located is 13,906.86 people/km?, and the average FAR of the
communities is 2.819, which belongs to the urban living space with high popula-
tion density. Since the research scope of Wang J et al. (Wang et al., 2021) is
mostly regional environment, which is different from the object of this study,
this paper uses the plot ratio to represent the residential density and carries out

correlation analysis with the epidemic density. As can be seen from Table 2, the
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Figure 8. Spatial distribution of supporting facilities around the community. (a) Popula-
tion density; (b) Public transport stations; (c¢) Commercial facilities; (d) Hospital care.
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Table 2. Correlation coefficient.

Test of correlation between FAR and epidemic density

Epidemic
density
Pearson
) 0.027
correlation
Significant 0.565
FAR
The case
477
number

100.0000- Scatter plot
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o
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8
[
0.40.0000+
)
=]
2.
~
g
20.0000+
0.0000+ O
T T T T T T
0.00 2.00 4.00 6.00 8.00 10.00
FAR

FAR and epidemic density did not reach the relevant significant level of correla-
tion, and the scatter plot of the two showed a weak linear relationship. There-
fore, it can be concluded that there is no significant correlation between the FAR
of the main urban area of Wuhan and the epidemic density, that is, a high FAR
does not necessarily lead to an increase in the number of patients.

Although the urban or residential density is an important planning parameter
of the built environment, its impact on SARS-CoV-2 virus infection is unknown.
For urban planners, in the context of global urban development, we hope to ex-
plore the internal mechanism and connection of virus transmission without

changing the characteristics of a high-density urban residential space.

4.3. Analysis of the Relationship between Residential Density and
the Epidemic

Since the relationship between floor area ratio and the epidemic situation has
been analyzed above, we believe that it no longer needs the correlation analysis
mentioned above, so it was removed from the physical environment index fac-
tors of the plot, and then the next step of principal component analysis was car-
ried out.

In this study, the correlation test was conducted for the remaining 13 factors,
and the correlations between the 13 factors and the epidemic density were pre-
liminarily analyzed. As shown in Table 3, the epidemic density is signifycantly
related to the base area, land area, building density, building height, building
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Table 3. Pearson’s correlation matrix.

a
ED 1
Base —0.147**
Land  -0.199**
NumberB -0.108*
Density  0.317**
Height -0.169**
Spacing  —0.209**
Greening —0.108*
Completed —0.242**
NumberH -0.144**
PD 0.222%*
Shopping  0.111*
Transport 0.151**
Hospital ~ 0.123**

Base

1

0.676**

0.857**

0.138**

—0.258**

—-0.166**

0.049

—0.142**

0.583**

—-0.210**

-0.117*

—0.179**

—-0.106*

Land

1

0.609**

—0.195**

-0.017

0.016

0.124**

0.036

0.489**

—0.273**

—0.141**

—0.243**

—0.184**

o -

2 B - o0 o0 2 = 2 S
2 Z =) £ g 2 g a , s =
E 5 ] g $ g £ & Y z g
=} o «
z A = 2 5 S z2 4 £ =
1

0.099* 1

~0.380%* —0.527%% 1

~0.307%* —0.510"* 0.817%¢ 1

003 —0.221** -0.034 0.013 1

—0.275% —0.515%% 0.694%* 0.667**  0.076 1

0.455% —0.160"* 0.281** 0.305%* —0.014 0.207* 1

—0.208% 0.211% —-0.047 —0.085 —0.189% —0.171** —0.195* 1

—0.041  0.211% —0.098% —0.163* —0.172°* —0.284" —0.128*% 0.528*¢ 1

—0.183* 0.198* -0.007 —0.072 —0.174" —0.178%% —-0.161* 0.819°* 0.570* 1

—0.055  0.235% —0.123** —0.168** —0.210°* —0.277%* —0.121% 0.623** 0.837%% 0.670** 1

**At the level of 0.01 (double-tailed), the correlation was significant. *At the level of 0.05 (double-tailed), the correlation was significant. ED = Epidemic
density; NumberB = number of buildings; NumberH = number of households; PD = population density.

spacing, completion time, population density, public transportation station den-
sity and hospital density, and is related to the number of buildings, greening rate
and commercial density. The KMO value of the factor correlation test is 0.767,
indicating that there is an appropriate correlation between the variables. The ap-
proximate chi-square value of the Bartlett spherical test is 4310.685 (p < 0.001),
indicating that the variables are suitable for principal component analysis. Among
them, land area, base area, number of buildings, building density, FAR, building
spacing, and number of households are highly correlated, and street population
density, public transportation station density, commercial density, and hospital
density are highly correlated.

After the rotation of the maximum variance of the principal component anal-
ysis, four principal components were extracted (Table 4). According to the gen-
eral experience of urban research, the cumulative contribution rate of the fourth
principal component has reached 78.295%, which integrates the information of
the original data and can be used to interpret relevant components on behalf of
factors.

