
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=tgsi20

Geo-spatial Information Science

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/tgsi20

Importance of community containment measures
in combating the COVID-19 epidemic: from the
perspective of urban planning

Xin Huang, Qiquan Yang & Junjing Yang

To cite this article: Xin Huang, Qiquan Yang & Junjing Yang (2021): Importance of community
containment measures in combating the COVID-19 epidemic: from the perspective of urban
planning, Geo-spatial Information Science, DOI: 10.1080/10095020.2021.1894905

To link to this article:  https://doi.org/10.1080/10095020.2021.1894905

© 2021 Wuhan University. Published by
Informa UK Limited, trading as Taylor &
Francis Group.

Published online: 06 May 2021.

Submit your article to this journal 

Article views: 298

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=tgsi20
https://www.tandfonline.com/loi/tgsi20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/10095020.2021.1894905
https://doi.org/10.1080/10095020.2021.1894905
https://www.tandfonline.com/action/authorSubmission?journalCode=tgsi20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=tgsi20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/10095020.2021.1894905
https://www.tandfonline.com/doi/mlt/10.1080/10095020.2021.1894905
http://crossmark.crossref.org/dialog/?doi=10.1080/10095020.2021.1894905&domain=pdf&date_stamp=2021-05-06
http://crossmark.crossref.org/dialog/?doi=10.1080/10095020.2021.1894905&domain=pdf&date_stamp=2021-05-06


Importance of community containment measures in combating the COVID-19 
epidemic: from the perspective of urban planning
Xin Huang a,b, Qiquan Yang a and Junjing Yang a

aSchool of Remote Sensing and Information Engineering, Wuhan University, Wuhan, China; bState Key Laboratory of Information 
Engineering in Surveying, Mapping and Remote Sensing, Wuhan University, Wuhan, China

ABSTRACT
To contain the outbreak of COVID-19 in Wuhan, unprecedented interventions, including city 
lockdown and community closure, have been implemented. However, most of the current 
studies focused on evaluation of the city lockdown, but paid limited attention to the impacts of 
the community containment measures within the city. This research addressed this important 
issue from the perspective of urban planning, based on the epidemic and remote sensing data 
of 194 communities of Wuhan. We found that the number of confirmed cases of communities is 
highly related to urban planning factors, e.g. area percentage of buildings and density of 
neighboring markets. These factors are relevant to the residents’ activity patterns, which 
therefore impact the mode of virus transmission. Our research confirmed the effectiveness of 
the community-oriented control strategies, provided a valuable reference for other cities that 
are suffering from the epidemic, and exhibited new thoughts into future urban planning.
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1. Introduction

Coronavirus disease 2019 (COVID-19) is caused by 
infection of the severe acute respiratory syndrome 
coronavirus 2 (SARS-Cov-2). The first case of 
COVID-19 in Wuhan, the most populous city (over 
10 million) in Central China, was reported in late 
December, 2019. In the following months, this disease 
spread rapidly in Wuhan and to the neighboring cities 
due to the high transmission capacity of the virus and 
the massive human movement before the Chinese 
Lunar New Year (Wu et al. 2020). A range of preven
tion and control measures were adopted in Wuhan 
since the confirmation of human-to-human transmis
sion (Chen et al. 2020b). The most notably, the lock
down was implemented in Wuhan on 23 January, 
2020, from when all public transport services were 
suspended, and people were prohibited to leave 
Wuhan without official permission. These unprece
dented measures prevented large numbers of people 
from moving in and out of Wuhan, and effectively 
reduced the dissemination of the virus from Wuhan 
to other cities, which is of paramount importance for 
restraining a national outbreak (Kraemer et al. 2020; 
Lau et al. 2020; Tian et al. 2020). However, in spite of 
the shutdown of the city, the number of confirmed 
cases in Wuhan still increased rapidly (Figure 1), 
owing to the difficulty in diagnosis, insufficiency of 
protective equipment and medical supplies, and exces
sive density of urban population (Guan, Chen, and 
Zhong 2020). In this emergency situation, to curb 
the spread of this infectious disease among crowds, 

Wuhan government further implemented a stringent 
control management on the basis of communities (so- 
called close-off management of communities) since 11 
February, 2020. This community containment aimed 
to restrain all residents to stay home, and their daily 
needs (e.g. food, supplies, and medicines) were offered 
through on-line shopping and delivered by the com
munity managers and volunteers. After the great 
efforts and sacrifices, the outbreak in Wuhan has 
been brought under control, and the lockdown was 
relived on 8 April 2020. It can be said that the outbreak 
and control of COVID-19 in Wuhan provides 
a valuable reference for other cities or countries that 
are suffering from the epidemic.

The epidemic in Wuhan has drawn worldwide con
cerns, and researchers have made their utmost efforts 
to deepen our knowledge of this novel virus from 
different aspects, including biological properties of 
the virus (Hackbart, Deng, and Baker 2020; Ou et al. 
2020; Yan et al. 2020), clinical characters of infected 
patients (Chen et al. 2020a; Guan et al. 2020), diag
nosis and treatment of the disease (Duan et al. 2020; 
Luo et al. 2020; Shi et al. 2020), and transmission 
patterns of this epidemic (Huang and Qiao 2020; 
Kucharski et al. 2020; Tian et al. 2020; Wells et al. 
2020). From the perspective of public health manage
ment, throughout the whole process of Wuhan in 
combating COVID-19, the lockdown of the city and 
the close-off of communities are two crucial events. 
However, nearly all the current studies focus on the 
efficacy of the city lockdown from a macro standpoint 
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(Chinazzi et al. 2020; Kraemer et al. 2020; Lau et al. 
2020; Tian et al. 2020), but ignore the analysis of the 
community close-off within the city, from a micro 
point of view. The lockdown effectively blocked the 
transmission of the virus from Wuhan to other cities 
(Kraemer et al. 2020; Tian et al. 2020), nevertheless, 
the micro-scale interventions became the key for con
trolling the epidemic of Wuhan.

