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Abstract: Urban green space (UGS) is crucial to the healthy development of urban residents. However,
UGS that is accessible can benefit residents to an even greater degree. Based on the two-step floating
catchment area model (2SFCA) and the location quotient (LQ), we analyzed the changes from 1999 to
2019 in UGS walking accessibility and equity in built-up areas of Urumgi at different administrative
levels, and how UGS policy affects the improvement of accessibility. The results showed that UGS
accessibility and equity are not evenly distributed at different administrative levels and UGS categories.
Although the overall UGS accessibility and equity has improved with policy implementation, these
changes are caused by metro-level UGS construction in urban fringe areas. The improvement in
UGS accessibility at the neighborhood level in densely populated areas is neglected, which leads to
a mismatch between UGS construction and population distribution. In addition, the accessibility
of UGS is also limited by geographical location, population density, road distribution, and water
shortage in arid metropolitan Urumgi. Our research results provide a theoretical basis for Urumgqi
and other cities in the optimization of UGS structure and the realization of social equity.

Keywords: oasis cities; urban green space (UGS); two-step floating catchment area method (2SFCA);
accessibility; inequality; UGS policy

1. Introduction

Urban green space (UGS) is an urban area with natural and artificial vegetation as the main existing
forms [1]. UGS is of wide concern because it provides many ecosystem services (ESs). Numerous
studies have confirmed the multifunctionality as well as the economic, ecological, environment,
recreation, and health benefits of UGS [2].

Although UGS provides many benefits, residents can enjoy more benefits from accessible UGS [3].
With the intensification of the urbanization, UGS is being replaced by built-up area, which threatens the
well-being of residents, especially in developing countries [4,5]. Meanwhile, UGS construction often
emphasizes scale and quantity, and pays little attention to the UGS distribution and residents” demand,
which decreases the UGS accessibility and equity [4]. The United Nations Sustainable Development
Goals (Goals 3, 10, and 11) are strengthening inclusive and sustainable urban development in all
countries, reducing inequalities, aiming to meet the needs of different populations by 2030 [6]. In this
context, the accessibility of UGS has become an important issue of social justice.

The accessibility of UGS refers to the degree of difficulty for residents to go to the UGS [2].
The accessibility of a UGS determines the impact of UGS on residents’ well-being to a large extent, and it
is an important bridge connecting UGS and residents” well-being. In recent years, the accessibility of
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UGS has been increasingly considered [7]. Based on the Web of Science database, we used “accessibility”
and “urban green” or “urban green space” or “UGS” or “urban park” as the retrieval terms to retrieve
152 studies related to UGS accessibility, and found that the early studies mainly focused on four aspects:
(1) the characteristics of spatial distribution of UGS accessibility [8,9], (2) the relationship between the
accessibility of UGS and the attributes of residents [10,11], (3) the relationship between the accessibility
of UGS and the means of travel [12], and (4) the influence of UGS accessibility on the health of
residents [13,14]. Although previous studies have evaluated the accessibility of UGS and its influencing
factors, which can provide a basis for the future planning and management of UGS, some problems
still need to be further addressed. Firstly, in addition to the above factors, UGS accessibility and equity
are also affected by regional urbanization level, UGS policy and population growth [15]. However,
few studies have explored the dynamic changes in UGS accessibility and equity with these policies on
a time scale, and further evaluated the effectiveness of these policies; secondly, due to the limitation
of data acquisition, few studies have evaluated the differences of UGS accessibility and equity on
different scales, including UGS categories and spatial and temporal levels [16]; thirdly, research
results from different regions are contradictory due to differences in research indicators, methods,
scales, and cultures. For example, Park (2020) and Jillian (2020) found that residents with a higher
socioeconomic level have high accessibility to parks [17,18]. However, Ward et al. (2013) found that
there is no significant correlation between the accessibility of urban parks and the socio-economic
level of residents [19]. Eventually, the research is mainly focused on Western developed countries,
including the USA [18], Denmark [20], Germany [21,22], and Singapore [23]. However, little is known
about the accessibility of UGS in developing countries, especially for oasis cities with a water shortage
in arid Northwestern China. Non-Western countries are quite different from Western countries in
urban environment, society, economy, and culture. In addition, a series of UGS policies lead to obvious
changes in landscape patterns in the rapid urbanization process of developing countries [24]. Therefore,
the research on UGS accessibility at different scales in non-Western countries and the evaluation of the
effectiveness of UGS policy can expand the knowledge scope of UGS accessibility and equity.

