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*e evolution of urban spatial structure and urban land use is a topical issue in urban studies. *e analysis of the complexity of
functional urban spaces evolution is valuable for a deeper understanding of the changes in urban spatial structure. Taking the
central city of Changchun as the study area, the paper uses the urban land conversion method to analyze the spatial and temporal
characteristics of functional urban spaces evolution in different aspects. *e study found that the evolution of functional urban
spaces presents significant spatial and temporal differences in different stages and different aspects. *ere is a close relationship
between functional urban spaces evolution and scale. As the scale becomes smaller, the spatial differences and patterns of
functional urban spaces evolution become more complex. In the context of rapid urbanization, the mutual replacement of
functional urban spaces is frequent, which is not conducive to the sustainable development of urban space as a whole. *is study
will deepen the understanding of the evolution of urban spatial structure and the complexity of urban systems and provide
theoretical support for the optimization and sustainable development of urban spaces.

1. Introduction

A city is a large system composed of social, economic,
ecological, resource, environmental, and other subsystems
[1–3]. Urban complexity is closely related to human inter-
ests, and a deeper understanding of urban complexity will
help achieve sustainable development of the city [4–6]. *e
fields involved in the urban system are extensive. It is
challenging to comprehensively understand the urban sys-
tem from a single field of study [7, 8]. Geography, urban
planning, economics, sociology, and other disciplines ana-
lyze urban complexity from different perspectives [9].

Research on the complexity of urban space has attracted
the attention of scholars. Complex methods, such as urban
fractal theory [10–12], cellular automata [13–16], and self-
organization theory [7, 17, 18], are used to analyze the
complexity of urban land use changes or urban spatial
evolution [19, 20]. *e study of urban space complexity
focuses on three aspects: urban subsystems, urban system
structure, and urban space structure evolution. Population,
transportation, land use, and the economy are examples of

urban subsystems that have received considerable academic
attention [21–24]. Urban boundaries, urban landscape
structures, and urban morphological structures are topical
issues in the study of the complexity of urban system
structures [25–27]. *e mathematical model and scenario
simulation of urban spatial structure evolution are the key
points of urban spatial structure evolution research [28–33].

*e diversity of functional urban spaces also serves as a
measure of urban complexity [34]. Functional urban spaces
research is a widely researched topic in the field of urban
studies [22]. Comprehensive knowledge of the evolution of
functional urban spaces furthers an understanding of the
evolution of urban spatial structure [22]. However, most of
the existing literature on functional urban spaces focuses on
identifying the types of these spaces using new data or
methods. New data from taxi OD trips, POI, human activity,
mobile phones, social media, and vehicle trajectories are
used to identify urban functions [35–42]. Previous studies
have focused on the identification and classification of
functional urban spaces using a variety of data and methods;
however, little attention has been paid to the complexity of
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how the use of urban space has evolved. *is study uses
urban land use conversion to obtain the expansion and
replacement of urban land. *e study then analyzes the
temporal and spatial characteristics of the distribution and
replacement of functional urban spaces. By analyzing the
relationship between functional urban spaces distribution
and replacement, this paper analyzes the temporal and
spatial differences of functional urban spaces evolution from
four aspects: the central city, concentric zone, direction
zone, and direction-ring zone. Based on this, the paper
further analyzes the spatial pattern of functional urban
spaces evolution and the complex evolution of these spaces
at different points.

To accurately describe the spatial and temporal char-
acteristics of the evolution of functional urban spaces, a city
that is in the process of rapid development is needed as a case
study. Changchun is a less developed city, and functional
urban spaces are in a period of rapid expansion and re-
placement [22]. Our research ideas can be applied to other
less developed cities in the world. We have used conven-
tional data and methods similar to those used in existing
research and have not only identified the types of functional
urban spaces but also analyzed the increases and decreases of
functional urban spaces. In addition, we have explored the
spatial and temporal characteristics of these spaces’ evolu-
tion. More importantly, we analyzed the complexity of this
evolution from the perspective of different aspects and
proved that as the scale shrinks, the evolutionary process of
functional urban spaces becomes more complex. We believe
that it is necessary and meaningful to understand the
evolution of urban functions from different aspects. Study
on the complexity of functional urban spaces evolution helps
further an understanding of the evolution of urban spatial
structure and the complexity of urban systems and provides
theoretical support for the sustainable development of urban
space.

2. Study Area and Methods

2.1. Study Area. Changchun is the capital of Jilin Province
and is located in Northeast China, with an area of 20,594 km2

and a population of 7.54 million, as recorded in 2015
(Figure 1). Changchun city is composed of seven municipal
districts, two county-level cities, and one county. *e total
area of the seven municipal districts is 7,557 km2. *e study
area of this paper, the central city, covers an area of 612 km2

and is the centre of the Changchun municipal districts. *is
paper studies the ring features, direction features, and di-
rection-ring features of the evolution of functional urban
spaces in the central city of Changchun.