As can be seen from Table 4, the variance contribution rate of the first prin-
cipal component is 29.855%, in which the building height is the largest contri-
butor, followed by the building spacing, completion time, and building density,
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Table 4. Principal component rotation component matrix.

Covariance item Component 1 Component2  Component3  Component 4
Base -0.199 -0.104 0.915 -0.023
Land 0.068 -0.139 0.813 0.179

NumberB -0.333 -0.082 0.858 0.028
Density -0.677 0.148 —-0.045 —-0.402
Height 0.925 0.003 -0.085 -0.081
Spacing 0.901 -0.054 -0.023 -0.056

Greening 0.012 -0.140 0.027 0.927

Completed 0.818 -0.203 -0.056 0.032

NumberH 0.370 -0.061 0.754 -0.159

PD —-0.047 0.827 -0.189 -0.089

Shopping -0.136 0.841 -0.017 -0.028

Transport -0.023 0.867 —-0.142 —-0.068
Hospital -0.138 0.893 -0.027 -0.074

The eigenvalue 3.881 3.238 2.040 1.019
Variance 29.855 24,910 15.695 7.835

contribution rate

Cumulative
. 29.855 54.764 70.460 78.295
contribution rate

which mainly reflects the quality of “Building construction” of the community.
It can also be said to be the intuitive image of the community. The variance con-
tribution rate of the second principal component is 24.910%, which combines
the information of hospital density, public transport station density, commercial
density and population density, and mainly reflects the convenience index of
urban traffic activities and supporting facilities in the outer space of the com-
munity, which can be called the quality of “Life service”. The variance contribu-
tion rate of the third principal component is 15.695%, which reflects the quality
of “Community scale” by combining the information of base area, land area, num-
ber of buildings and number of households. The variance contribution rate of
the fourth principal component is 7.835%, which mainly reflects the quality of
the “Living environment” of the community.

Principal component analysis (PCA) has been applied to the comprehensive
evaluation of urban planning statistical variables by eliminating overlapping in-
formation through dimensionality reduction. The four principal component fac-
tors of the principal component analysis in this study provide a clearer and more
comprehensive overview of the influencing factors of the epidemic distribution

at the community level.

4.4. Multiple Linear Regression Analysis

The four factors after principal component analysis were set as X; (building con-
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struction), X; (Life Services), X; (Community scale), and X, (Living environ-
ment) and Y (epidemic density) for multiple linear regression analysis. The re-
sults showed that the DW value is 2.031 (p < 0.001), which is statistically signifi-
cant, indicating that the regression model had good explanatory power. The re-
gression results showed that all the indicators are significantly correlated with
the epidemic density (significance value < 0.01). The final regression equation

obtained from Table 5 is as follow.
Y =2.919-1.201X, +0.625X, —0.888X, —0.699X,

According to the distribution of the results of multiple linear regression anal-
ysis of principal components (Figure 9), the epidemic density is highly nega-
tively correlated with the quality of building construction, highly positively cor-
related with life services, highly negatively correlated with the scale of the com-
munity, and highly negatively correlated with the living environment (mainly
the ratio of green space). This is consistent with correlation analysis and prin-

cipal component analysis.

4.5. Summary

Through a series of analysis, it can be found that: for the planning and design
indicators of the community, the larger the land scale (including land area, base
area, number of buildings and household number), the smaller the epidemic
density. The author speculates that the reasons may be as follows: first, the area
of the residential area is large, and the traffic relationship with the outside world
is weakened in the unit area, and the frequency of personnel flow is decreased;
Second, due to the development of modern infrastructure, most of the commun-
ities with the large land area are newly built communities. These communities
are better than the old ones in terms of supporting facilities and spatial planning,
and they have a stronger defense against transmitted diseases and a lower chance
of being infected.

In general, building density and building height tend to be negatively correlated

Table 5. Main component factor multi-line regression result.

Unnormalized
coefficient Normalized
coefficient t Significant
B Standard Beta
error
(constant) 2.919 0.222 13.144 0.000
X (Building
. -1.201 0.222 -0.240 —5.403 0.000
construction)
X> (Life services) 0.625 0.222 0.125 2.810 0.005
X; (Community scale)  —0.888 0.222 -0.178 -3.996 0.000
X:(Living environment) —0.699 0.222 -0.140 -3.144 0.002
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Figure 9. Distribution of multivariate linear regression results. (a) First Principal Com-
ponent (Building Construction); (b) Second Principal Component (Life Services); (c) Third

principal component (community scale) (d) Fourth principal component (living envi-
ronment).
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in the case of similar residential density. The results show that when the building
height is larger, the epidemic density is lower, which in turn also indicates that
the building density in the com-munity with high epidemic density is larger.

