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/e fractal nature of urban green spaces is the product of the self-organizing evolution of the complex urban system into a higher
stage, and orderly patterns and complex structures of urban green spaces will tend tomanifest after they develop to a certain stage. On
the basis of GF1 satellite data in 2019 and three fractal models, the complexity of the forms and structures of a green space system in
downtown Dalian, China, was studied./e results showed that the boundary dimension measured by the perimeter-scale model was
0.64–1.40, and the boundary dimensionmeasured by the area-perimetermodel was 1.79–1.99; these results indicate that the degree of
human disturbance in green space boundaries was high, and the stability of the green space spatial structures was poor. /e grid
dimension measured by the area-scale model was 0.49–1.42, and the average radius dimension measured by the area-radius model
was 0.35–0.76; these results indicate that the balance of the spatial distribution of green spaces was low, and the green spaces were
excessively concentrated in the city center. /rough comparisons of the scaling range among various types of green spaces, the
characteristic range (gradient structure) of the spatial distribution of urban green spaces was found, which can reflect the maturity of
green space growth and the quality of the green space layout. /e gradient structure of green spaces in Dalian was characterized by
three gradients, namely, 0–4000m, 4000–8000m, and 8000–16,000m./e development of green spaces in the first gradient zone was
the best, and the second and third gradient zones showed relatively large potential for improvement. /ese research results are of
practical significance for guiding the planning and construction of green spaces in urban areas.

1. Introduction

Complexity is widely recognized by the scientific community
as an important subject, and advanced understanding of
spatial complexity has originated from studies on fractal
cities. A fractal city is a research field that simulates and
models cities based on fractal theory. /e research on fractal
cities began in the West in the early 1980s and in China in
the early 1990s. /e developments in regard to fractal cities
have so far involved the following three levels: the microlevel
of fractals in urban architecture [1], the mesolevel of fractals
in urban forms [2], and the macrolevel of fractals in urban
systems [3, 4]. A fractal is an optimized structure of nature
and an effective tool for delineating spatial complexity [5].
Research on fractal cities is beneficial to the effective utili-
zation of urban geographic space [6].

/e analysis of urban forms and structures can reveal
important geographic information on urban spatial devel-
opment and regional urbanization. /e fractals of urban
forms based on fractal theory have attracted extensive at-
tention, and numerous relevant research projects have been
carried out in China and other countries. /e fractal di-
mension is an effectivemeasure of fractals, as it can condense
numerous geospatial data into a simple number to reveal the
spatiotemporal information hidden behind the city [7].
/ere are three types of fractal models, which represent
different geographic and geometric meanings./e boundary
dimension can measure the complexity of the form of
boundary lines in a city or for certain types of land use [8].
/e radius dimension can describe the degree of concen-
tration in the land use distribution [9]. /e grid dimension
(box dimension) is the most widely applied metric in various
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disciplines, and it can measure the balance of the spatial
distribution in urban land use [10]. Additionally, Chen and
Liu [11] developed the information dimension based on the
grid dimension, and Qin et al. [12] developed a three-di-
mensional fractal approach based on two-dimensional
fractals. /rough fractal simulations and fractal dimension
measurements of a large number of cities, Batty [13] found
that the cities whose empirical values of urban form di-
mension were between 1 and 2 had an average dimension of
1.71. Chen and Luo [14] proposed the “theoretical inter-
pretation of the average fractal dimension value” and stated
that the “ideal urban fractal dimension evolves towards
1.71”; further, Chen and Luo [14] proposed that “the overall
urban fractal dimension is not greater than the spatial di-
mension 2 where it is located, while the fractal dimension of
various types of land use is not restricted.” /e above classic
theories and typical practices related to urban fractal forms
have important reference value for obtaining a thorough
understanding of the complexity of urban spaces.

/e urban fractal form is an orderly pattern and complex
structure that emerges at a certain stage of urban development,
and the fractal form of a certain type of urban land use is a
product of the self-organizing evolution of the urban system
and its internal subsystems to a higher stage. /e urban green
space fractals are separated from the urban fractal forms, and
urban green space fractal research has gradually developed into
a new branch. Urban green spaces play significant roles in
improving heat island effects [15], land surface temperature
[16], and urban wind and thermal environment [17–19].
Further, urban green spaces have economic and aesthetic
values [20] and are an important part of green development,
urban construction, and human living environments. /us,
research on urban green space fractals is of great significance
for the spatial development of green spaces.