*e ring road is an important element in shaping the
urban space. *ere are four ring roads in the central city of
Changchun.*ese four ring roads divide the central city into
five concentric rings. R-1 is the zone within the first ring
road, with an area of 19 km2. R-2 is the zone between the first
and second ring roads, with an area of 52 km2. *e zone
between the second and third ring roads is R-3, with an area
of 99 km2. R-4 is the zone between the third and fourth ring
roads, with an area of 128 km2. Lastly, R-5 is the outermost

zone outside the fourth ring road, with an area of 314 km2.
*e average area of the five concentric rings is 122.4 km2.
Using People’s Square as the centre, this article divides the
central city of Changchun into eight directions. Starting
from the north, the area of the central city in clockwise
directions is 36.3 km2, 100.5 km2, 59.8 km2, 111.7 km2,
87.3 km2, 133.0 km2, 47.2 km2, and 36.2 km2. *e average
area of the central city in eight directions is 76.5 km2. *en,
we superimposed the four ring roads and the eight direc-
tions, and the central city was divided into 40 direction-ring
zones. *e spatial and temporal characteristics of urban
function evolution can then be analyzed from a more de-
tailed scale. *e average area of each of the 40 direction-ring
zones is 15.3 km2. To facilitate the comparison of the spatial
characteristics of urban function evolution, we have drawn a
schematic diagram of the five concentric rings, eight di-
rection zones, and 40 direction-ring zones in the central city
of Changchun and encoded them (Figure 2).

2.2.DataResource. *e detailed urban land use maps are the
main data of this study, consisting of data from 2003, 2007,
2011, and 2015. *e urban land use map is the “wealth”
accumulated in urban planning over the years. Based on
topographic maps and remote sensing images, a rough
urban land use classification map can be identified. Urban
planners refer to the data of the annual land transfer of the
government to check the urban land use classification map.
*e urban planners can then obtain a detailed urban land use
map. According to POI data and several field investigations,
we further checked the urban land use maps to accurately
understand the spatial pattern of urban land expansion and
replacement. All urban land use maps are vector data.
According to national urban planning standards, urban land
is divided into eight categories: residential land, public
service land, commercial land, industrial land, logistics and
warehouse land, road and transport facility land, municipal
utility land, and green space and square land. In our study,
we focus on residential land (RL), public service land (PL),
commercial land (CL), and industrial land (IL). *ese four
types of urban land we focus on account for nearly 70% of
the total urban land in the central city. Since the classifi-
cation of urban land is sufficiently detailed, a type of urban
land corresponds to a type of functional urban space.
*erefore, residential land, public service land, commercial
land, and industrial land are the main types of urban land,
while residential space (RS), public service space (PS),
commercial space (CS), and industrial space (IS) are the
main types of functional urban space. In 2003, 2007, 2011,
and 2015, the area of urban land in the central city of
Changchun was 237.4 km2, 285.0 km2, 322.1 km2, and
348.6 km2, respectively (Table 1).

2.3. Methods

2.3.1. Expansion of Functional Urban Spaces. *e overlay
analysis method was used in this paper to study the ex-
pansion of functional urban spaces distribution. Using
ArcGIS9.3 software, the urban land use maps of 2003 and
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2007, 2007 and 2011, and 2011 and 2015 were superimposed.
*e expansions of residential land, public service land,
commercial land, and industrial land in 2003–2007,
2007–2011, and 2011–2015 were then obtained. According
to the division of research units, the expansion area of
different types of urban land in each concentric ring, di-
rection zone, and direction-ring zone was calculated. *en
we analyzed the ring features, direction features, and di-
rection-ring features of residential, public service, com-
mercial, and industrial spaces expansion. Urban land
expansion refers to the increase of urban land, so the value of
urban land expansion is greater than zero.

2.3.2. Replacement of Functional Urban Spaces. *is article
uses the transfer matrix method to analyze the replacement
of urban land in the central city of Changchun. Using
ArcGIS9.3 software, we used Data Management in Arc-
Toolbox to dissolve the urban land use data for increasing
the speed of calculating the transfer matrix. *en, we used
the overlay analysis method and Analysis Tools in Arc-
Toolbox to get the transfer matrix of urban land replacement
and export the file in Excel format. Finally, we calculated the
values of urban land replacement of each concentric ring,
direction zone, and direction-ring zone. *erefore, we can
obtain the relationship of replacement of different types of
urban land for each research unit. *e formula of the
transfer matrix is as follows:

Aij �

A11 · · · A1n

⋮ ⋱ ⋮

An1 · · · Ann

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦, (1)

where Aij represents the area converted from type i urban
land to type j urban land; n represents the number of urban
land types. A certain type of urban land can be converted
into other types of urban land, and other types of urban land

can also be converted into this type of urban land.*erefore,
there are three cases where the value of urban land re-
placement is greater than, less than, and equal to zero.