In addition, the coefficient of building height in the first principal component
of principal component analysis reached 0.925 and showed a negative correla-
tion with height. The possible reasons for the inhibition of the epidemic in high-
rise residential buildings are that COVID-19 can be transmitted through aero-
sols. And the ground air in high-rise buildings is more difficult to spread out-
ward, while the virus stays in the lower space of buildings for a longer time. How-
ever, the air density in high buildings is lower, and the possibility of exposure to
the potential virus is reduced.

The epidemic density and the greening rate are also negatively correlated. Ex-
posure to green space can increase lighting and ventilation, block the spread of
epidemic diseases, and eliminate some negative emotions (Zhang et al., 2021).
During the SARS epidemic, among the three cities of Guangzhou, Shenzhen and
Hong Kong, which are basically the same size, the death toll in Guangzhou and
Hong Kong far exceeded that of Shenzhen. According to scholars, residential
areas in Shenzhen have the advantages of agglomeration distribution, large spac-
ing, and good ventilation and sunshine conditions. Therefore, communities with
a high greening rate should have more advantages in epidemic prevention and
control.

The older the construction of the community, the smaller the height, building
spacing, etc., and the larger the building density, and the overall facilities of the
community are relatively old and imperfect. Such fragile communities are more
likely to become places where the virus spreads.

Modern residential management mode uses all kinds of boundaries to sepa-
rate residential areas in the form of units, but urban spaces are closely connected
and mutually influenced. The COVID-19 belongs to the type of infectious dis-
ease transmitted through air. The air mobility in the main urban area with high
development intensity is relatively poor. The convenience index of living servic-
es and other facilities around the community also has a certain impact on the
spread of the epidemic. Communities with good traffic conditions, wide com-
mercial distribution, and high accessibility of hospitals and medical services have
high population density and more frequent movement of people, and residents
in communities are more likely to be exposed to a potential virus environment.
It is consistent with the results of urban spatial factor analysis above. In addition,
it is worth noting that, in the case that the scale and construction environment
of some communities seem not easy to develop into the hardest-hit areas, the
urban spatial environment outside the communities may be an important factor
that dominates its development into a highly diseased community. For example,
in Jianghan District and Wuchang District, a considerable part of the residential
and commercial mixed communities along the river are also small in scale, with

good construction quality, but its high traffic index and high density of public
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open spaces such as businesses and hospitals lead to a relatively high number of

infected cases in these areas.

5. Discussion and Conclusion
5.1. Discuss
5.1.1. The Degree of Influence of Community Construction Planning
Factors on the Occurrence of the Epidemic
This study explores the internal relationship between the factors of community
construction planning and the occurrence of COVID-19 by analyzing the degree
of influence of relevant construction indicators inside and near the urban com-
munity on the outbreak density. The factor that has a greater impact on the dis-
tribution of the epidemic is the building construction of the community. The
epidemic in Wuhan mostly occurred in relatively old com-munities in the main
urban area. The overall construction plan inside the community is relatively back-
ward. The existing epidemic prevention system in these communities can hardly
play a role in quickly stopping the spread of the disease before and after an out-
break. As for the construction planning factors near the community, the more
perfect the current nearby traffic, the higher the proportion of commercial land.
And the higher the level of commercial supporting facilities and the more com-
plete the community which virus spreads faster. For example, Jiang’an District
became the hardest-hit area of the epidemic because of commercial factors. As
the Spring Festival approached, community residents began to move around fre-
quently and purchased Chinese New Year goods. Besides, modern commerce and
traditional neighborhoods coexist in the Hankou area. The population base of
the elderly retired group is relatively large. Therefore, their exposure to viral en-

vironments also increases.

5.1.2. The Construction of a Diversified and Flexible Epidemic
Prevention Space in the Future Community

The function of the current urban community is relatively single, especially not
having the flexibility to respond to impulsive emergencies. Survivability is the
basic ability of urban development (Wu et al., 2020a). In the post-epidemic era,
urban planning should reflect and learn promptly, and actively build a diversi-
fied and sustainable development of healthy communities.

In residential areas, the open layout of multiple centers is helpful for lighting
and ventilation, and reduces the probability of virus cross-infection at the same
time. The diversified residential space pattern with multiple centers, multiple
clusters and green areas can create flexible residential spaces. And enhance the
resilience and elasticity of the planning environment of the community construc-
tion. Corresponding anti-epidemic settings can also be setup in some public spaces
of residential buildings, such as elevators, open platforms, and corridors.

As for the urban space environment near the community, the community along
the traffic track is more susceptible to spreading diseases. Consider setting up

flexible buffer spaces between the community and the line, such as linear parks,
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street corner green spaces and open spaces, to enrich the community’s natural
landscape system in the meanwhile. Special attention should be paid to the pre-
vention and control planning of large commercial areas to avoid such commer-
cial open spaces becoming a potential source of virus transmission in nearby
communities. In the residential quarters around the general hospital, it is im-
portant to create a suitable living environment for the residents of these com-
munities, and planning should be done strictly for traffic route control, spatial
isolation and regular ventilation.