Batty and Longley [21] initially regarded green spaces as
a part of “open spaces” in the study on the land use structure
of Swindon, England, and their boundary dimension was
calculated as 1.08. Zhao et al. [22] counted green spaces as
“other lands” when studying the land use structure of
Shanghai, and their boundary dimension was calculated as
1.11, while the radius dimension was calculated as 1.78. Zhao
et al. [23] calculated that the green spaces in Shenyang City
had a boundary dimension of 1.32, a radius dimension of
2.64, and a grid dimension of 1.32. Chen et al. [24] chose
“public green spaces” among green spaces when studying the
fractal nature of land use forms in Changsha City, whose
radius dimension was 0.8–1.0. Zhu and Li [25] studied the
multiscale transformation of the land use structure fractals
in Liaoning Province and counted green spaces as three
types, namely, “forest land,” “grassland,” and “cultivated
land”; their boundary dimensions were calculated to be
between 1.43 and 1.78. Yu and Yuan [26] used a fractal
model to specifically calculate the spatial pattern of “green
spaces for parks” in Fuzhou City, and a radius dimension of
1.23 was obtained, as well as a grid dimension of 1.27.
Petrişor et al. [27] studied the overall fractal nature of “green
infrastructure” in 14 cities in Romania. /ey divided the
green infrastructure into agricultural landscapes, green-
space-forests, sport and leisure facilities, and water, and the

fractal dimension results were between 0.30 and 0.90. Jing
et al. [28] took “recreational green spaces” as the research
object and calculated the boundary dimension as 1.49–1.89
and the radius dimension as 0.79–1.11. Liu et al. [29]
measured the overall fractal dimension of the green space
system in downtown Shanghai for many years; the average
boundary dimension was 1.78, and the average radius di-
mension was 3.04. Versini et al. [30] calculated the fractal
dimensions of green roofs in nine European cities, and grid
dimensions of 0.49–1.35 were obtained.

Because the statistical calibers of urban green spaces in
China and other countries are not uniform and different
statistical approaches to green spaces can directly affect the
results of fractal dimensions, comparisons cannot be made
among the available studies. At present, the research on
urban green space fractals mostly involves one type of green
space as the research object, and research projects on fractal
cases that make up urban green spaces as a system are few. In
the research on the fractal nature of green space systems, the
number of longitudinal comparative studies on fractal di-
mensions in different years is large, but there is a lack of
horizontal comparative research on fractal dimensions of
multiple types of green spaces within the green space system.
/is study treated the urban green space system as the re-
search object and Dalian City in China was used as an
example. /en, three models of the boundary dimension,
radius dimension, and grid dimension were used to in-
vestigate the complexity of the overall form and structure of
the green space system and the development characteristics
of various types of green spaces. /e innovative research
value of this paper lies in the use of high-resolution remote
sensing data to discuss the classification and classification
criteria of green space./e study compares the three types of
fractal models and the fractal features of each type of green
space and puts forward scientific guidance and suggestions
for urban green space construction.

2. Research Data and Methods

2.1. Overview of the Study Area. /e downtown area of
Dalian (38°47′N–39°07′N, 121°16′E–121°45′E) is located at
the southern tip of the Liaodong Peninsula on the shores of
the Yellow Sea and Bohai Sea (Figure 1). Dalian is an im-
portant economic, trade, and port city on the east coast of
China, with four administrative districts, namely, Zhong-
shan District, Shahekou District, Xigang District, and
Ganjingzi District./e landforms of this area belong to those
of a hilly and mountainous peninsula, and it has a temperate
semihumid continental monsoon climate. Blessed by the
unique landforms and climate characteristics, this area has
become an international tourist city, famous for its urban
green spaces. /e urban green space system is mature and is
characterized by fractal features and all types of green spaces,
having a representative value in this study.

2.2. Green Space Classification and Classification Criteria.
/e green space system in downtown Dalian was reclassified
based on the GF1 data in 2019, with the support of software,
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such as ENVI, ArcGIS, and Fragstasts4.3, and by using
remote sensing interpretations, manual classifications, and
field survey methods, in accordance with the “Urban Green
Space Classification Standards” (CJJ/T85-2017) and the
“Land Use Status Classification” (GBT21010-2017); fur-
thermore, the reclassification was performed by taking into
account the characteristics of green space vegetation in the
study area. /e results are listed in Table 1.

