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ABSTRACT
Urbanization is one of the most important social and economic
phenomena in the world today. This paper reviews the formation of
megacities and summarizes the main problems, challenges and
opportunities faced by the sustainable development of such large
megacities. Issues discussed include the problems of land subsidence in
megacities, environmental issues, traffic problems and energy supply
aspects. The sustainable development of megacities in other parts of the
world provided the references and experiences for the countermeasures
of megacity planning and development in China. The vision of Digital
Earth and Digital Cities can play a major role in the efficient
management and sustainable growth of such megacities all around the
world.
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1. Formation of megacities

The city plays an important role in social development and carries most of the functions of human
social, economic and cultural activities. In some sense, it is the crystallization and engine of social
and cultural change. Urbanization is one of the most important phenomena of society and the econ-
omy in the world today (Urbanization 2016a, 2016b). The pace of urbanization is still accelerating
around the world, so the twenty-first century is often called the century of the city (De Rynck et al.
2005; Nature 2010).

As shown in Figure 1, in the twenty-first century, more than half of the world’s population live in
urban areas, and the trend is constantly accelerating (Brenner and Schmid 2013; Cohen 2006; Osorio
and Özkazanç-Pan 2014). Every year more than 60 million people, (an average of more than one
million people per week) will crowd into the city (Mcgranahan and Satterthwaite 2014). Asia is
one of the most dynamic economic regions in the world (Esterline, Wurfel, and Burton 2011). It
is the first continent in terms of population and one of the most highly urbanized areas in the
twenty-first century. According to United Nations Statistics, of the 358 cities with more than one
million people in the world, 153 cities are located in Asia. Of the 27 super cities with more than
10 million people in the world, 15 cities are located in Asia (United Nations 2007). It was shown
that in 2015 there are eight provincial capital cities in China with more than 400 km2 of urban
area (Figure 2). From 2000 to 2015, the proportion of urban areas in these eight cities has increased
dramatically. The top eight cities were Beijing, Shanghai, Tianjin, Guangzhou, Chongqing, Hang-
zhou, Wuhan and Xi’an. The urban areas of these eight cities accounted for 54.8% of the total
urban area of all provincial capital cities in China in 2015.
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Figure 1. The development and growth of urbanization in the world from 1950 to 2030. Source: The data are taken from the web-
site: http://www.un.org/en/databases/.

Figure 2. The urban area and the cumulative proportion of urban areas in 2000 and 2015 (the biggest eight cities sorted by urban
area in China in 2015).
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As a result of a series of reforms and opening-up policies, the process of urbanization in China has
developed at an unprecedented pace (Chen et al. 2014a; Li et al. 2016; Liu et al. 2013; Liu et al. 2014).
In 2011, the urban population of China has been more than half of the total population of China
(United Nations 2012). Urban architecture is an important aspect of the urbanization process,
and the area of construction sites in China has increased by 20 times compared to 1958. Because cities
have concentrated most of the achievements and resources of human social development, the urban-
ization process has benefited more of the general public. However, with the rapid expansion of the
cities and the increase in urban population, this has also produced several new urban problems, such
as unusually fragile infrastructure, increasing traffic congestion, deteriorating ecological environ-
ment, living conditions of migrant workers, fierce competition for limited quality resources and
also the rising urban crime rate (Batty 2008; Fuchs et al. 1994; Mills and Mitra 1997; Rutkin 2014).

In 2012, Jackson and Simpson edited a book entitled: ‘D_CITY: Digital Earth; Virtual Nations:
Data Cities’, published by the Group on Earth Observation (GEO 2005) (Jackson and Simpson
2012). See dcitynetwork.net/manifesto. Megacities have benefited greatly by many new Digital
Earth technologies, enabling the visualization of large cities by means of Earth observation (Ander-
son et al. 2017), 3-D modelling (Stoter et al. 2013), image and data fusion (Pohl and van Genderen
2014), Big Data (Shu 2016), and mobile technology (Ellul and Altenbuchner 2014). This has enabled
‘Digital Cities’ or ‘Smart Cities’ strategies to develop in many countries around the world (Li et al.
2013). Many cities already proposed the construction content of future (smart) cities. For example,
in 2017, Hong Kong proposed its smart city blueprint to increase competitiveness and urban vitality.
The main goal was to make use of innovation and technology (I&T 2017) to address urban chal-
lenges, enhance the effectiveness of city management and improve people’s quality of living, as
well as maximize Hong Kong’s sustainability, efficiency and safety; enhance Hong Kong’s attractive-
ness to global businesses and talents; and inspire continuous city innovation and sustainable econ-
omic development.

