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Abstract: As populations continue to be concentrated in cities, the world will become entirely
urbanized, and urban space is undergoing a drastic evolution. Understanding the spatial pattern of
conversion and expansion of functional urban land, in the context of rapid urbanization, helps us to
grasp the trajectories of urban spatial evolution in greater depth from a theoretical and practical level.
Using the ESRI ArcGIS 9.3 software platform, methods, such as overlay analysis, transition matrix,
and kernel density estimation, were used in order to analyze the spatiotemporal characteristics of
different types of functional urban land conversion and expansion in the central city of Changchun.
The results show that different types of functional urban land were often expanded and replaced,
and the urban spatial structure was constantly evolving. The conversion and expansion of functional
urban land show similar characteristics to concentric zone and sector modes and show dynamic
changes in different concentric circles and directions at different periods. Our method can accurately
identify the different types of functional urban land, and also explore the evolutionary trajectory of
urban spatial structure. This study will help to coordinate the development of different functional
urban spaces and to optimize the urban spatial structure in the future.

Keywords: functional urban land; urban space; urban land use/cover change; urbanization; Changchun

1. Introduction

As the urban population continues to increase, cities have always been the focus of
scholars and policy makers [1]. More than 50% of the world’s population is currently
concentrated in urban areas [2] and it is estimated that this will reach 70% by the year
2050 [3]. With the rapid increase in urban population, urban space is constantly expand-
ing [4]. Urban—rural population migration [5], cross-regional population mobility [6], and
bidirectional urban flows [7], are considered to be the main driving forces of the increase
in the urban population. Changes in the urban land use/cover and their environmental
consequences, such as the sustainable development of urban space [8] and the spatial
mode of urban land change [9], have become important topics in the field of urban land
research. In the context of rapid urbanization, the phenomenon of conversion between
different types of functional urban land often occurs in urban built-up areas [10]. However,
scholars have not paid enough attention to the phenomenon. Although big data, such
as point-of-interest (POI) and vehicle trajectories, have been used to identify functional
urban areas, it is difficult to accurately classify the different types of urban land [11-13].
Relying on the urban land use maps of the past few years and other auxiliary data, we have
obtained a detailed classification of urban construction land based on different uses, which
is helpful for analyzing spatial patterns of functional urban land conversion and expansion.
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Unlike urban land conversion, the expansion of urban land has become a relatively
common phenomenon worldwide and has attracted widespread research attention [14].
Remote sensing and geographic information systems (GIS) facilitate the study of urban
land expansion [15,16]. Xiao et al. (2006) used Landsat images and the annual urban
growth rate to analyze land use change and urban spatial expansion in Shijiazhuang [17].
Lopez et al. (2001) analyzed and predicted land use change on the fringes of a Mexican
city [18]. Polimeni (2005) analyzed the replacement of agricultural land by residential land
caused by the expansion of urban land in the Hudson River Valley [19]. The expansion
of urban land occupies a large part of non-urban land [20], especially in the metropolitan
areas of Southeast Asia [21]. For example, a large area of high-quality farmland has been
replaced by urban land in Beijing [22]. In the above studies, the scholars have analyzed the
expansion of urban land from a regional perspective. They paid attention to the overall
expansion of urban land and did not subdivide the types of urban land. Therefore, our
perspective is different from theirs as we are concerned about different types of urban land
in the city.

Regarding the study of urban land within a city, scholars have focused on the iden-
tification of functional urban areas or land. Big data are often used to identify functional
urban space and to analyze the organization of functional urban spaces [23-26]. Tian et al.
(2010) used POI data to divide the functional urban space of Beijing and pointed out that
Beijing belongs to an urban spatial structure similar to that of the concentric zone mode [24].
Chen et al. (2020) compared the similarities and differences in the spatial organization of
the urban functions in 25 Chinese cities with help of POI data [25]. In contrast to Tian et al.’s
conclusions, Liu et al. (2021) used carpooling big data to identify the regional centers and
highlighted the polycentric spatial structure of Beijing [26]. In addition, the redevelopment
of a certain type of urban land occasionally appears in the existing literature. Under the
influence of industrial decentralization, industrial land is constantly being replaced by
other urban construction lands [27-31]. Charney (2015) analyzed the conversion between
office land and residential land in the central urban area of Tel Aviv [32]. There are many
other types of land use in cities, but these have not received enough attention.