Urban green space classification is the technical foundation
of urban planning, construction, and statistical management of
green spaces by cities. /e classification of green spaces in
China is mostly based on the classification criteria for the land
use status or urban green space classification standards. /e
land use classification focuses on the types and functions of
vegetation itself, while urban green space classification pays
more attention to the functions and forms of artificial green
spaces. Urban centers have a high density of human settle-
ments, and the forms and functions of artificial green spaces are
more prominent. /erefore, the urban green space classifica-
tion standards were selected as the main basis. However, when
classifying according to the urban green space classification
standards, not all types of woodlands can be counted, but here
the number of woodland patches that could not be counted in
the study area was too large to be ignored. /erefore, the
classification criteria for land use status were taken as a sec-
ondary basis, and the “regional green spaces” and “woodlands”
were combined and counted as “woodlands.” /e distribution
map of reclassified green spaces is shown in Figure 2.

2.3. Fractal Models

2.3.1. Grid Dimension. /e grid dimension is measured by
using the box-counting method. A rectangular area is used to
cover an urban geographic object in the map, such as an

urban green space, and the length of one side of the
rectangle is set as r � L. At this time, only one grid is oc-
cupied by the research object; that is, the number of
nonempty grids is N (L) � 1. /en, each side of the rect-
angular frame is divided into two equal segments, so the
rectangle is divided into four congruent grids. Now the side
of the small rectangle is r � L/2, and the number of non-
empty grids occupied by urban green spaces N (L/2) is
counted. Furthermore, each side of the four small grids is
divided into two equal segments, so the rectangular area is
divided into 16 congruent parts, and the scale of each small
rectangle is r � L/4 � L/22; the number of nonempty grids
occupied by the urban green space is N (L/2n). If the urban
green space is fractal, then, according to fractal theory,

N
L

2n
  � 2− D

N
1

2n+1 . (1)

/is obviously conforms to the negative power function:

N(r)∝ r
− D

. (2)

If the scale invariance defined by the above formula is
fulfilled, then D in this formula is the fractal dimension. If
the grid scale r and the number of nonempty grids N (r)
follow a negative exponential relationship, it can be judged
that a fractal exists in the urban green space. For the overall
fractal of the city, the grid dimension is generally 1≤ D ≤ 2,
but each type of land use is not restricted by this. /e
geographic and geometric meaning of the grid dimension
represents the filling degree of a certain type of land use in
the city, that is, the balance of land use. A larger grid di-
mension is indicative of an evener distribution of urban
green spaces. Conversely, a smaller grid dimension is in-
dicative of a more concentrated distribution of urban green
spaces.
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Figure 1: Location of the study area.
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Figure 2: Distribution of green space types in the downtown area of Dalian.

Table 1: Green land type classifications and contents.

Number Type Content and scope

G Green space system Including green spaces for parks, protective green spaces, land for squares, auxiliary green spaces, and
woodlands

G1 Green spaces for
parks

Open to the public, with recreation as the main function, with functions of ecology, landscape, culture,
education, and emergency risk avoidance, as well as green space with certain recreation and service

facilities

G2 Protective green
spaces

/e land is independent and has the functions of sanitation, isolation, safety, and ecological protection and
it is not suitable for visitors to enter the green space. Mainly include sanitary isolation protection green
space, road and railway protection green space, high-voltage corridor protection green space, and public

facilities protection green space

G3 Land for squares
For urban public event venues with functions such as recreation, commemoration, assembly, and risk
avoidance, the green area should be greater than or equal to 35%, and the square area with green area
greater than or equal to 65% should be included in the park green space

G4 Auxiliary green
spaces

Afforestation land attached to various types of urban construction land (except “green space and square
land”) including residential land, public management and public service facility land, commercial service
facility land, industrial land, logistics warehouse land, road and transportation facility land, public facility

land, and other green lands

G5 Woodlands
Refers to the land where trees, bamboos, and shrubs grow, including tree woodland, bamboo woodland,
mangrove land, forest swamp, shrub woodland, shrub marsh, and other woodlands; other woodlands

include sparse forest land, undeveloped forest land, plot land, nurseries and other woodlands
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2.3.2. Boundary Dimension. /ere are two methods to de-
fine the boundary dimension. /e fractal dimension defined
based on the perimeter-scale relationship can be imple-
mented by the box-counting method. According to fractal
theory, the side of the rectangle r and the number of
nonempty grids covered by boundary lines of green spacesN
(r) fulfill

lnN(r) � −D ln r + C, (3)

where C is a constant to be determined and D is the
boundary dimension.