We are committed to addressing the above problems. Based on existing research and actual
situations, we choose Urumgi as the research area, an oasis city in arid land, and use a two-step floating
catchment area method (2SFCA) and location quotient (LQ) to evaluate the walking accessibility and
equity of UGS at different scales, and evaluate the effectiveness of the policy. Specifically, there are
three objectives: (1) to assess UGS accessibility spatial distribution from arid areas at different scale
levels (30 x 30 m, sub-district level and district level) and UGS categories (neighborhood, district,
and metro levels), (2) to reveal the inequity of UGS accessibility at the sub-district level for three time
thresholds (1999, 2009, and 2019), and (3) to track changes in UGS accessibility and equity, and evaluate
the effects of UGS policies. The research results will enrich the research perspective of UGS accessibility
and provide a theoretical basis for future UGS planning in Urumgi.

2. Materials and Methods

2.1. Study Area

Urumgi is located in arid Northwestern China (42°45'-44°08’N, 86°37'-88°58’E, a.s.l. 850 m),
which is the core area of China’s “One Belt One Road” initiative. Since the beginning of China’s reform
and opening policy, especially based on China’s “Go West Strategy” starting in 2000, as a typical oasis
city in Central Asia, Urumgqi has developed rapidly, become an important hub of the world’s economy
and China’s trade gateway to Central Asia and Europe, and developed into a desert metropolis or
a “megacity for tomorrow.” This applies not only to infrastructure and economic growth, but also to
socio-political awareness of environmental and nature conservation issues and the sustainable use of
natural resources, especially the increasingly scarce water.

The administrative area of Urumgqi covers 1.2 x 10* km?, with a total population of 2.68 million,
covering 14 ethnic groups [25]. The built-up area covers an 827.55 km?, including four districts:
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Shayibake, Tianshan, Shuimogou, and Xinshi (Figure 1), accounting for 10.7% of Urumgi’s total
administrative area, and has a population of 2.06 million by 2017, accounting for 76.87% of the total
population. The urban green coverage rate is 34.9%, and the per capita green area is 11.50 m? [25].
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Figure 1. Urumgi and its built up area (a); the distribution of the UGS (b); the distribution of districts
and population (c); the distribution of road (d); rivers and elevation (e).

Urumgi belongs to the mountain terrain oasis city, mainly in the north of Tianshan Mountain and
in the south of the Gurbantunggut Desert. The climate is very dry with an average annual precipitation
of 250 mm and a potential annual evaporation of 2800 mm [26]. Because of the water shortage in the
arid area, the plant survival rate and coverage rate are low. However, in order to join the ranks of
National Garden Cities, the Urumgi municipal government has carried out a series of greening projects
to improve the UGS coverage in built-up areas since 1992, and these projects are divided into three
stages: 1992-2000, 2001-2010, and 2011-2020 (Table 1) [27]. Although Urumgi has made efforts to
improve the UGS coverage in built-up areas, it only takes the UGS area, the coverage rate, and the
green space per capita as targets, and ignores the fairness of the distribution of UGS. In addition,
because of the local water shortage and accelerating urbanization process, UGS is fragmented. In this
study, we chose the built-up area of Urumgi as the research area, mainly for the following four reasons:
(1) The built-up area represents 76.87% of the population and 84.73% of GDP in Urumgi. It is an area
with rapid urbanization and very obvious spatial and temporal dynamic change in UGS, which is
faced with constraints of accessibility and quality. (2) The UGS policy was mainly implemented in the
built-up area from 1992 to 2020, which allowed us to conveniently analyze the impact of UGS policy
on the accesibility and equity of UGS. (3) The data of the sub-district level are mainly concentrated
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in built-up areas, so obtaining data is easy. (4) Due to the landscape types are mainly farmland and
desert in the north of Urumgji, so it is easy to make errors in UGS extraction.

Table 1. Urban green space (UGS) planning and construction implementation in Urumgi.

Stages Policy and Target Action and Achievement

Afforestation project of Yamalik Mountain
and Nanshan Mountain;

UGS coverage rate had reached 23.3%,
with 5.5 m? of public green space per
capita in 1999.

Regulations on Urban Greening (1992);

First stage (1992-2000) The per capita UGS and UGS coverage rate

should be more than 5 m? and 30% in 2000.

Opinions on Urumgqi Garden City

Building (2001); Urumgqi has added 100 new garden parks;

Second stage (2001-2010)

Built Regional Garden City of Autonomous Urumgi has established a garden city
Region Xinjiang (2010). in 2010.

Opinions on Urumgqi Garden City

Building (2001); Green Corridor Project of River Beach;

Third stage (2011-2020) UGS coverage rate in built-up areas was
35.35% and successfully established

National Garden City in 2014.

