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Analysis of the Impact of Urban Built Environment on the Spatial Risk of Epidemics from

the Perspective of Mesoscale
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Abstract: The outbreak of the COVID-19 pandemlc has presented unprecedented challenges to the
world. Governments around the world have implemented various measures to control the spread of
the virus, including social distancing, lockdowns, and travel restrictions. However, the pandemic
continues spreading, and the built environment’s response to the spread of the epidemic has become
a focus of attention in the field of urban and rural planning. The built environment plays a crucial
role in the spread of infectious diseases. In the context of new data and technology, it is possible to
explore the spatial risk of infectious diseases in urban built environment by using high-resolution
street view images and comprehensive geographic data.

The research aims to reveal the mechanism by which the middle-scale urban built environment
influences the spatial distribution of COVID-19 in the city. To achieve this goal, we use communities
and streets in the central urban area of Wuhan, where the COVID-19 outbreak was concentrated
in 2020, as the basic research units. The built environment is defined as the spatial environment
constructed and configured to meet human activity needs, including land use form, transportation
infrastructure, and urban road design, as well as non-physical factors such as street openness and
dynamic traffic congestion that partially affect population aggregation and urban ventilation. The
study believes that the main sources of urban epidemic transmission at the mesoscopic scale come
from two aspects: the mobility of the urban population and the spatial form indicators that affect
urban airflow.

ArcGIS and Pycharm platforms are used to obtain and calculate two types of data: community
data and street data, through visual semantic segmentation models and spatial statistical methods.
These data include street openness, traffic congestion, land use combinations, and land-to-floor
ratio. Kriging interpolation is utilized to obtain the spatial continuous distribution of these features.
Data on the number of COVID-19 cases in each community and street are employeed, as well as an
interpolation model to characterize the spatial risk of the epidemic based on the distribution data of
COVID-19 patients. A geographically weighted regression model is used to analyze the relationship
between built environment characteristics and spatial distribution of COVID-19 cases. The results
of the geographically weighted regression model and the Ordinary Least Squares (OLS) model are
compared to accurately evaluate the spatial effects of different risk indicators.

The research shows that the built environment factors of communities and streets are closely
related to the spatial risk of COVID-19. Firstly, the middle-scale urban built environment combines
community and street built environment elements, and big data and machine learning can objectively
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measure street built environment features related to epidemic spread at a finer spatial scale. Secondly, the spatial risk of the epidemic is positively correlated
with road density, land use mix, and traffic congestion, and negatively correlated with the width of the road network. Moreover, the impact of traffic
congestion and land use mix on the spatial risk of the epidemic shows significant spatial heterogeneity, and the impact on the spatial risk of the epidemic
is most significant. Finally, compared with OLS model, the geographically weighted regression model fully considers the spatial interpretation of various
factors, and analyzes the spatial effects of different risk indicators through regression coefficients.

The research is of great significance to the planning strategy of infectious disease prevention and control. Firstly, the modern community under the
model of “small block and dense road network™ is worth popularizing. The setting of road density and width will affect the communication frequency of
residents, corresponding to different epidemic infection risks. Contrary to intuition, the epidemic risk has a high negative correlation in small-scale modern
communities, and the model of “small block and dense road network” may form a good road density and width grade ratio, and thus reducing the risk of
epidemic infection. Secondly, compared with the city-level business circle, the land mixed use mode of community life circle is more worth popularizing.
The positive correlation coefficient of land use mixing degree is mainly concentrated in the core business district of the city, while the land mixing in the
community life circle presents more negative correlation coefficients. The centralized business circle on the city scale is more likely to lead to the multi-
chain spread of the epidemic, and the local centralized land mixed model is more conducive to reducing the risk of epidemic spread than the land model of
the urban core business circle. The high positive correlation coefficient of traffic congestion degree in the core business district of the city also shows that
decentralized development has more advantages in reducing the risk of epidemic spread. The results of the spatial risk assessment system of COVID-19
city constructed in this study show that different scale building environmental factors, such as communities and streets, should be included in the infectious
disease prevention and control planning strategy.
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Fig.2 selection of study areas
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Tab.1 street built environment variables
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Fig.3 FCN visual image semantic segmentation model and feature recognition
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Fig.4 spatial distribution of built-up environmental factors in nine types of cities
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Tab.7 Robust regression results after screening factors

MIHZRE bRk t p 95%CI

HEL -0.568 0.020 -28963  0.000*a ~0.607~-0.530
B PR 0.018 0.007 2683  0.007%* 0.005~0.031
+ A AR 0.026 0.005 5.055  0.000%* 0.016~0.036
B
BT -0.013 0.005  —2.448  0.014* ~0.024~-0.003
iR 0.215 0.037 5815 0.000%* 0.142~0.287
#8 GWRERFIOLSEEIAELEL
Tab.8 comparison of GWR models and OLS models
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Fig.5 spatial distribution of normalized residual values for OLS and GWR models
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Fig.6 spatial distribution of GWR regression coefficients
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