Previous studies have shown that urban planning 
can influence the pattern of residents’ daily activities 
and local climate, which in turn affects the mode of 
virus transmission. For example, Li and Zhang (2003) 
thought that the increase in urban green space could 
increase air oxygen and ventilation capacity, and 
would provide more places for residents to exercise, 
which was benefit for the prevention and control of 
SARS epidemic in 2003. Murdock et al. (2017) found 
that urban impervious surfaces were closely related to 
urban microclimates, which would influence mos
quito breeding and thus the spread of the dengue 
virus. In addition, recent studies also indicated that 
the urbanization features and urban spatial factors 
could also influence the COVID-19 pandemic 
(Connolly, Ali, and Keil 2020; Li et al. 2020; 
Rastandeh and Jarchow 2020). The close relation 
between urban landscape and virus transmission pro
vides new insights into the role of community inter
ventions for the COVID-19 epidemic control. For 
example, before the close-off of communities, resi
dents can move freely, and more infections would 
appear in communities with higher building density 
and more public facilities nearby, owing to the rela
tively higher frequency of human contacts. However, 
after implementing the strict community containment 
measures, all residents were required to stay home, 
and the transmission between humans had been sig
nificantly cut off in the communities. Therefore, this 

research aims to reveal the importance of the strict 
community control by investigating the relationship 
between the number of confirmed cases and urban 
planning (e.g., percentage and layout of buildings, 
distributions of public facilities, and other aspects), 
based on the remote sensing and geographical infor
mation data. To our knowledge, no study has evalu
ated the prevention and control measures of the 
COVID-19 epidemic from the perspective of remote 
sensing and urban planning. Meanwhile, the impacts 
of community-level interventions have not been com
prehensively investigated yet.

In this study, the cumulative numbers of confirmed 
cases (CNCC) in 194 communities of Wuhan (Figure 2) 
were used to explore the impacts of urban planning on 
the COVID-19 epidemic. Seven representative metrics 
(see Methods) were selected to describe the urban plan
ning from various aspects, and all of them were calcu
lated in each community based on high-resolution 
remote sensing and geographical information data.

2. Data

The cloud-free remote sensing images acquired on 
October 2018 from the ZiYuan-3 (ZY-3) satellite 
were used to map the land covers in Wuhan. The 
ZY-3 satellite is the first high-resolution stereo map
ping satellite of China (Li, Wang, and Jiang 2020; Xu, 
Gong, and Wang 2014), and can provide images with 
panchromatic (PAN) (2.1-m spatial resolution) and 
multi-spectral (MS) bands (5.8-m spatial resolution) 
(Liu et al. 2019). Besides, additional geospatial data, 
including the three-dimensional building data and 
road networks, were applied to produce the land 
cover maps. The three-dimensional building data 
were provided by the Wuhan Land Resources and 
Planning Bureau, including footprint and height for 

Figure 1. Epidemic curves and key events during the COVID-19 outbreak in Wuhan.
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each building. Road networks were collected from the 
OpenStreetMap (OSM), which is an open data source 
obtained by large amounts of volunteers collabora
tively (https://www.openstreetmap.org). In addition, 
the boundaries of communities, and the locations of 
hospitals and markets were derived from the AMap, 
a famous web mapping, navigation, and location- 
based services provider in China (https://www.amap. 
com/). These geospatial data were carefully examined 
by visual inspection, and further modified by manual 
editing if necessary.

The community-level COVID-19 epidemic data, 
including the name of community, the date of epidemic 
information, and the cumulative number of confirmed 
cases (i.e. CNCC) till the date, were made public by the 
management committee (the local government) of each 
community. The collection, collation, and dissemina
tion of the epidemic data in each community were 
under the strict supervision of the management com
mittee. Allowing for the rapid increase of confirmed 
cases, the report date of epidemic information shall be 
close enough when using the epidemic data from dif
ferent communities. In this study, we focused only on 
the communities where the epidemic data were avail
able from Feb 12, 2020 (the first day after the close-off 
of communities) to Feb 14, 2020. The data during the 
three days were selected because of the following 

reasons: (1) From February 12, the diagnosis was 
revised by the Hubei government, i.e., cases were con
firmed by clinical diagnosis through radiologic find
ings, neutrophil counts and epidemiologic links (Yang 
et al. 2020), which led to the addition of large amounts 
of previously omitted cases, and (2) more importantly, 
the CNCC during this period can exactly reflect the 
epidemic situation before the close-off of communities. 
In addition, a small time span (three days) was chosen 
in order to ensure a fair comparison between different 
communities. In this way, 194 communities were 
finally included in our analysis. Please also notice that 
the density of the CNCC (i.e. DCNCC, CNCC divided 
by the area of the corresponding community) was 
calculated and adopted for the statistical analysis, in 
order to exclude the influence of the size of commu
nities to the CNCC.

3. Methods

3.1 Land cover mapping of Wuhan

In this study, ZY-3 images, building footprints and 
OSM road networks were integrated to map the high- 
resolution land cover (2.1-m) of Wuhan. The study 
area was classified into six land-cover categories: 
buildings, vegetation, bare soil, water, roads, and low- 

Figure 2. Spatial distributions and land cover maps of the 194 communities in Wuhan. CNCC means the cumulative number of 
confirmed cases of each community, and DCNCC is the density of CNCC (i.e. the ratio of CNCC to the area of the corresponding 
community). LISAs means low-layer impervious surface areas (e.g., squares and open areas).
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layer impervious surface areas (i.e. LISAs, e.g., squares 
and open areas) (Figure 2). Buildings and roads were 
firstly extracted by referring to the building footprint 
and road network data. After that, a supervised classi
fication method based on the random forest classifier 
was applied to identifying the other four land cover 
categories. From the land cover map, 50 samples for 
each category were randomly selected for validation, 
and the overall accuracy was over 90% (Table 1), 
implying the reliability of the mapping results. Please 
refer to our previous works (Huang and Wang 2019; 
Huang et al. 2020) for more details for the land cover 
mapping.