Build National Garden City by 2013 and
National Ecological Garden City by 2020.

2.2. Data Sources

In order to analyze the impact of UGS policy on accessibility and equity, we chose three time
levels to study (1999, 2009, and 2019), according to the implementation stage of UGS policy in Urumqi
(Section 2.1). Research data include 1999, 2009, and 2019 green space boundaries, the streets, roads,
and proper census data. The spatial distribution of street level population was derived from the
population census in 2000, 2009, and 2015. Because of the lack of demographic data in 1999 and 2019,
we assume that the population did not change significantly in 2015-2019, and the 2000 and 2015 census
data represent 1999 and 2019. The road data are from the Urumgi Transportation Bureau in 1999, 2009,
and 2019, including subway, municipal roads, and sub-district roads. The border of built-up areas
comes from the Urumgqi Land and Resources Bureau.

According to the previous research results [28,29], we selected, for our main study area and
data acquisition, 30 m resolution remote sensing imagery. Based on United States Geological Survey
(https://earthexplorer.usgs.gov/), we acquired Landsat 5 TM and Landsat7 ETM remote sensing images
with a 30 m resolution from 1999 to 2019. Firstly, radiometric correction, geometrically correction,
and atmospheric correction of the image were done using ERDAS 9.2 software (ERDAS Corporation,
Atlanta, GA, USA). Secondly, we referred to the research results of Ye et al. (2018) [30]. The maximum
likelihood method was used for supervised classification based on ERDAS 9.2 software. The land
use types were divided into industrial land, transportation land, residential/commercial land, UGS,
agricultural land, and water. Eventually, we randomly created 60 sample points on Google Earth
(Google Corporation, Mountain View, CA, USA) to evaluate the accuracy of the classification, with the
classification accuracy of 87% and a Kappa coefficient of 0.807.

2.3. Method

2.3.1. The Two-Step Floating Catchment Area Method (2SFCA)

In this study, we used 2SFCA to calculate UGS accessibility [31]. This method combines UGS
supply and residents’ demand, and comprehensively evaluates UGS accessibility from multiple
dimensions such as UGS quantity, distribution, and demand. The accessibility of UGS is affected by
travel mode, distance, time, population attributes, and other factors [32,33]. Based on the Questionnaire
Star Survey Platform (https://www.wjx.cn/), we conducted a semi-structured questionnaire survey
to obtain key indicators affecting the accessibility of UGS. The questionnaire consists of two parts:
(1) the attributes of respondents, including gender, age, economic status, and address and (2) UGS
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accessibility factors, including the means of travel (walking, cycling, and driving), access time at
different administrative levels, and UGS categories. A total of 480 questionnaires were collected,
and 416 of them were valid, accounting for 86.67%. The reason for the invalid questionnaire was that
the respondents were non-local residents.

The results of the questionnaire showed that walking was the main means of travel in our study area.
UGS categories also have an impact on the accessibility distance (Supplementary Materials, Table S1).
Therefore, in this study, walking and the UGS scale are considered as important influencing factors of
accessibility. Firstly, UGS is divided into three categories per its scale and function: the neighborhood
level, the district level, and the metro level) [16,30]. The classification basis of UGS category is shown
in Table 2. Secondly, according to the maximum walking time of residents to different UGS categories,
the walking distance is converted to a speed of 1 m/s. Combined with the data of walking distance
required by urban planning in China, we set the walking distance of 300, 1000, and 2000 m to UGS as
the maximum walking distance for the neighborhood level, district level, and metro level, respectively.
Thirdly, the 2SFCA method proposed by Luo et al. (2004) and Ye et al. (2018) was adopted to analyze the
accessibility of neighborhood-level, district-level, and metro-level UGS, respectively [30,31]. Compared
with other methods, this method can better counter the supply and demand relationship between
residents and different UGS categories. It is worth noting that, in order to reduce the calculation error
of UGS accessibility, we did not use the traditional Euclidean distance to calculate accessibility. Instead,
based on road network data, we measured the Minimum Road Network Distance between residential
areas and UGS in the Arc GIS 10.1 (Esri Corporation, Sacramento CA, USA) Network Analysis. Due to
the lack of UGS entrance data and road obstacle data (such as road congestion and the number of
traffic lights), we did not consider the influence of obstacle factors on accessibility in actual travel.
Eventually, we added the accessibility of different UGS categories to obtain the total UGS accessibility.

Table 2. Definition of UGS in Urumqji.

