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As a crucial node of Qingdao’s construction of a modern international metropolis, a topnotch marine port, a demonstration zone
for local economic and trade cooperation of the Shanghai Cooperation Organization (SCO), and an international shipping trade
financial innovation center, the Qingdao Cruise Port warrants transformation to adapt to the future development of Qingdao city.
Besides, with the constant increase in the intensity of urban underground space (UUS) development in Qingdao, the organic
integration of underground space reconstruction and urban development in the cruise port area must be accentuated. Taking
the underground space development project in Qingdao Cruise Port as the background, this study analyzes the
multidimensional development and utilization of underground space in the project (the functional distribution of the
two-dimensional plane and the stereo integration of the three-dimensional space). In addition, this study explores
strategies to promote the organic integration of industrial areas and cities through underground space development.
Expanding the research field of UUS, this study provides reference cases for the transformation of old industrial areas in
other coastal cities.

1. Introduction

Industrial areas play a vital role in promoting the develop-
ment of cities. However, with the development of cities,
some industrial areas have slowly lost their original func-
tions and are on the verge of being eliminated. Nevertheless,
these old industrial areas occupy key geographical locations
in cities, which have unique values. Thus, the research on
the transformation of old industrial areas has become a hot
topic in the architecture field. Meanwhile, to relieve the pres-
sure of urban development, the development of urban
underground space (UUS) has been increasingly focused
upon because of its advantages of efficient use of land
resources, high security, energy conservation, and environ-
mental protection. Developing UUS is a critical way to build
green and sustainable cities [1]. At present, people’s research
on UUS involves underground space planning, underground
engineering, and sustainable development. With the devel-
opment of cities and the transfer of urban industries, some
industrial areas have been abandoned. These industrial areas
require underground space development. The current

research on underground space in industrial areas involves
design principles [2], planning strategies [3], technological
development [4], and development scale forecast [5]; how-
ever, the research on underground space in industrial areas
and urban development factors is marginally scarce. Rela-
tively limited research has been conducted on the correlation
between the underground space of industrial zones and the
elements of urban development. Thus, the exploration of
related fields is warranted.

2. Status Quo of Research on
Underground Space

2.1. Foreign Research on Underground Space. The Associated
Research Centers for Urban Underground Space (ACUUS)
conference is an international academic conference on
UUS research. The theme of each conference reflects the
current international research hotspots in the field of UUS.
To date, 17 sessions of the ACUUS conference have been
held. Initially, the conference focused on the advantages,
structure, form, and development prospects. Later, the
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theme gradually shifted to the fields of underground space
and planning, resources, economy, and environment. As
the research progressed in the field, the themes of recent
ACUUS conferences focused on the use of underground
space development to attain sustainable urban development
(Table 1).

2.2. China’s Research on Underground Space. China’s
research on underground space has borrowed significantly
from foreign advanced experience. “Comprehensive Utiliza-
tion of Underground Space” published by a foreign magazine
translated by Liantai [6] opened the gate to the research of
underground space in China. Subsequently, Bihua [7] and
Xu [8] learned a lot from foreign experience and start
researching on related fields based on the actual situation in
China. However, most research during this period focused
on the fields of underground building design and under-
ground space planning, rendering the research field incompre-
hensive. At the end of the twentieth century, Qihu [9] and
Linxu [10] not only further researched underground space
planning and design but also keenly captured the key and
challenging issues of China’s development. In addition, they
started combining underground space development with
urban development. The development of underground space
is a necessary condition for the realization of sustainable urban
development. After entering the new century, China’s research
on UUS has gradually diversified. Yu et al. [11] discussed the
overall planning, detailed planning, and planning manage-
ment process of UUS. Xu et al. [12] discussed the impact of
economic factors on the development of underground space,
claiming that different stages of economic development
exerted different effects on the development of UUS. As the
economy continues to improve, the proportion of under-
ground transportation and underground municipal facilities
will increase gradually. Hong and Shen [13] combined the
evolution process of underground space functions worldwide
and the research context of international underground space
design theory. The authors proposed forward a requirement
for the development of China’s underground space (establish-
ment of the discipline of underground architecture) and eluci-
dated two trends therein (the stereo development of buildings,
combined development of underground transportation space
and urban space). In addition, Zhu et al. [1] summarized
China’s current planning and management status and exam-
ined the corresponding policies and laws for UUS develop-
ment; they believed China’s UUS has a bright future, but
further coordination is warranted in planning. In formulating
policies and regulations, it is essential to articulate correspond-
ing implementation policies, laws, and regulations in compli-
ance with national conditions. Wang et al. [14] and Ya and
Chengli [15] comprehensively analyzed the crowd psychology
in the underground space and claimed that people’s negative
impression of the underground space is objective. The study
of crowd psychology in underground space is a crucial means
to augment the environmental quality of underground space.
Meanwhile, with the continuous furthering of China’s green
development concept, the use of underground space to assist
the green development of society has garnered growing atten-
tion, and the research enthusiasm for underground energy

