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Abstract: This study examines the socio-spatial context of uneven development and the residential accessibility of green space in Da-
lian of Liaoning Province, China. The social fairness was analyzed with a community scale as the basis. We combined social scientific
methods with a GIS method using a behavior accessibility model from the perspectives of fairness of urban green space allocation based
on social geography, geographic information science, management science and many other related discipline theories. The results show
that: 1) Most of the urban green space distribution presents an unbalanced phenomenon, and it does not match with the population dis-
tribution; 2) We found some differences in the accessibility of the population with different attributes and opportunities to use and enjoy
the urban green spaces, mainly due to: the dual social and spatial attributes of the residents and the serious stratum differentiation gener-
ated were the internal causes; the residential space differentiation and the pursuit of economic and real estate development were the di-
rect causes; and unreasonable planning, in regard to the fact that government policies did not give consideration to efficiency and fair-
ness, was also an important factor.
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1 Introduction

As an important part of public service facilities, urban
green space play a key role in the regulation and im-
provement of urban ecology. In addition, they also have
the important responsibility of overseeing green space
construction with social fairness in mind. Social fairness
refers to the opportunity of residents for enjoying urban
green space at the same level. In other words, people
with different social and economic backgrounds should
have equal opportunities to enjoy the resources of urban
green space. However, the imbalance of economic de-
velopment in our current time has led to a serious prob-
lem of socioeconomic stratum differentiation. Further-
more, residential space differentiation is becoming more
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severe, and the green space can not be enjoyed by eve-
ryone; the supply of urban green space can not meet the
growing demand of city residents; and the problem of
the unfairness of urban green space allocation is pro-
gressively becoming a prominent issue.

The studies on the fairness of urban green space allo-
cation by western countries were performed in three
stages: a regional equalization stage, with a per capita
green space quantity as the standard; a space fairness
stage, based on an accessibility model; and then a tran-
sition to a social fairness stage, with people as the main
focus. Prior to the 1970s, western countries believed that
justice meant that everyone should enjoy equally, and
the equal distribution of urban green spaces was re-
garded as a fair core target (Rich, 1979). This empha-
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sizes the fact that the per capita public service of pro-
viding green space should be equal in the geographical
spatial unit (Lineberry, 1977). Post 1970s, western
countries put into effect a new public management re-
form policy emphasizing economics and the efficiency
of supply (Wang, 2007). Five sub-concepts put forward
by Lucy (1981) and three criteria proposed by Wicks and
Crompton (1986) are representatives of the theories for
the evaluation of fairness, but the essences are still the
continuation of equality reform. The largest distribution
efficiency of the urban green space was explored from the
perspectives of geographic equity and space allotment
fairness. Accessibility is the main means for fairness
measurement of urban green spaces, combined with the
spatial analysis of GIS, in order to weigh the distances
and costs (Talen and Anselin, 1998). During the period
from the end of the 20th century to the early 21st cen-
tury, the research of urban green space fairness in west-
ern countries was transformed from fairness of land to
fairness of people. Urban parks and green open spaces
serve important environmental functions (Cohen et al.,
2014), thus the problem of the fairness of urban green
space should be to consider the demand and the applica-
tion model of different social populations (Beler, 1997),
and must also ensure different populations share equal
accessibility to green space (Talen, 1998). Racial, social
and economic factors (Dai, 2011), and the aspects of peo-
ple's preferences and concepts for green space (Wright et
al., 2012) will also affect equitable distribution of green
space among residents (Kabisch and Haase, 2014).
Although the research on the fairness of urban green
space allotment in China has begun recently through
economic development, consciousness of green space
has been growing rapidly and attracting great attention
among scholars. Chinese studies of the fairness of urban
green space allotment have became important issues,
and it can be seen that in 1993 China introduced the
Regulations of City Planning and Construction Index, in
which the per capita urban green space areas and cov-
erage rates were used as the evaluation index. This em-
bodied the fairness of the distribution quantity. In 1995,
the academician of Lu Dadao introduced the concept of
accessibility in the field of domestic city geography for
the first time (Gu and Yin, 2010). Since then, Chinese
studies of green space allotment have mainly focused on
the analysis of accessibility (Yu et al., 1999; Hu et al.,
2005; Ma and Cao, 2006; Yin and Kong, 2006; Li ef al.,

