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Abstract. In recent years, with the disorderly and rapid expansion of urbanization
worldwide, many cities are facing unprecedented urban disease challenges,
which are becoming increasingly severe and have become the main obstacles to
building a harmonious and healthy urban living environment. In order to address
this situation and promote the sustainable and healthy development of cities,
governments around the world are actively committed to exploring and
implementing effective strategies to enhance urban resilience. Mountain cities,
as a type of city with a unique geographical form, exhibit a series of unique
differences and challenges in improving urban resilience compared to plain cities.
This article takes Chongqing, a mountainous city in China, as an example to
conduct in-depth analysis and discussion on key aspects such as epidemic
prevention resilience, flood control resilience, anti slip slope disaster resilience,
and road network resilience. On this basis, this study further proposes targeted
and effective paths and implementation methods, aiming to provide scientific and
feasible strategic guidance for enhancing the overall resilience of mountain cities,
thereby promoting the sustainable development of mountain cities and the
construction of a healthy living environment.

Keywords: Urban Resilience, Epidemic Prevention Toughness, Flood Control
Toughness, Infrastructure Layout Optimization.

1 Introduction

In the context of the accelerated global urbanization, the disorderly development of
urban spaces weakens the city's ability to predict and respond to risks. At the same time,
the rapid development of urban industrialization leads to the loss of the self-regulation
ability of urban ecological space, making the disaster prevention capacity designed by
the original urban plan unable to bear the intensity of natural disasters. Therefore,
enhancing the city's ability to respond to risks and post-disaster recovery is of vital
importance to optimizing the urban living environment and promoting urban
sustainable development.

Urban resilience covers multiple dimensions, among which two core issues are
particularly prominent. First, in the post- epidemic era, it is essential to improve the
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Urban resilience covers multiple dimensions, among which two core issues are
particularly prominent. First, in the post-epidemic era, it is essential to improve the
ability of cities to respond to public health emergencies. In this regard, many scholars
around the world use community as the basic research unit [1], while others also take
the optimization of urban space as a breakthrough, through the optimization of
ventilation performance, reducing the intersection of people and other methods to
weaken the epidemic transmission ability. Second, the ability of cities to respond to
natural disasters is equally important. The types of natural disasters faced by cities are
closely related to the geological, topographical, and climatic conditions of the region
in which they are located. For Chinese cities, geological disasters and floods are
particularly common. For geological disasters, since they are largely affected by
natural factors, it is usually necessary to build a complete post-disaster rescue and
warning system, including early warning systems, disaster prevention and mitigation
facilities, etc., to reduce urban economic losses [2]. For floods, Scholars in the fields
of urban design and engineering conduct a lot of research and figure out many ways
to optimize the resilience of cities to urban flooding. Some scholars emphasize
strengthening the connection between government functions and urban construction
[3], while others emphasize innovative construction concepts, such as the concept of
sponge city and flood control facilities combining gray infrastructure and green
infrastructure [4].

The above two issues become hot topics in current urban resilience research. Many
scholars conduct research on these two topics and propose many novel and effective
construction concepts or methods. However, for mountainous cities, due to their
complex terrain conditions, the spatial construction often presents the characteristics
of multi-dimensional spatial layout from the perspective of small-scale and multi
center system distribution from the perspective of large-scale. In addition, during the
development process of mountainous cities, the degree of damage to the original
landform is more serious than that of cities with flat terrain. These factors make it
difficult for many resilience improvement methods applicable to other cities to be
directly applied to mountainous cities.

2 Chongqing Urban Space Characteristics

2.1  Natural Conditions of the City

Unique Geomorphic Features and Geological Structures. Chongqing's topography
is dominated by mountains and hills, with less gentle terrain. This terrain condition
allows the various functional areas in Chongqing to merge, forming a complex that
integrates large cities, large rural areas, large mountainous areas, and large reservoir
areas. Due to the differences in the degree of construction and development and
resource endowments in each region, urban designers need to pay special attention to
the unique prevention and response strategies for natural disasters in each area when
building resilient cities. In the process of mountain city development and
construction, the foundation construction required by the development project is more
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destructive to the environment than other terrains. Chongqing is located in the eastern
part of the Sichuan Basin. The geological structure of the region is complex and
geological disasters occur frequently. This geological feature has a great impact on
the construction of the human settlement environment within the city.

