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The outbreak of the COVID-19 pandemic in late 2019 has meant an uphill battle for city management. However, due to deficiencies in facilities and management experience, many megacities are less resilient when faced with such major public health events. Therefore, we chose Wuhan for a case study to examine five essential modules of urban management relevant to addressing the pandemic: (1) the medical and health system, (2) lifeline engineering and infrastructure, (3) community and urban management, (4) urban ecology and (5) economic development. The experience and deficiencies of each module in fighting the pandemic are analyzed, and strategies for revitalization and sustainable development in the future are proposed. The results show that in response to large-scale public health events, a comprehensive and coordinated medical system and good urban ecology can prevent the rapid spread of the epidemic. Additionally, good infrastructure and community management can maintain the operation of the city under the pandemic, and appropriate support policies are conducive to the recovery and development of the urban economy. These precedents provide insights and can serve as a reference for how to change the course of the pandemic in megacities that are still at risk, and they provide experience for responding to other pandemics.
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INTRODUCTION

On December 8, 2019, pneumonia of unknown cause appeared in Wuhan, and indications pointed to a novel coronavirus, SARS-CoV-2 (1). Facing the rampant spread of the disease and with increased awareness of the virus (2), Wuhan moved to close all transportation access into and out of the city on January 23, 2020, to prevent further spread of the virus (3). Two specialized hospitals, the Huoshen Mountain and Leishen Mountain Hospitals, were quickly built to receive and treat severe COVID-19 patients, and several public buildings were modified and furnished to serve as temporary hospitals with numerous beds for patients with mild symptoms (4, 5). The complete lockdown stopped the increase in confirmed cases, and centralized treatment led to a rapid decline in the number of infected people. After only 76 days, there were no remaining or additional confirmed cases for several consecutive weeks, and on April 8, 2020, Wuhan reopened for business and life, meaning that it had successfully contained the pandemic (6, 7). That the pandemic was curbed quickly demonstrates the resilience of Wuhan (8).

However, as a megacity of more than 10 million people, Wuhan needs to take various effective measures to address the problems that arose during the COVID-19 pandemic (9). Its experience holds great value to other megacities that are still in crisis due to the pandemic. The problems can be categorized into five key dimensions of urban issues as follows (10). (1) The first is medical treatment: Although Wuhan has a number of well-known hospitals, there are shortcomings in the public health system and facilities at the grassroots level that make it difficult to cope with the outbreak of a pandemic. (2) The second dimension is lifeline engineering and infrastructure: Municipal infrastructure sustained normal city operations during the pandemic period, but the spare capacity of lifeline engineering and infrastructure is insufficient, and the city's disaster control and mitigation capability still needs to be improved overall. (3) The third dimension is urban and community management: Inadequate community service resources and facilities made the workload of local community workers too heavy, making community management and life inconvenient during the pandemic. (4) The fourth dimension is urban ecology and the urban environment: Due to the high building density and floor area ratio of urban space, there is insufficient open public space with vegetation. (5) Finally, the fifth dimension is economic development: The pandemic-induced lockdown has had a considerable impact due to serious disruption of the supply chains of cities, and employment and business operations are facing severe challenges. In the postpandemic era, the most urgent task for megacities is to propose a set of scientific strategies for revitalization to compensate for shortcomings and to enhance urban disaster resilience (11).



COVID-19 AND URBAN GOVERNANCE

Many studies on the pandemic and cities have been conducted, focusing on multiple topics, and these studies provide valuable ideas regarding management and urban revitalization in the context of the COVID-19 pandemic. (1) Regarding medical treatment, the data show that the mortality rate of COVID-19 patients is related to whether treatment is timely and appropriate, which requires updating the information on beds and tiered treatment resources in a timely manner (12, 13). (2) With respect to lifeline engineering and infrastructure, the electrical supply capacity, water, materials and communication determine the efficiency of disaster relief activities, and a certain spare capacity of lifeline engineering and infrastructure is needed (14, 15). (3) Concerning urban and community management, the deployment and mobilization of community workers are fundamental for pandemic control, and community work should become the focus of urban management (16, 17). (4) In regard to urban ecology and the urban environment, the density of buildings and residents is positively correlated with the infection rate, which indicates that urban areas need more open spaces, such as parks and green spaces (18, 19). (5) Finally, regarding economic development, a good economy is an important underpinning for responding to the crisis caused by a pandemic, and government policies are needed to revive the economy after the pandemic (20, 21). In short, the COVID-19 outbreak has had a consequential impact on all aspects of urban life, and it has also pointed out how to establish more stable and reliable cities.