UGS Categories Definition Images

Generally, for community use with
Neighborhood level basic facilities; area size is lower
than 1000 m?.

For special use with open spaces,
District level plants and basic facilities; area size
is more than 1000 m?.

Open forest park, natural forests,
Metro level and grasslands; area size is more
than 3000 m?.

The 2SFCA method calculates the accessibility of UGS in three steps on the basis of supply and
demand, respectively. The UGS accessibility was calculated by the following formula.
St
Ri — j
j .
Zke{dkjgdg} G(dkj' df))P k

M

where dj; is the distance between demand point k and supply point j; df) is the space distance set by the
UGS categories to reach i; Py are the number of demanders in the search area (that is, dy; < dé); S;. is the
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total supply of UGS type i at point j; G (dy;, dé) is the distance attenuation function of the influence
of point source elements on spatial elements, namely the Gauss equation. The calculation method is
shown as follows.

, di < dj @)

The second step is to form the spatial scope for each requirement k given the spatial distance dé.
In this scope, the supply—-demand ratio Rj. of supply ground j is weighted by a Gaussian equation,

and the weighted ratio is then summed to obtain the spatial accessibility of demand ground A;{.

Al = Z | G(dij, dy) x R 3)
]E{dk]SdB}

where dj; is the distance between the demand point k and the center of gravity of the supply ground j.
The third step is to sum up the accessibility of each demand point k at different UGS categories to
obtain the total UGS accessibility A;{ of demand point k.

n
Av=) Al @
i=1

Ay is a summation of accessibility of UGS type i, n = 3.

2.3.2. Lorenz Curve and Gini Coefficient

Lorenz proposed the Lorenz curve to analyze the wealth inequality in different regions or at
different times in 1905, which is widely used in economic, social, and transportation fields [34]. In this
study, the Lorenz curve was used to characterize the relationship between UGS accessibility and
population distribution. All spatial pixels were ranked according to per capita UGS accessibility from
low to high, and the proportion of UGS resources shared by the resident population in each interval of
10% was also calculated. Gini coefficient (G) is an index to judge the degree of distributive fairness
according to the Lorenz curve, and it varies from 0 to 1 [35]. The value 0.4 is generally regarded as a red
line against inequality. If the G is 0, the UGS distribution is completely equal. If the G is 1, the UGS
distribution is absolutely unequal. The G was calculated by the following formula

G= 1_Z(Pi_Pi—l)X(Ri_Ri—l) 5)
im1

where P; is the accumulative percentage of population, and R; is the accumulative percentage of
UGS accessibility.

2.3.3. Location Quotient (LQ)

Although the G can effectively evaluate the UGS equity in the research area, the spatial distribution
of equity cannot be distinguished. To further analyze the social fairness of UGS accessibility at the
sub-district level and district level, we introduce the Location Quotient (LQ) [36]. If LQ is greater than
1, it indicates that the UGS accessibility is high. The calculation formula is

B T; x P

LO =
Q P;xT

(6)

where T; and P; are the UGS accessibility and population in pixel i, and T and P are the total amount of
UGS accessibility and population.
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3. Results

3.1. Overall Changes in UGS

The change in UGS area can affect the accessibility and equity of UGS. The spatial and temporal
changes in UGS in the built-up area of Urumgi are as follows. Firstly, the UGS area was 206.14 km? in
2019, and UGS was mainly district-level and metro-level (Figure 2). Secondly, the distribution of UGS
in the built-up area is unbalanced (Figure 3). It is mainly distributed in the Shuimogou and Shayibake
districts, where the UGS area reached 86.60 km? (42.01%) and 66.27 km? (32.15%) in 2019, respectively.
Thirdly, with the acceleration of the UGS construction in Urumgji, the UGS area of the urban built-up
areas has increased by 5.76 times from 1999 to 2019. District-level and metro-level UGS increased by
28.17 km? (16.53%) and 128.84 km? (75.62%), respectively. By contrast, the neighborhood-level UGS
increased by only 13.37 km?. Eventually, the increase in UGS in built-up areas mainly occurred in the
urban fringe of the Shayibake and Shuimogou districts from 1990 to 2009, with the UGS area increasing
by 18.35 km?2. The UGS mainly developed along the direction of suburbs in the Shuimogou district
from 2009 to 2019, and the UGS area increased by 152.03 km2. On the whole, the UGS construction is
unbalanced in both spatial levels and UGS categories.
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Figure 2. The change in UGS area in Urumgji from 1999 to 2019.
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Figure 3. UGS changes from 1999 to 2019.