/e research idea of the fractal dimension defined based
on the area-perimeter relationship is as follows. Assume that
a certain type of land use in the city is a closed area, whose
area is A and the perimeter is P, and assume that the
boundary is a fractal line represented by dimension D.

By using the box-counting method to estimate the fractal
dimension, the number of nonempty grids covered by the
boundary line N (r) and the number of nonempty grids
covered by the area M (r) can be written as follows:

lnN(r) �
2
D
lnM(r) + C. (4)

/e boundary dimension defined by the perimeter scale
only reflects the degree of complexity and sinuosity of the
green space boundary line. A larger value ofD is indicative of
a higher complexity of the boundary line, and, generally,
0< D < 2. /e boundary dimension defined by the area
perimeter can reflect more information. In addition to the
complexity of the boundary line, it also reflects the degree of
land fragmentation and the stability of land use structures
[25]. /e theoretical value of D is between 1 and 2. When
D < 1.50, the form of urban green spaces tends to be simple;
D� 1.50 indicates that the form of green spaces is in a
random state similar to Brownian motion; whenD > 1.5, the
structure of urban green spaces is more complicated.

2.3.3. Radius Dimension. /e radius dimension is a fractal
dimension defined based on the law of distance attenuation,
and it represents the urban center-edge distance attenuation
relationship and reflects the urban growth characteristics.
/e radius method is used for the calculation. Assuming that
concentric circles are made with the urban center as the
center of the circles and the area N (r) of a certain type of
land use in the city within the circle with a radius r is
calculated, for fractal growth, there exists the following area-
radius scaling relationship:

ln N(r) � lnN0 + D ln r, (5)

where N0 represents a constant coefficient and D is the
radius dimension. /e radius dimension represents the
relative rate of density decay of a certain type of urban land
use from the center to the edge.D > 2 means that the density
of urban green spaces increases from the center to the edge;
D� 2 means that the density of urban green spaces does not
change; D< 2 means that the density of urban green spaces
decreases from the center to the edge.

3. Results and Analysis

3.1. Measurement of Grid Dimensions of Urban Green Spaces.
First, it was determined whether the green spaces in
downtown Dalian have fractal features. ArcGIS software was
used to calculate the scale r and the corresponding non-
empty grid countN (r). Taking ln r as the horizontal axis and
lnN(r) as the vertical axis, the ln-ln coordinate plot of all
counted point ranges was constructed. /e results showed
that the point ranges had an obvious linear distribution
trend. /e power exponential model in equation (2) was
applied to fit the points with the least square method, and the
values of the goodness of fit coefficient R2 were all above
0.99. Preliminarily, the green spaces in downtown Dalian
were judged to have fractal features.

/en, the scaling range was determined. Because the
theoretical regular fractal does not exist in the real world,
there must be a limited scaling range; that is, a strict
straight line is rarely formed in the double logarithmic
coordinate plot, but straight-line segments appear within
certain intervals. For the fractal dimension of urban forms
adopting the box method, the scaling range is usually easy
to determine. /e scaling range of the grid dimension of
urban green spaces is discussed here for the comparison
with the radius fractal dimension model, as shown in
Figure 3.