systems, underground water storage systems, underground
logistics systems, and underground expressways has been
increasing every year. Furthermore, the development and
research of China’s underground space are moving gradually
toward world-class standards.

2.3. Limitations in UUS Research

2.3.1. Lack of Research on Urban Fringe Areas. An all-round
and multilevel development of cities has created many new
urban problems. The research on UUS should be conducted
from the perspective of architectural disciplines such as pro-
moting urban development by analyzing and solving practi-
cal problems. The current research on UUS still concentrates
on the areas of urban pedestrian streets, urban complexes,
urban rail transit, and civil air defense engineering; most of
these research fields are located in urban central areas, and
the pressure on urban land is high. Thus, corresponding
research is urgently needed to expand the prospect of UUS
development. However, research on the development of
underground space in the fringe areas of urban develop-
ment, such as old industrial areas and historic preservation
blocks, is deficient. China’s urban development is gradually
shifting from incremental construction to stock renewal.
Perhaps, research on UUS in low-stress areas could effec-
tively extend the space for urban development, and it has
great significance to the realization of urban green and sus-
tainable development.

2.3.2. Lack of Research Related to Urban Development
Factors. The pressure on urban development is increasing
gradually, and the development and utilization of UUS as
one of the critical ways to relieve the pressure of urban
development has been broadly recognized and concerned.
Currently, the research hotspots of UUS still focus on
exploring underground space, underground environment,
underground function, and other UUS utilization forms.
The research overlooks investigating the elements of UUS
that affect urban development, how underground space
affects urban development elements, and the complex corre-
lation between underground space and urban development
elements. Of note, the discussion on the correlation between
urban development factors and UUS development can
enable people to find the fundamental “key point” for UUS
development to promote urban development, as well as
analyze the size of the driving force that promotes urban
development during underground space development.
Moreover, investigating the correlation between UUS and
urban development elements could help people use new
research perspectives to analyze underground space, expand
the assessment methods of underground space development
and utilization, help enhance the overall quality of under-
ground space, and promote sustainable development of cities.

3. Elements of Urban Development

The elements of urban development, including population,
economic activities, public resources [16], land [17], and
science and technology [18], are the elementary conditions
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affecting urban development and the causes of urban gener-
ation, change, and development.

The five elements of urban development, which consti-
tute the urban development model in the form of a pyramid
(Figure 1), are the fundamental constituent units of modern
urban development and conjointly promote urban develop-
ment. As the fundamental element of urban development,
the population is at the bottom of the pyramid to support
the other four elements. Land and economic activities con-
stitute the two core elements of urban development, which
provide urban physical activity space and urban economic
activity space for the urban population, respectively. In
addition, they provide physical construction space and con-
struction funds for public resources. As a crucial element of
urban development, public resources inherit the population,
land, and economic activities. The factors provide a platform
for technological development. As the top element, technol-
ogy is equally affected by the other four elements and, at the
same time, provides feedback on other elements. Technology
is progressively becoming a core element influencing urban
development. The five elements of a city interact with each
other. To accomplish the sustainable development of a city,
it is essential to ensure a balanced and stable development
among the five elements of population, land, economic
activities, infrastructure, and science and technology.