In this study, Wuhan, a typical megacity in China, is studied as an example to identify and analyze the problems that may arise as megacities face the COVID-19 crisis. Additionally, targeted development strategies are proposed to comprehensively improve the resilience of megacities. First, the impacts of the pandemic on all aspects of Wuhan's operations are assessed to identify the key issues in preventing the spread of the pandemic and in pandemic prevention and control. Then, the lessons learned from Wuhan's experience in eliminating the pandemic are summarized. Finally, considering the current situation of the city, potential strategies and measures to revitalize the city from the devastating pandemic are proposed. The findings can be used as a reference for similar megacities, suggesting strategies and measures to better respond when exposed to the impact of a pandemic disaster and to achieve sustainable urban development in the future.



PROBLEMS FACED BY MEGACITIES DURING A PANDEMIC

The sudden outbreak of COVID-19 was a test for any megacity (22, 23). Taking Wuhan as an example, although it controlled the pandemic due to strong policies and national assistance, the city's medical system nearly collapsed during the early period of the outbreak due to the lack of experience in responding to a sudden outbreak such as that of COVID-19. During the pandemic lockdown, community management and people's livelihoods were compromised by many difficulties. Thus, there are still problems and inadequacies in the public health system, emergency response system, smart city development, urban ecological management and socioeconomic development of Wuhan.


Public Health System

The public health system is flawed. Wuhan hosts several of the country's leading hospitals, but there are still shortcomings in its medical system, described as follows. (1) General hospitals are insufficient and unevenly distributed. Sixty percent of the general hospitals (including the nationally renowned Tongji, Xiehe, and Zhongnan Hospitals) are located in the core region, which accounts for only 1.6% of Wuhan's area. There are no general hospitals in three major urban areas and five newly built urban areas. Additionally, only five out of the 14 municipal districts have more than 7.5 beds per thousand residents. (2) The public health system is not sound, and there are insufficient medical resources for the treatment of infectious diseases. As a megacity with a permanent population of more than 11 million, Wuhan has two hospitals specializing in infectious diseases, with only 1,400 certified beds at the time of the pandemic. The number of beds per capita is 22% short of the national standard, making it difficult to withstand the severe impact of a major infectious disease (24). (3) The hierarchical diagnosis and treatment system has not been fully implemented, and the development of community-based primary medical facilities is lagging. In 2019, the number of visits to general hospitals reached 55.71 million, and the bed occupancy rate reached 94.2%, while the usage rate of primary medical facilities was less than half of that of general hospitals. Poor execution of graded treatment has further exacerbated the pressure on general hospitals during the pandemic and reduced efficiency in curbing the pandemic (25).



Lifeline Engineering and Infrastructure

The resilience of lifeline engineering and infrastructure to emergencies is insufficient. During the rapid spread of the pandemic, municipal infrastructure in Wuhan sustained normal operations, but there is room for improvement to make the infrastructure and facilities resilient in a disaster. (1) Lifeline engineering needs more capacity for secure service. Power supply, municipal water supply and wastewater collection/treatment are lifeline engineering projects that are essential for emergency responsiveness. However, the power supply facilities are overloaded by up to 26%, and there are still six districts in Wuhan that are not fully covered by sewage utilities. (2) A comprehensive emergency response plan is lacking. During the pandemic, all public transportation services were suspended in Wuhan (2), with no timely provision of transit services to essential workers. Given the lack of commuting and logistics support, some medical staff had to spend hours walking home after working for many hours in a hospital, and a serious shortage of domestic and medical supplies occurred (26). (3) The capacity of hazardous waste treatment is inadequate. There is only one nonhazardous incineration center for the disposal of medical waste in Wuhan, with a capacity of 50 tons/day. However, the daily generation of medical waste peaked at 247 tons during the pandemic period (27). There is an enormous gap in the capacity for medical waste management.



Community Management

The community management ability is insufficient. At the lowest level of urban management, community organizations play a crucial role in pandemic prevention and control (8). These local community organizations in Wuhan still need to be strengthened in terms of assistance and management capacity, as follows. (1) The divisions used for community units are irrational. There are presently some problems in the formation of organized communities, such as unclear boundaries, frequent changes in the constituent neighborhoods, and too many residents under one community unit (the average population of a community unit is 7,000–9,000 people), creating difficulties for community management. (2) There is a human resource shortage. The ratio of residents to community workers in certain communities exceeds 1,000:1, and the quality of the staff does not meet the requirements. In these circumstances, it is difficult to achieve good management. (3) The execution of smart community and smart city ideas is poor. The lack of smart management tools to respond to emergencies made daily life difficult during the pandemic period.