The Global Earth Observation System of Systems (GEOSS) was built by various countries and
proposed two implementation plans to support sustainable development with foci such as under-
standing environmental factors that affect human health and well-being, improved management
of energy resources, improving water resource management etc. Digital City could be considered
as a scientific urban manifestation of a Digital Earth. Additionally, many Smart City frameworks
have been put forward by commercial vendors to promote the concept of cities with sentient infra-
structure. However, these frameworks can only be called Intelligent City frameworks, as there has
not yet been a real improvement on the quality of urban life after the Internet of Things sensors
are adopted.

The smart city should be a sustainable city. As the forum for the future analysis, there are five
types of sustainable capital from where we derive the goods and services we need to improve the
quality of our lives. These are: Natural Capital, Human Capital, Social Capital, Manufactured Capital
and Financial Capital. This ‘Five Capitals’ model can help us have a better understanding of the
Smart City. In the following sections we first examine some of the unique and key problems
faced by megacities (Section 2). Then we discuss the approaches used by several megacities in Wes-
tern developed countries (Section 3) before presenting suggestions for the construction of a major
new megacity in China (Section 4). The paper ends with some conclusions and recommendations
for constructing megacities in China.

2. The main challenges for sustainable development of megacities

The economies and societies of megacities have developed rapidly, but they are also under pressure
from increasing population, resources, and ecological threats (Andrade et al. 2017; Ao et al. 2016;
Han et al. 2014; Ramachandra, Bharath, and Sowmyashree 2015). Indeed, as argued by Laurini in
a recent book, geographic knowledge engineering is needed for city or territory infrastructure. Multi-
disciplinary knowledge and citizen involvement allows not only spatial reasoning but also evaluation
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of various scenarios and alternatives for territorial intelligence governance, to help face the main pro-
blems of megacities (Laurini 2017).

In urban central districts, high-density architecture and the reduction of green coverage have
seriously deteriorated the urban environment and at times, have caused an urban ecological imbal-
ance (Su et al. 2016). Dense populations and industrial pollution have seriously damaged urban eco-
logical environments, as shown by Chan and Yao and many others (Chan and Yao 2008; Hong et al.
2015; Su et al. 2016), causing some problems such as environmental pollution (Chen, Chen, and Fath
2014b), heat island effect (Zhou et al. 2016), urban waterlogging (Quan et al. 2010) etc. The problem
of urban traffic has a direct impact on social and economic development and on the normal lives of
residents. With continuous expansion, resistance to various types of disasters has been weakened for
several cities. Problems of coexistence of mansions and slums, tight living spaces, poor living con-
ditions, employment difficulties and so on, stimulate urban crime. Waste disposal also is a serious
issue in many large cities, with a lack of appropriate waste disposal sites where needed.

This paper analyses the following four outstanding problems from the perspective of urban
geography and ecology.

(a) The problems of land subsidence in megacities.

Land subsidence is a serious natural disaster, which can endanger the security of urban infrastruc-
ture. At present, more than 150 major cities face the threat of land subsidence (Hu et al. 2004; Tomás
et al. 2010), and there are more than 50 cities in China where land subsidence has occurred (Deng et
al. 2017). Due to the over-exploitation of groundwater (Chaussard et al. 2014; Zhu et al. 2015), Beij-
ing, a large city, has been plagued by land subsidence for many years (Deng et al. 2017). Figure 3
shows the temporal and spatial evolution of land subsidence in Beijing from 2003 to 2010, and it

Figure 3. Temporal and spatial evolution process of accumulated land subsidence in Beijing. Source: adapted from Deng et al.
(2017).
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can be seen that the ground subsidence is increasing year by year. This study used ENVISAT ASAR
images obtained from 2003 to 2010. An analysis of these results showed that pumping groundwater
frequently affects the surface structure and geological deformation, and subsequently results in land
subsidence.