3.2 Urban planning metrics

A total of seven metrics was included in this study to 
represent the layouts of communities (Table 2). 
Buildings in communities are closely related to the 
residents’ daily activities, and hence, three metrics, 
including area percentage of buildings, distance 
among buildings, and height of buildings, were 
selected to describe the density, distribution, and ver
tical characteristic of buildings in each community, 
respectively. Communities with larger, taller, and den
ser buildings tend to accommodate larger populations, 
and with that comes more opportunities for human 
contact, which may lead to an increased risk of cross- 
infection among residents. LISAs is used to represent 
the public activity spaces (e.g. squares and roads) in 
communities. The public activity spaces are the major 

regions for residents’ daily activities (fitness, chitchat, 
etc.) in communities, and changes in their size may 
affect the frequency of residents’ contact and thus the 
spread of the epidemic. Besides, the area percentage of 
vegetation was included in this study, due to its impor
tant role in urban environment and residents’ health 
(Salmond et al. 2016; Wang et al. 2019; Lauko et al. 
2020). On the other hand, two crowded places around 
communities, hospitals, and markets, providing med
ical services and daily necessities, respectively, were 
also considered in our analysis, by calculating their 
distance-weighted density around the communities. 
In particular, the densities of hospitals and markets 
are of interest since they are the places where the 
neighboring people have to go, in spite of the city 
lockdown. In summary, these urban planning metrics 
are closely related to the daily activities of citizens, and 
hence, can influence the viral transmission.

3.3 Statistical analysis

In this study, communities were considered as the 
basic analysis units, and the Mann-Whitney U test 
(Mann and Whitney 1947) was used to examine if an 
urban planning metric differed significantly between 
low- and high-DCNCC communities. The relation
ship between DCNCC and each urban planning 
metric was evaluated by the Spearman’s rank correla
tion analysis (Sedgwick 2014), on the basis of the 194 
communities in Wuhan. The value of the Spearman’s 
rank correlation analysis ranges from −1 to 1, and 

Table 1. Confusion matrix for the high-resolution land cover map of Wuhan. UA, PA, and OA are user’s accuracy, producer’s 
accuracy and overall accuracy of the land cover map, respectively. LISAs means low-layer impervious surface areas (e.g., 
squares and open areas).

LISAs Vegetation Buildings Water Bare soil Roads UA (%)

LISAs 45 1 1 2 1 0 90.00
Vegetation 0 47 0 0 3 0 94.00
Buildings 2 0 48 0 0 0 96.00
Water 3 1 1 45 0 0 90.00
Bare Soil 0 0 2 0 48 0 96.00
Roads 0 4 2 0 0 44 88.00
PA (%) 90.00 88.68 88.89 95.74 92.31 100.00
OA (%) 92.23

Table 2. Urban planning metrics used in this study.
Metric Formula Description

Area percentage of 
buildings

abuilding

A
abuilding is the total footprint area of all buildings in a community, and A is the area of corresponding 

community.
Distance among 

buildings

Pn
i¼1

distbuildingi
n

distbuildingi is the distance of the ith building from its nearest building in the community, and n is the number 
of buildings.

Height of buildings Pn
i¼1

hbuildingi
n

hbuildingi is the height of the ith building in a community.

Area percentage of 
LISAs

aLISAs
A aLISAs is the total area of all low-layer impervious surface areas (LISAs) in a community.

Area percentage of 
vegetation

aveg

A
aveg is the total area of vegetation in a community.

Density of neighboring 
markets

Pp
j¼1

1
distmarj =distB

distmarj (disthosj ) is the distance between a community and the jth building of the markets (hospitals) in its 
neighborhood circled by a searching radius of distB (3 km). p (q) is the total number of buildings of markets 
(hospitals) in the searching circle.Density of neighboring 

hospitals

Pq
j¼1

1
disthosj =distB
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a higher absolute value indicates a stronger correla
tion. The significance test was performed by a two- 
tailed t-test, and the standard significance level of 0.05 
was adopted. The Spearman’s rank correlation analy
sis can inform us whether DCNCC is significantly 
(p < 0.05) influenced by a certain metric. However, 
the interactions between the variables were not con
sidered in such paired correlation analysis. Therefore, 
subsequently, all the variables were further separately 
fed into two widely used multivariate regression mod
els, the ordinary multivariate linear regression, and the 
stepwise multivariate linear regression. The multivari
ate regressions can not only help us understand the 
general impact (R2) of all the urban planning metrics 
on DCNCC, but also show us the importance of each 
metric to DCNCC through the significance test results 
(p-value) and standardized coefficients (β) of indepen
dent variables.

4. Results and discussion

4.1 Overview of the 194 communities

The 194 communities were scattered evenly throughout 
Wuhan, with different CNCC and community settings 
(Figure 2). The CNCC for each community varies from 
0 to 49 cases, with a median value of 7 cases (inter
quartile range, 3–12) (Table 3). The urban planning 
factors for each community were described by seven 
representative metrics (Table 2). A preliminary obser
vation shows that communities with higher density of 
CNCC (DCNCC, the ratio of CNCC to the area of 
corresponding community) correspond to denser 
buildings, less percentage of vegetation, higher percen
tage of low-layer impervious surface areas (LSIAs), and 
more markets or hospitals surrounded (Figure 2). These 
tendencies are further demonstrated in Figure 3. For 
example, the area percentage of buildings in the low- 

Table 3. Summary of epidemic data and urban planning metrics.