The opening to the world in 1978 was the starting point for the rapid development
of Chinese urbanization. After 40 years of development, the urbanization rate increased
to 59.78% in 2018, which is an increase of 41.68% from 1978 [33]. This rapid urbanization
has caused a fast expansion of urban space in most Chinese cities, especially in provincial
capitals and cities in east China. From 2003 to 2015, urban development land increased by
22,612.2 km? [34]. However, the rapid expansion of urban space has not automatically led
to high-quality urban construction or stable use of urban land. The conversion of urban
land use continued to occur in urban built-up areas [35,36]. According to William Alonso’s
bid-rent theory, the price of commercial land is the highest, the price of industrial land is
the lowest, and the price of residential land is between the two [35,37]. Land with a lower
price will be gradually replaced by land with a higher price. The excessive aspirations of
local governments for rapid urban development inevitably led to a lack of vision in urban
planning, which intensified the land use conversion in urban built-up areas [35]. Due to
the urban land conversion and expansion, the transformation of the urban spatial structure
is also happening at the same time. In terms of urban diffusion, Sargolini (2015) pointed
out that three different possible scenarios can be profiled [38]. In this work, we consider
two scenarios of urban land conversion and expansion. The first scenario is the continuous
expansion of urban construction land to replace non-urban construction land. The second
scenario is the conversion of one kind of functional urban land to another kind of functional
urban land, such as the conversion of industrial land to residential land. This phenomenon
is usually caused by the unreasonable arrangement of different kinds of urban construction
land in the urban built-up areas due to blind and rapid urban development. In Chinese
cities, especially in developing cities, these two scenarios are very common, while the
second scenario occurs less frequently in Western cities [35,36].
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In China, there is a large gap in the level of development between cities. Cities, such
as Beijing and Shanghai, have a high level of development. The intra-urban land use
has hardly changed, and the phenomenon of functional urban land replacement is not
significant [35]. Land use in developing cities that are undergoing rapid urbanization is
changing [10]. The expansion and replacement of urban land coexist. Changchun is a
developing city experiencing rapid urbanization and was chosen as the study area here.
Therefore, our research methods and conclusions are generally applicable to developing
cities, especially in Asia and Africa. Cities in Asia and Africa are still undergoing land use
transformation due to rapid urbanization. The rapid urbanization of Asian and African
cities will continue, and the urban population will further increase. Therefore, it is necessary
to explore the transformation of functional urban land use in the context of rapid urbaniza-
tion in order to develop a scientific and reasonable urban spatial development strategy.

Based on this, this article will discuss the spatiotemporal evolution of the conver-
sion and expansion of the different types of functional urban land in the central city of
Changchun. Functional urban land expansion means transforming non-construction land
into urban use at the edge of built-up areas. Functional urban land conversion refers to
intra-urban replacement in land use and includes the following two modes: “convert in”
and “convert out”. The mode of “convert in” refers to the conversion of other kinds of
functional urban land into a certain type. The mode of “convert out” refers to the conver-
sion of a certain kind of functional urban land into other types. For example, the “convert
in” of residential land means the conversion of other kinds of functional urban land into
residential land; the “convert out” of residential land means the conversion of residential
land into other kinds of functional urban land. In other words, the conversion of functional
urban land is the sum of “convert in” and “convert out” modes. Once we have understood
the concept of functional urban land expansion and conversion, then can the analytical
method of combining functional urban land expansion and conversion trace the process
of urban spatial evolution? Furthermore, is the spatiotemporal process of expansion and
conversion consistent across the different types of functional urban land? As we all know,
with the expansion of urban space, the importance of the sustainable development of urban
space is self-evident [8]. Our research will help to explore the trajectory of urban space
evolution, promote the coordinated development of different urban functions, and thus
contribute to the sustainable development of urban space.

The paper is organized into the following sections: In Section 1, the research back-
ground and the purpose of the research are discussed. In Section 2, we first introduce the
study area, then explain the data source, and finally elaborate the research method in detail.
In Section 3, we analyze the conversion and expansion of the four types of functional urban
land. In Section 4, we discuss the static and dynamic changes of functional urban land
conversion and expansion from the perspective of concentric circles and sector modes. The
last section is the conclusion of this study.

2. Materials and Methods
2.1. Study Area

Changchun is a developing city, located in northeast China (Figure 1). The functional
urban land is undergoing drastic conversion and expansion, which supports this research.
Changchun is the capital of Jilin Province. In 2015, the population of Changchun reached
7.54 million, with a total area of 20,594 km?2. The central city, the study area of this article, is
the core component of the city and the center of regional economic development, covering
an area of 612 km?. The urban construction land of Changchun is mainly distributed in the
central city, with an area of 348.6 km? as of 2015.

