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Abstract: The redevelopment and transformation of industrial land has become an important part of
urban renewal in China. This study adopts a spatial perspective to investigate the transformation of
industrial land in Shenzhen based on a set of reliable data of all urban redevelopment projects of
industrial land from 2010 to 2018. Research shows that the development of the real estate market,
local government’s strategic demand for upgrading industrial structure, and the policy objective
of improving land use intensity are important factors that affect the industrial land transformation.
Industrial land has decreased significantly in urban renewal. About 881.79 ha (76.82%) of industrial
land has been transformed into commercial, residential, and new industrial spaces. The planned
industrial space is mainly located in the central and western regions, while the new commercial and
residential spaces are mainly located outside the Special Economic Zone (SEZ). Redevelopment of
industrial land has also transferred a certain scale of land to local governments for providing public
facilities with an uneven spatial distribution between SEZ and non-SEZ. Therefore, industrial land
transformation has brought significant effects on the urban spatial structure of this city. The study
concludes with an evaluation of current industrial land redevelopment activities and provides
suggestions for sustainable land development in the future.
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1. Introduction

Urban renewal is an important activity of land reuse and space restructuring in urban
development. Its main purpose is to solve a series of urban problems such as urban function
decline, unreasonable spatial structure, and ecological environment deterioration through optimization
and integration [1]. The land available for new construction in Chinese megacities has nearly been
exhausted with the rapid urbanization and the continuous urban land expansion. Thus, urban renewal
has become the main means of urban development in Chinese megacities [2]. Industrial land
redevelopment has become an important part of urban renewal in recent years due to the increasingly
urban problems such as a low level of land use efficiency and outdated urban functional structures [3].

The renewal of industrial land is usually included in the concept of brownfield regeneration in
the Western context [4]. Brownfields have been defined differently to serve different research purposes
depending on the concerns of national governments, institutions, or interest groups. In England,
brownfields generally refer to:

“Previously developed land that is unused or may be available for development. It includes
both vacant and derelict land and land currently in use with known potential for
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redevelopment. It excludes land that was previously developed where the remains have
blended into the landscape over time”. [5]

Similar definitions also appear in Canada and other countries, where industrial land regeneration
pays more attention to the redevelopment potential of the land. In America, brownfields usually
refer to:

“Real property, the expansion, redevelopment, or reuse of which may be complicated by the
presence or potential presence of a hazardous substance, pollutant, or contaminant”. [6]

Brownfield redevelopment can bring significant economic and environmental benefits, which may
include revitalization of deteriorated communities, provision of new jobs and taxes, reduction of
risk to public health, provision of green space, etc. [7,8]. Studies by Persky and Wiewel (1996) and
De Sousa (2002) found that the public benefits provided by the brownfield redevelopment far outweigh
those of greenfield development [9,10]. De Sousa (2003) examined 10 “brownfield greening” case
studies in Toronto and found that brownfield redevelopment provides valuable opportunities for
increasing green spaces in urban areas, thus bringing about benefits such as soil quality improvement,
habitat creation, economic revitalization of communities, and so on [11]. According to De Sousa
(2009), undeveloped brownfields have a negative impact on the value of adjacent real estate,
while redevelopment of brownfield can significantly improve the surrounding real estate value [12].

From the perspective of capital, the main driving force for land redevelopment is to obtain
sufficient “land rent gap” [13]. When the potential rent of a land is larger than the rent of its existing use
function, more profit space will be brought to capital by the development and redevelopment of the land.
When the land rent gap can attract investment and fill the cost and risk of development, urban renewal
will occur. From the perspective of demand, changes of consumption, culture, and demand of the
middle—class group are important forces to promote the renewal of urban space [14,15]. Although driven
by supply and demand factors, several studies also emphasized the role of the state and policy guidance
in land redevelopment [16]. The central and local government’s policy objectives are to solve the
problem of inner city decline [17], reshape the local image, and ultimately improve the competitiveness
of the city by promoting urban renewal and gentrification [18]. Empirically, existing literature on
industrial land redevelopment has focused on its drivers and barriers [19-22], governance structures for
redevelopment [23-26], and the evaluation of redevelopment outcomes [7,12]. For example, Lange and
McNeil reported that brownfield regeneration in the United States usually occurs near airports,
near central cities, or near railroads [27]. Longo and Campbell found that industrial land located in
more prosperous areas (London, southwest and southeast) is more likely to be redeveloped [28].

In the process of urbanization in China, a series of market-oriented reforms has fundamentally
changed the driving force of urban redevelopment. The role of local governments has been changed in
decision making in urban redevelopment process. The reform of land system and housing system
promoted the development of real estate market. As a result, urban renewal that used to be funded
and led by the government has gradually become market oriented [29]. At present, urban renewal in
China is mainly in the form of real estate development. Numerous residential redevelopment projects
and industrial land redevelopment projects are no longer invested by local governments, but by
private real estate developers. The development of the real estate market, transformation of industrial
structure, government’s policy guidance, and demand for consumption and housing are the main
driving forces for the redevelopment of urban space in China. In the past urbanization, cities in China
have experienced rapid, expansive land expansion. The contradiction between urban land expansion
and shortage of land resources requires a new mode of urban development. Redevelopment has been
adopted by Chinese cities as new land development strategies to improve the quality and efficiency of
existing land [30]. Wu analyzed the effect of urban renewal on industrial land transformation from the
perspective of production consumption transformation and believed that “land commercialization’
stimulates mass consumption, turns industrial land into consumable and tradable commodities,
and drives the transformation of industrial land into residential and commercial land in urban
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central areas [31]. Several researchers investigated the role of different participants in industrial land
transformation [32,33]. Existing literature has provided different perspectives and explanations on the
mechanisms of industrial land transformation. However, the quantity of industrial land transformation
and its main directions remain vague due to the lack of solid data sources. Understanding of spatial
patterns of industrial land transformation at the city-level is limited.