Variables

Statistics (Number of communities = 194)

Mean ± standard 
deviation Min

Lower 
quartile Median

Higher 
quartile Max

Cumulative number of confirmed cases (CNCC) (cases) 9.35 ± 9.72 0.00 3.00 7.00 12.00 49.00
Area percentage of buildings (%) 26.20 ± 8.09 12.50 20.30 24.92 30.67 52.41
Distance among buildings (m) 13.32 ± 5.10 5.00 9.09 12.63 16.26 30.14
Height of buildings (m) 24.68 ± 14.27 3.53 14.97 20.10 31.41 87.56
Area percentage of the low-layer impervious surface areas (LISAs) (%) 53.48 ± 14.35 1.71 45.94 56.16 62.48 78.90
Area percentage of vegetation (%) 13.27 ± 12.87 0.00 3.18 9.08 19.11 69.21
Density of neighboring markets 17.95 ± 21.76 0.00 6.75 12.35 24.81 217.57
Density of neighboring hospitals 165.89 ± 258.70 3.19 65.68 126.94 173.04 3020.28

Figure 3. Violin plots of the urban planning metrics. Each metric was divided into four groups (group 1, 2, 3, and 4) according to 
the value of the density of cumulative numbers of confirmed cases (DCNCC, every 25% interval from low to high). The p-value is 
derived from the Mann-Whitney U test, which determines whether the values of group 1 (communities with low DCNCC, 0–25%) 
are significantly less than or greater than the values of group 4 (communities with high DCNCC, 75–100%). The white circle 
indicates the median value. The black box and its stretching whiskers represent the interquartile range and the range between 5th 
and 95th percentile, respectively. The blue shaded area shows the probability density distribution of the data, which is smoothed 
by a kernel density estimator. LISAs means low-layer impervious surface areas.
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DCNCC communities (median value: 22.66%, inter
quartile range: 20.28–28.59%), is significantly (p < 0.05, 
the Mann-Whitney U test) lower than that in the high- 
DCNCC communities (median value: 28.30%; inter
quartile range: 26.07–40.19%). Similarly, the significant 
differences can be also observed in other urban planning 
metrics, e.g., distance among buildings, and density of 
surrounding markets or hospitals (Figure 3). These phe
nomena infer that the settings of communities are pos
sibly associated with the virus transmission.

4.2 Relationship between urban planning factors 
and epidemics of communities

We evaluated the relationship between DCNCC and 
urban planning metrics, using the Spearman’s rank cor
relation analysis (Table 4). The results show that 
DCNCC is significantly and positively correlated with 
the area percentage of buildings (r = 0.284, p < 0.001), 
and the area percentage of low-layer impervious surface 
areas (LISAs) (r = 0.262, p < 0.001), but significantly and 
negatively correlated with the distance among buildings 
(r = − 0.191, p < 0.001) and the area percentage of 
vegetation (r = − 0.270, p < 0.001). The height of build
ings does not have a significant impact (p = 0.639). 
Interestingly, DCNCC is found to have a significant 
and positive correlation with the density of neighboring 
markets (r = 0.372, p < 0.001) or hospitals (r = 0.384, 
p < 0.001).

The impacts of community layouts on DCNCC were 
further investigated by the stepwise multivariate linear 
regression, which can automatically select the most influ
ential factors. Finally, two metrics, area percentage of 
buildings and density of neighboring markets, survived 
in the regression, showing their great effect on DCNCC 
(Table 4). Besides, the ordinary multivariate linear 
regression was also carried out, and the most influential 
factors highlighted by the ordinary regression are con
sistent with those chosen by the stepwise regression, 
which further confirmed our findings (Table 4).

4.3 Community-oriented containment strategies 
for combating COVID-19

Urban planning can effectively reflect the citizen’s activ
ity patterns from a micro perspective within the city, and 
thus poses a substantial impact on the transmission of 
COVID-19 in communities. Therefore, urban planning 
can play an essential role in prevention and control of the 
epidemics by curbing the relevant factors on the viral 
transmission. Specifically, the multivariate regression 
model shows that DCNCC is significantly related to the 
density of markets around the communities (Table 4). 
Many citizens of Wuhan are used to buying food (e.g., 
vegetables, cooked food, meats, and condiments) from 
markets (e.g., wet markets, supermarkets, stores). It is 
a tradition that the neighbors go to market together, 
which is beneficial for helping each other, promoting 
harmony, and sharing information. However, this life 
style seemingly became a hotbed of virus transmission 
during the early stage of epidemics, since markets are 
gathering places of residents where virus can spread 
easily. Therefore, closure of communities is an essential 
measure to reduce public contacts through markets and 
swiftly block the spread of COVID-19 between neigh
bors. During the closed-off management of commu
nities, residents’ daily necessities were purchased 
through group buying on the e-commerce platforms, 
and were then distributed to each household by commu
nity managers and volunteers who had received specia
lized training in epidemic prevention (Xia 2020). In this 
way, daily supplies for the quarantined residents were 
satisfied, and the risk of infection from the public contact 
in markets was minimized.

Another important factor highlighted by the multi
variate regression model is the area percentage of 
buildings (Table 4). The residents in communities 
with high building density have more chances of 
mutual contacts, and thus may lead to higher risk of 
human exposures and infections. Our results imply 
that the intra-community control, e.g., prohibition of 
free activities within the community and quarantining 

Table 4. Relationships between the density of cumulative number of confirmed cases (DCNCC) and a set of urban planning 
metrics.

Urban planning metrics

Spearman’s rank correlation analysis
Stepwise multivariate linear 

regression
Ordinary multivariate linear 

regression

Coefficient p β p β p

Area percentage of buildings 0.284 0.000** 0.440 0.000** 0.429 0.000**
Distance among buildings −0.191 0.008* −0.018 0.851
Height of buildings −0.034 0.639 0.035 0.690
Area percentage of LISAs 0.262 0.000** −0.009 0.913
Area percentage of vegetation −0.270 0.000** −0.048 0.611
Density of neighboring markets 0.372 0.000** 0.197 0.002* 0.190 0.004*
Density of neighboring hospitals 0.384 0.000** −0.013 0.844

The number of communities is 194; 
LISAs means low-layer impervious surface areas; 
β is the standardized coefficient, indicating the relative importance of variables; 
Explanatory powers (adjusted R2) of the stepwise multivariate linear regression and the ordinary multivariate linear regression are 27.0% and 25.4%, 

respectively; 
* Significance level at 0.01, ** significance level at 0.001 (2-tailed test).
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at home, is a key measure to mitigate the risk of cross 
infection. This conveys an important message that 
during this special period, closure of communities 
was not enough, and the intra-community prevention 
measures should be adopted, especially for the high- 
density or high-risk residential areas. Accordingly, on 
11 Feb, in addition to the closure of communities, the 
Wuhan government also announced that the buildings 
where the confirmed or presumptive cases located 
would be under rigorous control management. The 
residents in these buildings were strictly quarantined 
at home, and their necessities were provided specially 
by the community managers (Cao and Zhou 2021). 
Apart from the strict social distancing in each com
munity, daily disinfection was also carried out in ele
vators, stairway, garbage sites, roads, and other public 
places of communities, by the managers and volun
teers (Xia 2020). Furthermore, disposable wipes were 
provided in each elevator, allowing residents to oper
ate without touching the buttons.