Roads are the “skeleton” of the urban space, especially the ring road, which helps to
analyze the concentric circle pattern of the evolution of functional urban land. The four
ring roads, namely the first, second, third, and fourth ring road, divide the central city of
Changchun into five zones (Figure 2). The areas of the five zones (Z-1, Z-2, Z-3, Z-4, and
Z-5) are 19 km?, 52 km?2, 99 km?, 128 km?, and 314 km?, respectively. Based on the five
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sub-zones, we can analyze the concentric features of the conversion and expansion of the
functional urban land. In addition to the concentric features, this article also focuses on
the sector features of the replacement and expansion of functional urban land, similar to
Hoyt’s sector mode. With the People’s Square as the center, the central city can be divided
into eight sectors according to different directions (E, W, S, N, NE, SE, SW, and NW).

N
A
0 25km

[—

-Changchun \ Fioge
South China Sea

0 1000km ) )
- The central city

-

Figure 1. Location of study area.

2.2. Data Sources and Processing
2.2.1. Data Sources

The data used in this article are urban land use maps from 2003, 2007, 2011, and 2015.
The source of the urban land use maps is the Changchun city master plan, which can be
accessed from the website of Changchun municipal planning and natural resources bureau
(http://gzj.changchun.gov.cn, accessed on 25 December 2019). Urban land use maps were
the basic data of the Changchun city master plan, and urban planners spent a lot of time
creating them based on topographic maps with a scale of 1:100,000 and Google Maps with a
spatial resolution of 10 m. Moreover, the urban planners conducted extensive field surveys
to identify the dominant uses of parcels that carry multiple functions. Therefore, urban land
use maps contain very accurate classification and layout information of functional urban
lands. In the maps of urban land use, urban construction land consists of the following eight
types of functional urban land: residential land (RL), public service land (PL), commercial
land (CL), industrial land (IL), logistic and warehouse land (LWL), road and transport
facility land (RTL), green space and square land (GSL), and municipal utility land (MUL).
The rest of the Changchun city master plan is also an important support for this paper. In
addition, land transaction data obtained from the website of the Changchun planning and
natural resources bureau was used to assist in defining the projection of the urban land
use maps.
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Figure 2. Concentric circle division of the central city.

2.2.2. Data Processing

The file format of the urban land use maps we obtained as JPG. Therefore, we needed
to vectorize the urban land use maps. First, the urban land use maps in JPG format were
imported into ESRI ArcGIS 9.3 to define the projection (ArcToolbox, data management
tools, projections and transformations, define projection). Here, the land transaction data
obtained from the website of the Changchun planning and natural resources bureau was
used to help georeferenced correction. The land transaction data contains detailed location
information and can be easily located in the urban land use maps. Moreover, the land
transaction data also contains a coordinate system. Combined with the location and
coordinates of the land transaction data, the coordinates of the urban land use maps can
be accurately corrected. According to the coordinate system of land transaction data, we
used the WGS-84 coordinate system to define the projection. We used the coordinate points
of ten transaction plots to conduct spatial corrections of the urban land use maps in JPG
format. Then, we vectorized the urban land use maps. In this work, the minimum detected
unit is the plot enclosed by the urban road network. After that, we used vectorized urban
land use maps and the following methods to analyze the expansion and conversion of
functional urban lands. In this paper, the top four types of functional urban land (i.e., RL,
CL, PL, and IL) are mainly discussed. The other four types of functional urban land (i.e.,



Land 2022, 11,119 60of 18

LWL, RTL, GSL, and MUL) are collectively referred to as “other land” (OL). The urban land
use in the central city for the four years (2003, 2007, 2011, and 2015) is shown in Figure 3.

2007

2011 Bt

[ JResidential land [l Commercial land [ ] Other land == The central city

L
cgent I Public service land M Industrial land  [7] Water

Figure 3. Urban land use maps of the central city (2003, 2007, 2011, and 2015).

2.3. Methods
2.3.1. Overlay Analysis

Overlay analysis was used to study the expansion of functional urban land. Using the
ESRI ArcGIS 9.3 software platform, maps of urban land use of the four years (2003, 2007,
2011, and 2015) were overlapped, and expansions of RL, CL, PL, and IL were obtained
through overlay analysis. The following equation was used to calculate the spatial distribu-
tion of the expansion of the four types of functional urban land and to analyze the spatial
features of urban spatial expansion:

ATl] — Ati]'

i = At~ Ay,

@
where P;; represents the proportion of the growth area of j-type urban land in zone i to the
total growth area of j-type urban land in the central city; AT}; represents the area of j-type
urban land in zone i in the year T; Ati]» represents the area of j-type urban land in zone i in
the year t; AT; represents the area of j-type urban land in the central city in the year T; At;
represents the area of j-type urban land in the central city in the year ¢; and ¢ represents the
first temporal threshold, while T represents the next temporal threshold.