4. Project Overview of Qingdao Cruise Port
Starting Area

As a key node of Qingdao’s construction of a modern inter-
national metropolis, an outstanding marine port, a demon-
stration zone for local economic and trade cooperation of
the Shanghai Cooperation Organization (SCO), and an
international shipping trade financial innovation center,

the Qingdao Cruise Port warrants transformation to adapt
to the future development of Qingdao city. The starting area
(Figure 2) project of the cruise port inherits the historical
memory of Qingdao and reshapes the physical space of the
port area to introduce new industries and new forms of busi-
ness [19]. In addition, the starting area can provide a new
growth engine for the development of Qingdao. Second,
the program opened the development process of Qingdao
as a world ocean city, acting as a link between the entire
cruise port area and the development process of Qingdao.

4.1. Controlled Detailed Planning of the Starting Area. The
controlled detailed planning of the project in the starting
area transformed the port into commerce, culture, tourism,
and parks, while reserving the residential land. In the pro-
ject, the existing storage facilities will be rebuilt to complete
the replacement of commercial, residential, entertainment,
and leisure functions in the old industrial zone and then
build the Qingdao cultural tourism area as the core of the
starting area through new buildings. Besides, the coastal
parks will connect cultural and tourist areas, business areas,
shopping areas, distribution centers, docks, and residential
areas, building a “port-city” integration corridor to connect
the city, port, and ocean. In addition, the project will make
the “city-port-sea” a connection to bridge the current situa-
tion of separation between old industrial areas and urban
areas and improve the spatial quality of Qingdao’s old urban
areas (Figure 3).

5. Underground Space Promotes the Integrated
Development of Industrial Zones and Cities

With the change of the urban development mode and the
growth of emerging industries, especially the technology

Table 1: Past conferences of ACUUS.

Session Time Location Conference theme

1 1983 Sydney, Australia Energy Efficient Buildings with Earth Shelter Protection

2 1986 Minneapolis, United States Advances in Geotectural Design

3 1988 Shanghai, China New Developments of Underground Space Use

4 1991 Tokyo, Japan Urban Underground Utilization

5 1992 Delft, Netherlands International Conference on Underground Space and Earth Sheltered Structures

6 1995 Paris, France Underground Space and Urban Planning

7 1997 Montreal, Canada Underground Space: Indoor Cities of Tomorrow

8 1999 Xi’an, China Agenda and Prospect of the Underground Space for the Turn of the Century

9 2002 Turin, Italy Urban Underground Space: A Resource for Cities

10 2005 Moscow, Russia Underground Space: Economy and Environment

11 2007 Athens, Greece Underground Space: Expanding the Frontiers

12 2009 Shenzhen, China Using the Underground of Cities: For a Harmonious and Sustainable Urban Environment

13 2012 Singapore, Singapore Underground Space Development—Opportunities and Challenges

14 2014 Seoul, Korea Underground Space: Planning, Administration, and Design Challenges

15 2016 Saint Petersburg, Russia Underground Urbanisation as a Prerequisite for Sustainable Development

16 2018 Hong Kong, China Integrated Underground Solutions for Compact Metropolitan Cities

17 2021 Helsinki, Finland (online) Deep Inspiration

Source: https://www.acuus.org/index.php/past-conferences/complete-list.
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industry, many industrial areas have not fulfilled the
requirements of the times, as they are faced with the
dilemma of being eliminated and abandoned [20]. The lack
of attractiveness of old industrial areas leads to the loss of
population in the region, which passively results in the lack
of economic activity in this region and decreases the motiva-
tion for investment and construction of public resources.
The vicious circle of the loss of population, reduction in
economic activities, and the lack of public resources results
in the continuous decline of the industrial zone. However,
the industrial zone has considerable idle land, which can
make the positive cycle of attracting population, promoting
economic activities, optimizing the allocation of public
resources, and attracting high-tech industries through the
underground space development; this then aggregates the
five elements of population, land, economic activities, public
resources, and science and technology to promote the devel-
opment of the city.