2008; Sang et al., 2013). These studies only focused on
the rationality of spatial distribution, while the fairness
of the green space allotment still requires more research.
Yin et al. (2008) introduced an index of accessibility
and equity into the evaluation of urban green space. This
was based on the GIS technology developed by Shang-
hai and Qingdao as examples for the concepts of peo-
ple-orientation and social fairness in a city’s construc-
tion of green spaces. Jiang et al. (2010) explored the
spatial differences of the Guangzhou Park green space at
the Sub-district scale and the difficulties related to social
fairness, by using the GIS network analysis and cushion
analysis method, then combined with the social eco-
nomic status of the population (Jiang et al., 2010). Zhou
et al. (2013) explored the fairness of the urban green
space pattern oriented behavior scale by using the
neighborhood analysis method in ArcGIS, based on the
basic concept and theory of landscape ecology, and tak-
ing the city of Shenzhen as an example.

Rapid economic development has caused the accel-
eration of differentiation of urban social stratum and
significant differentiations of the residential space. As a
result, the problems of green space that could not be
enjoyed by everyone become more prominent. There is
a conflict between the growth demand for green spaces
by the population and the insufficient supply of basic
green space. This imbalanced scenario restricts the ef-
fective supply of the resources of urban green space.
Therefore, the present study conducted an in-depth
analysis on the allocation and supply of urban green
space on availability and quantity to explore the mecha-
nism of the produced unfairness and point out effective
countermeasures, and residents’ behavior scale is also an
important factor of accessible green space. On the basis
of previous studies, we taked Xigang District of Dalian
City as an example, based on the network analysis,
combined with the behavior scale of residents, built be-
havior accessibility model, in-depth analysis the con-
figuration of urban green space in number and on the
space with a community scale base and behavior scale
features. The results of this study have very strong prac-
tical significance.

2 Materials and Methods

2.1 Study area
The Xigang District is located in the downtown area of
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Dalian City, Liaoning Province, China (Fig. 1). To the
east is the Zhongshan District, and to the west is the
Shahekou District. The geographical position of the Xi-
gang District is advantageous, as the north of the Xigang
District is adjacent to the famous Dalian Port and a stra-
tegic entrance location to Bohai Bay and it is also adja-
cent to the main international routes. The Xigang District
is the administrative center of Dalian City, and its total
area is 26.18 km”. It has seven sub-districts (or jiedao in
chinese): Bayilu Sub-district, Baiyun Sub-district, Ren-
min Square Sub-district, Beijing Sub-district, Rixin Sub-
district, Zhanbei Sub-district, and Xianglujiao Sub-district. It
governs a total of 41 communities.

2.2 Data sources

The demographic and survey data, remote sensing data,
and the land use data of the Xigang District of Dalian
City in 2009 are shown in Table 1. The land use and
green space data were fused, spliced and overlaid, and

the unified geographic coordinates were determined by
using ArcGIS. In accordance with the classification
standard of urban green space of the People’s Republic
of China (CJJ/T 85-2002), combined with the green
space features of the Xigang District of Dalian City, the
current green space was reclassified into four types.
These four types are: theme parks, street parks, attached
green space, and scenic forest lands, as shown in Table
2. The social demographic statistical data of the Xigang
District were from Xigang Statistical Yearbook of 2009.

2.3 Methods

2.3.1 Selection of green space accessibility model
Public accessibility is an important standard to measure
the fairness of the spatial layout of urban green spaces.
Accessibility refers to the degree of difficulty that is
needed to be overcome by the residents in order to reach
a service or place of activity (Van and Wiedemann,
2003). Ways to study accessibility are divided into two
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Fig.1 Location map of study area
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Table 1 Data sources and description

Year Data

Attribute Source

Remote sensing data
Land use data

Green space distribution in Xigang

Statistical yearbook in Xigang

Xigang 0.5 m air digital orthophoto map, 2.5 m SPOT 5 satellite images

Xigang 1 : 10 000 and use data including roads, settlements,
2009 cities and other elements of the data

Xiggang 1: 10 000 green space maps

Demographic data, survey data

Dalian Land Resources
and Housing Bureau
Dalian Land Resources
and Housing Bureau
Dalian Land Resources
and Housing Bureau

Dalian Statistical Bureau

Table 2 Urban green space classification of Xigang District in Dalian

Primary classification Secondary classification

Implication

A;: These have specific content or form, and include green recreational facilities such as: children's

A|. Theme parks
A. Park green space

parks; zoos; botanical gardens; historic parks; scenic parks; amusement parks, etc.