Forests 2020, 11, 690 8of 17

3.2. Spatial Distribution of UGS Accessibility

The results of UGS accessibility and its changes are displayed in Figures 4-6. We can see that the
UGS accessibility has undergone great changes from 1999 to 2019 in the built-up area of Urumgji. Firstly,
the accessibility of UGS gradually improved from 1999 to 2019, including in 30 X 30 m, sub-district and
district-level. UGS accessibility increased from 0.139 in 1999 to 0.235 in 2009, and further increased
to 2019. Secondly, the gap of accessibility decreased between the different UGS categories from 1999
to 2019 (Figure 6). The lowest accessibility of neighborhood-level UGS was 0.034 in 1999, while those
of the district-level and metro-level UGS were as high as 0.186 and 0.149. With the increase in UGS
area, the accessibility of the three levels of UGS increased significantly, especially at the neighborhood
level. The accessibility of neighborhood-level UGS increased to 0.427 in 2019, higher than the 0.431 and
0.320 accessibility levels of the district-level and metro-level UGS in 2019. Thirdly, the distribution of
accessibility was uneven. The southwest of the study area had high UGS accessibility at the 30 X 30 m and
sub-district level in 1999. Shuimogou and Tianshan districts are higher than the Xinshiqu and Shayibake
districts at the district level. It is worth noting that the UGS construction is mainly metro-level and
concentrated in the outskirts of the city, mainly in the Shuimogou and Shayibake districts, which leads
to the lack of neighborhood-level UGS within the core area of the built-up area (Figure 3). Therefore,
the accessibility of UGS in the central urban area was still not improved from 2009 to 2019 (Figure 4).
Eventually, with the increase in UGS area and the construction of road traffic network, the accessibility of
UGS significantly improved in different UGS categories from 1999 to 2019 (Figure 5). Neighborhood-level
and district-level UGS areas had good effects on the improvement in UGS accessibility in the core part of
the built-up area. However, metro-level UGS had a better effect on UGS accessibility in the marginal
areas of built-up areas. On the whole, our study shows that, although the UGS accessibility in the
surrounding areas of the city experienced a substantial increase from 1999 to 2019, the distribution of
UGS accessibility was unbalanced in the urban core and the periphery of the city.
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Figure 4. Spatial and temporal variation in UGS accessibility.
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3.3. Social Equity of UGS Accessibility

We used the Lorentz curve to investigate the social equity of UGS accessibility at different UGS
categories from 1999 to 2019. On the whole, the Gini coefficient of the UGS resource in built-up areas
is 0.17, 0.24, and 0.31 in 1999, 2009, and 2019, respectively, which are close to the warning line of 0.4.
The Lorenz curve protrudes downward, which is below the absolute fairness line, indicating that the
distribution of UGS accessible resources is not fair.

UGS categories are not evenly distributed among residents. It was shown that the top 10% of all
residents could use 1.8-3.4% and 1.0-2.4% of the district-level and metro-level UGS resources from 1999
to 2019, while the same proportion of residents could only use about 0.06-1% of the neighborhood-level
UGS (Figure 7). This shows that the allocation of UGS resources deviates from the principle of efficiency.
From the perspective of a time scale, with the increase in UGS, the proportion of the top 10% of
residents using UGS resources increased from 0.2% in 1999 to 4.1% in 2019, and social equity of UGS
accessibility markedly increased. It is worth noting that the equity of different UGS resources also
increases gradually. Although neighborhood-level and district-level UGS increased by only 10.88 and
24.13 km? from 2009 to 2019 (Figure 2), accounting for 24.65% of the total increased area, the increase in
social resource equity was significantly higher than that of the metro level (Table 3). This result shows
that increasing the proportion of neighborhood-level and district-level UGS in the built-up areas of
Urumqi is effective in improving the fairness of UGS resources.
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Figure 7. Lorenz curve for the distribution of UGS resources.
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Table 3. Least significant differences in social equity.

Neighborhood 555 5009 5019 District Level 1999 2009 2019
Level
1999 1 005 0.036* 1999 1 0083  0.040*
2009 1 0.040 * 2009 1 0.053
2019 1 2019 1
Metro Level 1999 2009 2019 2019 Year Neighborhood  District  Metro
Level Level Level
1999 1 0112  0.106 Nelglfelioerlh""d 1 0.07 0.028 *
2009 1 0.163 District level 1 0.042 *
2019 1 Metro level 1

* Significant at the 0.05 level.