5.1. Create a Vibrant Space Area to Attract the Urban
Population and Stimulate Economic Activities. The core of
space vitality is people who engage in various activities.
The physical space provides people with a place for activities,
which certainly affects people’s activities [21]. In the overall
planning of the underground space of the Qingdao Cruise

Port launch area, a large underground pedestrian has been
designed. Besides, cultural, entertainment, and commercial
functions have been placed on both sides of the pedestrian
system, thereby making a multiple plan function to break
the traditional monotonous functional organization of the
underground space. In addition, the three-dimensional
pedestrian system has been used to connect the businesses,
subways, and other functions in the three-dimensional space
(Figure 4), which will promote the three-dimensional inte-
gration of urban, port, underground, and coastal areas, as
well as create a systematic and coherent integration of stereo
space. Reportedly, the urban vitality space sweeps the
attraction of the urban population [22]. Meanwhile, in the
underground space plan of the starting area, business
centers, distribution centers, subways, exhibitions, culture,
entertainment, hotels, and other commercial functions are
connected in series through the underground pedestrian
system (Figure 5). The connection forms a unified and
complete underground commercial facility, stimulating the
economic activity to the greatest extent. Underground
commerce cannot exist in isolation. Thus, the underground
commerce and related functions have been rationally
planned in the vertical space, so that underground com-
merce and related functions on the ground form a synergy
to create economies of scale [23].

5.2. Promote Efficient Use of Land. Modern cities are devel-
oping in the direction of centralized and intensive use of
functions and space; however, the development of cities
has not amended the urban environment [24]. As an emerg-
ing first-tier city, Qingdao is also fronting the shortage of
land resources like other first-tier cities such as Beijing,
Shanghai, Guangzhou, and Shenzhen. Through under-
ground space development, multilevel modern urban space
can be created to improve urban functions and the environ-
ment. In addition, creating a living space full of bright light
and green areas on the ground provides residents with a
peaceful and comfortable experience, while using under-
ground space to accommodate urban functions [24]. The
project advocates the function of underground space in the
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Technology
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Important elements

Main elements

Emerging elements

Figure 1: Pyramid of urban development factors (source: self-created).

Figure 2: The rendering of Qingdao Cruise Port starting area
(source: from the Internet).
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vertical commercial space area, such as subways, parking,
underground walking area, and integrated pipe gallery
(Figure 6), which has increased the development intensity
of the unit land space and opened up more development
space for the city.

5.3. Provide New Space for the Construction of Public
Resources. The development of underground space enables
more effective use of urban public resources [24]. Different
public resources exert different impacts on urban develop-
ment. For instance, urban elevated roads affect people’s
perception of the city, while the landscape will enhance the
urban environment, which, in turn, promotes the enhance-
ment of the commercial value around the green space. The
development of underground space provides a new con-
struction space for public resources with negative attributes
(Figure 7). The development of UUS is the most effective
way to increase the land utilization rate, save land resources,
ease the density of central cities, and decrease environmental
pollution [25]. The municipal integrated pipe gallery in the
starting area is buried in the shallow underground space
under the urban landscape, reserving a flexible development
space to reserve space for urban development. Meanwhile, it
provides significant green construction land for the city. By
constructing high-quality coastal parks, the city will be a
landmark of the Jiaozhou Bay, strengthening the positive
role of public resources. In the starting area project, the
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Figure 3: (a) The current land use map; (b) the land use planning map (source: self-created per the relevant information).
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Figure 4: Stereoscopic walking system (source: self-created per the
relevant information).
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Figure 5: The underground walking system connects each
functional node (source: self-created per the relevant information).
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underground space is comprehensively planned in three
dimensions. A regional car loop is built underground to
build an efficient and convenient underground train layer.
Vehicle leveling and pedestrian leveling are separated in
the vertical space to realize the diversion of people and vehi-
cles, passengers and cargo, and arrival and departure transit.