A,: These are located outside of urban road space, in a piece of green space relatively independent and

A,. Street parks

include: small gardens and street plaza green space

Bi: Including street trees and other green belt, green residential area in addition to other residential

B. Attached green space  B,. Attached green space

parks, institutions, organizations, military units, enterprises, institutions owned green space

C,: These landscapes with a certain scenic value play a role in urban environments throughout the

C. Other green space C;. Scenic forest lands

woodland landscape

types, namely qualitative research (Dawson, 1995; Mul-
lick, 1993) and quantitative research. Quantitative re-
search methods mainly include statistical analysis and
GIS analysis. GIS analysis is simpler and relatively
more accurate than statistical analysis (Giles-Corti et al.,
2005; Jim and Chen, 2006; Sonmez Turel et al., 2007).
Additionally, the spatial analysis and evaluation method
of GIS also provide a possibility for evaluating the spa-
tial distribution of urban green space on a regional scale.
The commonly used GIS accessibility analysis methods
include the minimum neighborhood distance model, the
cost resistance model and the gravitational potential en-
ergy model. However, these different model methods are
based on different theories. For example, the minimum
distance mode only considers the Euclidean distance,
and does not reflect the actual road network accessibility
factor, although the costs resistance model represents a
true reflection of transportation costs, but it did does
fully take into account the level of green space, the
method of travel and other factors. Unlike other GIS
analysis methods, the network analysis model through
road network to calculate the range of urban green space
can be accessed by certain methods of transportation
and accurately reflect the process of residents using the
green space, and the vector data can overcome the ef-
fects of the granularity of generated raster data. On this
basis, we consider the interactive relationship among the
three aspects of: human living patches, traffic patches
and green space patches, by different distances as resi-
dents’ appropriate and maximum activity scales, then

construct the behavior accessibility model, under the
different behavior scales, and perform a comparison of
per capita green area.
2.3.2 Constructing behavior accessibility model
(1) Spatial relationship between human living patches
and green patches

The previous research models of accessibility of ur-
ban green space have been mainly based on cost, traffic,
chance, and other objective factors, and often overlook
the main role of the resident population. From a socio-
logical perspective, it was believed that the residents
cognized the urban green space allocation by defining
the scope of space activities for themselves, which is
influenced by the behavior scale. The residents have
dual attributes: a space attribute and a social attribute.
These two attributes together influence the accessibility
of urban green spaces. As illustrated in Fig. 2, according
to Yin's result of accessibility and equity assessment on
urban green space , less than the 500 m range is defined
as the accessibility is very good, less than 1000 m range
is defined as the accessibility is well, more than the
1000 m range is defined as the accessibility is poor,
based on the relevant research results (Yin et al., 2008),
in consideration of Dalian Xigang District being mostly
in the mountain and hilly terrain, and combined with
residents travel mode and traffic and other factors, 300
m and 1000 m were used as the appropriate and maxi-
mum activity scales of the cognitive green space behav-
ior of the residents. These results reveal that the resi-
dents from different scales enjoyed different amounts of
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green space. The spatial location of green space patches
directly affected the enjoyment levels of the residents
from the different scales, which also directly reflected
the problems connected with the urban green space al-
location. Therefore, the behavior scale is also an impor-
tant aspect for the exploration of the difficulties of the
urban green space accessibility.