A spatial perspective is adopted to address these gaps and investigate the transformation of
industrial land in a Chinese megacity, which is important for evaluating the spatial effects of urban
renewal yet has been rarely studied in the existing literature. At the theoretical level, the urban bid rent
model proposed by Alonso (1964) is a classical theory to explain the relationship between land uses and
location. Urban land was originally developed in accordance with its “market value”, with land rents
varying according to different locations. Spatially differentiated land uses (residential, commercial,
and industrial) are determined by accessibility to the city center. Each land use type has its own rent
gradient or bid rent curve. With the gradual decline of land rent and land price from the city center to
the suburbs, the land uses from the city center to the countryside are business districts, industrial areas,
residential areas, and agricultural areas. The simple linear gradients concept has developed to include
the polycentric urban structure of modern cities in later studies [34,35]. With the continuous urban
land expansion in the urbanization process, a land rent gap is created due to the enlarged disparity
between the potential land rent and current land rent [36]. Competition for land rent gap has led
to urban renewal and land redevelopment processes. Based on the theoretical works, when a land
rent gap emerges, industrial land located in the city center will be more likely to be transformed
into some other land uses with higher land values (such as commercial uses) than that located in the
suburban districts will be. However, spatial outcomes of industrial land transformation in Shenzhen
seem to contradict such conclusions. On the one hand, a number of industrial sites located in the
city center (SEZ area) continue to be used for industrial use after redevelopment. On the other hand,
a large range of industrial sites located in the suburban districts (non-SEZ area) has been redeveloped
into commercial and residential uses. Therefore, it is of significance to provide a city-level spatial
analysis on industrial land transformation based on solid data sources, which will contribute to both
the empirical and theoretical discussions on current land redevelopment and urban renewal practices.

Taking Shenzhen as the research area, this study analyzes the transformation directions and spatial
pattern of industrial land based on urban renewal unit planning of all industrial land redevelopment
projects in Shenzhen during 2010 to 2018. Compared with other big cities in China, Shenzhen has very
limited land resources. After three decades of rapid urban land expansion in the urbanization process,
most of its land available for construction has been exhausted. To sustain ongoing urbanization,
Shenzhen has carried out a series of policies and regulations to promote land redevelopment and
urban renewal. In this sense, Shenzhen is a pioneer city in China in the promulgation of urban renewal
legislation. Shenzhen’s urban renewal experiences have also brought deep effects on urban renewal
policies and practices in many other Chinese cities. Therefore, the study of Shenzhen can also lead to
a broader understanding of current urban renewal in China. The remainder of this study is structured
as follows. Section 2 introduces the study area and identifies the socio—economic context for industrial
land transformation in the study area. Section 3 describes the research methods and data sources.
Section 4 presents the empirical results. Section 5 concludes this study with land policy implications
and suggestions for future studies.

2. Context for Industrial Land Transformation in Shenzhen

Shenzhen City is located in the southern part of China (Figure 1). Compared with other mega
first-tier cities in China, the administrative area of Shenzhen is only 1991.71 km? (Land Survey of
Shenzhen in 2009), among which the constructible land area is only 1004 km? [37], which is about 1/8 of
the land area of Beijing, 1/4 of that of Guangzhou, and 1/3 of the area of Shanghai. The administrative
area of Shenzhen is relatively small, and land resources are scarce. Shenzhen developed more than
750 km? of construction land by 2009 with the rapid urbanization and urban land expansion in the early
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stage. Most of its land available for construction has been developed. In this context, urban renewal
has become an important strategy for urban development.

Figure 1. The location of Shenzhen (source: the authors).

According to different socio-economic contexts and institutional arrangements, Shenzhen’s urban
renewal practices can be divided into three stages: (1) prior to 2004; (2) from 2004 to the end of 2009;
(3) from 2010 to present. At the first stage, the demand for redevelopment is insignificant. There are few
corresponding policies and regulations for urban renewal. At the second stage, the city government
has issued a series of urban renewal policies. These policies mainly focused on redevelopment of urban
villages. During this period, institutional arrangements governing urban village renewal are largely
state-led. According to the policies, the city government has the right to expropriate urban village land,
and transfer the land use right to real estate developers. Such a process has created a high level of
transaction costs in redevelopment and has led to a low level of redevelopment activities. Although 184
redevelopment projects were planned in Shenzhen, but only 10 of these projects were realized or
included in the implementation process [38]. Since 2010, urban renewal in Shenzhen has entered a new
stage. New policies and regulations were issued at the end of 2009 and implemented at the beginning
of 2010. All the deteriorating urban sites such as old industrial areas, old urban areas, old residential
areas, are included in the potential redevelopment areas. The urban renewal unit has become the basic
spatial unit for initiating, implementing, and managing urban renewal activities. According to urban
renewal policies, the relationship between developers, land and property owners and the government
has been redefined. The developers and land and property owners all have the legal rights to initiate
and implement land redevelopment [39]. Such a market-driven process has effectively promoted land
redevelopment and has brought profound effects on industrial land transformation.

Under the new urban renewal unit system, landowners and developers can initiate an urban
renewal project if they can agree and meet the application requirements of urban renewal policies.
They can apply to the government for clarification of the land property rights. Thus, the urban renewal
unit system is largely market oriented, encouraging the market actors to initiate and implement
urban renewal projects. The institutional arrangement has established a basic framework for the
marketization of Shenzhen’s urban renewal, and market actors such as land and property owners,
and real estate developers are playing an increasingly important role in urban renewal activities [40].
As an important part of urban renewal in Shenzhen, the redevelopment of industrial areas is also based
on this framework.