2.3.3. Spatial Pattern of Functional Urban Spaces Evolution.
Using the calculation of urban land expansion and re-
placement, we can obtain the area of each research unit’s
residential, public service, commercial, and industrial land
expansion, as well as the area of mutual replacement be-
tween them. First, we judged the amount of change of
different types of functional urban space in each research
unit by comparing the expansion area and replacement area
of urban land. When urban land expansion is taking place at
a faster pace than urban land replacement, it indicates that
urban land expansion distribution plays a leading role.
When urban land expansion is less than urban land re-
placement, it indicates that urban land replacement plays a
leading role. When the expansion of urban land is equivalent
to urban land replacement, it indicates that urban land
expansion and replacement play a leading role. When urban
land expansion and urban land replacement are equal to
zero, it is indicated that the city is in a state of nondevel-
opment. Second, according to the relationship between the
expansion and replacement of urban land, there are also
three potential changes of urban land: decrease, increase,
and unchanged. *ese three types of changes can occur in
residential, public service, commercial, and industrial land,
respectively. Based on the relationship between residential,
public service, commercial, and industrial land expansion, as
well as mutual replacement in each research unit, we can
observe the spatial pattern of functional urban spaces
evolution. In theory, there are 81 models of the four types of
functional urban space evolution. However, since some
models do not conform to the urban development theory,
the number of actual models is far below 81. Finally, we
compared the evolution of functional urban spaces in

0 10km

0 50km

0 400km

0 1,000km

South

China

Sea

Changchun

The central city

�e central city

Changchun

Figure 1: Location of Changchun.
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Table 1: Urban land use structure in the central city (2003–2015).

Urban land use
types

2003 2007 2011 2015

Area (km2) Proportion
(%) Area (km2) Proportion

(%) Area (km2) Proportion (%) Area (km2) Proportion (%)

RL 66.0 27.8 75.9 26.6 97.4 30.3 108.2 31.0
PL 27.3 11.5 36.8 12.9 32.3 10.0 36.3 10.4
CL 8.8 3.7 12.6 4.4 13.8 4.3 18.5 5.3
IL 54.6 23.0 64.3 22.6 71.9 22.3 75.1 21.6
RL +PL+CL+ IL 156.7 66.0 189.6 66.5 215.4 66.9 238.1 68.3
Total 237.4 100 285.0 100 322.1 100 348.6 100
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Figure 2: Study area and coding diagram. (a) *e central city, (b) rings, (c) direction of rings, and (d) directions.
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different areas (the concentric ring zone, direction zone, and
direction-ring zone) and summarized the evolutionary
complexity of these spaces.

3. Results

3.1. General Characteristics of Urban Land Expansion and
Replacement. Using ArcGIS9.3 software and the above
methods, we obtained the expansion and replacement of
residential, public service, commercial, and industrial land
in 2003–2007, 2007–2011, and 2011–2015 (Tables 2 and 3).
*rough urban land expansion, the four types of urban land
increased by 3462.9 ha, 3849.9 ha, and 2351 ha, respectively,
in the three time periods. *rough urban land replacement,
the area transferred both into and out of the four types of
urban land in 2003–2007, 2007–2011, and 2011–2015 was
1749.7 ha, 955.4 ha, and 461.9 ha, respectively. Functional
urban spaces expansion was more active than functional
urban spaces replacement from the perspective of the central
city. However, different spaces exhibit different
characteristics.

In the three time periods, residential land increased by
1355.8 ha, 1852.0 ha, and 1478.2 ha, respectively, through
urban land expansion, while industrial land increased by
1586.1 ha, 1552.9 ha, and 584.8 ha (Table 1). *e expansion
of residential and industrial land is notable. At the same
time, the replacement of residential and industrial land is
also active (Table 2). *rough urban land replacement,
residential land was mainly replaced by public service and
commercial lands, and, simultaneously, industrial land was
largely replaced by residential lands. Compared with resi-
dential and industrial land, the area of expansion and re-
placement of public service and commercial land was
smaller. In the three time periods, the area of public service
land expansion was 401.6 ha, 329.0 ha, and 145.2 ha, re-
spectively, and the area of commercial land expansion was
120.4 ha, 116.0 ha, and 142.9 ha, respectively. Public service
land was mainly replaced by residential and commercial
lands and also replaced a large number of residential and
industrial lands. Commercial land was mainly replaced by
residential and public service lands. At the same time,
commercial land also replaced a large number of residential
and industrial lands.