Some other metrics that were highlighted in the 
rank correlation analysis also deserve attention. 
Taking the density of neighboring hospitals as an 
example, during the COVID-19 epidemic, every hos
pital received a large number of suspected patients. 
Consequently, the risk of cross-infection would 
increase for the residents who were in an urgent 
need of medical services for other diseases and obliged 
to go to the nearby hospitals. The distance among 
buildings is also a significant factor. Smaller distance 
corresponds to denser distribution of buildings and 
more crowded residents in a community. 
Additionally, the distribution of buildings can influ
ence the ventilation capacity (Yang, Qian, and Lau 
2013), which is also related to the infection risk (Lee 
et al. 2020). However, these metrics were not captured 
by the multivariate regression models, possibly 
because of the complex interactions between all the 
metrics themselves.

Our findings are supported by a recently published 
in-situ observational study (Liu et al. 2020), which 
measured the concentration of airborne SARS-CoV-2 
RNA in several isolated public areas of Wuhan. The 
authors of the study found a certain degree of viral 
load outside and near (about 1 meter) the entrance of 
a department store, and they therefore thought that 
the virus-laden aerosol is a possible infection source in 
a crowd gathering site.

4.4 Limitations

This research focused on the impacts of urban plan
ning on the spread and control of the COVID-19 
epidemic. Nevertheless, it should be pointed out that, 
although we found a series of urban planning factors 
that were significantly correlated to the DCNCC, the 
explanatory power for the multivariate linear 

regression was not high (~ 27%, Table 4). This is 
understandable since remote sensing and urban plan
ning can only evaluate the evolution of the epidemics 
according to people’s overall behaviour patterns. More 
sophisticated prevention and control measures should 
depend on comprehensive testing and tracking of the 
infected people as well as their close contacts.

Secondly, the number of communities included in 
this research is 194, which is not large. This is because 
only a part of communities released the number of 
confirmed cases, and the time to publish the informa
tion was not consistent among different communities. 
In addition, these communities did not release and 
update the data continuously. More importantly, we 
used a time window of three-days to further screen the 
communities, since a larger window would lead to an 
unfair comparison between communities and irra
tionality of the modelling. Meanwhile, we did not 
select the communities that released the data before 
12 Feb (the revision of the diagnostic criteria led to 
13436 cases added overnight), owing to the insuffi
ciency of the statistics. Finally, we chose the time 
span during 12 and 14 Feb, in order to maximize the 
number of communities available.

Finally, some technical limitations of this study 
need to be addressed here. (1) The land cover data 
were derived from the high-resolution remote sensing 
images acquired on October 2018, which did not 
exactly coincide with the epidemic data in terms of 
time (February 2020). Considering the rapid urbani
zation in Wuhan, the land cover within/around the 
selected communities (Figure 2) might have changed 
slightly from October 2018 to February 2020, which 
could cause bias to the calculated urban planning 
metrics. (2) The urban planning metrics used in this 
study were derived from the static land cover maps, 
which are related to citizen’s activity patterns, but 
cannot provide the dynamic information on human 
mobility. Compared to urban planning metrics, the 
human mobility information is expected to be super
ior in reflecting the movement and mutual contact of 
residents. However, it is very difficult for us to obtain 
the fine-grained human mobility data within Wuhan 
at the early stage of the outbreak. With the develop
ment and application of some contact-tracing apps 
(Sharma et al. 2020; Trang et al. 2020), future studies 
can try to make a more comprehensive analysis of the 
spread pattern of COVID-19 within the city by using 
the fine-scale tracking data of residents.

5. Conclusions

Currently, most of the existing studies focused on the 
importance of Wuhan’s lockdown in containing the 
early outbreak in other cities (Chinazzi et al. 2020; 
Kraemer et al. 2020; Lau et al. 2020; Tian et al. 2020). 
However, another remarkable intervention measure, 
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the close-off management of communities, has not 
received sufficient attention yet. In this study, there
fore, we addressed this important issue from the per
spective of remote sensing and urban planning. Our 
results confirmed the significant correlation of some 
urban planning factors to the epidemic of Wuhan, 
based on which, we analyzed the rationality and effec
tiveness of the community-oriented containment 
measures. Currently, the situation of COVID-19 epi
demics is very rigorous across globe. In spite of the 
differences in the policies and cultures among differ
ent regions, we call for the managers of cities to adopt 
community-oriented prevention and control measures 
in terms of the local conditions. Moreover, the experi
ences of Wuhan (a metropolis with over 10 million 
residents) in combating the COVID-19, suggested the 
important role of communities in future urban plan
ning and management, e.g., preparedness of infectious 
diseases, construction of health city (Lawal and 
Anyiam 2019; Zhu et al. 2019).

Disclosure statement

No potential conflict of interest was reported by the authors.

Data availability statement (DAS)

The data that support the findings of this study are available 
from the corresponding author [X. Huang], upon reasonable 
request.

Funding

This work is supported by the National Natural Science 
Foundation of China [grant number 41771360]; the 
National Natural Science Foundation of China [grant 
number 41971295]; the National Program for Support of 
Top-notch Young Professionals; the Hubei Provincial 
Natural Science Foundation of China [grant number 
2017CFA029]; the National Key R&D Program of China 
[grant number 2016YFB0501403]; and the Shenzhen 
Science and Technology Program [grant number 
JCYJ20180306170645080].