3.4. Spatial Patterns of Social Equity

In order to reveal the fair spatial distribution of UGS resource, we calculate the Location Quotient.
The results show that the UGS resource in the built-up area is not fair. Firstly, there is inequality at
the district level. The LQ values are lower than 1 in the Xinshi and Shayibake districts for 1999-2019,
indicating that there were fewer UGS resources than the overall level (Table 4). However, LQ values
were higher than those in the Shuimogou and Tianshan districts. Secondly, LQ values of the central
urban areas, the northern areas and the southwestern areas of the built-up areas are generally lower
than those of other regions at the sub-district level for 1999-2019 (Figure 8). There were 36.53-44.26%
of areas with LQ values lower than 1, and about 15.56-20.08% of areas with LQ values lower than
0.50. Thirdly, the social equity of UGS gradually improved from 1999 to 2019, increasing from 1.079
in 1999 to 2.526 in 2019 (Table 4). The increase in UGS equity was most obvious in the Tianshan and
Shuimogou districts. The improvement in UGS area and transportation network has contributed to the
improvement in social equity.

Table 4. LQ distribution and its changes at the district level.

Area 1999 2009 2019 1999-2009  2009-2019  1999-2019
Xinshi 0.612 0.635 0.926 0.0237 0.2917 0.3147
Shuimogou 1.609 2.614 4.720 1.0057 2.1067 3.1117
Shayibake 0.753 0.84 0.869 0.0877 0.0297 0.1167
Tianshan 1.341 2.376 3.587 1.0357 1.2117 2.2467
Total 1.079 1.616 2.526 0.5387 0.9097 1.4477

Trepresents an increasing trend.
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4. Discussion

4.1. Influences of UGS Policies

From the overall planning of UGS, it can be seen that the implementation of the “Opinions on
the Construction of a Garden City in Urumgqi” (2001) plays an important role in the improvement
of the UGS area and the accessibility of built-up areas. Firstly, Urumgqi needs to build a National
Garden City by 2013, with a green land rate of 30% in the built-up area, and establish a National
Ecological Garden City by 2020. Our research shows that the UGS area of the urban built-up areas
has increased by 5.48 times in the past two decades. In this stage, the policy mainly focuses on the
afforestation of barren mountains in Urumgqi, and the metro-level UGS grew rapidly from 1999 to
2019. This is different from the research result of Ye et al. (2018), who found that the high-density city
of Macao was dominated by the construction of micro-scale UGS, and the improvement in UGS is
concentrated in economically developed areas [30]. Due to the water shortage and space imbalance in
arid areas, it is difficult to carry out large-scale greening in Urumgqi’s built-up areas. Notably, our results
show that the percentage of UGS in built-up areas in Urumgi in 2019 is lower than indicated in the
official statistics (41.90%), which may be caused by different classification methods. For example,
we only consider the UGS with an area of more than 100 m?, and quite a few road green spaces and
industrial green spaces are not taken into account. Secondly, according to the implementation of
“Opinions on the Construction of a Garden City in Urumgi,” the UGS construction mainly focuses on
the afforestation of barren hills in the suburbs of built-up areas, such as the Afforestation Project of
Yamalik Mountain, the Afforestation Project of Nanshan Mountain, and the Green Corridor Project
of River Beach (Figure 9) [37]. Therefore, the improvement in UGS accessibility in the suburbs of
built-up areas is the highest. However, the construction of UGS in the Shayibake and Xinshi districts
is neglected, resulting in the uneven distribution of UGS accessibility. These results are inconsistent
with those of Fan et al. (2016) and Ye et al. (2018) [5,30]. Fan et al.’s research results (2016) show that
Shanghai and its surrounding cities improved the accessibility of UGS from 2000 to 2010. However,
as the UGS construction is mainly concentrated in the inner part of the city, the outer part of the city
still lags behind the average level of UGS accessibility in the whole city [5]. Ye et al.’s research (2018)
shows that the UGS upgrade policy and the new micro-scale UGS construction policy have improved
the UGS accessibility in the economically developed areas in the central urban area of Macao [30].
In contrast, UGS accessibility in Urumgi is more affected by the resource conditions. Due to the scarcity
of water and land resources, it tends to be dominated by greening in remote suburbs, which leads to a
high coverage of UGS in the suburbs and an obvious improvement in the accessibility of UGS. Thirdly,
our results show that the UGS was mainly increased by metro-level UGS, and increased from 24.06
km? in 1999 to 152.89 km? in 2019. However, the neglect of neighborhood-level construction in densely
populated areas leads to a low level of UGS accessibility and equity in central urban areas. This is
different from the results of Xing et al. (2018), which show that the Wuhan urban area improves the
quality supply of parks by increasing the number, size, and facilities of parks, such as restrooms, trails
and paths, water features, shaded areas, and picnic areas, thus increasing the accessibility of UGS [38].
However, Urumdi is still in the development stage of improving the accessibility of UGS through
quality. On the whole, with the implementation of the “Opinions on the Construction of a Garden City
in Urumgi,” the amount of UGS in the built-up areas increased rapidly from 1999 to 2019, reflecting
the fairness of UGS in the overall amount. However, the distribution and different UGS categories are
neglected, which shows the spatial imbalance of UGS resources.
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Yamalik Mountain in 1980 Mountain in 1995