3.2. Evolution Mode of Functional Urban Spaces in Different
Concentric Circles

3.2.1. Urban Spatial Expansion in Different Concentric
Circles. *e evolution of functional urban spaces in the
central city of Changchun showed clear concentric features
(Figure 3). Residential space increased in the three periods
mentioned above. Only in the 2003–2007 period was resi-
dential space within the first ring road reduced, due to the
conversion to public service and commercial space. In the
first two time periods, urban land expansion led to an in-
crease of residential land, especially outside the second ring
road. In the third period, the expansion and replacement of
urban land led to the increase of residential space. Urban
land replacement within the third ring road had a significant

impact, and urban land expansion outside the third ring
road had a similarly significant impact.

In the first two periods, public service function largely
increased through urban land replacement within the sec-
ond ring road and urban land expansion outside the second
ring road. *e situation became complicated in the
2011–2015 period. Public service space within the second
ring road decreased due to urban land replacement, and
urban land expansion outside the fourth ring road increased
space used for public services. Between the second and third
ring roads and between the third and fourth ring roads,
public service space was decreased and increased, respec-
tively, by the double impact of urban land expansion and
replacement.

In all three periods, commercial space of each concentric
ring had been increased. During the 2003–2007 time frame,
urban land replacement within the third ring road led to the
increase of commercial space, while urban land expansion
outside the third ring road led to the increase of commercial
space. In the second period, 2007–2011, commercial space
between the first and fourth ring roads increased due to the
combined impact of urban land expansion and replacement.
*e changes within the first ring road and outside the fourth
ring road were the same as those in the first period. From
2011 to 2015, commercial land outside the third ring road
increased because of the combined effect of urban land
expansion and replacement. *e change within the third
ring road was the same as that in the period of 2003–2007.

Due to the suburbanization of industry, industrial land
within the third ring road was gradually replaced by other
urban lands, and industrial space continued to spread from

Table 2: Expansion area of different types of urban land in the three
time periods (unit: ha).

Urban land use types 2003–2007 2007–2011 2011–2015
RL 1355.8 1852.0 1478.2
PL 401.6 329.0 145.2
CL 120.4 116.0 142.9
IL 1586.1 1552.9 584.8
Total 3463.9 3849.9 2351.1

Table 3: Urban land transfer matrix in the three time periods
(unit: ha).

Period Urban land use types RL PL CL IL

2003–2007

RL — 221.4 269.0 185.2
PL 176.1 — 68.8 76.1
CL 98.6 80.6 — 34.8
IL 315.0 110.1 114.1 —

2007–2011

RL — 22.6 44.4 23.9
PL 60.2 — 60.9 19.6
CL 52.2 37.0 — 8.0
IL 500.8 73.7 52.1 —

2011–2015

RL — 17.2 14.9 1.4
PL 36.6 — 20.7 0.0
CL 26.0 11.7 — 0.0
IL 297.6 3.8 31.9 —
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the inside ring to the outside ring. *e expansion and re-
placement of industrial land within the first ring road dis-
appeared from 2011 to 2015.

3.2.2. Urban Spatial Replacement in Different Concentric
Circles. *e concentric changes of urban spaces showed
obvious phase characteristics (Figure 3). In zone R-1, urban
land replacement was very active from 2003 to 2015. During
the period of 2003–2007, residential space decreased due to
the conversion into public service and commercial spaces;
public service and commercial spaces increased due to the
replacement of other urban spaces; and industrial space
continuously decreased by the replacement of other urban
spaces.

Similar to zone R-1, the four types of functional urban
space in zone R-2 were also dominated by replacement,
except for residential and commercial spaces in the period of
2007–2011. Residential, public service, and commercial
spaces increased because of the continuous replacement of
industrial and other urban spaces in the 2003–2007 time
period. Residential and commercial spaces both replaced
other urban spaces and continued to spread, so they in-
creased in 2007–2011. *e evolution of the four types of
functional urban space in zone R-2 in the third stage was
similar to evolution in the first stage. *e difference was that
public service space decreased by being replaced by com-
mercial and residential spaces.

In zone R-3, the expansion and replacement of func-
tional urban spaces were frequent in the three time periods.
In the period of 2003–2007, residential and public service
spaces increased due to urban land expansion. Additionally,
commercial and industrial spaces increased due to the re-
placement of other urban spaces. In the period of 2007–2011,
public service and business spaces increased by the dual role

of urban land expansion and replacement. In the third
period, residential and commercial spaces increased by
replacing other urban spaces; public service space decreased
due to the dual role of urban land expansion and
replacement.

In zone R-4, the dual role of urban land expansion and
replacement affected the changes of public service space,
commercial and industrial spaces, and commercial and
public service spaces, respectively, in the three time periods.
*e rest were mainly urban land expansion.

In addition to commercial space, the other three func-
tional urban spaces in the three time periods increased by
urban land expansion in zone R-5. In the three periods, the
four types of functional urban space in zone R-5 increased
due to urban land expansion, and commercial space was also
affected by urban land replacement.