At least three main socio—economic processes have directly shaped the redevelopment and
transformation of industrial land in Shenzhen. First, the development of the real estate market
is an important factor driving the urban renewal and the transformation of the industrial land in
Shenzhen. Shenzhen has a continuous net inflow of population with the continuous gathering of
population, capital, technology, and other factors to large cities. In 2015, 2016, and 2017, the number of
new permanent residents in Shenzhen reached 600,000, 530,000, and 550,000, respectively. The early
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form of providing low-cost housing through informal space, such as “villages in the city” and
“small property rights housing,” has been unable to meet the growing demand for housing with
the continuous growth of population and the increasing demand for high-quality formal living
space. In addition, the market demand for urban commercial space and service space is increasing.
The property market is booming, and property prices continue to soar. In the context of limited land
resources and strong real estate market demand, urban renewal has become the main way of real
estate supply. Numerous real estate developers have entered the urban renewal market in Shenzhen.
Industrial sites are characterized by a low development intensity, and the relatively simple property
rights status has attracted real estate investors. Compared with urban villages and other residential
and commercial land, the redevelopment of industrial land involves a relatively lower cost of property
compensation for demolition. Thus, industrial sites have become important targets for redevelopment
under market-oriented urban renewal.

Second, upgrading industrial structure has become an important development strategy of
local governments, which also have an influence on industrial land transformation in this city.
At the national level, the 13th Five-Year National Strategic Industries Development Plan pointed out
that “strategic emerging industries” should be promoted, such as “Internet +” and “smart robots”
industries. At the city level, the 13th Five-Year Plan of Shenzhen’s Industrial Transformation also
proposed four pillar industries and five key development directions. The Urban Planning Standards
and Guidelines of Shenzhen City (hereinafter referred to as “UPSGS”), issued by the Shenzhen
Municipal Government in 2014, proposed the concept of “new industrial land (MO0)” for the first
time to upgrade the traditional land use category, encourage industrial land upgrade, and promote
industrial structure upgrade. According to UPSGS, MO refers to new industrial land that integrates
innovative industrial functions such as research and development, creativity, design, pilot scale
test, pollution-free production, and related supporting service activities. Compared with traditional
industrial land (M1), new industrial land has more diversified functions, including new-type industrial
housing, complementary commercial space, infrastructure, and other property forms. The government
has provided policy supports for transforming traditional industrial land into new industrial land.
For example, industrial land redevelopment projects for MO have rights to meet less requirements for
planning permission, and have been allowed to obtain a higher development ratio.

In addition, improving land use efficiency and promoting intensive land use are important
policy objectives for industrial land redevelopment in Shenzhen. According to the census data of the
industrial sites of Shenzhen in 2009, industrial sites cover an area of 291 km?, accounting for 39% of
the total construction land area of the entire city. Average development intensity of industrial land
is 0.91, building density is 29.56%, and average industrial output value is 4.418 billion yuan/km?.
From a spatial perspective, the efficiency of industrial land use in Shenzhen has evident spatial
imbalance. The scale of industrial land outside the Special Economic Zone (non-SEZ) is relatively
high, but the average industrial output value is much lower than that in the Special Economic Zone
(SEZ). Compared with domestic megacities, such as Beijing and Shanghai, Shenzhen performs well in
terms of industrial land use efficiency. However, compared with international metropolises such as
New York, London, and Hong Kong, much room remains for Shenzhen to improve industrial land use
efficiency. In this context, the Shenzhen municipal government issued a series of policies, such as the
“Opinions of the Shenzhen Municipal Government on Further Strengthening Land Management and
Promoting Economical and Intensive Land Use,” to encourage high-intensity development of industrial
land, and additional investment and transformation, and improvement of plot ratio, to accelerate the
transformation of industrial areas and promote land use efficiency. Under such a context, Shenzhen has
been experiencing rapid, extensive industrial land transformation, which has profoundly changed the
function structure and spatial pattern of Shenzhen’s industrial land.
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3. Research Methods and Data Collection

3.1. Collection of Data on Industrial Land Redevelopment Projects

This study used geographic information system (GIS) techniques to investigate the transformation
of industrial land and its spatial pattern based on a systematic collection of data on all urban renewal
unit projects of industrial land in Shenzhen from 2010 to 2018. Under the institutional framework of
urban renewal unit system in Shenzhen, the boundary and redevelopment direction of urban renewal
units were proposed by developers and approved by government departments. Urban renewal
unit planning generally involves many rounds of negotiation between developers and government
departments. An urban redevelopment project should be implemented in strict accordance with the
approved urban renewal unit planning. Therefore, based on the approved urban renewal unit planning
of all industrial land redevelopment projects, the industrial land transformation and its spatial patterns
can be investigated.

Data on urban renewal unit planning projects were collected from websites such as Municipal
Bureau of Planning and Natural Resources of Shenzhen, and City Renewal and Land Development
Bureau of districts [41-51], with detailed information on the name of the urban renewal unit, location of
the project, boundary of demolition and reconstruction, land use before redevelopment, planed land
use after redevelopment, and project area. Then, we obtained the geographic data of Shenzhen from
Street Map (OSM), which includes geographic information on the boundary of administrative divisions,
road network, subway lines, and stations. Data on ecological control line are obtained from the
Shenzhen Planning and Natural Resources Bureau. The original data were mainly in JPG or CAD form
without spatial attributes. We firstly use the geographic registration tool of ArcGIS to endow the data
space attributes, and then use ArcScan tool to vectorize. Different data sources were then integrated
into Shapefile, and exported as an Excel file. According to our data, 223 industrial land redevelopment
projects were approved from 2010 to 2018 in Shenzhen, covering 960 industrial land parcels with a total
land area of 1147.82 ha.