(2) Constitution of traffic network model

In the actual research, the green space patches and the
residential patches are connected by a transportation
network. The different behavior scales of the residents
are all embodied by the actual traffic network. The net-
work analysis model must be used to obtain the actual
process in order to reflect the residents entering into the
green spaces. As shown in Fig. 3, the constructing ele-
ments of the network analysis model mainly included:
the Center, which is the position of urban green space;
the Link, which is the abstracted road traffic network
obtained using the GIS platform; the Node, which is the
intersection point between the roads; and the Impedi-
ment, which is the road traffic capacity and time or cost
in overcoming any obstacles from one position to an-
other position within the model. The urban road network
must be used as support if the residents wish to reach
the central position, thus the different behavior scales of
the residents must be considered by traffic road network
model.

(3) Coupling of three relationships: green space, traf-
fic and residence

The behavior accessibility model, as shown in Fig. 4,
considers the interactive relationship between the three
aspects of: human living patches, traffic patches and

l | Impediment

Link

|
-

Fig.3 Schematic of network model

Node

1000 m

green space patches. However, it is also based on the
road network that is placed in order to simulate the
process of the residents’ use of the green spaces. Based
on the above conditions, the behavior scales of the resi-
dents were introduced to comprehensively analyze the
amount and types of green spaces which are enjoyed by
the residents, in order to determine the most suitable and
the maximum activity ranges required. As demonstrated
in Table 2, the various green space accessibility models
of GIS were investigated and analyzed. The network
analysis model was found to be more suitable than the
other models. This network analysis model used the
vector data and overcame the granularity effects pro-
duced by the raster data, and is able to accurately reflect
the actual process of the residents using the green
spaces.

This study was based on the road network, while
blocks and green space entrances were used to build the
topology network data. In regards to the enjoyment
methods of the urban green spaces, the main purposes of
the surrounding green spaces for the urban residents are
to walk or exercise. Therefore, this study only consid-
ered the resistance model of the walking modes with a
walking speed of 1 m/s. The time costs of the 300 m and
1000 m behavior scales were approximately 5 min and
15 min for required times to reach the green spaces, re-
spectively. The waiting resistance value at the road node
was set as 30 s. According to the length of each road
segment, the corresponding resistance value of each
segment was calculated. Then, the accessibility graph of
the network analysis was produced by the Network
Analysis in ArcGIS. The effective service area and
population’s statistical area were overlapped in order to
calculate the per capita sharing of green space quantity,
and the accessibility amount from the different scales
was used for the contrast analysis.
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3 Results and Analysis

3.1 Analysis of accessibility of various sub-districts
As shown in Fig. 5, the overall distribution of green
space in the Xigang District was uneven, showing that
the allotment in the south is greater than in the north,
and there are more allotments in the south than in the
north. The quantity of the occupied green spaces of Bayi
Sub-district and Baiyun Sub-district are higher, where
the large areas are mostly specialty parks and scenic
forests. Figure 6 shows the accessibility time distribu-
tion map of the overall green spaces of the Xigang Dis-
trict. It can be seen from Fig. 6 that the accessibility
time of the main specialty parks in the Xigang District
was relatively long; most of areas is greater than 60 min.
In ArcGIS, overlay analysis the layer of green acces-
sibility time distribution and the layer of sub-district,
then, in each sub-district, statistics various types of
green space area under the different time level, as shown
in Table 3, there are having large differences of the ac-
cessibility quantity and types of green spaces in the dif-
ferent time ranges of the various sub-districts. Accord-
ing to the comparison of the different behavior scales,
and within the behavior scale of 300 m: the accessibility
amount of green spaces were as follows: 1) That of
Renmin Square Sub-district was the highest with the
value of 60.09 ha; the accessibility amount of green
space of the street park is 10.57 ha; the accessibility
amount of green space of the attached green space is
5.76 ha; and the accessibility amount of green space of
the scenic woodland is 43.76 ha. 2) The accessibility

Indirect accessibility

Traffic patch

\ A

Social attribute

1
1
1
1
1
1
1
i
Resident H
1
1
1
1
1
1
1
1
1
1

Human living patch Human behavior scale

amount of green space of Beijing Sub-district was the
least with the value of 5.78 ha; and where the type of all
of the accessibility green spaces was scenic forest.
Within the behavior scale of 1000 m, the accessibility
amount of green spaces were as follows: 1) The accessi-
bility amount of green space of Baiyun Sub-district was
the highest with the amount of 78.01 ha; in which the
specialty public type green spaces had 55.08 ha; the
street park type had 9.74 ha; and the attached green
space had 13.18 ha. 2) The accessibility amount of green
space of Beijing Sub-district was the least, at 6.92 ha,
and the types of the accessibility green spaces are all the
scenic forests. When comparing the two different scales,
the accessibility green space of Beijing Sub-district is
the lowest.