3.2.3. Mode of Functional Urban Spaces Evolution in Dif-
ferent Concentric Circles. According to the concentric
analysis of the expansion and replacement of the four types
of functional urban space mentioned in Sections 3.2.1 and
3.2.2, there are five modes of functional urban spaces
evolution, three for each time period due to repetition. *e
mode of “increase of all functional urban spaces” occurred in
zones R-3, R-4, and R-5 in 2003–2007 and 2007–2011 and
occurred in zones R-4 and R-5 in 2011–2015. *e mode of
“decrease of CS & IS + increase of RS & CS” occurred in zone
R-2 in 2007–2011 and occurred in zones R-2 and R-3 in
2011–2015. *e mode of “decrease of IS + increase of RS, PS,
& CS” occurred in zone R-2 in 2003–2007 and occurred in
zone R-1 in 2007–2011. *e modes of “decrease of RS &
IS + increase of PS & CS” and “decrease of PS + increase of
RS & CS+ stability of IS” occurred in zone R-1 in 2003–2007
and 2011–2015, respectively. In general, urban land
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replacement is mainly within the third ring road, and urban
land expansion occurs mainly outside the third ring road.
Within the third ring road, the mode of functional urban
spaces evolution reflects significant stage and regional
differences.

3.3. Evolution Mode of Functional Urban Spaces in
Different Directions

3.3.1. Urban Spatial Expansion in Different Directions.
*e direction features of the evolution of the four types of
functional urban space were very obvious from 2003 to 2015
(Figure 4). Residential space increased in all eight directions
in the three separate time periods, mainly due to urban land
expansion.

Changes in public service land were more complicated.
From 2003 to 2007, public service space only decreased in
the south due to urban land replacement, while in other
directions it increased due to the expansion or replacement
of urban land. In the period of 2007–2011, public service
space only decreased in the north due to urban land re-
placement, increased in five directions due to urban land
expansion, and increased in the remaining two directions
due to urban land replacement. From 2011 to 2015, public
service space increased in the east by the expansion and
replacement of urban land. Due to urban land replacement,
public service space decreased in the west and southwest and
increased in the south. In the other four directions, public
service space increased due to urban land expansion.

Similar to the changes in land used for residential
purposes, commercial space of the three phases increased in
almost all directions due to the expansion or replacement of
urban land, only in the east of the second phase due to the
dual role of expansion and replacement. Commercial space
only decreased in the northeast during the period of
2007–2011 and similarly in the north during the period of
2011–2015 due to urban land replacement.

In the first stage, industrial space increased in all di-
rections except for the north due to the expansion or re-
placement of urban land or the dual role of expansion and
replacement. In the north, industrial space decreased due to
urban land replacement. In the next two periods, industrial
space decreased in four and five directions, respectively, due
to urban land replacement and increased in other directions,
mainly due to urban land expansion.

3.3.2. Urban Spatial Replacement in Different Directions.
*e evolution of functional urban spaces in various direc-
tions presented different characteristics from 2003 to 2015
(Figure 4). Compared with the concentric characteristics of
functional urban spaces evolution, the direction character-
istics were more complex. In the north, urban land ex-
pansion led to an increase in residential space; the change of
public service space was affected by the expansion or re-
placement of urban land or the dual role of expansion and
replacement; the change of commercial space was affected by
the expansion or replacement of urban land; industrial space

decreased because of urban land replacement from 2003 to
2015.

In the northeast, in addition to commercial space, the
remaining three types of functional urban space increased in
the three stages. *e replacement of low-grade commercial
land led to a decrease of commercial space in the period of
2007–2011. Residential space increased by urban land ex-
pansion, public service space increased by expansion or
replacement of urban land, and industrial space increased by
urban land expansion or dual effects of expansion and
replacement.

In the east, residential, public service, and commercial
spaces increased in the three periods due to urban land
expansion, replacement, or dual roles of expansion and
replacement, while industrial space was initially increased by
urban land expansion and then suffered a decrease from the
dual roles of expansion and replacement.

In the southeast, an increase in residential and public
service spaces during the three time periods was brought
about by urban land expansion. *e increase of commercial
space was due to urban land replacement first and then due
to urban land expansion. Industrial land use increased due to
urban land expansion in the first stage and then decreased
because of urban land replacement in the second and third
periods.

In the south, residential space increased because of urban
land expansion in the three periods, public service space
decreased by replacement in the first stage and increased by
expansion in the latter two time periods, and commercial
space increased by expansion or replacement. Furthermore,
industrial space decreased due to the dual role of expansion
and replacement in the first period and then decreased by
replacement in the latter two periods.

In the southwest and west, except for the decrease of
public service space in the period of 2011–2015 due to urban
land replacement, the four types of functional urban space in
the remaining periods increased by the expansion or re-
placement of urban land.