Finally, the fractal dimension measurement was per-
formed, and the confidence statement was given. /e
fractal dimension values of green spaces measured by the
grid dimension model were between 0.59 and 1.42. Here,
two groups of fractal dimension values, one with all point
ranges involved in the calculation and the other with only
the point ranges that were within the scaling range in-
volved in the calculation, are listed for comparison. /e
key to the confidence statement lies in the significance
level of the conclusion and the error range of the fractal
dimension. By using the error range calculation method
proposed by Chen [31], the calculation formula can be
written as follows:

D
∗

� D ± δ × Tα,(n−2), (6)

where D∗ represents the upper and lower bounds of the
fractal dimension (Du, D1), δ is the standard error, Tα,(n−2)

represents the threshold value of T statistics, α is the sig-
nificance level, and n is the number of data point ranges used
in the estimation of the fractal dimension. In this study,
α � 0.05, and the fractal dimension results and confidence
statements are listed in Table 2. Taking the urban green space
system G as an example, the results mean that we are 95%
confident that the fractal dimension of the green space
system was 0.59, and the error range was 0.58–0.60.

/e grid dimension represents the balance of the spatial
distribution of urban green spaces. From the measurement
results, it can be seen that, for the various types of green
spaces in the green space system in Dalian, the order of
balance wasG3>G2>G4>G4>G1>G./e balance of land
for squares was the highest, as Dalian is famous for squares.
/e land patches for squares had small areas, large numbers,
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and a wide distribution, thus providing a variety of open
spaces for public activities. /e main parts of the protective
green spaces were the protective green belts on both sides of
urban roads, in which the fractal dimension reflected the
balance of the urban traffic distribution to a certain extent,
and the traffic fractal was the closest to the urban fractal [32].
/e auxiliary green spaces had a low balance, and the
possible reason for this was that the distribution of auxiliary
lands was concentrated. /e fractal dimension of the green
spaces for parks was low, which was the result of multiple
theme parks with large areas, such as forest parks, zoos, and
botanical gardens, concentrated in Xigang District and
Zhongshan District. /e balance of woodlands was the
lowest, which was consistent with the characteristic of the
concentrated distribution of forest vegetation.

3.2. Measurement of Boundary Dimensions of Urban Green
Spaces. /e perimeter-scale relationship and area-perimeter
relationship were used to measure the boundary dimensions
of various types of green spaces in downtown Dalian. /e
measurement processes included preliminary judgment of
whether the green spaces were fractal, determination of the
scaling range, measurement of the fractal dimension, and
formation of the confidence statement. /e specific opera-
tion methods were consistent with those for the measure-
ment of grid dimensions. /e measurement results are listed
in Table 3.

/e results were as follows. (1) /e urban green spaces
showed obvious fractal features, and the confidence coef-
ficient at a level of 95% was high. Compared with the urban
boundary fractal, the boundary dimensions of green spaces
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Figure 3: Bilogarithmic plots of various types of green space estimated by using grid dimensions: (a)G, (b)G1, (c)G2, (d)G3, (e)G4, and (f)
G5.

Table 2: Fractal dimension results and confidence statements of various types of green space calculated by using the grid dimension.

Range Parameter G G1 G2 G3 G4 G5

All points

D 0.59 0.81 0.91 1.42 0.85 0.62
R2 0.9995 0.9905 0.9947 0.9937 0.9944 0.9983
δ 0.004 0.027 0.023 0.039 0.022 0.009

Tolerance scope 0.58–0.60 0.75–0.87 0.86–0.96 1.33–1.51 0.80–0.90 0.60–0.64

Scaling range

D 0.59 0.85 0.91 1.37 0.84 0.62
R2 0.9995 0.9947 0.9947 0.994 0.994 0.9983
δ 0.004 0.025 0.024 0.04 0.023 0.009

Tolerance scope 0.58–0.60 0.79–0.91 0.85–0.97 1.33–1.51 0.79–0.89 0.60–0.64
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measured by the perimeter-scale model were lower, while
those measured by the area-perimeter model were too high.
(2) /e fractal dimensions measured by the perimeter-scale
model were between 0.64 and 1.40, and those measured by
the area-perimeter model were between 1.79 and 1.99. /e
difference between these two was large, which indicates that
the forms and structures of green spaces were more complex.
/e results also confirm that the geographic and geometric
meanings of fractal dimensions represented by the two
models were significantly different. (3) /e perimeter-scale
relationship model represented the complexity in the forms
of green space boundaries, in which the order was
G3>G1 � G2>G4>G5>G. /e data also reflect the de-
grees of human disturbances in various types of green
spaces, which were the highest in the square lands and the
lowest in woodlands. (4) /e area-perimeter relationship
model could not reflect the complexity of the boundary lines
in a simple manner, but the results were more accurate in
terms of describing the degree of fragmentation and the
instability of the green space structure. /e D values were all
higher than 1.5 and close to 2, thus showing that the green
space structures were more complex than a random dis-
tribution status, and the order was G2 � G3 � G4>
G1>G>G5. In comparisons with the other three types of
green spaces, the overall structure of the green space system
and the structure of woodlands were relatively more rational.