3.2 Analysis of accessibility of various communi-
ties under different behavior scales

In each community, using statistics green space areas
that could be accessed in 5 min and 15 min, and the total
area of green space, according to community popula-
tion, we calculated the per capita green area within 300
m and 1000 m range and the per capita green area of
each community. In ArcGIS, we used the polygon layer
of the community convert to the centroid point, then
interpolated the analysis and normalized the results of
the interpolation. Figure 7a and Fig. 7b are the results of
the interpolation based on the per capita green area that
could be accessed within the 300 m to 1000 m range.
Figure 7c shows the contour maps of the per capita green
space areas of the various communities. It can be seen
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from Fig. 7c that the per capita green space in the south-
ern communities of the Xigang District is more promi-
nent than that of the northern communities. Table 4 illus-
trates that the per capita green space of the various com-
munities in the 1000 m scale is greater than that of the
300 m scale, which is particularly apparent in the Xiang-
chuan community. So it becomes clear that the uneven-
ness of the allocation of green space is the main cause of
the different accessibility amounts, as well as the per cap-
ita green space amounts, in the various communities.

Table 3 Comparison of different times of sub-districts’ access to
amount of green space and green type (ha)

Green space classification

Sub-district  Time " Theme Street  Attached Scenic Total
parks  parks green space forest lands