ORCID

Xin Huang http://orcid.org/0000-0002-5625-0338
Qiquan Yang http://orcid.org/0000-0003-1152-5999
Junjing Yang http://orcid.org/0000-0002-4966-9114

References

Cao, Y., and L. Zhou. 2021. “Hubei District Launches Wartime 
Control Order to Better Fight Virus.” ChinaDaily. Accessed 
18 February 2021. http://www.chinadaily.com.cn/a/202002/ 
13/WS5e44ba07a310128217277470.html 

Chen, N., M. Zhou, X. Dong, J. Qu, F. Gong, Y. Han, Y. Qiu, 
et al. 2020a. “Epidemiological and Clinical Characteristics 
of 99 Cases of 2019 Novel Coronavirus Pneumonia in 

Wuhan, China: A Descriptive Study.” The Lancet 395 
(10223): 507–513. doi:10.1016/s0140-6736(20)30211-7.

Chen, S., J. Yang, W. Yang, C. Wang, and T. Bärnighausen. 
2020b. “COVID-19 Control in China during Mass 
Population Movements at New Year.” The Lancet 395 
(10226): 764–766. doi:10.1016/s0140-6736(20)30421-9.

Chinazzi, M., J. T. Davis, M. Ajelli, C. Gioannini, 
M. Litvinova, S. Merler, A. Pastore y Piontti, et al. 2020. 
“The Effect of Travel Restrictions on the Spread of the 
2019 Novel Coronavirus (COVID-19) Outbreak.” Science 
368 (6489): 395–400. doi:10.1126/science.aba9757.

Connolly, C., S. H. Ali, and R. Keil. 2020. “On the 
Relationships between COVID-19 and Extended 
Urbanization.” Dialogues in Human Geography 10 (2): 
213–216. doi:10.1177/2043820620934209.

Duan, K., B. Liu, C. Li, H. Zhang, T. Yu, J. Qu, M. Zhou, 
et al. 2020. “Effectiveness of Convalescent Plasma 
Therapy in Severe COVID-19 Patients.” Proceedings of 
the National Academy of Sciences of the United States of 
America 117 (17): 9490–9496. doi:10.1073/ 
pnas.2004168117.

Guan, W. J., R. C. Chen, and N. S. Zhong. 2020. “Strategies 
for the Prevention and Management of Coronavirus 
Disease 2019.” European Respiratory Journal 55 (4): 
2000597. doi:10.1183/13993003.00597-2020.

Guan, W.-J., Z.-Y. Ni, Y. Hu, W.-H. Liang, C.-Q. Ou, J.- 
X. He, L. Liu, et al. 2020. “Clinical Characteristics of 
Coronavirus Disease 2019 in China.” New England 
Journal of Medicine 382 (18): 1708–1720. doi:10.1056/ 
NEJMoa2002032.

Hackbart, M., X. Deng, and S. C. Baker. 2020. “Coronavirus 
Endoribonuclease Targets Viral Polyuridine Sequences to 
Evade Activating Host Sensors.” Proceedings of the National 
Academy of Sciences of the United States of America 117 (14): 
8094–8103. doi:10.1073/pnas.1921485117.

Huang, N. E., and F. Qiao. 2020. “A Data Driven 
Time-dependent Transmission Rate for Tracking an 
Epidemic: A Case Study of 2019-nCoV.” Science Bulletin 
65 (6): 425–427. doi:10.1016/j.scib.2020.02.005.

Huang, X., and Y. Wang. 2019. “Investigating the Effects of 
3D Urban Morphology on the Surface Urban Heat Island 
Effect in Urban Functional Zones by Using 
High-resolution Remote Sensing Data: A Case Study of 
Wuhan, Central China.” ISPRS Journal of 
Photogrammetry and Remote Sensing 152: 119–131. 
doi:10.1016/j.isprsjprs.2019.04.010.

Huang, X., Y. Wang, J. Li, X. Chang, Y. Cao, J. Xie, and 
J. Gong. 2020. “High-resolution Urban Land-cover 
Mapping and Landscape Analysis of the 42 Major Cities 
in China Using ZY-3 Satellite Images.” Science Bulletin 65 
(12): 1039–1048. doi:10.1016/j.scib.2020.03.003.

Kraemer, M. U. G., C.-H. Yang, B. Gutierrez, C.-H. Wu, 
B. Klein, D. M. Pigott, L. Du Plessis, et al. 2020. “The 
Effect of Human Mobility and Control Measures on the 
COVID-19 Epidemic in China.” Science 368 (6490): 
493–497. doi:10.1126/science.abb4218.

Kucharski, A. J., T. W. Russell, C. Diamond, Y. Liu, 
J. Edmunds, S. Funk, R. M. Eggo, et al. 2020. “Early 
Dynamics of Transmission and Control of COVID-19: 
A Mathematical Modelling Study.” The Lancet Infectious 
Diseases 20 (5): 553–558. doi:10.1016/s1473-3099(20) 
30144-4.

Lau, H., V. Khosrawipour, P. Kocbach, A. Mikolajczyk, 
J. Schubert, J. Bania, and T. Khosrawipour. 2020. “The 
Positive Impact of Lockdown in Wuhan on Containing 
the COVID-19 Outbreak in China.” Journal of Travel 
Medicine 27 (3): taaa037. doi:10.1093/jtm/taaa037.