3.2. Classification of Land Uses after Redevelopment

Classification of redeveloped land use is very important for studying the transformation of
industrial land in urban renewal. The types of industrial land reuses after redevelopment have been
studied in much of the literature. In the case study of Howland (2003), industrial brownfields have
been transformed into residential, commercial and industrial land [52]; De Sousa (2003) selected
10 cases to analyze the experience of transforming industrial land into green space (including
parks, amusement parks, playgrounds, trails, greenways, etc.) [11]; Martinat (2018) investigated
the perception of reuse options for specific brownfields and suggested that land reuse approaches
may include residential, commercial, industrial, even parks and open spaces [53]; Osman (2015)
conducted a study on the database of brownfields in the Czech Republic and found that the use
of reclaimed brownfields was mainly for public facilities, services and retail, in combination with
industrial activities [4]. Based on existing studies, the transformation direction of industrial land can
be broadly divided into four categories according to their function in urban development: (i) land for
residence, (ii) land for commerce, (iii) land for industry, and (v) land for public facilities [32]. In China,
the Ministry of Land and Resources uses the “National Land Classification (Trial)” policy for land
management, whereas the Ministry of Housing and Urban-Rural Development uses “Classification
of Urban Land and Standards for Planning and Construction Land” regulations for the classification
of urban land uses. According to the former policy, industrial land is included in industrial and
mining storage land, whereas in the latter, industrial land and logistic storage land are listed separately.
However, both classifications cannot cover the newly created “land for new industry” in Shenzhen.
UPSGS uses a two-level system to classify different urban land uses. In the first level, there are 9 types of
land uses including residential land (R), commercial service land (C), industrial land (M), logistics and
storage land (W), public management and service facility land (GIC), transportation facility land (S),
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infrastructure facility land (U), green square land (G), and other land (E). These land uses are further
divided into second-level land uses. Land uses in urban renewal unit planning are classified based on
the second-level standard. In 2014, the government revised the UPSGS (2004). There are two major
changes in the new version of UPSGS. Firstly, there is a new classification for industrial land use at the
second-level, which is called new industrial land (M0). Secondly, several types of second-level land
use in UPSGS (2014) have been merged and redefined. For example, commercial service land (C1),
commercial office land (C2), service facility land (C3) and hotel land (C4) in UPSGS (2004) are merged
to C1 in UPSGS (2014). The detailed differences between these two versions of UPSGS guidelines
on land uses are presented in Table 1. The land use classification of urban renewal unit planning in
Shenzhen is mainly based on UPSGS. Several of the industrial land redevelopment projects are based
on an old version of UPSGS, whereas others are based on a new edition of UPSGS due to the long-time
span of this study from 2010 to 2018 and the revision of UPSGS in 2014. Therefore, standards for
land uses of industrial land redevelopment projects before and after 2014 are not always consistent.
We classified the land uses after redevelopment into the following categories: (1) residential land
(R); (2) commercial land (C); (3) commercial and residential mixed functional land (R+C); (4) new
industrial land (MO0); (5) traditional industrial land (M1); and (6) public facility land (P), which refers
to the land contributed by the project to the local government for providing urban infrastructure or
public service facilities, including public management and service facility land (GIC), green square
land (G), transportation facility land (S), public facility land (U), and other land (E).

Table 1. Land use classification of Urban Planning Standards and Guidelines of Shenzhen City (UPSGS)
2004 and 2014 (source: the authors).

UPSGS (2004)
The Second Level

UPSGS (2014)
The Second Level

The First Level The First Level

Commercial service land (C1)

Commercial office land (C2)
Commercial land Service facility land (C3)
© Hotel land (C4) ©

Commercial service land (C1)
Commercial land

Recreational facility land (C5) Recreational facility land (C5)

Business apartment land (C6) Business apartment land (C6)

Administrative management land
(GIC1)

Cultural heritage land (GIC8)

Administrative office land (GIC1)

Cultural relic protection land (GIC22)
Cultural facility land (GIC2)
Public Sports land (GIC3)

managementand  \fedjcal treatment and sanitation land

Public
management and
service facility

Cultural and Sport land (GIC2)

Medical treatment and sanitation land

service facility (GIC4) land (GIC) (GIC4)
fand (GIC) Educational and scientific research . -
land (GIC5) Educational facility land (GIC5)
Religious facility land (GIC6) Religious land (GIC6)
Social welfare land (GIC?7) Social welfare land (GIC?)
Transportation Regional transportation facility land

Port facility land (GIC8)

facility land (S) (s1)
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UPSGS (2004)

UPSGS (2014)

The First Level The Second Level The First Level The Second Level
Supply facility land (U1)
Postal facilities land (U3) Supply facility land (U1)
Telecommunication facility land (U4)
Environmental sanitation facility land Supply facility Environmental sanitation facility land
(U5) land (U) (U5)
Construction and maintenance facility
land (U6)
Funeral facility land (U7) Other supply facilities (U9)
Other municipal public facility land
Infrastructure (U8)
land (U) -
Public transport land (U21)
Traffic station land (S4)
Freight traffic land (U23)
Rail transit land (U22) Rail transit land (S3)
Public refueling station site (U24)
Automobile maintenance station
(U25)
Other traffic facility land (S9)
Training ground (U26)
Car wash site (U27) Transportation
Other traffic land (U28) facility land (S)
Railway land (T1)
Highway land (T2)
EXtT;E?; (t;e)ifﬁc Pipeline transportation land (T3) Regional transp(zgtla)tlon facility land
Port land (T4)
Airport land (T5)
Road (51) Urban road land (S2)
Road and square Social parking lot land (S3) Traffic station land (S4)
land (5) Square land (S2) Green square Square land (G4)
Public green space (G1) land (G) Park green space (G1)
i Military land (D1
Special use land Y (D1) GIC Military land (GIC9)

(D)

Security Department land (D2)

Storage land (W)

Traditional storage land(W1)

Special warehouse land (W2)

Storage yard (W3)

Logistics and

storage land (W)