(b) Environmental problems in megacities.

The most typical environmental problems in large cities are environmental pollution and urban
heat island effects (Livesley, McPherson, and Calfapietra 2016), including urban microclimate, urban
waste, urban air quality, haze, carbon emissions and heat discomfort. For example, Beijing has dust
storms and Wuhan has summer waterlogging.

Traditional urban construction patterns require building, pavement and parking lots with imper-
vious surfaces. Drainage depends on the canal/pumping stations, which take ‘quick elimination’ and
‘end concentration’ (Butler and Davies 2003; Miguez et al. 2012; Wang 2016) as their main strategies.
Thus, urban waterlogging occurs when it rains. In 2010, according to Chinese Government statistics,
62% of 351 cities in China had different levels of urban waterlogging, and 137 cities experienced three
times or more waterlogging within a year. Researchers have proposed the ‘sponge city’ concept to
resolve these issues (Bunster-Ossa 2013). Impervious surface areas, such as hard pavements and
building roofs, are expanding in most cities (Kuang et al. 2013; Su, Yang, and Chen 2012).

When the urban impervious surface accounts for more than 75% of the urban area, more than
half of the precipitation needs to be discharged by surface runoff, and the change of impervious sur-
faces fundamentally changes the precipitation redistribution. Water cycles change according to
impervious surface dynamics, explaining why there are so many waterlogging issues. Impervious
surface changes radically alter rainfall redistribution, and the magnitude and spatial patterns of
impervious surfaces impact the groundwater recharge, runoff and discharge conditions.

As shown in Figure 4, in the building-intensive area of the city centre, the impervious surface is up
to 78.75% of the urban area, vegetation is only 4.44%, and water bodies cover only 0.61%. The

Figure 4. Impervious surface distribution of Wuhan city based on ZY-3 images.
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impervious surface rate of the core city has exceeded 75%, so the city loses the capacity for flood con-
trol and fails to cope with the waterlogging caused by a 24 hour rainstorm. However, most foreign
cities pay attention to this issue, and adequate green space exists in the middle of many Western
cities, so that they have good permeability.

Now China’s government is promoting the sponge city national strategy of urban planning to
solve this major issue of urban flooding. There are three key issues with sponge city planning, includ-
ing the resilient city, low-impact development and sustainable resource management.

(c) Traffic problems in megacities.

During peak hours of commuting, a megacity has some problems, such as traffic congestion,
difficulty in parking, difficulty in traveling of the public transport and in traffic management
(Chen and Song 2014). Intelligent transportation cannot be completely solved solely by technical
means such as sensor networks. Therefore, the system theory and the system engineering theory pro-
posed by Tsien Hsueshen (Li 2011) should be applied to solve traffic challenges and problems. Traffic
congestion can also lead to a series of problems, such as economic loss, energy waste, air pollution
and noise pollution, etc. (Weisbrod, Vary, and Treyz 2003).

The United States has similar problems. Traffic congestion in the US lost 87.2 billion dollars and
wasted 2.8 billion gallons of gasoline and 4.2 billion hours in 2007 (Mathur et al. 2010; Parsons 2009).
A 2011 report from the Chinese Academy of Sciences shows that residents of 15 Chinese cities spent
more than 57.6 billion minutes on the way to work every day, more than the residents of European
cities, and the loss is 20 billion Yuan (Niu 2012). At the same time, the exhaust gas from vehicles is
one of themain sources of urban air pollution (Colvile et al. 2001), resulting in haze, PM2.5 and so on.

(d) Energy problems in megacities.

Energy systems in big cities also have many problems. Energy production is unsustainable and
energy consumption is inefficient. Off-peak supply and other intelligent energy allocation strategies
should be employed to solve the intelligent scheduling and load problems on the ground.