0-5min 10.17 0.04 6.07 26.38 42.66

0-15min 31.06 0.11 6.86 33.75 71.79

Bayilu  0-30min 64.66 0.11 7.75 43.54 116.06

0-60 min 137.52 0.11 8.09 55.31 201.03

> 60 min 169.75 0.00 0.00 0.02 169.77

0-5min 24.61 8.47 11.36 0.00 44.45

0-15min 55.08 9.74 13.18 0.00 78.01

Baiyun  0-30 min 72.16 9.75 13.38 0.00 95.29

0-60 min 116.85 9.75 13.40 0.00 140.00

> 60 min 145.76 0.00 0.00 0.00 145.76

0-5 min 0.00 0.00 0.00 5.78 5.78

0-15min  0.00 0.00 0.00 6.92 6.92

Beijing  0-30 min  0.00 0.00 0.00 7.11 7.11

0-60 min  0.00 0.00 0.00 7.11 7.11

>60min  0.00 0.00 0.00 0.00 0.00

0-5 min 0.00 10.57 5.76 43.76 60.09

) 0-15min  0.00 10.95 5.93 5291 69.79

1;2':2?: 0-30min 000 1095 596 5742 7433

0-60 min  0.00 10.95 5.96 58.69 75.60

>60min  0.00 0.00 0.00 0.00 0.00

0-5 min 0.76 0.68 4.01 11.81 17.26

0-15min 1.54 0.68 4.31 12.16 18.69

Rixin 0-30min  1.54 0.68 431 12.16 18.69

0-60 min  1.54 0.68 431 12.16 18.69

>60min  0.00 0.00 0.00 0.00 0.00

0-5 min 0.00 1.10 10.38 0.00 11.47

0-15min  0.00 1.82 13.63 0.00 15.46

Xianglujiao 0-30 min  0.00 1.82 14.46 0.00 16.28

0-60 min  0.00 1.82 14.49 0.00 16.32

>60min  0.00 0.00 0.00 0.00 0.00

0-5 min 0.00 4.61 6.08 0.00 10.69

0-15min  0.00 4.75 7.11 0.00 11.86

Zhanbei 0-30 min  0.00 4.75 7.42 0.00 12.17

0-60 min  0.00 4.75 7.42 0.00 12.17

>60min  0.00 0.00 0.00 0.00 0.00
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Fig. 7 Different scales access to green space areas and average per capita green space area in Xingang
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Table 4 show the quantitatively analyzed relationship
among the different accessibility amounts of the green
spaces in the various communities within the different
scales, as well as the per capita green space amount of
the communities. It can be determined that the per capita
green space amounts of the communities of Pingdeng,
Huanghe and Minyun, located in the north of the Xigang
District, are lower, with the respective values of 0.47
mz, 0.10 m” and 0.33 m?in the 300 m scale. These data
reveal the fact that the community green space and
space allocation are severely insufficient. For example,
the per capita green space quantities of the Lianhua,
Xinhe and Xinqu are higher, at 41.32 m?, 44.06 m” and
28.99 m’, respectively. However, the accessibility to the
green space quantities of these communities are lower,
at 5.50 mz, 8.24 m” and 12.69 m” in the 300 m scale, and
also show 9.24 m”, 18.02 m” and 16.36 m” in the 1000
m scale, which all are lower than those of the per capita
amount of the community green space. These data indi-
cated that the green space of this type of community is
more abundant, but the space allocation is not suitable.
For example, the per capita green space quantities of the

Hongyan and Xiangchuan communities are 13.36 m’
and 11.48 m’, which are similar to the accessibility
green space quantity of the 1000 m scale. These results
indicate that the supply of the green space of this type of
community is balanced and the allocation of space is
suitable. Also, in the Kangping and Shengli communi-
ties, which are located in the southern part of the Xigang
District, the per capita amounts of the community green
space are 21.83 m’ and 19.47 m’. The accessibility
green space quantities in the 1000 m scale are 22.17 m’
and 20.47 m*, which are greater than that of the per cap-
ita amount of green space for the community. This sug-
gested that the supply of green space in this type of
community is saturated, and the allocation of the green
space is excessively high.

3.3 Fairness analysis based on behavior scale

In this study, the overall distribution of green space in
the Xigang District was found to be uneven, and exhib-
ited higher allocations in the south and lower in the
north. The occupied green space of Bayi Sub-district
and Baiyun Sub-district are very high, and the main

Table 4 Different scales and average per capita green community green comparison

Community Population 30(.) m 2 100.0 m P Con?munizty Community  Population 309 m 2 100.0 m P Communi;y
per capita (m”) per capita (m”)  capita (m") per capita (m”) per capita(m”)  capita (m")

Bayi 5634 0.09 0.30 0.30 Pingdeng 9386 0.47 0.47 0.47
Beigang 9200 1.66 5.18 5.18 Qiaodong 6700 19.94 23.68 28.35
Beijingjie 8806 0.45 0.45 0.46 Qianghe 5197 0.01 0.01 0.01
Changchunlu 2666 0.42 1.47 1.47 Shengli 15100 16.30 20.47 19.47
Changjiang 4847 0.17 0.23 0.23 Shikui 12448 8.44 10.49 12.62
Dongguan 8122 0.89 0.91 0.91 Taoshan 8963 7.19 9.02 10.22
Gengshen 5013 0.17 0.17 0.17 Tianchi 4478 2.07 4.62 20.96
Gengxin 10160 1.18 1.19 1.19 Tuanjie 14672 0.43 0.62 0.62
Gongrencun 8447 0.01 0.01 0.01 Wanquan 6582 3.48 5.11 5.57
Guanghe 9120 2.82 3.39 3.39 Wusi 5197 4.00 4.00 4.00
Heyuan 9473 0.80 0.80 491 Xiangchuan 5857 6.02 10.97 11.48
Hongyan 9500 10.78 13.36 13.36 Xiangrong 10668 1.02 1.19 1.30
Honggiao 9800 0.88 0.88 0.88 Xiangxiu 11681 1.52 2.00 2.00
Huanghe 3449 0.10 0.10 0.10 Xinhe 5490 8.24 18.02 44.06
Jianshe 7869 8.94 8.94 8.94 Xinhua 4900 17.23 18.35 18.42
Jiusan 7868 1.29 1.94 2.17 Xinnan 5926 0.65 5.26 32.14
Kangping 5895 13.93 22.17 21.83 Xinxing 12360 12.69 16.36 28.99
Lianhua 4672 5.50 9.24 41.32 Yingshan 6288 0.71 0.81 0.81
Linmao 8560 6.63 8.04 13.76 Yongjing 9910 0.63 1.35 1.48
Minle 14380 0.33 0.39 0.39 Yunfeng 6518 0.06 0.09 0.09
Minyun 6984 7.93 8.19 8.19
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types of green spaces are large areas of theme parks and
scenic forest lands. Figure 6 shows the accessibility time
distribution map of the overall green space of the Xi-
gang District. However, it was found that the accessibil-
ity time was relatively long, with most of the accessibil-
ity times being more than 60 min. There are large dif-
ferences in the accessibility of the quantity and types of
green spaces for the various sub-districts in the different
time ranges. When comparing the different behavior
scales within 300 m, the amount of green space of Ren-
min Square Sub-district was found to be the highest
with the value, at 60.09 ha. Most of the amount of green
space was the street parks type, at 10.57 ha; the amount
of the attached green space was 5.76 ha; and the amount
of the scenic forest lands was 43.76 ha. The accessibility
amount of the green space of Beijingjie Sub-district was
found to be the least, at 5.78 ha, in which the types of all
accessible green spaces are scenic forest lands. In regard
to the behavior scale of within 1000 m, the accessibility
amount of the green space of Baiyun Sub-district was
found to be the highest, at 78.01 ha, in which theme
parks are 55.08 ha; street parks are 9.74 ha; and attached
green space is 13.18 ha. The accessibility amount of the
green space of Beijing Sub-district was the least, the
amount being only 6.92 ha, of which all of the accessi-
bility green space types are scenic forest land. In com-
paring the two scales, the accessibility amount of the
green space of Beijing Sub-district, within the different
scales, was considered to be very insufficient.