Storage land (W1)

Logistics land(WO0)

Industrial land
™M)

Industrial land of Class I (M1)

Industrial land of Class II (M2)

Industrial land of Class III (M3)

Industrial land

M)

Traditional industrial land (M1)

New industrial land (MO0)

3.3. Explorative Spatial Data Analysis on Industrial Land Transformation

The research area of this study covered construction land of all administrative regions of Shenzhen,
and the basic unit of the study was a 0.5 km X 0.5 km grid. Previous studies have used different
sizes of grid as a research unit in different explorative spatial analyses. For example, Verburg (2004)
studied the land use change pattern in the Netherlands using 0.5 km x 0.5 km grids; Li and Liu
(2018) identified urban (sub) centers of 306 Chinese cities at the prefecture level based on explorative
spatial analysis using 1 km X 1 km grid as the unit of observation. Grid sizes of 0.7 km x 0.7 km,
2 km x 2 km and some other sizes have also been found in the existing literature [54-58]. In this study,
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we chose 0.5 km X 0.5 km grid as the research unit to investigate the spatial pattern of industrial land
transformation. A relatively satisfactory empirical result can be obtained based on such research units.

Exploratory Spatial Data Analysis (ESDA) techniques, including global and local spatial
autocorrelation, were used to inspect the spatial pattern of industrial land redevelopment and
transformation in Shenzhen. ESDA is a “data-driven” analysis method [59], which describes spatial
distribution and reveals spatial connections [60]. First, global autocorrelation was adopted to determine
the existence of spatial agglomeration, and then local spatial autocorrelation was used to determine its
nature and location.

Global Moran’s I is calculated as follows:

. n iy L wij(xi = f)(%’ - E) B Lilq Ly wij(xi = E)<xj - E) 1)
Z?:l Z?:l wij Z?:l (x,- — 5)2 s Z;'1:1 Z;l#:i Wij

where 7 is the sample size, that is, the number of spatial locations; x; and x jis the observation value
of spatial locations i and j, respectively; x is the average value; and, spatial weight w;; represents the
proximity relationship between spatial positions i and j. The value range of the global Moran’s I index
is [-1, 1]. A positive index means positive spatial autocorrelation, whereas a negative index means
negative spatial correlation. The closer the absolute value of the index is to 1, the closer the relationship
is between regions, which suggests that aggregation exists; The closer the absolute value of the index is
to 0, the more uncorrelated the relationship is between regions, and the spatial distribution will be
random. An index equal to 0 means no spatial autocorrelation.

Although Moran’s I index can reflect spatial autocorrelation, it cannot determine the type and
location of agglomeration, that is, it cannot reflect agglomeration in a local space. Therefore, when global
Moran’s I statistics show a spatial autocorrelation with statistical significance, local indicators of spatial
association (LISA) will be used to determine the location and boundary of spatial aggregation.

Local Moran’s 1 is calculated as follows:

I = (XZS—_ZX) Z a)i]-<x]- - E) (2)

=1

LISA are generally used to identify spatial outliers and local clusters. A positive [; means that
the high (or low) value of area i is surrounded by high (or low) values, that is, H-H or L-L clusters,
which refer to local clusters. A negative I; means that the high (or low) value of area i is surrounded
by low (or high) values, that is, H-L or L-H clusters, which refer to spatial outliers. In addition,
H-H clusters are called “hot spots”, which means that certain behaviors frequently occur in these
cluster areas. L-L clusters are called “cold spots” to refer to activities that are below average in these
cluster regions.

4. Empirical Results

4.1. Transformation of Industrial Land Use

Urban renewal in Shenzhen has led to a significant decrease in industrial land area. About 867.55 ha
of industrial land has been mainly transformed into residential land, commercial and residential
mixed-use land, commercial land, public facility land, and new industrial land (Table 2). A small
portion of industrial land with an area of 280.27 ha has been redeveloped into both traditional and
new industrial land, but with a much higher development density. Commercial and residential
uses are the main directions for the transformation of industrial land. In the early stage of
urbanization, numerous residential needs are mainly met by informal space, such as urban villages
and small-property-rights housing. The demand for urban consumption space and service-oriented
space is also increasing with the continuous growth of urban population and the increasing demand
for high-quality formal residential space. The strong demand for high-quality formal residential space
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and commercial space have stimulated a prosperous real estate market. Investment in real estate
development has brought developers large returns with the constantly increasing property price.
In this context, industrial land which is allowed to be transformed into residential or commercial use
in urban planning has become very attractive to real estate developers. Therefore, the large amount of
industrial land transformation into residential or commercial use can be understood as the result of
profitable property-led development.

Table 2. Transformation of industrial land use (source: the authors).

Land Use Types after Renewal = Number of Plots (n) Land Area (ha)  Proportion of Total Area (%)

Traditional industrial land (M1) 53 92.87 8.1
New industrial land (MO0) 112 187.40 16.3
Residential land (R) 166 287.45 25.0
Commercial and residential

Mixed-use land (R+C) 118 264.29 230
Commercial land (C) 113 142.65 12.4
Public facility land (P) 398 173.16 15.1
Total 960 1147.82 100