In the northwest, residential, public service, and com-
mercial spaces grew more significantly due to urban land
expansion or replacement in the three periods, and indus-
trial space expanded in the first period and decreased in the
latter two periods due to urban land replacement.

3.3.3. Mode of Functional Urban Spaces Evolution in Dif-
ferent Directions. Just like the evolution of functional urban
spaces in different concentric circles, there are also five
modes of functional urban spaces evolution occurring in
different directions. Due to repetition, there are three modes
in the first time period and four modes in the last two time
periods. *e mode of “increase of all functional urban
spaces” occurred in five directions (E, SE, SW, W, and NW)
during the period of 2003–2007. *is mode also occurred in
two (SW andW) and one (NE) directions during the second
and third time periods, respectively. *e mode of “decrease
of IS + increase of RS, PS, & CS” occurred in two (N and NE)
directions during the period of 2003–2007 and occurred in
the same four directions (E, SE, S, and NW) in the periods of
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2007–2011 and 2011–2015. *e mode of “decrease of
PS + increase of RS, CS, & IS” appeared in one direction in
the first two stages (S in 2003–2007 and N in 2007–2011) and
in two directions (SW and W) in the last stage. *e mode of
“decrease of CS + increase of RS, PS, & IS” occurred in the
northeast from 2007 to 2011, while the mode of “decrease of
CS & IS + increase of RS & PS” occurred in the north from
2011 to 2015.

3.4. Evolution Mode of Functional Urban Spaces in Different
Direction-Ring Zones. *rough the analysis of concentric
ring and direction features of functional urban spaces
evolution, it was found that the spatial difference of func-
tional urban spaces evolution is significant. Based on the
above analysis, we further explored the direction-ring
characteristics of functional urban spaces evolution and
summarized the main modes of this evolution. *e types of
functional urban spaces evolution modes increased from 14
in the period of 2003–2007 to 20 in the 2007–2011 time
frame and then moved down to 19 in the period of
2011–2015. *e increase in the number of modes indicates
that the interaction of urban functions tends to be more
complex, and the spatial difference of functional urban
spaces evolution is becoming more obvious. According to
the number of research units involved in each type of
functional urban spaces evolution mode, the period of
2003–2007 contained six major modes, and each of the
periods of 2007–2011 and 2011–2015 contained five modes.
Since other modes only occur in one or two direction-ring
zones, they are not the main evolution modes. *erefore,
these modes will be excluded from the discussion. *ree
modes exist in all three periods (Figure 5), so we need to
discuss ten patterns.

Mode 1: increase of the four types of functional urban
spaces guided by expansion
In this mode, the role of urban land expansion is clear.
Residential, public service, commercial, and industrial
spaces continuously increased due to urban land ex-
pansion from 2003 to 2015. Mode 1 involved nine
research units in the period of 2003–2007 (NE-3, NE-4,
NE-5, E-5, SE-5, SW-3, SW-5, NW-3, and NW-4),
three research units in the period of 2007–2011 (E-5,
SW-4, and SW-5), and four research units in the period
of 2011–2015 (NE-5, SE-5, SW-5, and NW-3). *ese
units were mainly distributed outside the third ring
road and the southwest, northeast, and northwest.
Mode 2: decrease of PS & IS and increase of RS & CS
guided by replacement
*e suburbanization of industry and the relocation of
universities led to the replacement of industrial and
public service spaces by residential and commercial
land use. Mode 2 involved four research units in the
period of 2003–2007 (N-2, N-3, SE-2, and NW-1), six
research units in the 2007–2011 time frame (N-3, NE-3,
SE-2, S-2, SW-3, and W-2), and five research units in
the period of 2011–2015 (SE-2, SE-3, SW-2, SW-3, and
W-3), which were mainly distributed between the first
and third ring roads. *e distribution of research units
involved in Mode 2 was scattered.
Mode 3: decrease of IS and increase of RS, PS, & CS
guided by replacement
Mode 3 is the phenomenon of “suppressing the second
industry and developing the third industry” often
mentioned in urban studies in China. Mode 3 involved
four research units in the period of 2003–2007 (E-3, SE-
3, S-4, and W-3), six research units in the period of
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2007–2011 (E-2, E-4, SE-3, SW-2, W-3, and NW-3),
and six research units in the period of 2011–2015 (N-3,
N-4, NE-3, E-2, S-4, and SW-4). *ese units were
mainly distributed between the second and fourth ring
roads and gradually transferred outward. *e research
units involved in Mode 3 were distributed in all eight
directions in the process of “deindustrialization.” In-
dustrial land was constantly being replaced by resi-
dential, public service, and commercial land.
Mode 4: decrease of RS & IS and increase of PS & CS
guided by replacement
Mode 4 involves five research units (E-1, SE-1, SE-4,
W-1, and W-2) and only appeared in period of the
2003–2007.*e research units involved in Mode 4 were
mainly distributed within the first ring road and the
southeast and west. *e functional urban spaces of
these research units were undergoing a significant
phase of replacement. Other functional urban spaces
were gradually replacing industrial land use. At the
same time, due to the flawed urban service functions,
public service and commercial spaces were continu-
ously increased and they replaced some residential
space.
Mode 5: decrease of RS and increase of PS, CS, & IS
guided by replacement and expansion
Mode 5 involves four research units (NE-1, NE-2, SW-
1, and SW-2) and only appeared in the period of
2003–2007.*e research units involved in Mode 5 were
mainly distributed within the second ring road and the
southwest and northeast. *ese research units are lo-
cated in the inner circle of the central city, and as such
functional urban space replacement prompted resi-
dential space subsidized public service and commercial
spaces to improve the functions of the city. At the same