8 X. HUANG ET AL.

http://www.chinadaily.com.cn/a/202002/13/WS5e44ba07a310128217277470.html
http://www.chinadaily.com.cn/a/202002/13/WS5e44ba07a310128217277470.html
https://doi.org/10.1016/s0140-6736(20)30211-7
https://doi.org/10.1016/s0140-6736(20)30421-9
https://doi.org/10.1126/science.aba9757
https://doi.org/10.1177/2043820620934209
https://doi.org/10.1073/pnas.2004168117
https://doi.org/10.1073/pnas.2004168117
https://doi.org/10.1183/13993003.00597-2020
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1073/pnas.1921485117
https://doi.org/10.1016/j.scib.2020.02.005
https://doi.org/10.1016/j.isprsjprs.2019.04.010
https://doi.org/10.1016/j.scib.2020.03.003
https://doi.org/10.1126/science.abb4218
https://doi.org/10.1016/s1473-3099(20)30144-4
https://doi.org/10.1016/s1473-3099(20)30144-4
https://doi.org/10.1093/jtm/taaa037


Lauko, I. G., A. Honts, J. Beihoff, and S. Rupprecht. 2020. 
“Local Color and Morphological Image Feature Based 
Vegetation Identification and Its Application to Human 
Environment Street View Vegetation Mapping, or How 
Green Is Our County?” Geo-spatial Information Science 
23 (3): 222–236. doi:10.1080/10095020.2020.1805367.

Lawal, O., and F. E. Anyiam. 2019. “Modelling Geographic 
Accessibility to Primary Health Care Facilities: 
Combining Open Data and Geospatial Analysis.” Geo- 
spatial Information Science 22 (3): 174–184. doi:10.1080/ 
10095020.2019.1645508.

Lee, V. J., M. Ho, C. W. Kai, X. Aguilera, D. Heymann, and 
A. Wilder-Smith. 2020. “Epidemic Preparedness in 
Urban Settings: New Challenges and Opportunities.” 
The Lancet Infectious Diseases 20 (5): 527–529. 
doi:10.1016/s1473-3099(20)30249-8.

Li, B.-Y., and L. Zhang. 2003. “Inspiration from SARS on 
City Planning, Construction and Management.” Planners 
6: 64–67. doi:10.4269/ajtmh.2010.09-0052.

Li, D., M. Wang, and J. Jiang. 2020. “China’s High- 
resolution Optical Remote Sensing Satellites and Their 
Mapping Applications.” Geo-spatial Information Science 
1–10. doi:10.1080/10095020.2020.1838957.

Li, X., L. Zhou, T. Jia, H. Wu, Y. Zhou, and K. Qin. 2020. 
“Influence of Urban Factors on the COVID-19 Epidemic: 
A Case Study of Wuhan City.” Geomatics and 
Information Science of Wuhan University 45 (6): 
826–835. doi:10.13203/j.whugis20200152.

Liu, C., X. Huang, Z. Zhu, H. Chen, X. Tang, and J. Gong. 
2019. “Automatic Extraction of Built-up Area from ZY3 
Multi-view Satellite Imagery: Analysis of 45 Global 
Cities.” Remote Sensing of Environment 226: 51–73. 
doi:10.1016/j.rse.2019.03.033.

Liu, Y., Z. Ning, Y. Chen, M. Guo, Y. Liu, N. K. Gali, L. Sun, 
et al. 2020. “Aerodynamic Analysis of SARS-CoV-2 in 
Two Wuhan Hospitals.” Nature 582 (7813): 557–560. 
doi:10.1038/s41586-020-2271-3.

Luo, H., Q. L. Tang, Y. X. Shang, S. B. Liang, M. Yang, 
N. Robinson, and J. P. Liu. 2020. “Can Chinese Medicine 
Be Used for Prevention of Corona Virus Disease 2019 
(COVID-19)? A Review of Historical Classics, Research 
Evidence and Current Prevention Programs.” Chinese 
Journal of Integrative Medicine 26 (4): 243–250. 
doi:10.1007/s11655-020-3192-6.

Mann, H. B., and D. R. Whitney. 1947. “On a Test of 
whether One of Two Random Variables Is Stochastically 
Larger than the Other.” Annals of Mathematical Statistics 
18 (1): 50–60. doi:10.1214/aoms/1177730491.

Murdock, C. C., M. V. Evans, T. D. McClanahan, 
K. L. Miazgowicz, and B. Tesla. 2017. “Fine-scale 
Variation in Microclimate across an Urban Landscape 
Shapes Variation in Mosquito Population Dynamics 
and the Potential of Aedes Albopictus to Transmit 
Arboviral Disease.” PLoS Neglected Tropical Diseases 11 
(5): e0005640. doi:10.1371/journal.pntd.0005640.

Ou, X., Y. Liu, X. Lei, P. Li, D. Mi, L. Ren, L. Guo, et al. 2020. 
“Characterization of Spike Glycoprotein of SARS-CoV-2 
on Virus Entry and Its Immune Cross-reactivity with 
SARS-CoV.” Nature Communications 11 (1): 1620. 
doi:10.1038/s41467-020-15562-9.

Rastandeh, A., and M. Jarchow. 2020. “Urbanization and 
Biodiversity Loss in the post-COVID-19 Era: Complex 
Challenges and Possible Solutions.” Cities & Health 20: 
1–4. doi:10.1080/23748834.2020.1788322.

Salmond, J. A., M. Tadaki, S. Vardoulakis, K. Arbuthnott, 
A. Coutts, M. Demuzere, K. N. Dirks, et al. 2016. “Health 
and Climate Related Ecosystem Services Provided by 

Street Trees in the Urban Environment.” Environmental 
Health 15 (S1): 36. doi:10.1186/s12940-016-0103-6.

Sedgwick, P. 2014. “Spearman’s Rank Correlation Coefficient.” 
British Medical Journal 349: g7327. doi:10.1136/bmj.g7327.

Sharma, S., G. Singh, R. Sharma, P. Jones, S. Kraus, and 
Y. K. Dwivedi. 2020. “Digital Health Innovation: 
Exploring Adoption of COVID-19 Digital Contact 
Tracing Apps.” IEEE Transactions on Engineering 
Management: 1–17. Advance online publication. 
doi:10.1109/TEM.2020.3019033.

Shi, H., X. Han, N. Jiang, Y. Cao, O. Alwalid, J. Gu, Y. Fan, 
and C. Zheng. 2020. “Radiological Findings from 81 
Patients with COVID-19 Pneumonia in Wuhan, China: 
A Descriptive Study.” The Lancet Infectious Diseases 20 
(4): 425–434. doi:10.1016/s1473-3099(20)30086-4.