Based on the comparison of the per capita green
quantity in the different scales and the average green
space quantity, this research divided the relationship of
green spaces within the various communities into four
categories.

(1) Shortages of green space allocation. The commu-
nities with serious shortages of green space allocation
included: Bayi, Beigang, Beijingjie, Changchunlu;
Changjiang, Dongguan, Gengsheng, Gengxin, Gon-
grencun, Guanghe, River Park, Honggiao, Huanghe,
Yingshan, Yongjing, Yunfeng, Tuanjie, Wanquan, Wusi,
Xiangrong, Xiangxiu, Minyue, Jiusan, Qinghe, and
Pingdeng. The supplies of the per capita green space
quantities of these 25 communities were found to be
very unacceptable. These populous communities possess
inadequate green space area allotments. To clarify, the
populations living in the Gongrencun, Hongqiao and
Minyue communities mainly belong to the lower in-

come groups. The findings led to the conclusion that the
accessibility of green space quantity within the different
scales was very low, and reflects serious regional un-
fairness. These regions should increase the green space
quantity in order to optimize the allocation.

(2) Unbalanced space allocations. The space alloca-
tions were found to be unbalanced in the following
communities: Tianchi, Xinnan, Linmao, Lianhua, Shi-
kui, Taoshan, Xinhe, Xinxing, and Qiaodong. The per
capita green quantities of these nine communities are
higher, but the accessibility of the green space quantity
in the different behavior scales is lower. In particular,
the accessibility of the green space quantity in the 300 m
scale is low, which causes the unbalanced allocation of
the green spaces, and leads to relative unfairness in
these regions. These areas should focus on optimizing
the distribution of the green spaces, and in particular
should increase the allocation of the accessibility of
green space in the 300 m scale. This will ensure that the
residents can enjoy sufficient green space within differ-
ent scales.

(3) Balanced allocation of green space. The allocation
of green space was more balanced in the following
communities: Minyun, Jianshe, Xiangchuan, Hongyan
and Xinhua. The per capita quantity and the accessibility
of green space quantity of these five communities were
relatively balanced. Especially in the 1000 m scale, the
accessibility of green space quantity and the average
green space quantity were found the same, leading to
fairness in allocation in these areas.