The energy consumption of megacities is large (Carmichael, Adhikary, and Mena 2007), and the
problem of green energy needs to be solved (Carver 2012; Kammen and Sunter 2016). The Obama
administration in the United States made it a priority to put solar cells on the roofs of houses to pro-
vide renewable energy. In China, the cities of the Lhasa–Lanzhou–Taiyuan–Beijing–Tianjin–Dalian
can install solar panels for power generation at the top and sunny side of a building. Street lighting
systems, using solar energy and wind energy, have been popularized in many parts of China (Liu and
Wang 2009; Shi et al. 2012).

However, the current extent of solar power generation in China is still rare (Peidong et al. 2009),
so it is necessary to study how to make full use of solar energy in areas with plenty of solar energy for
supplying pollution-free energy, the car’s orderly power supply, urban management and so on. Few
measures are available now to address these problems. Smart city emergency management can
exploit the full value of big data (Yang, Su, and Chen 2017).

3. Development of megacities in western developed countries

Megacities in western developed countries have had detailed planning strategies for many years, and
the evolution of the planning strategy in different stages can provide useful reference for the devel-
opment of super-large cities in China. For example, New York City has successively launched many
city plans, and the trend is from city planning to regional planning, to the construction of satellite
towns, and ultimately to the formation of a regional sustainable city rather than a simple expansion
like the ‘pie’ (G. L. 1932). Figure 5 shows the evolution route of the planning strategy at different
stages in New York City, which can show the development process through satellite imagery of
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Figure 5. The evolution of New York planning strategy at different stages. Source: adapted from Tian (2010).

Figure 6. The evolution of London planning strategy at different stages. Source: adapted from Tian (2010).
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different ages (Kowsky 1987). A series of scientific plans can ensure balanced, wholistic development
of the entire region.

Figure 6 is the roadmap of London’s planning strategy at different stages. London, like New York,
emphasises regional development through the planning and construction of satellite cities.

Figure 7 shows the roadmap of Paris planning strategy at different stages. Paris has a similar
trend, using the planning of satellite cities and functional areas to produce coordinated city
development.

4. Suggestions for planning and construction of a new megacity in China

In view of a series of problems exposed by big cities, scientific planning and governance is needed the
future development of cities in China. For example, planning and construction of the Xiong’an New
Area needs to focus on the positioning of Beijing’s non-capital functions and coordinate develop-
ment with the overall planning of Beijing. One must unify the systematic planning to form a new
urban agglomeration of the Beijing-Tianjin-Hebei region. As shown in Figure 8, the Beijing–Tian-
jin–Hebei Urban Agglomeration located in the heart of the Bohai Sea in Northeast Asia, with an area
of 218,000 square kilometres and 110 million residents, is the largest and most dynamic region in the
north of China. It consists of 13 cities, including Beijing, Tianjin, Shijiazhuang, Zhangjiakou, Qin-
huangdao, Tangshan, Baoding, Langfang, Xingtai, Handan, Hengshui, Cangzhou and Chengde.
The following strategies are proposed for this region.

Figure 7. The evolution of Paris planning strategy at different stages. Source: adapted from Tian (2010).
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(a) Scientific planning considering urban geology

Taking into account the geological conditions of the city, scientific planning should be carried out.
To master the distribution of the geological and fracture zones, the underground structure should be
explored, both for seismic hazard assessment and for underground construction of metro systems
and other underground infrastructure. Site selections for subways and high-rise buildings must be
scientific and accurate.

(b) Reasonable control of the size of urban population

Urban population is a comprehensive indicator of a city’s carrying capacity. It is necessary to plan
a harmonious and sustainable ecological environment for reasonable control of population size and
population composition. Regular monitoring of a city’s growth and development should be made
using Earth observation and other geospatial technologies, so that any corrective measures that
may be needed during the growth of a new megacity can be implemented efficiently. This should
be strategized at the very beginning, to serve as a baseline from which each subsequent phase of
the megacity’s development can be accurately monitored, and the plans adapted or modified if
necessary.

(c) Reasonable layout of the industry and construction of satellite cities.