2.3.2. Transition Matrix

The transition matrix method is an important method for the analysis of functional
urban land conversion as it can be used to analyze the number and spatial distribution
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of conversions between different types of functional urban land [39]. The mathematical
expression of the transition matrix is provided in the following equation:

Si1 - S
Si=| + . ()
Snl o Snn

where S;; represents an area converted from urban land type i to urban land type j; and
n represents the number of functional urban land types. ESRI ArcGIS 9.3 and Excel 2016
were used to obtain the transition matrix of functional urban land conversion. First, we
used overlay analysis to obtain the intersection layer data (ArcMap, ArcToolbox, analysis
tools, overlay, intersect), added a new field to the attribute table of the intersection layer
data, calculated the area, and exported the attribute table to a file in DBF format. Then, we
used the pivot table in Excel to obtain the transition matrix of urban land use. Thus, we
can calculate “convert in” and “convert out” values of the central city and the five zones.
The value of functional urban land conversion for the five zones was calculated using the
following equation:

ULR = Ciy + Cout (3)

where ULR is the area of functional urban land replacement; C;, represents the conversion
of other kinds of functional urban land into this kind of functional urban land; and C,,; is
the opposite of Cjj,.

2.3.3. Kernel Density Estimation

Through the previous overlay analysis and transfer matrix, we have obtained the
spatial layout map of functional urban land expansion and conversion. We used the kernel
density estimation method for the analysis of the spatial distribution density of functional
urban land with the aim of discovering where the land use changes are spatially clustered.
The kernel density was calculated as follows:

X — X
)

flo) = g DL K, @

where K(*5*) represents the nuclear density equation; / is the threshold; 7 is the number
of points within the threshold; and d is the dimension of the data.

3. Results
3.1. General Characteristics of Functional Urban Land Conversion and Expansion

Judging by the composition of the functional urban land in the central city of Changchun,
the sum of the proportions of RL, IL, PL, and CL exceeded almost two-thirds. From 2003
to 2015, the area of urban construction land in the central city increased by 111.24 km?, of
which the four types of functional urban land increased by 81.39 km?, and their contribution
rate reached 73.17%. RL and IL have always been the two largest land types in the
central city. The proportion of RL exceeded 30%, while the proportion of IL remained at
around 22%.

The area of RL, CL, PL and IL in the three stages increased by 31.13 km?, 8.66 km?,
6.88 km? and 44.48 km?, respectively, through functional urban land expansion. The
expansion of the functional urban land gradually shifted from the inner ring to the outer
ring (Figure 4), and mostly occurred outside of the second ring road from 2003 to 2007, and
outside of the third ring road in the latter two stages. From 2003 to 2007, the expansion
of the four kinds of functional urban land outside of the second ring road accounted for
98%, including 26% in Z-3, 20% in Z-4, and 52% in Z-5. From 2007 to 2011, the expansion of
the four kinds of functional urban land outside of the third ring road accounted for 86%,
including 27% in Z-4 and 59% in Z-5. From 2011 to 2015, the expansion of the four kinds
of functional urban land outside of the third ring road accounted for 93%, including 25%
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in Z-4 and 68% in Z-5. The functional urban land was mainly expanded to the southwest
and southeast in the period from 2003 to 2015. Furthermore, from 2003 to 2007, the four
kinds of functional urban land also expanded to the northwest and north. In the latter two
stages, in addition to the southwest and southeast, the northeast and east were also the
main directions for the functional urban land expansion. According to the Changchun city
master plan, the government’s urban development strategy guided the direction of the
urban spatial expansion.
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Figure 4. Overall characteristics of the kernel density of the functional urban land expansion. This
figure is the kernel density map of the total expanding area of the four types of functional urban land,
so the kernel density value is greater than that of a certain type of functional urban land.

Similar to the expansion of functional urban land, the area of functional urban land
conversion was also very large. RL, CL, and PL increased by replacing other types of
functional urban land, while IL decreased (Table 1). RL increased by 1105.17 ha by “convert
in” (2109.73 ha) and “convert out” (1004.56 ha) modes, while CL increased by 100.88 ha and
PL increased by 220.08 ha. The “convert in” mode of industrial land was much lower than
the “convert out” mode, which resulted in a reduction in IL by 2402.06 ha. The conversion
of the functional urban land mainly occurred in Z-1 during the first period, and mainly
occurred in Z-3 from 2007 to 2015, which showed a trend of expansion from the inner ring
to the outer ring. However, the third ring road was the spatial boundary of the conversion
of functional urban land (Figure 5).