Figure 9. UGS construction action to increase green coverage from 1980 to 2019.
4.2. Local Context and Potential Limitations

Our study confirms that the distribution and construction of UGS from 1999 to 2019 was mainly
focused on the boundary of built-up areas. However, the distribution of UGS is not consistent with
other resource conditions. This leads to social inequity in the allocation of UGS accessible resources.
Many studies have shown that the accessibility and equity of UGS resources is often related to the
geographical location and development history of the city [23,39]. Combined with the background
of oasis cities in arid areas, this study found that population density, road distribution, geographical
location, and water resource restrictions had a restrictive effect on the accessibility and equity of UGS.
Firstly, the population of built-up areas is increasing from the edge of the city to the center of the
city, while the UGS is concentrated in the eastern edge of the built-up areas. The distribution of UGS
is not consistent with the population distribution (Figure 1c), resulting in LQ values in the western
and central areas that are generally lower than those in the east. Secondly, road distribution may be
an important factor that leads to the accessibility of UGS resources. As the road network is mainly
concentrated in the central area, the road density is low at the edge of the built-up area (Figure 1d).
Although more UGS is concentrated at the edge of the built-up area, the low accessibility caused
by traffic inconvenience aggravates the inequality of UGS. Thirdly, Urumgqi is a mountainous city
(Figure le). The north of the built-up area is mainly farmland and Gurbantunggut Desert, while
the south is Tianshan Mountain. The central urban area is mainly occupied by building land. It is
difficult to carry out metro-level greening work with shortages of water resources in the north and
land resources in the central city. Therefore, inspired by the goal of creating a National Garden City
in 2013, the local government further increased the UGS in Tianshan Mountain to achieve the goal.
Therefore, the fairness of UGS distribution is neglected. Eventually, water shortage in arid areas may
affect the equity of UGS. Urumg;i is located in the arid region, with an average annual rainfall of
250 mm, an annual evaporation capacity of 2800 mm, and an average per capita water resource of only
319 m?, which represents a city with an extreme water shortage [26]. According to the Xinjiang Water
Resources Bulletin in 2013, 77.9% of water is used for agriculture [40]. At the same time, the spatial
distribution of surface water resources in built-up areas is not balanced (Figure 1le). Water resources
are concentrated in the south, which makes it difficult to carry out large-scale greening projects in other
areas, and further aggravates the unfairness of UGS resources.

4.3. Policy Implications of Sustainable UGS Development

Our results reveal the spatial and temporal distribution of UGS accessibility and equity, and provide
policy implications for reducing inequality and promoting sustainable development (Figure 10).
(1) According to the general urban plan of Urumgqi (2001-2020), Urumgqi will add 40.09 km? of public
green space and 49 green parks in 2020. We have identified the areas with low UGS accessibility on the
sub-district levels. We encourage the use of this spatial map to guide future planning. (2) Our research
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shows that neighborhood-level UGS has a higher level of accessibility in the central city. Due to the
scarcity of land resources in high-density urban areas, and considering the demand for water resources,
we suggest that the central urban area should be dominated by the construction of neighborhood-level
UGS, and the UGS should be planted with drought-tolerant plants with low water consumption to
increase the accessibility of low-density UGS. (3) We found that the spatial mismatch between the
distribution of UGS and population is one of the factors leading to the fairness of UGS. We suggest
that the society’s demand for the allocation of UGS should be taken into consideration, and the UGS
construction should be planned according to the spatial distribution of population, so as to expand the
area and quantity of UGS in densely populated areas. (4) As a result of the limitation of geographical
position and history in Urumgj, the built-up UGS area is focused on the edge and is unfair at district
levels. For example, the main types of land are farmland and desert in the north of the built-up area,
which leads to the difficulty of afforestation. On the one hand, we propose to improve the accessibility
of marginal green space by strengthening urban road construction. On the other hand, we propose to
develop agricultural tourism parks to replace UGS to improve the well-being of residents. In addition,
considering such factors as population distribution, accessibility, and water resources in arid areas,
we suggest that UGS construction should be combined with the distribution of surface water resources
in built-up areas, and priority should be given to waterfront green space construction in Heping River,
Shuimogou River, and other places to minimize the consumption of water resources.
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Figure 10. UGS construction implications of sustainable development in Urumgji.
4.4. Contributions and Limitations