Tian, H., Y. Liu, Y. Li, C.-H. Wu, B. Chen, 
M. U. G. Kraemer, B. Li, et al. 2020. “An Investigation 
of Transmission Control Measures during the First 50 
Days of the COVID-19 Epidemic in China.” Science 368 
(6491): 638–642. doi:10.1126/science.abb6105.

Trang, S., M. Trenz, W. H. Weiger, M. Tarafdar, and 
C. M. K. Cheung. 2020. “One App to Trace Them All? 
Examining App Specifications for Mass Acceptance of 
Contact-tracing Apps.” European Journal of Information 
Systems 29 (4): 415–428. doi:10.1080/0960085X.2020.1784046.

Wang, C., Z.-H. Wang, C. Wang, and S. W. Myint. 2019. 
“Environmental Cooling Provided by Urban Trees under 
Extreme Heat and Cold Waves in U.S. Cities.” Remote Sensing 
of Environment 227: 28–43. doi:10.1016/j.rse.2019.03.024.

Wells, C. R., P. Sah, S. M. Moghadas, A. Pandey, A. Shoukat, 
Y. Wang, Z. Wang, L. A. Meyers, B. H. Singer, and 
A. P. Galvani. 2020. “Impact of International Travel and 
Border Control Measures on the Global Spread of the Novel 
2019 Coronavirus Outbreak.” Proceedings of the National 
Academy of Sciences of the United States of America 117 (13): 
7504–7509. doi:10.1073/pnas.2002616117.

Wu, A., Y. Peng, B. Huang, X. Ding, X. Wang, P. Niu, 
J. Meng, et al. 2020. “Genome Composition and 
Divergence of the Novel Coronavirus (2019-nCoV) 
Originating in China.” Cell Host & Microbe 27 (3): 
325–328. doi:10.1016/j.chom.2020.02.001.

Xia, H. 2020. “How Does China Combat Coronavirus: 7,148 
Residential Communities in Wuhan are on Lockdown.” 
XinhuaNet. Accessed 18 February 2021. http://www.xin 
huanet.com/english/2020-03/11/c_138867074.htm 

Xu, W., J. Gong, and M. Wang. 2014. “Development, 
Application, and Prospects for Chinese Land 
Observation Satellites.” Geo-spatial Information Science 
17 (2): 102–109. doi:10.1080/10095020.2014.917454.

Yan, R., Y. Zhang, Y. Li, L. Xia, Y. Guo, and Q. Zhou. 2020. 
“Structural Basis for the Recognition of SARS-CoV-2 by 
Full-length Human ACE2.” Science 367 (6485): 
1444–1448. doi:10.1126/science.abb2762.

Yang, F., F. Qian, and S. S. Y. Lau. 2013. “Urban Form and 
Density as Indicators for Summertime Outdoor 
Ventilation Potential: A Case Study on High-rise 
Housing in Shanghai.” Building and Environment 70: 
122–137. doi:10.1016/j.buildenv.2013.08.019.

Yang, Z., Z. Zeng, K. Wang, -S.-S. Wong, W. Liang, M. Zanin, 
P. Liu, et al. 2020. “Modified SEIR and AI Prediction of the 
Epidemics Trend of COVID-19 in China under Public 
Health Interventions.” Journal of Thoracic Disease 12 (3): 
165–174. doi:10.21037/jtd.2020.02.64.

Zhu, H., C. K. Wu, K. O. O. C. H, Y. T. Tsang, Y. Liu, H. R. Chi, 
and K. Tsang. 2019. “Smart Healthcare in the Era of 
Internet-of-Things.” IEEE Consumer Electronics Magazine 
8 (5): 26–30. doi:10.1109/MCE.2019.2923929.

GEO-SPATIAL INFORMATION SCIENCE 9

https://doi.org/10.1080/10095020.2020.1805367
https://doi.org/10.1080/10095020.2019.1645508
https://doi.org/10.1080/10095020.2019.1645508
https://doi.org/10.1016/s1473-3099(20)30249-8
https://doi.org/10.4269/ajtmh.2010.09-0052
https://doi.org/10.1080/10095020.2020.1838957
https://doi.org/10.13203/j.whugis20200152
https://doi.org/10.1016/j.rse.2019.03.033
https://doi.org/10.1038/s41586-020-2271-3
https://doi.org/10.1007/s11655-020-3192-6
https://doi.org/10.1214/aoms/1177730491
https://doi.org/10.1371/journal.pntd.0005640
https://doi.org/10.1038/s41467-020-15562-9
https://doi.org/10.1080/23748834.2020.1788322
https://doi.org/10.1186/s12940-016-0103-6
https://doi.org/10.1136/bmj.g7327
https://doi.org/10.1109/TEM.2020.3019033
https://doi.org/10.1016/s1473-3099(20)30086-4
https://doi.org/10.1126/science.abb6105
https://doi.org/10.1080/0960085X.2020.1784046
https://doi.org/10.1016/j.rse.2019.03.024
https://doi.org/10.1073/pnas.2002616117
https://doi.org/10.1016/j.chom.2020.02.001
http://www.xinhuanet.com/english/2020-03/11/c_138867074.htm
http://www.xinhuanet.com/english/2020-03/11/c_138867074.htm
https://doi.org/10.1080/10095020.2014.917454
https://doi.org/10.1126/science.abb2762
https://doi.org/10.1016/j.buildenv.2013.08.019
https://doi.org/10.21037/jtd.2020.02.64
https://doi.org/10.1109/MCE.2019.2923929

	Abstract
	1. Introduction
	2. Data
	3. Methods
	3.1 Land cover mapping of Wuhan
	3.2 Urban planning metrics
	3.3 Statistical analysis

	4. Results and discussion
	4.1 Overview of the 194 communities
	4.2 Relationship between urban planning factors and epidemics of communities
	4.3 Community-oriented containment strategies for combating COVID-19
	4.4 Limitations

	5. Conclusions
	Disclosure statement
	Data availability statement (DAS)
	Funding
	ORCID
	References