A large area of traditional industrial land has been redeveloped into new industrial space to
fulfil the local development strategy of upgrading urban industrial structure. A closer examination
finds that most of the urban renewal unit planning involving industrial land transformation into
new industrial land was approved before 2018 and has declined since then. Before 2018, policies and
regulations for new industrial land use were still in the early stage, which cannot fully predict and
effectively regulate market behaviors of new industrial land development and use. Under such
circumstances, several of the redevelopment projects named new industrial land were property-led
commercial development. For example, our field visits found that numerous research and development
(R-D) buildings built on new industrial land have already been used as commercial or office space,
which can bring much higher profits to developers. According to the “13th Five-Year Plan on Urban
Renewal of Shenzhen City,” two requirements must be met for redeveloping industrial land into
new industrial land. First, industrial land should be located in the industrial zone within 500 m of
subway stations. Second, industrial land in the non-SEZ should be located outside the industrial
parks or industrial area line but located in the planned industrial areas of the 13th Five-Year Plan.
However, our empirical analysis shows that more than half of the redevelopment projects for new
industrial land do not conform to the industrial renewal policy. As a response, the Shenzhen municipal
government carried out a series of new policies to guide and manage redevelopment for new industrial
land better. According to two new renewal policies (“The Measures of Shenzhen Municipality on The
Management of Industrial Block Lines” and “Notice on Further Strengthening the Architectural Design
Management of R-D Buildings”) issued in 2007, each district was distributed with strict quotas for
redevelopment projects on new industrial land. Furthermore, standards for the architectural design of
the R-D buildings were clarified to prevent buildings on new industrial land from being transformed
into commercial or residential functions in actual use.

A large portion of redeveloped land has been transferred to local governments as public land for
the provision of public facilities, such as public hospitals and primary schools. Under the current urban
renewal institutional arrangements in Shenzhen, urban redevelopment projects are implemented by
developers, but they are required to contribute a certain proportion of land to the government for
supporting public facilities. According to our empirical data and analysis, this policy has been well
implemented in most of the redevelopment projects. The policy required that “more than 3000 m? and
no less than 15% of the project land should be transferred to the government for free to implement
urban infrastructure, public service facilities, and urban public interest projects.” Several developers
even transferred much more land than the basic requirements to obtain project approval as soon
as possible. As a result, the actual average contribution rate of public land is far more than 15%.
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In the case of industrial land redevelopment for commercial and residential use, the proportion of
transferred public land has exceeded 30%. The redevelopment of the industrial land has contributed
a large amount of public facility space for urban development. Of the 223 redevelopment projects,
167 projects have transferred land to local governments for public facilities with a scale of 173.16 ha
(Table 3). Two major land uses of transferred public land are public management and service facility
land (GIC), and green space (G). Land for public service facilities is mainly used for education facilities,
including primary schools and junior middle schools.

Table 3. Land uses of transferred public land (source: the authors).

Land Use Types Number of Plots (n) Land Area (ha) Average Plot Size (ha/n)
Public management and service

facilit§ land (GIC) 76 79:3 1.04
Green space land (G) 257 69.11 0.27
Transportation facility land(S) 18 6.53 0.36
Infrastructure land (U) 13 2.64 0.20
Other land (E) 34 15.58 0.46
Total 398 173.16 0.44

4.2. Spatial Pattern of Industrial Land Transformation

Global spatial autocorrelation was used in the first step to investigate the spatial pattern of
industrial land transformation in Shenzhen. Figure 2a shows the percentage of industrial land
redevelopment projects in different communities. The natural break point method (one of the most
commonly used methods for data classification—classes are based on the natural grouping inherent in
the data, class breaks are created in a way that best groups similar values together and maximizes
the differences between classes) divided the value into five parts; the value range is 0%-35.6%:
0% means no redeveloped industrial land in the community, 0.1%—4.8% means a low density of
industrial redevelopment, 4.0%-10.4% means a medium density, 10.5%-21% means a higher density,
and 21.1%-35.6% means the highest density. The results show that the redevelopment of industrial land
is mainly distributed in the central and western regions of Shenzhen City but less in the eastern region.
The highest density of industrial redevelopment activities was observed in Dalang, Baomin, Mabu,
and Xinyang communities of Baoan District and Luogang Community of Longgang District. A high
density of redevelopment projects was observed in the southwest of Nanshan District (including Yuegui,
Nanshan, Yuyi and Yuer communities), the southwest and north of Futian District (including Xiasha,
Jindi, Shiling, Meifeng, and Lianhua communities), the central and western parts of Longgang District
(including Dafapu, Nanxin, Songbai, and Huagiaoxincun communities), Cuijin community in the
central region of Luohu District, and Jinglong community in the central region of Longhua District.
In addition, this study took 0.5 km X 0.5 km as the unit, dividing the Shenzhen City area into 5248 grids
(except the scope of ecological-control line), and mapped the data of industrial redevelopment projects
into grids, among which 185 grids were involved in industrial redevelopment projects. Figure 2b shows
the percentage of the redeveloped industrial land in each grid. The value ranges from 0% to 67.8%.
Calculating the redevelopment rate with a more accurate spatial resolution showed that the spatial
pattern of industrial land redevelopment at the grid level is approximately consistent with that at the
community level. However, differences were noted between these two results. For example, at the
community level, no communities have a high density of redevelopment projects in the eastern part of
Shenzhen City, such as the eastern part of Longgang District, Dapeng District, and Pingshan District.
However, grid-level analysis showed several units with a high density of redevelopment activities.
This difference may be due to different community sizes. Moran’s I statistic was calculated to test
whether the grid with a high redevelopment rate is closer to other similar grids in space. The results
show that Moran’s I is 0.241976 (p < 0.001), which indicates that the industrial land redevelopment
activities in Shenzhen have spatial aggregation and positive spatial correlation.
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Figure 2. (a) Percentage of industrial redevelopment projects per community, (b) Percentage of
industrial redevelopment projects per 0.5 km X 0.5 km grid, Shenzhen (source: the authors).