3.3. Measurement of Radius Dimensions of Urban Green
Spaces. /e measurement processes for the radius dimen-
sions were as follows: (1) determine the location of the urban
center, (2) determine the minimum radius and the scale, (3)
the concentric circles centered at the urban center with
determined radiuses and scales are drawn outwards until the
whole research area is covered, (4) the green space area in
each concentric circle is counted, (5) the area-radius double
logarithmic coordinate diagram is plotted to preliminarily
judge whether a fractal exists, and (6) the data are fitted with
the model to determine the scaling range and calculate the
radius dimension. /e key to the measurement of radius
dimensions of urban green spaces lies in the selection of the
urban center, as well as the determination of the minimum
radius, scale, and scaling range.

/e selection of the urban center and the determinations
of the minimum radius and scale are carried out as follows.
Where the center of the circles is located directly affects the
fractal dimension results. /e center of the circles is usually

chosen in three ways, namely, the center of gravity of the
research area, the center of gravity of the urban green spaces,
and the administrative center or the commercial center of
the city. Only the appropriate scale selection can give ef-
fective estimation results of fractal dimensions with the
corresponding measurement scale. /e following two types
of scales are usually selected: the arithmetic scale and the
geometric scale. /e center of the circles, the minimum
radius, and the scale are determined with the ultimate goal of
achieving the optimal coverage of the fractal dimension
measurement. /e comparison and analysis of the three
selection schemes were as shown in Figure 4, and scheme (c)
in the figure was determined as the optimal choice in this
study.

/e numbers of effective point ranges of different types
of green spaces obtained from the calculation of schemes (a)
and (b) in Figure 4 were too small, while scheme (c) provided
more effective point ranges and also achieved relatively
better coverage. /e double logarithmic plot of each type of
green space obtained by scheme (c) is shown in Figure 5./e
results showed that, except for the land for squares, there
were multiple straight-line segments, that is, scaling ranges,
in the double logarithmic plots. It can be preliminarily
judged that the green spaces in downtown Dalian had fractal
features.

/e determination of scaling ranges is carried out as
follows. Compared with the box-counting method, the
determination of scaling ranges when the fractal dimension
is measured by the radius method is muchmore difficult. At
present, there is no objective and universal method for
determining scaling ranges. When the self-radioactivity
and multiscale fractal properties exist at the same time, it is
difficult to give a clear scaling range by means of the radius
method. /erefore, the scaling range can only be deter-
mined through the goodness of fit R2 of multiple fittings,
where the scope of data point ranges is changed contin-
uously. Other indicators included fractal dimension values
D and D, values of the fit coefficient R2, standard error δ,
and tolerance scope. /e specific operation methods were
consistent with those for the measurement of grid di-
mensions. /e scaling range, fractal dimension result, and
confidence statement of each type of green space are listed
in Table 4.

/e results were as follows.

(1) Except for the land for squares, the other types of
green spaces all had significant fractal features. /e

Table 3: Fractal dimension results and confidence statements of various types of green spaces calculated by using the boundary dimension.

Model Parameter G G1 G2 G3 G4 G5

Perimeter-scale

D 0.64 0.91 0.91 1.40 0.83 0.69
R2 0.9955 0.9967 0.9947 0.9902 0.9940 0.9950
δ 0.015 0.018 0.023 0.069 0.026 0.017

Tolerance scope 0.61–0.67 0.87–0.95 0.86–0.96 1.21–1.59 0.77–0.89 0.66–0.72

Area-perimeter

D 1.86 1.90 1.99 1.99 1.99 1.79
R2 0.9987 0.9974 1 1 1 0.9939
δ 0.023 0.034 0 0 0 0.049

Tolerance scope 1.81–1.91 1.83–1.97 1.99 1.99 1.99 1.68–1.90
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auxiliary green spaces and woodlands showed single
fractal characteristics, and the urban green space
system and the green spaces for parks showed double
fractal characteristics; meanwhile, the protective
green spaces showed multifractal characteristics,
which indicates that the spatial structure of the
protective green spaces was the most complex.