time, because these research units were in the main
direction of industrial development, industrial land was
slightly expanded.
Mode 6: decrease of PS and increase of RS, CS, & IS
guided by replacement and expansion
Mode 6 involves four research units (S-3, S-5, SW-4,
and NW-2) and only appeared in the period of
2003–2007. *e distribution of the mode was relatively
scattered, located in four concentric circles and three
directions. *e diminishment of public service space
was mainly due to the replacement of administrative
offices and educational land. *e expansion of resi-
dential and commercial spaces was primarily due to the
expansion or replacement of urban land or dual role.
Lastly, the increase of industrial space was mainly
because the research units involved were located in
industrial concentration areas.
Mode 7: decrease of CS and increase in RS, PS, & IS
guided by replacement and expansion
Mode 7 only appeared in the 2007–2011 time frame,
involved four research units (NE-4, NE-5, SE-5, and
W-4), and was mainly distributed outside the third ring
road.*e decrease of commercial space was mainly due
to the replacement of low-level farmers’ markets and
small commodity markets by residential and public
service spaces. During this period, industrial growth
mainly occurred outside the third ring road. *e ex-
pansion of residential land led to the increase of res-
idential space. *e relocation of educational land and
the construction of exhibition facilities were the main
reasons for the increase of land for public service use.
Mode 8: decrease of CS & IS and increase of RS & PS
guided by replacement and expansion

2003–2007

(a) (b) (c)

2007–2011 2011–2015

Increase of all functional urban spaces

Decrease of RS + increase of PS, CS and IS

Decrease of PS and IS + increase of RS and CS
Decrease of IS + increase of RS, PS and CS

Decrease of PS + increase of RS, CS and IS

Decrease of RS and IS + increase of PS and CS Stability of all functional urban spaces
No functional urban spaces evolution mode

Decrease of CS and IS + increase of RS and PS
Stability of CS + increase of RS, PS and IS
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Figure 5: *e mode of functional urban spaces evolution (2003–2015).
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Mode 8 only appeared in the period of 2007–2011,
involves three research units (E-3, SE-4, and S-3), and
was mainly distributed between the second and fourth
ring roads. Residential and public service land ex-
panded mainly between the second and third ring
roads, guiding the expansion of residential and public
service spaces. Industry showed a clear “deindustrial-
ization” trend. *e decrease in commercial space was
largely due to low-grade commercial facilities being
annexed by surrounding residential land.
Mode 9: stability of CS and increase of RS, PS, & IS
guided by distribution
Mode 9 only appeared in the period of 2011–2015,
involved three research units (NE-4, E-5, and W-4),
and was mainly distributed outside the third ring road.
Due to the expansion of urban land, residential, public
services, and industrial spaces increased. However,
commercial space lagged behind, indicating that no
development was taking place. Commercial land
remained intact, without expansion or replacement.
Mode 10: stability of the four types of functional urban
space
Mode 10 involves seven research units (N-5, NE-1, E-1,
SW-1,W-1, NW-4, andNW-5) and only appeared in the
period of 2011–2015. *e mode was mainly distributed
within the first ring road and outside the fourth ring
road. Within the first ring road, the stability of the four
types of functional urban spaces indicated that the urban
functions had gradually stabilized through urban land
replacement. Additionally, residential, commercial, and
public service spaces had gradually improved, and the
process of “deindustrialization” had slowly been com-
pleted. *e north and northwest are not the main di-
rections of urban space development in Changchun.
*is has resulted in the stagnation of urban construction
in the northwest outside the third ring road and in the
north outside the fourth ring road, showing evidence of
“nondevelopment.”