Special Climatic Conditions. Chongqing has a subtropical monsoon climate with
four distinct seasons, abundant rainfall, high humidity, and moderate temperature
differences. The winter is cold and snowy, and the climate is relatively stable.
However, during the summer flood season, due to the high rainfall intensity, the
original urban drainage pipes are unable to bear the sudden increase in rainfall, which
can easily lead to urban flooding [5]. At the same time, the mountainous fog makes it
difficult for pollutants in the city to diffuse, which hurts the quality of life of citizens.
2.2 Urban space characteristics

Multi-center Layout Structure and Cluster Structure. Chongqing is divided into
multiple blocks by four main mountain ranges and two water systems. This natural
terrain condition limits the contiguous development of urban space. Therefore,
Chongqing presents the characteristics of a multi-center structure and a cluster layout.
This urban construction feature has improved the city's resilience in the face of risks
to a certain extent. For natural disasters, geographical separation can effectively block
the spread of disasters. For sudden public health events, the multi-center structure
facilitates the city government management department to block the spread of the
epidemic, manage citizens' travel, and allocate medical resources. At the same time, it
also requires the city to build an efficient risk response system to reasonably allocate
resources in each central area.

Skyline, Waterline and Road Network Together Constitute the Skeleton of the
City. Due to geographical and natural conditions, the transportation networks of
Chongqing and many mountainous cities are characterized by multiple tunnels and
corridors. This complex road network, together with the city's skyline and waterline,
constitutes the basic skeleton of the city. When improving urban resilience, it is
necessary to take into account all aspects of the city. For example, when designing
flood resilience improvement on both sides of the river, it is necessary to pay attention
to the impact on the surrounding road network to ensure that urban traffic is not
blocked or the urban landscape is affected.

3 Directions for Improving Urban Resilience in Chongqing

This chapter deeply analyzes strategies for improving urban resilience in mountainous
areas from four dimensions: resilience in epidemic prevention, resilience in flood
control, resilience in landslide disaster prevention, and resilience in road traffic
networks.
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3.1 Epidemic Prevention Resilience

Since the beginning of the 21st century, various public health incidents have occurred
frequently, posing an immeasurable threat to the lives and property of residents.
Optimizing urban epidemic prevention resilience from the perspective of urban space
is of great significance for alleviating the pressure on the urban medical system and
reducing public health emergencies.

When a more serious epidemic occurs, to disperse the overall epidemic prevention
pressure, the urban epidemic prevention and control system often governs streets and
communities as basic units. Streets are both a public space and a traffic channel. In
epidemic prevention and control, attention should be paid to these two aspects.
Communities need to pay attention to the characteristics of mountainous cities and
optimize and transform them in terms of traffic capacity, infrastructure optimization,
ventilation performance, etc.

Street Space Optimization. For streets, the overall layout of public space needs to be
considered comprehensively. By simulating street space through digital software and
implanting green space and pocket squares, the ventilation performance of the street
can be optimized to reduce the risk of virus transmission. There are also various trail
systems in mountainous cities. These trails are characterized by multi-path and multi-
direction, and there are more intersections than trails in plain cities. Therefore, it is
necessary to pre-plan the flow path of people in the context of the epidemic, reduce
intersections, and prevent large-scale infection caused by crowd gathering.

Community Space Optimization. Chongqing is a city with a long history. Most of
its communities have a long history, high building density, and public service
facilities that still need to be improved. Most of the residents in the old communities
are elderly residents, and it is difficult for them to get effective help through social
networks.