(2) /e number and scope of the scaling ranges had a
characteristic significance. Judging from the com-
parison of the scaling ranges among various types of
green spaces, the overall density distribution of the
urban green space system showed “characteristic
ranges,” which are called the “gradient structure” in
this study. /e first gradient zone was 0–4000m,
where the first scaling range of G, the first scaling
range of G1, and G4 exhibited fractal features. /e
second gradient zone was 4000–8000m, where the
second scaling range of G, the first scaling range of
G2, the second scaling range of G1, and G5 exhibited

fractal features. /e third gradient zone was
8000–16,000m, where the second scaling range of
G2, the third scaling range of G1, and G5 showed
fractal features. Due to the errors in the estimation of
the scaling range using the radius method, the range
of the gradient zone only represents a rough esti-
mation. /e gradient structure presented by the
values is more important than the accuracy of the
values themselves. When studying urban fractals,
Zhang et al. [33] described that the first scaling range
represents the urbanized area, and the second scaling
range represents the area that may be urbanized in
the future. /e gradient structure described by the
scaling range can reflect the maturity of urban green
space growth and the quality of the green space
layout. /e length and location of the scaling range
can reflect the range of the orderly distribution
pattern of green spaces. It can be seen that the overall
distribution pattern of the green space system in

0

(a)

(b)

(c)

7,500 15,000m

0

Center of the circle

Green space

Concentric circles

7,500 15,000m 0 7,500 15,000m

N

Figure 4:/ree schemes for the center, radius, and scale analysis. (a) Taking the city administrative center as the center, the geometric scale
of radius r� 60, 120, 240, . . ., 61,440m, a total of 10 sets of data points. (b) With the center of gravity of the study area as the center of the
circle, the geometric scale of radius r� 25, 50, 100, . . ., 51,200m, a total of 11 sets of data points. (c) Taking the center of urban green space
(removing the woodland type) as the center of the circle, the radius r� 1000, 2000, 3000, . . ., 27,000, a total of 27 sets of data points.

8 Complexity



downtown Dalian was orderly, and only the western
and northeastern parts of Ganjingzi District did not
have orderly characteristics. /e lengths of the
scaling range of green spaces for parks and the
auxiliary green spaces were the shortest, thus indi-
cating that there is large potential for improvement.

(3) From the fractal dimension results, it can be seen that
the average fractal dimension values of different types
of green spaces were between 0.35 and 0.76, and the
radius dimensions were all less than 2, thus indicating
that the decreasing rate of urban green spaces from
the center to the periphery was rapid and that the
green spaces were concentrated in the urban center.
/e fractal dimension of green spaces for parks in-
creased by 0.93 in the two scaling ranges, whichmeans

that the distribution of green spaces for parks was too
concentrated in the first scaling range. /e fractal
dimension of protective green spaces decreased first
and then increased in the three scaling ranges, which
was related to the functional characteristics of the
protective green spaces themselves. /ere were large
areas of traffic protective green spaces in the first
scaling range and large areas of public health pro-
tective green spaces in the third scaling range.

4. Discussion and Conclusions

Fractal dimensions can measure fractals intuitively and
effectively, and the different methods for fractal research
pose an unavoidable scientific problem. Western scholars
are good at measuring fractal dimensions by using computer
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Figure 5: Bilogarithmic plots of various types of green space estimated by using the radius dimension. (a) G, (b) G1, (c) G2, (d) G3, (e) G4,
and (f) G5.

Table 4: Scale areas, fractal dimension results, and confidence statements of various types of green land calculated by using the radius
dimension.