5.4. Provide a New Application Environment for Technological
Innovation. High-tech technologies represented by 5G, big
data, and artificial intelligence (AI) are becoming one of the
main driving forces for urban development. As China’s
economic development enters “new times,” the construction
of smart cities supported by technological innovation has been
upgraded [26]. While developing the underground space of
old industrial buildings and industrial facilities, a combination
of parameterization and AI is used to keep the physical envi-
ronment such as indoor sound, light, and heat in a stable state
through computer control; this can ensure a good living envi-
ronment while avoiding energy waste. In the underground
pedestrian system, underground vehicle transportation sys-
tem, and underground parking, big data combined with 5G
technology can be used to broadcast traffic conditions in real
time while also effectively forecasting traffic conditions, so that
people can plan travel plans reasonably.

6. Strategy of Industrial Transformation and
Urban Integrated Development Based on
Underground Space Development

Sustainable development should be considered a crucial
criterion for the development of underground space [27].
Urban historical and cultural heritage is the foundation of
sustainable urban development, a valuable resource for
urban development and a key component of the develop-
ment of the knowledge economy [28]. As an integral part

of the historical and cultural heritage of industrial cities,
the transformation of industrial areas is the only way to
adapt to future urban development; it is also an effective
way to preserve urban memory and an urgent task to attain
stock renewal. As a special transformation method, the
underground space development in the industrial zone has
the advantages of increasing land utilization and greening
rate, protecting the memory and context of the city, and pro-
moting the three-dimensional development of the city.
However, promoting the transformation of industrial areas
and urban integrated development per the development of
underground space warrants appropriate strategies.

6.1. Development of the Whole Society under the Guidance of
Government. The investment in the construction of UUS is
substantial [29]. The investment return period of projects
is usually longer, and the capital requirements are high.
Under typical circumstances, estate developers stay away
from such projects. At the moment, it is crucial for the gov-
ernment to lead the development of underground space in
the industrial zone by formulating relevant policies and reg-
ulations and even acting as the main funder of the project.
Through the traction of the government, all parties in the
society are gathered for development and construction. In
addition, the government should encourage developers to
invest in construction independently and provide specific
policy support; however, the government should strictly reg-
ulate the development and construction plan to ensure the
project’s quality. Moreover, universities and other scientific
research institutions should conduct standardized research
on the development standards of underground space in
industrial areas. By standardizing the development of
underground space in industrial areas, scale effects can be
realized and development costs further saved. As the direct
participants of development, the public should also present
reasonable opinions and suggestions, participate in the
development and construction from the first-person per-
spective, and discuss what type of underground space people
need to attain the purpose of enhancing the quality of under-
ground space.

6.2. Demonstration of the Necessity and Feasibility of
Underground Space Development in Industrial Areas.
Although underground space is a considerable and abun-
dant space resource [30], not all industrial zone transforma-
tions need the development of their underground space.
Thus, the necessity and feasibility of developing the indus-
trial zone’s underground space should be illustrated by dem-
onstrating the project’s impact on the city’s economy,
environment, and humanities. In addition, a comprehensive
evaluation should be done to determine whether the indus-
trial zone’s underground space needs to be developed and
utilized during the transformation. Relevant universities
and other scientific research institutions can establish a
model of the necessity and feasibility of underground space
development by exploring the development of the under-
ground space in industrial areas, economics, environment,
and context. Furthermore, the model can be used to deter-
mine whether the underground space in industrial areas
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Parking Retail

Utility tunnel

Subway

Figure 6: Stereo planning of underground space (source: self-created
per the relevant information).

Business Business

Landscape LandscapeRoad

LoopParking Parking

Pedestrain underpass

Figure 7: Development form of public resources of underground
space (source: self-created per the relevant information).
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needs to be developed and realize the standardized develop-
ment of the underground space.