LISA cluster maps and scatter diagram of industrial redevelopment activities were conducted at
the grid level to examine the local agglomeration of industrial redevelopment and the spatial location
of industrial land transformation in Shenzhen further. Figure 3 shows the spatial agglomeration
characteristics of industrial land redevelopment (p < 0.05). The results show 185 grids involved
in significant statistical spatial clusters of industrial land transformation. The results also suggest
that industrial land transformation is featured by a high-high agglomeration (H-H). Hot spots of
industrial land redevelopment are mainly located in Baoan Central District, Guangming Central
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District, Longhua Central District, and Longgang Central District, Buji Subdistrict, Nanshan Subdistrict,
and Shatou and Meilin Sub-districts of Futian District; Qingshuihe-Sungang Subdistrict of Luohu
District. A few hot spots were also found in Pingshan District and Dapeng District in Eastern Shenzhen.
These hot spots and their surrounding areas have high-intensity industrial redevelopment activities
(Table 4, Figure 4).
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Figure 3. Significant statistical spatial clusters of industrial redevelopment projects (at 95% significance
level) (source: the authors).

Table 4. Results of Local Moran’s 1.

Type of Projects Clustering Type
High-High Low-High High-Low Low-Low Not Significant
old industrial renewal projects 182 0 3 0 5063
traditional industrial land 29 0 2 0 5217
new industrial land 76 0 2 0 5170

Moran’s I: 0.205466

16.00

9.00
1
OB e O e e e

-5.00

-19.00 -12.00 -5.00 2.00 9.00 16.00

Figure 4. Scatter diagram of industrial redevelopment projects (source: the authors).
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We further analyzed and compared the local spatial autocorrelation of traditional industrial land
redevelopment projects and new industrial land redevelopment projects (Figure 5). We found that
traditional industrial land has been greatly reduced, but traditional industrial land redevelopment
projects have shown certain spatial aggregation characteristics and are mainly located in the southwest
of Shenzhen. Five clusters of traditional industrial land redevelopment projects in the non-SEZ areas
include Shapu Industry Park, Fuyong Industry Park, Xixiang Subdistrict and Shiyan Subdistrict of
Baoan District, and Henggang Subdistrict of Longgang District. The scale of agglomeration of traditional
industrial land redevelopment projects in the SEZ area is smaller than that in the non-SEZ area. The two
main clusters are located in Yanshan Community of Nanshan District and Qingshuihe-Sungang
Subdistrict of Luohu District. According to the city industrial development plan, Yanshan Community
is positioned as the place for developing secondary industry and is an important component of the
“Shekou Net Valley” development strategy, which aims to promote the transformation and industrial
development of the Shekou Area. The Qingshuihe-Sungang area is one of the seven major logistic
parks in Shenzhen, which is planned for the use of logistics and storage. As far as the new industrial
land redevelopment projects are concerned, the SEZ and non-SEZ areas have accommodated numerous
projects. According to the city industrial development plan, the SEZ area including Nanshan, Futian,
and Luohu Districts is positioned as the R-D headquarters, and creative design center. In the SEZ
area, the projects show a stronger agglomeration than in the non-SEZ area. However, the distribution
of new industry in the non-SEZ is relatively small and scattered, and “hot spots” are mainly located
in Xixiang, Shajing, and Shiyan subdistricts of Baoan District, and Bantian and Nanwan subdistricts
of Longgang District in the central and western parts of Shenzhen City. Only three new industrial
projects are in the eastern part of Shenzhen: Huilongpu New Industrial Zone and Huanggekeng
Industrial Zone in Longgang District, and the Second Industrial Zone (B) in Dapeng District. All of
them are planned as R-D headquarters of high-end enterprises to upgrade the industrial structure of
eastern Shenzhen. Overall, the spatial distribution of traditional industrial land redevelopment projects
and new industrial land redevelopment projects is significantly higher in the central and western
regions than that in the eastern regions in Shenzhen City. We can safely conclude that industrial land
redevelopment and transformation has greatly changed the spatial structure of industrial development
in this city, which will be mainly located in the central and western regions of Shenzhen in the future.
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Figure 5. (a) Significant statistical spatial clusters of traditional industrial land redevelopment
projects, (b) Significant statistical spatial clusters of new industrial land redevelopment projects
(at 95% significance level) (source: the authors).

The transformation of the industrial land into commercial and residential space is mainly located
in the non-SEZ area, which has brought significant changes in the spatial structure of commercial
and residential space in the city (Figure 6). Most of the redevelopment projects of industrial land
transformation into commercial space are concentrated in four districts, namely, Longgang, Baoan,
Longhua, and Guangming District, of which Longgang District accounts for the largest proportion.
The density of transformation is higher in the western and central regions than in the eastern
regions of Shenzhen City. Four clusters were found in Baoan Central District, Longhua Central
District, Guangming Central District and Shajing Central District. Accessibility of metro stations
plays an important role in transforming industrial land into commercial space, which is beneficial
for attracting enterprises, capital, and information. Commercial redevelopment projects are mainly
distributed close to subway stations, which is consistent with the transit-oriented development plan
of the city. The empirical results show that industrial land transformation into residential space in
Shenzhen has a close relationship with the existing metro lines and those under construction. Figure 5
shows that most of the residential projects are located along Metro Line 3, Line 4 (North Extension,
in construction), Line 6 (in construction), and Line 12 (in construction).

Industrial land transformation in Shenzhen has also transferred a large amount of public land to
the local government for the provision of public facilities. Provision of public land is highly uneven
from the spatial perspective. The majority of transferred public land is located in the non-SEZ area.
The results show that increased public land through industrial land redevelopment has reached
145.45 ha, which is about five times more than that in the SEZ area. Figure 7 shows the distribution
of transferred public land between different districts. Four districts of the non-SEZ area including
Baoan, Longgang, Longhua, and Guangming districts have a large share of the transferred public
land from the industrial land redevelopment projects of the entire city. For a very long time in the
context of urbanization over the past decades, the SEZ and non-SEZ areas in Shenzhen have shown
very different development processes and outcomes due to different socio—economic conditions and
institutional arrangements on land ownership [31]. The development of the SEZ area is mainly based
on state land according to urban planning, featured by modern built environments and a high level of
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infrastructure construction. However, the majority of the non-SEZ area is developed by dispersed
villages based on collective land without state regulations and planning. As a result, the non-SEZ
area is characterized a chaotic built environment and substandard infrastructure and public facilities.
The large scale of industrial land transformation and transfer of public land has created opportunities
for a more balanced development between the SEZ and non-SEZ areas, which helps redefine the urban

spatial structure of the whole city.
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Figure 6. Spatial distribution density of industrial land transformation into residential space

(source: the authors).
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Figure 7. Types, scale, and spatial distribution of transferred public facilities land in industrial

land transformation.