Parameter G G1 G2 G4 G5

Scaling
range (m)

First
scaling
range

Second
scaling range

First scaling
range

Second
scaling range

First scaling
range

Second
scaling
range

/ird scaling
range

Scaling
range

Scaling
range

0–4000 4000–14000 4000–7000 7000–11000 1000–4000 4000–8000 8000–17000 0–5000 4000–16000
D 0.40 0.41 0.29 1.22 0.87 0.46 0.94 0.61 0.35
D 0.40 0.76 0.76 0.61 0.35
R2 0.9991 0.9911 0.9914 0.9979 0.9993 0.9969 0.991 0.9927 0.9917
δ 0.008 0.013 0.026 0.039 0 0.018 0，033 0.03 0.01
Tolerance
scope 0.37–0.43 0.38–0.44 0–0.50 1.05–1.39 0.87 0.39–0.53 0.97–1.01 0.52–0.70 0.33–0.37
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simulation methods, while Chinese scholars focus more on
mathematical models. In theory, when the measurement
results of the three fractal models are closer, the urban
fractals are simpler. Compared with an urban system, urban
green space systems exhibit more complex fractal charac-
teristics. For example, the results of boundary fractal di-
mensions measured by the area-perimeter model and the
perimeter-scale model can vary greatly; additionally, the
fractal dimension results measured by the area-perimeter
model, area-scale model, and area-radius model are much
smaller than the urban fractal dimension (1.71) [13], while
the fractal dimension measured by the perimeter-scale
model is much greater than the urban fractal dimension.

/e technical problems of fractal dimension mea-
surement and fractal judgment are difficulties in research
on fractals. /e scale, scaling range, standard error,
goodness of fit, and confidence statement are all key pa-
rameters. /e radius dimension model measures from
bottom to top, and the measurement results are heavily
dependent on the choice of the center of the circles.
/erefore, Frankhauser and Sadler [9] called it the local
fractal. Others also have discussed the importance of the
center of the circles [31, 34, 35]. In this study, when
studying the radius dimension of the urban green space, it
was found that the center of the circles, the minimum
radius, and the scale were three important parameters that
interacted with each other and jointly affected the fractal
dimension results. /e complexity of different types of
green spaces was manifested by the great difference in the
locations of their respective centers of gravity. As a result,
several types of green spaces had to be excluded. /e green
spaces for squares did not show fractal characteristics in the
chosen scheme, which was not because the land for squares
itself did not have a fractal nature; instead, the finding was
related to the technical limitation of the radius dimension
measurement.

Based on the GF1 data in 2019 and the three fractal
models, the complexity of the forms and structures of the
green space system and various types of green spaces in
downtown Dalian was studied. /e results showed that the
grid dimension was 0.49–1.42, the boundary dimension
measured by the perimeter-scale model was 0.64–1.40, the
boundary dimension measured by the area-perimeter model
was 1.79–1.99, and the average radius dimension was
0.35–0.76./ese data demonstrate that the spatial forms and
structures of the green space system in Dalian have a high
complexity, which is manifested by the facts that the green
space boundaries have a low sinuosity and high degree of
human disturbance, the green space structures have low
balance and poor stability, and the green space distribution
is excessively concentrated in the urban center. /e char-
acteristic range (gradient structure) of the spatial distribu-
tion of the urban green space system was proposed through
the scaling range, which can reflect the maturity of urban
green space growth and the quality of the green space layout.
/e gradient structure of the green space in Dalian was
found to be as follows: the first gradient zone is 0–4000m,
the second gradient zone is 4000–8000m, and the third
gradient zone is 8000–16000m.

/e results of this study are of practical significance for
improving the standards of construction and service of
various types of urban green spaces. /e specific suggestions
for the planning and construction of the green space system
in Dalian are to improve the balance of the green spaces for
parks and the auxiliary green spaces and to integrate the
protective green spaces, the land for squares, and the aux-
iliary green spaces, so as to reduce the fragmentation of
green space patches. /e area and number of green spaces
for parks beyond 7000m from the urban center and the area
and number of auxiliary green spaces beyond 5000m from
the urban center ought to be increased, and their service level
can be improved. /e green space development within a
circular area of 4000m from the urban center is relatively
orderly./e circular area with a radius of 4000–8000m is the
key area for recent green space development and con-
struction, and the circular area with a radius of
8000–16,000m is the key area for long-term green space
development.

Additionally, the average value and the evolution process
of the ideal value of the green space fractal dimensions have
not yet been investigated. /erefore, it is necessary to carry
out continuous research on the fractal nature of urban green
spaces. Taking a large number of cities as cases and many
years of high-resolution remote sensing data to study the
average values and evolution of the fractal dimensions of
various types of green spaces will be a new direction for the
study of urban green space fractals in the future.
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