The main difference between mountainous cities and plain cities in community
space lies in the different ways of land use. For communities in mountainous cities,
the large height difference in terrain makes the internal public space form fragmented
and the community is more closed. Its boundaries are often obvious natural terrain
boundaries such as slopes and ridges. At the same time, the road network inside and
outside the community also presents a more obvious one-way linear feature, resulting
in limited traffic capacity and insufficient transportation capacity in response to public
health emergencies. These unfavorable factors also weaken the ability of mountainous
city communities to respond to and deal with sudden epidemics [6].

The way to optimize the epidemic prevention and control capabilities of each
community should also be determined according to the facilities construction of each
community [6]. For communities that lack infrastructure or are far away from external
facilities, a continuous and effective medical system should be established to
smoothly transition the services of the municipal medical system to the community.
For communities with good greening and ecological space construction, existing
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conditions should be utilized to use green space to naturally isolate various public
spaces in the community and reduce the chance of epidemic transmission.

After optimizing facilities, resilience can also be improved by presetting various
space utilization plans in advance. For example, during an epidemic, classified
entrance control can be implemented to reduce pedestrian gathering points while
ensuring the daily needs of community residents. Second, community emergency
service points can be established to provide residents with daily services. Third,
measures such as greening construction and building space optimization can be used
to create natural wind corridors in the community to enhance the ventilation
performance of the space [6].

3.2 Flood Resilience

Chongqing is a mountainous city with a vast territory. Due to the complex terrain and
water system, rainfall is unevenly distributed in time and space. In addition, the
construction of rainwater pipe networks in urban areas varies, and the pipe networks
in some areas are seriously aging and cannot bear the rainfall during the flood season.
These factors have led to different risks and degrees of flood disasters in various
regions of Chongqing and targeted measures to improve flood resilience are needed.
The following analysis is conducted from the two aspects of facility optimization and
urban construction concept renewal.

Facility Optimization. The causes of urban flooding in Chongqing are diverse,
including unreasonable road network layout , high intensity of single-point
rainstorms, and aging of drainage pipe networks [7]. Among them, the aging of
drainage pipe networks is the main reason for reducing urban flood resilience and is
also a common problem caused by rapid urbanization. Therefore, optimizing the
drainage pipe network system and adding flood control facilities are crucial to
improving Chongqing's flood resilience.

First, optimize the drainage pipe network and change the original combined drainage
system to a diversion system to improve the city's rainfall-carrying capacity [8]. At
the same time, drainage zoning is carried out according to topography, geological
conditions, and road network layout to improve drainage efficiency and reduce
investment costs [5]. Second, cross-section regulation of the river channel is carried
out, digital software is used to simulate river flow, and engineering reconstruction is
carried out on river sections that do not meet the flow capacity. At the same time,
artificial lakes, reservoirs, and other drainage and storage facilities are reasonably
arranged according to the terrain and the degree of disaster, and the surface runoff
coefficient is balanced [9].

Optimization and Updating of Urban Construction Methods. As an emerging
urban construction and management method, the concept of sponge city construction
has been widely used in the development of new urban areas. However, how to
combine this method with resilient cities and reasonably apply it to the optimization
of existing urban areas is a difficult problem in today's stock era.
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Different from the resilient city's emphasis on the city's ability to prevent and resist
floods, the sponge city tends to maintain a certain proportion of ecological space to
achieve functions such as collection, storage and utilization of rainfall. If these two
concepts are to be integrated, the optimization direction of existing facilities should be
considered, and the original traditional gray infrastructure such as ditches, pumping
stations, and treatment plants should be optimized and updated into gray-green
"resilient sponge" flood control facilities [4]. This is a further improvement on the
renewal of the pipe network and drainage facilities mentioned above.

Given the local conditions in Chongqing, if the above methods are to be
implemented, they should start from both sides of the river and the urban area. The
water system, it should be classified into water source, landscape water system, and
drainage channel according to the source and flow rate [4]. Measures should be taken
to protect the water source, and the landscape water system should be combined with
the urban landscape and green space system. The drainage channel is a reserved urban
drainage measure to improve the city's flood control capacity in emergencies. For the
city, various new construction methods should be introduced, such as permeable
pavement and roof greening. At the same time, the vertical design inside the city
should be controlled and the drainage direction of the urban area should be reasonably
planned.