{ ” D 4
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| ] ]
§ ~ J
{ / <
—The central city ¢~ / . —The central city —The central city
—Ring road ) [ —Ring road S —Ring road
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Figure 5. Overall characteristics of the kernel density of functional urban land conversion. This
figure is the kernel density map of the total conversion area of the four types of functional urban land,
including the area of “convert in” and “convert out”, so the kernel density value is greater than that
of a certain type of functional urban land.
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Table 1. Transition matrix of functional urban land replacement from 2003 to 2015. Unit: ha.

RL PL CL IL OL Reduced Area
RL - 261.14 328.24 210.54 204.64 1004.56
PL 272.95 - 150.37 95.70 50.92 569.94
CL 176.78 129.40 - 42.71 393.15 742.04
IL 1113.41 187.59 198.08 - 1833.65 3332.73
OL 546.59 211.89 166.23 581.72 - 1506.43
Increased area 2109.73 790.02 842.92 930.67 2482.36 -

3.2. Spatiotemporal Analysis of Conversion and Expansion of Residential Land

With further development, RL increased by 1357.58 ha between 2003 and 2007,
1851.99 ha between 2007 and 2011, and 1478.21 ha between 2011 and 2015. The expansion
of RL mainly occurred outside of the second ring road and continued towards the outer
ring road. The proportions of RL expansion beyond the second ring road in the three
phases were 98.86%, 95.27%, and 99.72%, respectively; the proportions of RL expansion
beyond the third ring road were 53.50%, 73.97%, and 91.64%, respectively; the proportions
of RL expansion beyond the fourth ring road were 36.50%, 33.36%, and 62.49%, respectively.
The residential space was constantly expanding from the inner circle to the outer circle
(Figure 6). The directions of residential land expansion were heterogenous, changing from
southeast, northwest, and north in 2003-2007 to southeast and east in 2007-2011, and
towards the south, north, and northeast in 2011-2015.

— The cetral city —— The cetral city - — —— The cetral city
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\ e - % Jo-o4 : . o002 21003
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b u e & 1430 X o s [ 0.6-12 L -~ — 1223
20032007 3.0-6.0 N /20072011 1222 S /2011-2015 I 2.3-3.9
60115 2241 & 3978

Figure 6. Kernel density map of residential land expansion in different periods.

The conversion of RL was intense from 2003 to 2015, and the “convert in” area of
RL was significantly larger than the “convert out” area. Through replacement, residential
land increased by 127.16 ha between 2003 and 2007, 569.11 ha between 2007 and 2011, and
408.90 ha between 2011 and 2015. The “convert in” mode of RL during the three periods
mainly occurred in Z-1, Z-2, and Z-3. (Figure 7). Due to the suburbanization of industry, IL
has mainly been replaced by RL in the inner city. In the east and northeast of the central
city, a large area of IL has been converted into RL. The “convert out” of RL mainly occurred
in Z-1, Z-2, and Z-3 from 2003 to 2011, and in Z-1, Z-2, Z-3, and Z-4 from 2011 to 2015.
Overall, the central city’s RL increased continuously from 2003 to 2015.

3.3. Spatiotemporal Analysis of Conversion and Expansion of Commercial Land

Judging by the average area of the expanding CL plots, the increase in commercial
space was greatly influenced by the construction of large-scale flagship projects. Often,
the development of flagship projects leads to concentric and directional characteristics of
commercial land expansion (Figure 8). Combined with the field investigation, we found
that the construction of the automobile trade city (on an area of 40 ha) led to the expansion
of CL to the west during 2003—2007. The construction of a number of automobile sale and
service shops (4S) led to the expansion of CL to the southwest during 2007-2011. The
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construction of JingYue CBD led the expansion of CL to the southeast. Since these large
commercial facilities cover a large area, they were built on the edge of the central city.
Therefore, the commercial space of the central city gradually expanded towards the outer
circle, and the proportion of CL expansion outside of the fourth ring road was 34.02%,
58.88%, and 92.00% in the three stages, respectively.
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Figure 7. Kernel density map of residential land conversion in different periods.

o N i §
X 0 A 5km 0 A 5km L
By | I e | ESS—) i -
2 4 :,/ . 4 ~/
] | ]
~ ~ ) ~
/ q ] ¢
/f g — The central city 4 —— The central city F R —— The central city
N — Ring road b { — Ringroad > \”? —Ring road
L Value ) *3—\ Value y 7,,\ Value
® o3 , /CJ0-03 < (CJ0-03
| ~ [103-08 A g - [J03-13 X A ~ [Jo3-10
e —— " El08-1.6 g”"' b e O [1.3-4.1 b {J T [1.0-2.0
S > 2 % )
\\J/ 2003-2007 1628 . 20072011 [ 4.1-8.6 N/ 2011-2015 2034
. 2847 h 56135 v |k

Figure 8. Kernel density map of commercial land expansion in different periods.