(4) The oversaturated allocation of green spaces. The
allocation of the green space was found to be too satu-
rated in the following communities: Kangping and
Shengli, as the accessibility of green space quantity was
greater than that of the per capita green space quantity.
In the 1000 m scale, the accessibility of green space
quantity was especially high. The allocation of green
space was found to be too high, which caused unfair
high allocation for these regions in regard to green space
distribution.

4 Discussion and Conclusions

According to the above analysis, it can be seen that the
current unfair urban green space is equipped with the
following: 1) Uneven spatial distribution: the overall
urban green space is not balanced; 2) urban green space
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allotment not matching with the distribution of the
population: there are fewer green space allotments in the
areas with larger population, and there are more areas of
green space allotments in the areas with lower popula-
tion; 3) differences in the green space accessibility and
user opportunities in populations with different attrib-
utes: high-income people enjoy a high degree of green
space, with high accessibility and use of the opportu-
nity; the low-income population of green space has a
low accessibility and use opportunities.

The reason for the unfairness of urban green space
was generated and explained by some scholars in eco-
nomic terms (Beler, 1997; Dai, 2011). There are aspects
of the impact of urban resident’s preferences (Wright et
al., 2012) and behavior scale (Zhou ef al., 2013) and
government planning policies (Jiang et al., 2010).
However, the in-depth analysis of the underlying causes
of these three features (known urban green space un-
fairness) is not a unilateral factor, and a variety of fac-
tors led to a synergistic effect, such as 'residential’,
'economical’ and 'political’. Figure 8 illustrates the fac-
tors that can affect the unfair city green space alloca-
tions as determined in this study.

(1) Resident factors: The residential population is
the possessors of the service function of the urban green
spaces. The benefit differences determine the fairness of
urban green space allotments. The determining factors
lie in the spatial attributes of green spaces for the resi-
dents, such as location and traffic conditions. At the
same time, the users are also the selectors of urban
green spaces. The decision factors lie in the social at-
tributes of the resident population, such as the social
economic status of population and the behavior scale,
which together decide the acceptable service types of
green space. However, according to the different scales
and type restrictions of urban green spaces, there are
two ways of selecting the accessibility of the green
spaces, i.e., the indirect method and the direct method,
as in the example of some specialty parks. The indirect
accessibility reason could be that the park charges user
fees. For some low consumer groups, there was found to
be some unfairness in accessibility to these parks.
However, it was noted that for some free of charge and
direct accessibility green spaces, the accessibility in the
different behavior scales varied. This also explains that
the location of the inner residential green space for the
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low income population groups is unsatisfactory. There-
fore, the residents’ income level and living space posi-
tion may lead to the serious class differentiation. These
factors may be the intrinsic reasons which reflect the
unfair allocation of city green spaces to a certain extent.

(2) Economic factors: The requirements of housing
for the areas’ population are not only limited to the liv-
ing function at this stage due to the increase in material
and spiritual levels, there is also a demand for the better
living environments which are healthy and natural. Real
estate market investors should keep this in mind if they
wish to successfully attract more interested customers
and stimulate demand. The commercial housing market
attracts high-end consumers, and the commercial hous-
ing customer demands a high allocation of green space.
Not only is the amount of green space allocation inside
residential areas generally higher than that of the ordi-
nary residential allocation, but high income groups de-
mand higher external green scale in these types of the
residential districts. Therefore, the real estate market
invests in selecting places with convenient traffic flow,
as well as large scale green space availability and qual-
ity. This produced residential space differentiation is a
direct leading cause of the unfair distribution of green
space for residential enjoyment.

(3) Policy factors: The government policies should
combine both efficiency and fairness in regional control,
and economic development should be synchronized with
social equity. Policies should not be allowed for pro-
moting regional economic development while blindly
pursuing economic benefits at the cost of the destroying
social fairness. Allowing the development of real estate
by investors in some areas is bound to lead to the phe-
nomenon of living space differentiation of the city resi-
dents, thereby causing the unfair allotments of green
spaces by affecting the enjoying of city residents. Gov-
ernment planning and regulation should be active
throughout the entire process. Appropriate improvement
of traffic should be used to increase the accessibility to
park green space. Therefore, government policies are
important to the fairness or unfairness of the enjoyment
of green space by urban residents.
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