Green and Open Space

Green and open space is scarce. The data show that high-density streets and communities with larger populations and high gross floor area ratios have higher levels of confirmed cases (28), which points to the problem of the lack of available open space in Wuhan. (1) There is insufficient urban green space. Wuhan is dotted with many mountains and lakes, but there are only a few parks, wetlands and other green spaces in the city, and only approximately 30% of neighborhoods have easy access to a park or other green space. (2) The level of open urban space is low. Due to the high density of buildings, there is not enough open space (29). With a high building density and low openness, the urban fabric is not conducive to the formation of a healthy natural ecology and will promote the spread of COVID-19 (30).



Urban Economy

The urban economy suffered a major blow. During the pandemic, due to traffic blockades inside and outside the city, economic activities could not be carried out normally, or they were even stagnant for several days, bringing heavy losses to the economic development of Wuhan. These losses are described as follows. (1) The industrial supply chain was greatly affected. During the lockdown period, all economic activities in Wuhan were suspended. Closure measures cut off all kinds of “economic flows” (flows of people, logistics, capital, and information). (2) Employment and business operations were confronted with severe challenges. Global pandemic prevention and control led to an “oppressed consumption disaster”, and Wuhan's GDP showed negative growth in the first quarter of 2020, especially for the three demand categories of domestic consumption, capital investment, and imports and exports, which declined by more than 30% (31, 32).




KEY STRATEGIES FOR URBAN REVITALIZATION AFTER THE PANDEMIC

A strategy that allows a megacity to revitalize itself after a pandemic should consider the city's existing physical and management systems and aim for a comprehensively higher level of urban resilience and sustainable development (33). Taking Wuhan as an example, to compensate for the shortcomings exposed by the epidemic, this study proposes overall goals and improvement measures for the five aspects of urban development, i.e., medical treatment, urban construction, community, ecology and the economy, as shown in Figure 1.
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FIGURE 1. Goals of and specific measures for a megacity plan for postpandemic revitalization.



Improving Medical Services

In regard to improving medical services, a healthy city is a focus of public attention and a goal for sustainable development after the pandemic, and it is also the key for a megacity to restore public confidence and its image. Wuhan will focus on building its medical capacities and establishing a hierarchical diagnosis and treatment system for disease prevention and control to improve its medical treatment services and public health level.

A holistic system of medical facilities will be built to meet the needs during peacetime and wartime. Medical facilities in the city will be optimized in terms of geographical location through development by adding 20 hospitals to cover “blind spots” that lack medical services and by building two new hospitals dedicated to infectious diseases and 9 other specialized hospitals. Doing so will add as many as 20,000 beds for the treatment of infectious diseases, and the level of availability will exceed the upper limit of the national standards at 1.5 beds per 10,000 residents. The system of public health facilities will be improved by increasing the standardized medical and health facilities to 205 community facilities and building eight municipal subcenters for disease control and four first aid centers. In addition to this development program, Wuhan will have space reserved at large general hospital sites and will require both existing buildings and planned developments for public use to have associated supporting infrastructure built into them to facilitate their conversion for use in an emergency, which follows the principle of accommodating the demands of both pandemic and nonpandemic periods (34).

A coordinated, sensitive, reliable and comprehensive public health prevention system will be established. The key to curbing the spread of viruses and preventing and controlling a pandemic lies in “early detection, immediate reporting, isolation and treatment”. Wuhan will apply big data and artificial intelligence technologies to develop an “inclusive health information integration platform” for the tracking and early warning of infectious and contagious diseases. Functions such as a message service for the efficient provision of pandemic information, expert consultation and analysis, and response plans for prevention and control will be incorporated into the platform to develop a professional and modernized disease prevention and control network and to thus establish a system of prevention and control for public health events via dynamic monitoring and precision prevention and control.

A high-level national general medical science center will be built. Given its advantages in biomedicine and health services, Wuhan may compete for national medical research projects. Wuhan built one advanced P4 laboratory after the severe acute respiratory syndrome (SARS) epidemic and will develop a P3 laboratory for emergency services and prevention and control in the future. Teaming up with university medical schools, medical research forces will be formed to apply for state-financed medical research grants. There are also numerous biomedical and medical instrument manufacturers in Wuhan, and there is the potential to form a complete industrial chain together with scientific research institutions and hospitals in the future. Integrating these resources will sharpen Wuhan's edge across the supply chain, covering both the upper and lower streams, which will contribute to achieving its aim of becoming a national medical and health service center.