In general, with the replacement of functional urban land, the area of CL continued to
expand, increasing by 328.07 ha, 85.91 ha, and 38.42 ha in the three stages, respectively. The
“convert in” mode of CL mainly occurred within the first ring road during 2003-2007 and
was mostly within the third ring road during 2007-2015. Compared to the first period, the
“convert in” mode of CL was expanded in the latter two stages. CL has largely replaced
IL, indicating that the process of “suppress the second industry and develop the third
industry” is continuing. The price of CL is generally higher than that of the other types
of functional urban land. Therefore, it is generally rare to replace CL with other kinds
of functional urban land. However, in this study, a large area of CL has been replaced
by other kinds of functional urban land, especially RL and PL. Field research has shown
that CL, replaced by other urban land types, was usually low-grade commercial facilities
with chaotic layout and wasted land. The conversion of the functional urban land has thus
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promoted the integration of this inefficient land into the surrounding built-up environment.
The “convert out” mode of CL mainly occurred in Z-1 and Z-2 from 2003 to 2007 and in Z-3
and Z-4 from 2007 to 2011 (Figure 9). In the third stage, the area of the “convert out” of CL
decreased sharply and was concentrated only towards the northeast in Z-3.
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Figure 9. Kernel density map of commercial land conversion in different periods.

3.4. Spatiotemporal Analysis of Conversion and Expansion of Public Service Land

The expansion of PL over the three phases showed that the public service space mainly
expanded towards the outside of the southeast in Z-5 (Figure 10). According to the city
master plan of Changchun, the ecological environment in the southeast of Changchun is
beautiful, and the forest is widespread. The master plan pointed out that the Changchun
municipal government has been committed to transforming the area into a “University
Town” and a “New Livable Town” since the mid-1990s. Accordingly, universities and
exhibition facilities gradually gathered in the area. The relocation of Jilin Jianzhu University
and the expansion of Jilin Agricultural University led to this expansion of PL during
2003-2007. In 2007-2011 and 2011-2015, the construction of convention and exhibition
facilities, as well as the expansion of universities led to an expansion of PL. The Changchun
modern agricultural park, which covers an area of 106 ha, was formally established in
2009. A scientific research institution, the Chinese Academy of Agricultural Sciences, was
relocated to the “University Town” in 2011. The educational and exhibition facilities have
led to an expansion of PL.

The conversion of PL became less and less frequent from 2003 to 2015. During the
period of 2003-2007, an area of 358.97 ha was converted from PL to other urban land types.
The area that was converted from the other urban land types to PL was 563.85 ha, resulting
in an increase of 204.88 ha in PL. The area of “converted in” was 168.52 ha, and the area of
“converted out” was 153.84 ha, indicating an increase of 14.98 ha from 2007 to 2011. From
2011 to 2015, the area of “converted in” was 67.72 ha, and the area of “converted out” was
57.65 ha, indicating an increase of 10.07 ha. The “convert in” and “convert out” modes
of PL mainly occurred in Z-1, Z-2, and Z-3 (Figure 11). Similar to the conversion of CL,
the replacement of PL has shown that the urban service functions needed to be further
improved, especially in Z-1, Z-2, and Z-3. With the continuous improvement of the urban
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service functions in the inner city, the conversion of PL can be moved from the inner circle
to the outer circle. The conversion between residential, commercial and public service
lands occurred frequently. From 2003 to 2007, 53.56% of the PL, converted from other urban
land types, consisted of RL and CL. However, 75.84% of the PL converted to other urban
land types consisted of RL and CL. From 2007 to 2011, 35.25% of the PL, converted from
other urban land types, consisted of RL and CL. However, 78.88% of the PL, converted
into other urban land types, consisted of RL and CL. From 2011 to 2015, 50.25% of the PL,

converted from other urban land types, consisted of RL and CL. However, 99.92% of the
PL, converted to other urban land types, consisted of RL and CL.
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Figure 11. Kernel density map of public service land conversion in different periods.

3.5. Spatiotemporal Analysis of Conversion and Expansion of Industrial Land

The expansion of IL showed predictable spatial characteristics. From 2003 to 2015,
there was an expansion of IL. mainly towards the southwest in Z-5. The northeast expansion
beyond the fourth ring road was added during the latter two stages (Figure 12). It is clear
that the southwest and northeast were the main directions of the expansion of IL, while Z-5
was the main circle of IL expansion. Between 2003 and 2007, the proportion of IL expansion
in Z-5 accounted for 66.40%. IL expansion in the southwest direction was 44.91%. During
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the latter two stages, the proportions of IL expansion in Z-5 were 84.19% and 79.95%,
respectively. From 2007 to 2011, the proportions of IL expansion in the southwest and
northeast were 41.57% and 34.63%, respectively. From 2011 to 2015, the proportions of
the expansion of IL in these two directions accounted for 38.68% and 36.80%, respectively.
According to the city master plan of Changchun, the automobile industry is the pillar
industry of Changchun, and the expansion of the automobile industry in the southwest is
the main reason for the observed IL expansion.
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Figure 12. Kernel density map of industrial land expansion in different periods.