Reflecting on the challenges posed to cities by the epidemic, it is imperative to
build a healthy, safe, and sustainable living environment (2016). Therefore, in the
post-epidemic and re-epidemic period when epidemic prevention is normalized,
flexibility, resilience and the construction of a resilient spatial system in com-
munities will be important in urban residential planning and epidemic preven-

tion and control.

5.1.3. Public Health Prevention and Control in the Smart City of
the Future

Analysis modes such as geographic information system, Internet of Things, mo-
bile phone signaling and POI data based on smart big data have been favored by
urban planning scholars in recent years (Meijer & Bolivar, 2016). From the
perspective of urban planning, we should pay attention to the construction of basic
data platforms. The big data is fully applied to the surveillance discovery and
tracking of the epidemic, the exploration of the spatial distribution characteris-
tics of the epidemic and its factors, the prediction and simulation of the spatial
and temporal evolution of the epidemic, and the analysis of the impact mechan-
ism of public intervention policies. For example, Zhu Yimin et al. established a
COVID-19 control model based on isolation measures based on the actual situa-
tion of confirmed and suspected patients being isolated and observed. They even-
tually developed a control model for COVID-19 outbreak based on isolation meas-
ures, which made some predictions for the outbreak development (Zhu et al.,
2020).

Big data also plays a role in spatial resource allocation and refined community
management (Wu et al., 2020b). In the event of a major public health event, how
can smart transportation and smart infrastructure be used to help materials reach
their destination as efficiently as possible (Magare et al., 2020)? How to ensure
that the city’s power grid is unobstructed temporarily to obtain rescue informa-
tion? How to use the digital panoramic immersion experience to satisfy people’s
de-sire for outdoor space during the epidemic...... In a word, it is a major chal-
lenge for urban planning to build an intelligent “digital strategy” mode to help
urban public health governance and guide urban development and growth.

5.2. Conclusion

We analyzed the characteristic distribution and related influencing factors of the

COVID-19 epidemic community in Wuhan from a spatial perspective. The dis-
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tribution of epidemic communities in the main urban area of Wuhan presents
significant spatial auto-correlation, forming a spatial pattern of “One Belt and
Three Core”, which is concentrated in the main urban area along the Changjiang
River, including Jianghan District, Wuchang District, Hanyang District, and
Jiangan District. The high-high clusters and hot spot areas are mainly concen-
trated in the central and northern part of the main urban area, such as Jianghan
District, the southern part of Jiangan District and the northern part of Wuchang
District. While the low-low clusters and cold spot areas are mostly distributed in
the northern part of Jiangan District, the southern part of Qingshan District and
the southern part of Hongshan District.

This study analyzes the influence mechanism of community construction plan-
ning factors on the epidemic as follows:

1) In terms of community scale, building construction, and living environ-
ment, there is no significant correlation between FAR and epidemic density when
the built environment (land-use intensity) is similar. The epidemic density is ne-
gatively correlated with the land area, base area, number of households, building
height, building spacing, and completion time, negatively correlated with the num-
ber of buildings and greening rate, and positively correlated with the building
density of the community. Overall, the better residents’ living conditions, the less
risk of transmission and infection.

2) In terms of living services near the community, it can be considered that
the distribution of traffic stations, commercial facilities and medical institutions
within the 15-minute living circle of the residential area has an impact on the oc-
currence of the epidemic in those communities. The density of these living ser-
vice facilities and the epidemic density often present the phenomenon of “anti-
nomy”. It means that communities with high traffic accessibility and high density
of commercial facilities often suffer more from public health emergencies.

The epidemic is still spreading all over the world. The correlation between the
index factors and the epidemic density obtained in this study can provide tech-
nicality quantitative support and reference for the residential space planning and
governance in Wuhan and other similar cities or regions. It also provides sugges-
tions for the improvement of the prevention and control system of urban public

health events in the post-epidemic and re-epidemic periods.

5.3. Limitations of This Study

We acknowledge that there are certain limitations of this study. First, the data on
cases in epidemic plots are somewhat time-sensitive, and there is a tentative lack
of official data, which can cause some bias to the study results. Second, the con-
struction planning indicator factors we have studied so far do not provide a com-
prehensive overview of the mechanisms of the spread of the epidemic such as the
distribution of the epidemic among different population ages in the plots needs
to be further supplemented. Third, the perspective of this paper is only the physi-

cal spatial environment; the generation of epidemic is also related to economic,
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social, cultural and behavioral factors, which should also be taken into account,
and the interaction between physical and social environments should be focused

on in future studies.
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