4. Discussion

Based on the in-depth analysis of urban land use con-
version, this study analyzes the spatial and temporal
characteristics of the evolution of residential, public ser-
vice, commercial, and industrial spaces. *e analysis used
three zones: concentric ring zone, direction zone, and
direction-concentric-ring zone. First, according to the
distribution of the ring roads, the central city was divided
into five concentric rings. We analyzed the concentric
characteristics of the expansion and replacement of resi-
dential, public service, commercial, and industrial spaces.
*en, taking People’s Square as the centre, the central city is
divided into eight directions. We analyzed the direction
features of the expansion and replacement of residential,
public service, commercial, and industrial spaces. Finally,
combining the five concentric rings and eight directions,
the central city was divided into 40 direction-ring zones.
According to the expansion and mutual replacement

relationship of functional urban spaces, the pattern of these
spaces’ evolution was summarized. Our analysis proves that
the method of urban land conversion is effective, and the
analysis of different scales reflects the complexity of
functional urban spaces evolution.

Overall, the expansion of functional urban spaces is
more active than the replacement of these spaces from the
perspective of the central city. *e expansion and re-
placement of residential and industrial spaces are more
active than those of public service and commercial spaces.
Residential land use is mainly replaced by public service
and commercial use, and residential space largely replaces
industrial land use. Residential and commercial spaces
mostly replace public service space, and, lastly, commercial
space is mainly replaced by residential and public service
spaces.

*e evolution of functional urban spaces shows
prominent concentric characteristics and directional
characteristics. Urban space replacement mainly occurs
within the third ring road, while urban space expansion
primarily occurs outside the third ring road. Between the
second and fourth ring roads, expansion and replacement
jointly influence the evolution of functional urban
spaces. In all directions, these spaces are dominated by
expansion or replacement. It is relatively rare for expansion
and replacement to jointly guide the evolution of these
urban spaces. *e concentric and directional characteris-
tics of different functional urban spaces evolution are
different.

Based on the perspective of expansion and replacement,
combined with the mutual replacement of urban space, this
article summarizes the mode of functional urban spaces
evolution. *e types of functional urban space evolution
modes increased from 14 in the period of 2003–2007 to 20
in the period of 2007–2011 and moved down to 19 in the
period of 2011–2015. *e period of 2003–2007 contained
six major urban evolution modes, and each of the periods
of 2007–2011 and 2011–2015 contained five modes. *ree
of these modes exist in all three periods. *erefore, there
were ten main modes of functional urban spaces evolution
from 2003 to 2015. It is clearly seen that, from the central
city to the direction-ring zone, the scale becomes smaller,
and the evolution of these urban spaces becomes more
complex.

Compared with the existing literature, although our work
is still a conventional study of urban space, we use a new
perspective to reflect the complexity of urban space evolution
through a scale comparison. Using new perspectives to study
typical urban problems is a method often used by scholars.
*e study of urban functions has always attracted the at-
tention of academia. Most scholars are committed to using
new data or methods to identify the types of urban function
[31–38], but they have not continued to use the research
results for functional urban spaces evolution research. We
have not only adopted a new perspective but also investigated
the scale differences and complexity of functional urban
spaces evolution. Our method can also be applied to other
cities, especially less developed cities whose urban space is in a
period of rapid development.
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5. Conclusions

A city is a large, complex system. *is article attempts to
explore the complexity of functional urban spaces evolution
from different zones. Our research proves that studying the
evolution of functional urban spaces from different scales is
of significant value, and the research methods are feasible.
*rough the above analysis, we have arrived at the following
conclusions:

(1) *e evolution of functional urban spaces shows
obvious concentric and direction features. *e
spatial and temporal characteristics of the evolution
of different functional urban spaces are different.*e
evolution of functional urban spaces has different
characteristics in different stages. *e types of
functional urban spaces evolution patterns are be-
coming more numerous, and the spatial differences
in functional urban spaces evolution are becoming
increasingly significant.

(2) Scale has a great influence on the study of functional
urban spaces evolution. It is necessary to study the
evolution of urban land use at different levels. As the
available space shrinks, the evolution of functional
urban spaces becomes more complicated.

(3) Our study has found that not only is industrial space
being replaced, but so are residential, public service,
and commercial spaces. In the context of rapid ur-
banization, the evolution of urban space is more
complex. *erefore, studying the mutual replace-
ment of different types of functional urban spaces is
helpful to understand the inherent characteristics of
urban spatial evolution.

(4) Lack of foresight in urban planning leads to the
mutual replacement of functional urban spaces, in-
creases the cost of urban development, and is not
conducive to the sustainable development of urban
space. Our research will further promote the study of
the complexity of urban internal spaces. *e study of
urban land use evolution at different scales will enrich
the perspective of urban spatial research, deepen the
understanding of the evolution of urban spatial
structure, and promote the updating of urban theo-
ries. Fully understanding the scale difference of
functional urban spaces evolution will help us to more
fully understand the inner process and characteristics
of urban space evolution and provide theoretical
support for the optimization of urban space in
practice. Although this article explored the complexity
of functional urban spaces evolution significantly, it
only considers four types of functional urban spaces.
In future work, we will increase the types of functional
urban spaces and further explore the complexity of
the evolution of urban spaces.
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