From 2003 to 2015, the conversion of IL was very frequent, and IL was continuously
replaced by other urban land types (Figure 13). It is clear that IL is constantly being
replaced by other urban land types. During all of the three periods, the areas of IL that
replaced other urban land types were 834.66 ha, 94.63 ha, and 1.38 ha, respectively; the
areas of IL converted into other urban land types were 818.16 ha, 667.46 ha, and 348.03 ha,
respectively. The IL “converted out” area exceeded the IL “converted in” area. By replacing
IL, it increased by 16.5 ha between 2003 and 2007, decreased by 572.83 ha between 2007
and 2011, and decreased by 346.64 ha between 2011 and 2015. IL was constantly replaced
by RL. In all of the three stages, the proportions of the area converted from IL to RL were
38.50%, 75.03%, and 85.52%, respectively. The “convert in” mode of IL mainly occurred in
Z-2,Z-3, and Z-4 between 2003 and 2007. In the latter two stages, the “convert in” mode of
IL was not obvious. The “convert out” mode of IL in the three periods mainly occurred
in Z-1, Z-2, and Z-3. IL in the inner city was gradually moved to the periphery of the city
(industrial suburbanization).
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Figure 13. Kernel density map of industrial land conversion in different periods.

4. Discussion

The existing literature on urban space mainly uses urban land expansion data to study
urban spatial evolution by comparing the structure of urban space in different years [16-22].
In this study, we explored the dynamic changes of urban space from two perspectives
of functional urban land expansion and conversion. Our research demonstrated that
functional urban land conversion, similar to functional urban land expansion, is also very
common in developing cities. Urban land use maps have facilitated this work. In fact,
scholars have been able to identify the different kinds of functional urban spaces or areas
through a variety of data [11-13,26]. We suggest that scholars can use the above identified
functional urban space or area data to further analyze the replacement between different
functional urban land types in order to explore the inherent characteristics of urban spatial
evolution. Our work showed that the combination of urban land expansion and conversion
can effectively reveal changes in intra-urban space. The structure of urban land use changed
slightly from 2003 to 2015. The proportions of RL and CL increased from 27.82% and 3.71%
in 2003 to 31.04% and 5.30% in 2015, respectively. The proportions of PL and IL decreased
from 11.48% and 23.02% in 2003 to 10.42% and 21.54% in 2015, respectively. The change
in urban land use structure is the joint effect of expansion and conversion, but we often
ignore the conversion between different types of functional urban land. In addition, using
urban land use data at four-year intervals (2003, 2007, 2011, and 2015), our findings prove
that functional urban land expansion and conversion in developing cities are very frequent
under the process of rapid urbanization. Usually, the topic of urban spatial evolution
is studied over a long time period, such as five or ten years [17,18,20,22]. However, our
research suggests that for developing cities, the time interval can be shortened, such as the
four-year period in this article.

On the basis of the research conducted by Tian et al. (2010) [24], we not only analyzed
the concentric characteristics of the functional urban space, but also analyzed the concen-
tration along spatial directions. The concentric characteristics of the expansion of different
types of functional urban land are similar, while the directional characteristics are different.
RL, CL, PL, and PL have all expanded into the outer circle. RL was mostly expanded into
Z-3, Z-4, and Z-5, while CL, PL and IL were mainly expanded into Z-5. RL gradually
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expanded from the inner circle to the outer circle; the expansion of IL to the periphery was
the result of industrial suburbanization, and the construction of large flagship projects has
directed the expansion of CL and PL to the periphery. Influenced by urban development
strategies and urban planning, the directions of expansion of the four types of functional
urban land have shown different characteristics. Southeast, southwest, and south were the
main directions for expanding RL; CL expanded in many directions, but there was only
one main direction (southeast) for the expansion of PL, and IL has largely expanded to the
southwest and northeast.