In this study, the spatial and temporal patterns of UGS accessibility and equity in arid oasis
cities were evaluated at a high resolution, which filled in the gap of our understanding of UGS
accessibility. This research contributes to the literature in three ways. First, we used a unique case
study area to investigate UGS accessibility in high-density, Asian, oasis cities. Our findings differ
from those previously based in Western and Asian cities. Different results reflect the differences in
UGS development history and population distribution. For example, the supply of UGS is high on
the edge of built-up areas in Urumgqji; the demand of residents is high in the central city. However,
UGS are evenly distributed in Shanghai [5], Beijing [16], and Macau [30]. Secondly, we revealed
the mismatch between UGS accessibility and equity in different UGS categories and spatial scales.
Eventually, we discuss the change in UGS accessibility over time, and reveal the influence of UGS
policy and the limitations of local UGS construction. Compared with Feng et al.’s research (2019) on
the spatial distribution of UGS accessibility in Beijing [16], this study revealed the impact of policy
changes on UGS accessibility and fairness through time-scale analysis, and evaluated the effectiveness
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of UGS policy. Compared with Ye et al.’s research (2018) on accessibility in Macao [30], we reveal the
spatial and temporal differences from different UGS categories, and the research on different scales is
particularly helpful to identify the need for policy intervention. Compared with the study of Fan et al.
(2017) in Shanghai [5], we adopted the 2SFCA method, which can reflect the actual accessibility more
accurately than the Euclidean distance method based on the balance between the supply and demand
of UGS.

However, there are still several limitations in our study. Firstly, we only considered walking into
the UGS. However, residents are also getting access to the UGS by cycling and driving [41,42]. Secondly,
the UGS accessibility of residents was evaluated. However, the characteristics of residents (age, income,
etc.) also have a high impact on the accessibility [43]. Due to the limitations of research data, we failed
to fully analyze the differences in the accessibility of disadvantaged groups (low-income groups, elderly
people, and children) to address specific inequalities. Thirdly, according to the estimation method of
distance, the measurement of UGS accessibility distance can be divided into the linear distance method,
the cumulative resistance method, and the road network analysis method. The straight-line distance
method takes the straight-line distance (Euclidean distance) between the residence and the UGS as
the distance between them. Based on the resistance coefficient of the land use type, the method of
cumulative resistance calculates the path with the least cumulative resistance to the park to determine
the accessibility distance. The Road Network Analysis Method is to calculate the shortest walking,
bus, or driving distance from the place of residence to the UGS by the network analysis method
based on the topological map of the road network. However, different methods produce different
results. For example, La Rosa (2014) used the Euclidean distance and Network Analysis methods to
calculate the UGS accessibility of Catania, and found that different methods had different results on
UGS accessibility [8]. In this study, we used network analysis to simulate the actual travel situation.
However, due to the lack of UGS entrance data and road obstacle data (such as road congestion and
the number of traffic lights), we did not consider the influence of obstacle factors on accessibility in
actual travel. Therefore, future research needs to further consider the resistance factor to improve the
calculation accuracy, but also needs to discuss the influence of different methods for UGS accessibility.
Fourthly, the accessibility of UGS is affected not only by distance, transportation mode, and the
residents’ conditions, but also by area, quiet, spaciousness, safety, biodiversity, and infrastructure [28].
Therefore, it is necessary to explore the attractiveness of UGS quality factors to the accessibility of
UGS. In Urumgj, there are 14 ethnic groups that are culturally diverse. Residents of different cultural
backgrounds may have different preferences for UGS. Future studies should further consider the effects
of these factors.

5. Conclusions

The results reveal that the distribution of UGS accessibility and equity is unbalanced in different
spatial and temporal scales, and the UGS coverage is the lowest in the center of the built-up area.
The distribution of accessibility resources at different UGS categories is unbalanced, and the Gini
coefficient of neighborhood-level UGS is lower than that of the district-level and metro-level UGS.
Therefore, attention should be paid to the neighborhood-level UGS construction of densely populated
areas in urban centers. With the implementation of the UGS policy in Urumgi, the accessibility has
been greatly improved. However, there is a mismatch between UGS and population distribution due
to the influence of geographical location and water resources. Our research provides valuable insights
into the development of targeted UGS planning to address social inequities.
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