Upgrading Lifeline Engineering and Infrastructure

Having a higher level of protection against an emergency is conducive to improving the overall capabilities of a city with regard to comprehensive disaster prevention and mitigation. For megacities, building resilience should be the focus of postpandemic development. Wuhan will establish and implement a comprehensive and effective program to increase the carrying capacity of various infrastructures and to achieve emergency responsive resilience in its lifeline engineering and infrastructure.

A secure and resilient infrastructure system will be created. All lifeline engineering will be fully accounted for and preserve redundancy to enable operational flexibility under disaster conditions. For the electricity and water supply, availability in case of an emergency should be considered. Wuhan will add four high-standard substations for power supply and three water treatment plants for emergency service to increase the power supply by 60% and to provide an additional emergency water supply of 1 million m3, creating high-level redundancy in the power and water supply for emergency use. Wuhan will also accelerate the construction of 12 large sewage treatment plants to increase the daily sewage treatment capacity by 1.143 m2 or 40% (35). Based on 100% harmless treatment of municipal solid waste, Wuhan will build a batch of new waste treatment facilities to comprehensively improve the capacity to dispose of household waste, construction waste, hazardous waste and medical waste. In addition, 16,000 5G base stations will be deployed to provide infrastructure for the development of smart cities and related industries (36).

A comprehensive emergency system will be established to respond to emergencies in a timely manner. Holistic emergency response plans for various kinds of disasters will be developed, with three stages: a pre-event stage in which preparation is made, an in-event stage in which interventions to sustain services are implemented, and a postevent stage in which disrupted operations are restored. The plans for the pre-event preparation stage will address the spatial layout and activation sequence of the facilities for disaster prevention and mitigation based on risk assessment, and they will include associated development requirements. Those for the in-event and intervention stages will define the requirements for emergency use facilities to be converted from normal operations and to wartime operations to withstand the disaster and offer services. The plans for the postevent and recovery stages will clarify the schedule of restoration and associated requirements regarding the replacement and repair of various emergency facilities. In addition, plans to restore various systems for domestic life, business operations, transportation, and other services will be prepared.

A multimodal transport system will be established. Wuhan will proactively push regional transport infrastructure development, including six high-speed rail lines, one freight airport and 10 waterway facilities for shipping along the Yangtze River, to consolidate its position as a transportation hub in Central China. In addition, 600 kilometers of intercity expressways will be built to connect Wuhan with surrounding cities and towns, and nine new logistics centers will be built. Wuhan will have a metropolitan high-speed logistics network and will seek to become a center of logistics in Central China. Wuhan will also extend its urban rail transit network by another 400 kilometers and build nine river-crossing passages and 45 km of urban arterial roads. It will comb through and regulate the logistics system and shared transportation sector and address delivery and “last mile” problems. By further improving both local and regional transport facilities and services, a national-level multimodal transportation hub will be developed.



Enhancing Urban and Community Management

Grid-oriented community management methods have played an important role in fighting the pandemic (37), and the development of a sound and intelligent community service and urban management system is a key aspect of megacity governance for the postpandemic era. Wuhan will normalize and standardize community development and management and develop a smart community and city management platform to improve the level of community and city management.

Supporting resources will be improved, and community grid boundaries will be optimized. The size of communities will be adjusted and optimized, and the population will be maintained at approximately 3,500–5,000. Considering road separation and functional integrity, the boundaries of communities should be reasonably demarcated. The assignment of management staff and the provision of facilities will be improved. In addition to population registration, functions such as urban management and economic surveys will be incorporated into a community grid-based integrated information platform, one of the key projects to be implemented, for the comprehensive management of information on residents, land area, properties and industries to realize fully functional community grid management over the entire jurisdiction.

A complete community will be developed to improve living circles within a 15-min walking radius. A reasonable comprehensive community development index system will be established as the basis and standard for the construction of new and old communities. Based on the norm that for every 20,000 square meter floor area of housing, senior homes and services, sports facilities, medical services, cultural facilities, grocery stores and community management operations are essential and required, living circles within a 15-min walking radius will be developed. On this basis, a program for improvement and rehabilitation projects in 340 ordinary urban communities and at 114 historic street sites will be carried out.

The development of smart communities and smart cities will be further promoted (38). A public information service platform supporting data unification and sharing with access to multiple institutional levels of government authorities, street offices and community organizations will be developed to support social services, urban operations and government administration. Artificial intelligence will be used to refine and standardize the data acquired by front-end smart detectors to generate big data that can be used for efficient correlation analysis as well as granulated data for different application scenarios to digitize and virtualize all urban elements and thus provide real-time and all-status visualization for synergy and smart operation management.