The conversion of the functional urban land in Z-1, Z-2, and Z-3 showed the character-
istics of the transition from the inner circle to the outer circle. The conversion of functional
urban land beyond the third ring road was rare. Only the “convert out” mode of RL and
CL and the “convert in” mode of IL in a certain period could happen in Z-4. RL, CL, and
PL were constantly replacing other types of functional urban land, while IL was constantly
being transformed into other types of functional urban land. The conversion area of the
four types of functional urban land in Z-1 was large in the first phase and small in the
latter two phases. The Z-2 and Z-3 were zones where the area of functional urban land
conversion was large in the latter two phases. The “convert in” mode of RL, CL, and PL
was mainly located in Z-1, Z-2, and Z-3, which was a process of continuous improvement
of the urban functions of the inner city. In the first period, the “convert in” mode of IL was
larger than the other three types of functional urban land, and mostly concentrated in Z-2,
Z-3, and Z-4. However, in the latter two periods, the “convert in” mode of IL was rare. The
“convert out” mode of RL and CL changed from being concentrated in Z-1, Z-2, and Z-3 to
being concentrated in Z-1, Z-2, Z-3, and Z-4. The redistribution of public service facilities
and the suburbanization of industries have led to the “convert out” mode of PL and IL
mainly in Z-1, Z-2, and Z-3.

Our research found that the conversion and expansion of the functional urban land in
the central city of Changchun show similar characteristics as the concentric circle and the
sector modes. The conversion and expansion of the functional urban land show the obvious
characteristics of concentric circles. Influenced by urban planning and urban development
policies, the conversion and expansion of functional urban land show predictable fan-
shaped (directional) characteristics. The Burgess concentric zone theory and Hoyt’s sector
theory are static modes of urban spatial structure [24,40,41]. However, the concentric
zone mode and the sector mode are not static for a developing city but are dynamic. In
other words, the static layout of urban space exhibits concentric circles and fan-shaped
characteristics, and the evolutionary process of urban space also exhibits concentric circles
and fan-shaped characteristics for developing cities. The conversion and expansion of
the different functional urban lands show different concentric circles and fan-shaped
characteristics at different periods. The expansion of RL, CL, PL, and IL shifts from the
second ring road to the third ring road. The direction of expansion of RL, CL, PL, and IL
in the three stages is different. The conversion of RL, CL, PL, and IL also show dynamic
changes in the concentric circles and in the fan-shaped characteristics.

Our research will provide theoretical support for the coordinated development of
different types of functional urban space in different areas of a city. The coordinated
development of urban space will further contribute to the optimization of urban spatial
structure and will promote the sustainable development of urban space. However, this
study has one main shortcoming. We only studied urban space from the perspective of
functional urban land. Urban space is complex, and apart from land, it also covers other
elements such as population, architecture, transportation, society, and culture. In general, it
is biased to explore the evolution of urban space using a single criterion rather than multiple
criteria. We therefore should consider additional development elements to overcome this
shortcoming in future research, rather than only using a single criterion. Moreover, it
should also be noted that urban land use is one of the most important indicators of urban
space and can effectively decode the geospatial pattern of cities. Our study proves that
the phenomenon of intra-urban land transformation brought by rapid urbanization is
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common and needs to draw the attention of urban policy makers and decision makers to
scientifically adjust the strategy of urban spatial development. We hope that this research
will be open to other researchers who study urban space from different perspectives in
order to obtain inspiration for urban research. In addition, the quantitative methods we
used are retrospective tools. We will introduce predictive tools to study the temporal and
spatial changes in the replacement and expansion of functional urban spaces in the future
in order to better optimize the urban spatial structure.

5. Conclusions

With the help of urban land use maps and other auxiliary data, we analyzed the
temporal and spatial characteristics of the replacement and expansion of different types
of functional urban land using overlay analysis, transition matrix, and kernel density
estimation methods. The results prove that the analysis of the replacement and expansion
of functional urban land can reflect the dynamic evolution of urban space in the context of
rapid urbanization. This research showed that changing the structure of land use in cities
and expanding and replacing the functional urban land can be used to analyze whether the
urban spatial structure has stabilized. The conversion and expansion of functional urban
land in the central city of Changchun is still very active, which indicates that urban spaces
have not yet stabilized and that they still require continuous improvement. When one kind
of functional urban land replaces other kinds of functional urban land, there is further
replacement by other kinds of functional urban land. This study demonstrated changes
between RL, CL, PL, and IL. Combined with changes in the structure of the land use in
cities, suggestions can be made for the future layout of urban land, and the urban spatial
structure can be adjusted in order to promote sustainable urban spatial development.

The temporal and spatial characteristics of urban spatial evolution are a classic research
theme involving multiple disciplines of urban planning, geography, and economics. The
spatiotemporal changes in the functional urban land evolution and the path of optimization
of urban spatial structure were explored in order to support the reasonable development
of urban space. As we mentioned in the Introduction section, our research methods
and conclusions are generally applicable to developing cities around the world in order
to help urban policy makers propose sound strategies for the scientific development of
urban spaces.
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