3.3  Analysis of other Aspects of Resilience

In addition to resilience to epidemic prevention and flood control, mountainous cities
also need to pay attention to resilience to landslide disasters and resilience to road
traffic networks.

Optimization Path for Resilience to Landslide Disasters. Due to the particularity of
the geological structure and its geographical proximity to the surrounding mountains,
Chongqing has long suffered from geological disasters such as mountain landslides,
which seriously threaten the lives of residents. This paper will also propose a path to
improve relevant resilience from the perspective of urban space.

Since Chongqing became a pilot area for new urbanization, the development of
various districts has been quite different. This gap in economic development is also
reflected in the city's disaster resilience [2]. Some areas in the city, such as Yuzhong
District and Yubei District, have relatively advanced disaster prevention facilities and
systems. For these two districts, the radiation impact of related facilities can be further
spread to link functions with other districts.

Resilience of Road Traffic Network in Mountainous Cities. Unlike plain cities,
mountainous cities generally have free-style road networks due to their scattered
urban construction layout. There are two characteristics of this type of road network.
First, secondary roads account for a large proportion of the road network. Since the
traffic speed will be reduced at the junction of the main road and the secondary road,
it is easy to cause congestion during peak hours. Second, the non-linear coefficient of
the route is large, and there are many dead-end roads [10].
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To solve the above problems and improve the resilience and carrying capacity of
the road network, the road nodes are divided into the following three categories and
optimized separately. For nodes with many connecting sections and complex traffic
conditions, the method of optimizing signal timing can be adopted. For nodes with
heavy traffic at intersections, traffic lights should be added in the direction of the
traffic source to reduce traffic flow and alleviate the carrying pressure. For some
intersections with complex traffic conditions, the method of traffic channelization can
be adopted, and monitoring and protection can be strengthened.

4 Conclusion

As a special type of city, mountainous cities need to pay attention to many aspects in
their resilience improvement path. This paper takes Chongqing as an example,
starting from its urban characteristics, focusing on epidemic prevention resilience,
flood control resilience, landslide disaster resilience, and road traffic network
resilience, and analyzes and discusses the improvement path of mountainous city
resilience.

First, for the improvement of urban space epidemic prevention resilience, should
start from the two scales of streets and communities. For streets, priority should be
given to the optimization of public space layout, such as reducing the intersection of
pedestrian flows in the trail system. And use digital software to optimize street
ventilation performance and reduce the risk of infection. For communities, attention
should be paid to the functional radiation of the municipal medical system to the
community. In space, use green plants or optimize the arrangement of buildings to
fine-tune the internal climate of the community.

Second, for the improvement of urban flood control resilience, first of, facilities
should be optimized, such as the renewal of drainage pipe networks and the division
of drainage zones. At the same time, drainage and water storage facilities should be
built to balance the surface runoff coefficient. Second, new urban construction or
management methods can be implanted, such as integrating the concept of sponge city
construction and the concept of resilient city to create a gray-green infrastructure.

Third, the improvement of urban resilience against landslide disasters is related to
the economic development of the region and the improvement of relevant
infrastructure. For multi-center cities such as Chongqing, a multi-level and multi-
structure disaster prevention infrastructure system should be built to spread the impact
of well-developed areas.

Fourth, for road network resilience, relevant road sections should be optimized
according to node conditions to improve the resilience of the overall road network and
traffic carrying capacity.

5 Future Outlook

Due to the influence of many factors, this article still has many shortcomings.
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First, the research details are limited. This paper only focuses on obtaining a rough

optimization path and does not conduct detailed case studies for each aspect of urban
resilience. If a certain area in the city can be studied as an example, the efficiency of
improving resilience will be greatly improved.

Second, this paper only focuses on the internal space of the city and does not focus

on the resilience construction of the suburban areas around the city. If the
construction of the resilience system of the entire area around the city can be
improved, it will be of great significance to the sustainable and healthy development
of the entire area.
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