Each city should have a reasonable layout for its industry. Construction of satellite towns in a
megacity is not a simple expansion. For example, current planning of the Xiong’an New Area will
be positioned as a concentrated urban area with non-capital functions, which will remain located
in Beijing. The Xiong’an New Area can develop a commercial aerospace industry, which is an

Figure 8. Locations of the Beijing–Tianjin–Hebei Urban Agglomeration and Xiong’an New Area.
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emerging industry that is very dynamic all over the world and has a great potential for China and the
world in the future. The Xiong’an New Area needs to attract similar high technology industries.

(d) Protection and scientific planning of urban water resources

Water resources are necessary for the sustainable development of a city and need to be protected
and scientifically planned. For example, it is suggested that the development of the Xiong’an New
Area can be integrated with the South-to-North Water Diversion project (Office of the South-to-
North Water Diversion Project Construction Committee 2016), because the water in Baiyangdian
Lake will not be sufficient for this new megacity. Perhaps diversion of water from the Yangtze
River will support development of the Xiong’an New Area. When the amount of water is low or
drought occurs, extra supply can come from the South-to-North Water Diversion, and abundant
water can be transported to Beijing and Tianjin. This can also ensure water quality through water
source protection, including less fertilization and less pollution by civilians who live in the reservoir
area.

(e) The development of half an hour convenient high-speed traffic.

Megacities cannot take a simple approach of expanding like a pie, it will only make the traffic
become more congested. Between the megacity centre and the satellite city, it is necessary to consider
developing convenient transportation (half an hour door to door). For example, there should be a
half-hour traffic circle between Beijing and Tianjin. Specifically, between the Xiong’an New Area
and Beijing and Tianjin, there should be a convenient and fast subway or high-speed rail to achieve
an effective public transport network. Scientific traffic planning will ensure overall coordinated
development in the megacity.

(f) Pay attention to the protection of the environment, to try to use green energy

New megacities will, in time, become historic and cultural heritage areas through continuous
improvement of planning to stay up to date over time. They should draw lessons from the planning
processes of foreign megacities, to help the megacity or the Xiong’an New Area become an environ-
mentally friendly and green new town.

(g) Matching resources to allow residents to peacefully live and work.

Residents of downtowns and satellite cities can live and work in peace through the matching and
optimization of resources in both areas. The example is the annual migration of thousands of resi-
dents from north east China’s Heilongjiang province, from cities such as Harbin, who travel to Sanya
on tropical Hainan island to escape the winter cold for the winter months. They return north for the
summer months. When they arrive in Hainan, there is a shortage of resources, and pressure on the
environment, but after they leave, the temporary facilities lie idle, and resources are wasted.

(h) To strengthen the rational development and utilization of underground and semi-underground
spaces in megacity

New megacities in China face the bottlenecks of development because of limited land. However,
technology for optimum use of the underground and semi-underground space engineering is accel-
erating. Moreover, planning and construction of subways and underground car parks are also the
main sources of urban geological disasters. To facilitate better surface ecology and sponge city sol-
utions, underground and semi-underground spaces should be rationally developed and utilized,
using sound engineering geology and geospatial technology.
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(i) To build a smart sustainable city.

This future megacity will have attributes including sustainability, high quality of life, and a good
economic and social environment.

5. Conclusions

Throughout human history, the city has played an important role in the major changes and trans-
formations of various historical periods. Against today’s background of global urbanization, it is
necessary to coordinate deep-seated problems such as the utilization of land economy, sustainable
development of the city, protection of historical and cultural heritage, resilience of human settle-
ments to resist various disasters, and maintenance of good planning. The smart city has broad pro-
spects for economic restructuring and development, urban management and intelligent services to
the public; ensuring more coordinated development between people and nature. The historic stra-
tegic deployment of the Xiong’an New Area, representing the ‘Millennium Plan, National Events’
policy, will play an important role in the current reform and transformation of the big city. With
the goal of ‘world vision, international standards, Chinese characteristics, high goals’ (Xiongan
2018), urban planners and builders should fully solicit the wisest proposals to promote China’s
megacity planning and construction. It can use these advantages to boost the realization of the Chi-
nese Dream.
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