6.3. Multidimensional Development of the Underground
Space in Industrial Areas. The multidimensional develop-
ment of the underground space in industrial areas has four
dimensions. (i) The two-dimensional level includes the rea-
sonable layout of the underground space functions per
urban development needs; the integration of commercial
areas, walkways, green courtyards, and other functions;
and the segregation of pedestrian and vehicle functions. (ii)
At the three-dimensional level, the project must make rea-
sonable planning of shallow, medium, and deep under-
ground space in the industrial zone. Of note, the shallow
space can be equipped with municipal integrated pipe corri-
dors, underground commerce, and underground parking.
The middle space can be equipped with urban underground
rail transit, underground garbage treatment facilities, and
underground power stations. In deep space, underground
strategic safety reserves, such as underground oil and gas
depots and underground arsenals, can be arranged [30].
(iii) At the four-dimensional level, owing to the irreversibility
of underground space development [30], we should rely on
flexible design thinking to build an open underground space
structure. Thus, comprehensive urban planning and under-
ground space development and utilization characteristics are
needed to enhance the functionality, adaptability, and scalabil-
ity of the underground space in industrial areas [31] to fulfill
the needs of future urban development. (iv) At the five-
dimensional level, old industrial areas often play a pivotal role
in the development of cities in the past; they constitute the col-
lective memory of people in the area. In the renewal of the old
industrial zone, the memory of the place is the site’s soul,
recording the historical context of the site, witnessing the past
and present of the site, and acting as the link between the pub-
lic and the site [32]. Thus, in the process of underground space
development in industrial areas, thinking about the memory
of the place is essential. People should make full use of their
unique memories and emotions of industrial areas, as only
then the value of the place can be realized in a real sense.

6.4. The Underground Space of the Industrial Areas
Integrates High-Tech Industries. The old industrial area is
representative of the past urban development history, and
getting high-tech is representative of the contemporary
advanced life. Integrating technology into underground
space development in industrial areas can not only fulfill
people’s diversified needs for life experience but also support
the social needs of urban sustainable development [33].
Underground space development of industrial areas actively
explores new development directions of technology while
utilizing the existing technological research results. In addi-
tion, underground space development provides experimen-
tal sites for high-tech industries. Of note, utilizing high
technologies in underground space development can effec-
tively enhance the quality of space, and the experimental
data obtained can better promote technological develop-
ment. Thus, they should eventually form a mutually promot-
ing coupled development model to realize the parallel

development of underground space development and technol-
ogy. The fusion between the underground space of industrial
areas and technology can inevitably create unexpected archi-
tectural forms, artistic effects, and experience perception.

7. Conclusions

Underground space development has become a crucial
means of activating the vitality of industrial areas and is an
integral part of the transformation of industrial areas in
the future. Underground space development in the indus-
trial areas can promote the integration of the industrial areas
and the city through the organic connection with the urban
development elements and then promote the further devel-
opment of the city.

(1) Underground space development in the starting area
reactivates four urban development elements (popula-
tion, land, economic activities, and public resources),
which is of great significance to promote the sustain-
able development of old urban areas

(2) In the development process of the underground
space in the starting area, methods like creating vital-
ity space, enhancing land use efficiency, expanding
public resource construction space, and actively
using innovative technologies are used, which have
reference significance for promoting urban develop-
ment, endorsing environmental protection, and
improving scientific and technological innovation.
Moreover, they can be promoted and used in the
development of similar projects

(3) The analysis of the underground space project in the
starting area can help summarize the development
strategy of the integration of the coastal industrial
area and the city based on the underground space
development; that is, the development of the whole
society under the guidance of the government,
demonstration on the necessity and feasibility of
underground space development in industrial areas,
multidimensional development of the underground
space in industrial areas, and the underground space
of industrial areas integrating high tech

This study has some limitations. First, we only analyzed
the underground space development project of the Qingdao
Cruise Port starting area from a macro perspective, which
lacks the first-person microscopic perspective to analyze
the project. Second, the strategies obtained have some limi-
tations. In the future, research in the related fields should
be strengthened and constantly explore and innovate to ful-
fill the needs of the underground space in industrial areas
and urban development.

Data Availability

The data used to support the findings of this study are avail-
able from the corresponding author upon request.
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