Promoting the Quality of Healthy Public Spaces in Cities

Spatial representations of the spread of the virus during the pandemic show that open and vegetated public spaces can effectively slow and flatten the curve of confirmed cases. Megacities should make more effort to improve the ecology and natural environment in urban areas after the pandemic to create high-quality and healthy public spaces in cities (39, 40). Wuhan will build new parks and rehabilitate old parks, and it will create green spaces with associated facilities to establish more high-quality, open and green urban spaces, contributing to a culture of healthy life habits and improving the urban ecology and urban environment.

Green and healthy spaces will be created to improve the natural ecology in the city. Relying on the city's unique landscape resources, efforts will be made to continue the development of 14.2 km2 of river-view parks along the Yangtze River and 20 km of ecological corridors in the hilly areas of the municipality, and a large theme park will be built to enhance the attractiveness of the city to tourists. Ninety countryside parks will be built where local conditions are appropriate to provide healthy leisure places and a better urban ecology and urban environment. In addition, the development of mini-parks and greenways in the city will be accelerated for higher coverage by a network of green spaces in the central urban areas. Specifically, 954 parks and 530 km of greenways are being planned and will provide a full range of healthy and diversified natural spaces to people in Wuhan. As a result, the negative effects of high-density buildings can be alleviated, and reserves for emergency evacuation and disaster prevention can also be created.

Large markets will be comprehensively overhauled to remove potential public health hazards. In accordance with the principle of distributing markets in three towns in a balanced manner and equipping them with complete utilities and service functions, Wuhan will work proactively to develop a layout system for large markets in the city. Existing large markets for groceries and food products and various specialized markets in the main urban districts and other densely populated areas will be systematically checked to identify those violating hygiene and health codes to promote risk reduction in grocery/food markets and specialized markets. Efforts will also be made to relocate and rehabilitate markets with hidden hygiene and/or safety hazards to achieve an overall improvement in the context surrounding existing large markets with respect to urban functions, transportation, facilities and the environment.



Economic Reconstruction and Industrial Revitalization

Economic reconstruction is the main driver for improving overall urban strength, and it lays the foundation for a megacity to restore its competitiveness and attractiveness. In full alignment with the postpandemic policy direction, Wuhan will vigorously promote high-end and innovative industries to form a high-quality, sustainable economic structure that contributes to the national center city development strategy (41).

Industrial upgrading and transformation will be pushed forward to achieve long-term sustainable economic development. In the postpandemic period, Wuhan will make a greater effort to develop an extensive health system of industries integrating medical care, testing, rehabilitation, and laboratory services. Additionally, it will cultivate an emergency industrial park that integrates emergency-related functions such as technology research and development, emergency product manufacturing, warehouse services for materials, and exercises and training for emergency response, and it will develop a smart logistics industry linking the industries that offer unmanned warehousing, unmanned sorting, logistics robots and drone delivery. Wuhan will also accelerate the development of five national bases for the chip manufacturing, cloud service, new energy vehicle, aerospace, and medicine and health sectors. It will drive the economy with new types of investment and consumption, with a focus on overall economic sustainability and development in the intermediate term and the long term.

The development of new infrastructure will be promoted, and consumer demand will be stimulated across the board. Wuhan plans to create a digital twin by promoting investment in “new infrastructure” and the development of related industries and supply chains, fostering 5G industries and the industrial Internet of Things. In addition, assistance programs will be implemented to support emerging businesses and boost employment and consumption.

The status of urban economic centers will be improved, and high-tech innovation resources will be introduced. Other tasks to be completed include comprehensively expanding the economic influence of the Wuhan metropolitan area, attracting financial institutions and large enterprises to set up headquarters in Wuhan, and establishing a comprehensive national industrial innovation center as well as national laboratories for medicine, new energy and other purposes.




DISCUSSION

The COVID-19 outbreak represents an extreme challenge to the public health and disease prevention and control system of any megacity. Considering the evolution of the global pandemic, many megacities still fall far short of achieving the goals of being healthy, smart and sustainable with respect to public health, emergency response facilities and systems, economic industries, municipal infrastructure management and ecology and the environment. Taking Wuhan as an example, this study reviews the weaknesses of this megacity in dealing with the pandemic to propose sustainable development strategies and measures for implementation by any megacity in the postpandemic period, with insights regarding the necessary actions for a megacity to build its resilience.

The strategies and technical routes proposed in this paper might be far from sufficient to strengthen the global fight against the pandemic, but they are nevertheless significant for changing the tragic trajectory of the pandemic in megacities. Given that curbing COVID-19 is likely to be a protracted battle, it is important for managers to take certain steps to improve the hygiene and health conditions of their cities to make them more flexible and effective in addressing COVID-19 or other pandemics in an unpredictable future.
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