5. Discussion and Conclusions

The institutional change of the urban renewal system toward marketization has greatly promoted
industrial land redevelopment and transformation in Shenzhen. This study shows that the development
of real estate market, the local government’s strategic demand for upgrading the industrial structure,
and the policy objective for improving industrial land use intensity are important factors that influence
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the direction of industrial land transformation. Consistent with previous studies on industrial land
transformation in other cities [61-63], industrial land has decreased significantly in Shenzhen’s urban
renewal process at the city level, and most of the decreased industrial land has been transformed
into commercial and residential uses. It is found that a portion of traditional industrial land has
been redeveloped into new industrial spaces to support the development of new industries, such as
high-technology industries and production service industries. The local government has played
an important role in the transformation from traditional industrial land into new industrial land.
For example, UPSGS has been revised to refine land use classification standards. Relevant policies
and regulations have been made to promote the provision of new industrial space in redevelopment.
Such experiences have also brought deep impacts on urban renewal policies and practices in many
other Chinese cities such as Shanghai, Guangzhou, Dongguan, Zhengzhou etc. [64,65]. Our empirical
study shows that redevelopment of industrial land in Shenzhen has also transferred a certain scale of
land to local governments for providing public facilities such as public hospitals, primary schools and
green spaces, which will greatly improve the built environment and public service in the future.

The spatial analysis shows that industrial land transformation into commercial and residential
space is mainly located in the suburban areas (non-SEZ areas), while the planned new industrial space
is mainly located in the central and western regions of the city. Such a spatial pattern is very different
from what has been found in some other studies. According to location theories and existing empirical
literatures, the closer the industrial land is to the city center, the more likely it is to be transformed to
residential and commercial space. The suburbs and outer development zones will become the hot spots
for industrial agglomeration [55,66]. The unique spatial pattern of industrial land transformation in
Shenzhen has thus indicated the importance of local context in understanding land redevelopment and
urban renewal in China. According to our study, public land contributed by industrial redevelopment
projects has shown an uneven spatial distribution between the SEZ and non-SEZ areas. Most of the
transferred public land is located in the non-SEZ area, where the level of public construction is far
behind that in the SEZ area in the previous urbanization process. The local governments and the
dynamic institutional arrangements have played important roles in the processes and spatial outcomes
of industrial land transformation in Shenzhen. In sum, industrial land transformation has brought
significant effects on the urban spatial structure of this city, which will lead to a more balanced urban
development in the future.

The transformation of the industrial land in Shenzhen is largely shaped by the local context
of urban development and economic transformation. In the early stage of urbanization, numerous
migrants are accommodated by informal housing, such as urban villages and small-property-rights
housing [67,68]. The market demand for urban consumption space and service space is also increasing
with the continuous growth of urban population and the increasing demand for high-quality formal
housing. However, numerous manufacturing enterprises in Shenzhen have been moving to inland
cities in recent years. Thus, strong incentives exist to transform industrial land into residential and
commercial space. Such processes have played important roles in relieving housing pressure, improving
housing quality, and meeting the urban consumption and service needs. However, property-led
industrial land redevelopment is profit-oriented and has inevitably led to the rapid loss of industrial
space, which may have negative effects on the industrial development of the city. Although the
local government has revised the planning standards to include a new type of industrial land use
(MO) to promote the upgrading of industrial structures, the study found that more than half of
the redevelopment projects for new industrial land do not conform to the industrial renewal policy.
For example, a large number of new industrial land redevelopment projects are located within the scope
of planned traditional industrial zones, which are not allowed for new industrial land use according to
relevant policies. Some new industrial spaces were transformed into commercial and residential uses
in the actual activities. Such results have imposed great challenges to future industrial development.
As a response, Shenzhen municipal government has promulgated a series of new policies on guiding
and managing the new industrial land redevelopment projects since 2017, which include detailed and
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strict requirements on architectural design, property rights transfer, types of industries, land recovery
etc. How to balance the need of urban industrial land and the market demand of transformation of
industrial land into commercial and residential space has become an important question which needs
to be addressed carefully in the future.

To conclude, this study adopts a spatial perspective to investigate the transformation of industrial
land in Shenzhen based on a set of reliable data of all urban redevelopment projects of industrial land
from 2010 to 2018. Research shows that the development of the real estate market, local government’s
strategic demand for upgrading industrial structures, and the policy objective of improving land
use intensity are important factors that affect the industrial land transformation. On the one hand,
industrial land transformation in Shenzhen has shown some similar trends with other studies. A large
number of industrial sites have been redeveloped into commercial and residential uses. On the other
hand, the spatial pattern of industrial land transformation in Shenzhen is very different from what
has been found in the existing studies. This study can thus contribute to a better understanding of
industrial land transformation in China. Spatial analysis based on solid data sources can be applied
to other cities to investigate diverse industrial land redevelopment processes and spatial outcomes,
which will contribute to both the empirical and theoretical discussions on current land redevelopment
and urban renewal practices.

This study has its own limitations. Although it has been found that location and local policies are
important factors affecting industrial transformation directions, we did not measure the specific impacts
of each factor. In another working paper of the authors, the spatial determinants of industrial land
transformation are identified and empirically tested based on logistic regression models, which will be
submitted to another academic journal later.
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