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Abstract: Urban green spaces can provide many types of ecosystem services for residents. An
imbalance in the pattern of green spaces leads to an inequality of the benefits of such spaces. Given
the current situation of environmental problems and the basic geographical conditions of Xi'an
City, this study evaluated and mapped four kinds of ecosystem services from the perspective of
equity: biodiversity, carbon sequestration, air purification, and climate regulation. Regionalization
with dynamically constrained agglomerative clustering and partitioning (REDCAP) was used to
obtain the partition groups of ecosystem services. The results indicate that first, the complexity
of the urban green space community is low, and the level of biodiversity needs to be improved.
The dry deposition flux of particulate matter (PM2.5) decreases from north to south, and green
spaces enhance the adsorption of PM2.5. Carbon sequestration in the south and east is higher than
that in the north and west, respectively. The average surface temperature in green spaces is lower
than that in other urban areas. Second, urban green space resources in the study area are unevenly
distributed. Therefore, ecosystem services in different areas are inequitable. Finally, based on the
regionalization of integrated ecosystem services, an ecosystem services cluster was developed. This
included 913 grid spaces, 12 partitions, and 5 clusters, which can provide a reference for distinct levels
of ecosystem services management. This can assist urban managers who can use these indicators of
ecosystem service levels for planning and guiding the overall development pattern of green spaces.
The benefits would be a maximization of the ecological functions of green spaces, an improvement of
the sustainable development of the city, and an improvement of people’s well-being.

Keywords: urban green space; ecosystem services; equity; spatial pattern; regionalization

1. Introduction

Ecosystem services were first proposed by Holdren and Ehrlic in the 1970s [1] and are
defined as the benefits that human society can obtain from the ecosystem [2—4]. Urban green
spaces are key public resources that provide numerous ecosystem services that promote
the physical and mental health of urban citizens, including microclimate regulation [5,6],
carbon fixation and oxygen release [7], noise reduction [8], rainstorm interception, air
purification [9], and leisure and entertainment services [10]. By optimizing the ecological
structure and coupling it with other ecological spaces, urban green spaces help provide
places for people to rest, build social ties, and realize economic benefits [11]. However,
with the continuous decline of urban resources, the total area of green space continues to
decrease and become fragmented [12]. This study highlights the significance of an optimal
allocation of ecosystem service patterns.

There are various types of urban green space ecosystem services. Researchers have
used different index systems [13,14] and diverse methods [15] to measure numerous ser-
vices from different perspectives, and constructed evaluation frameworks for urban green
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space ecosystem services [16,17]. The exploration and analysis of urban ecosystem services
and their spatial patterns can balance the coordination between ecosystem services and
urban economic and social functions. Moreover, the improvement of urban environments
and urban ecological construction is of vital importance. Indeed, some regional studies
have identified significant differences in the number of available green spaces enjoyed
by urban residents [18,19]. These differences have been directly related to differences in
residents” health [20]. Equity is a social expression that indicates that something is reason-
able and fair in terms of rights, distributions, opportunities, and justice [21]. The equity
of public resources, such as green spaces, can be defined as everyone having equal rights
and access to enjoy green space resources and related services. The implementation of the
social equity principle related to urban green spaces often depends, among other criteria,
on the number and accessibility of green spaces. The equity of green space resources
cannot satisfy the basic principles of sustainable social development [22-24]. Urban green
spaces differ based on plant species, plant community diversity, plant leaf area index, and
other conditions. Therefore, fair allocation based on the ecosystem services provided by
urban green space is more efficient and effective than traditional methods for equitably
distributing social resources.

The evaluation and optimization of the equity of urban green space can improve the
supply of green space ecological products and the level of ecosystem services. However,
the fragmentation of green spaces has resulted in difficulties in optimizing urban green
space patterns, and the interlacing of administrative boundaries will destroy the integrity
of ecological areas. The management of the ecosystem service cluster [25] believes that
nature may be regarded as a collection of various ecosystem services, which helps to
improve the management strategies for multi-functional landscape research. Moreover,
urban green space ecosystem service management has a certain referential significance for
urban grid management, which can realize institutionalized, standardized, and precise
management. The traditional clustering process does not consider the spatial geometric
relationships [26,27]. The exploratory spatial data analysis method is uncertain. Therefore,
an objective, quantitative, repeatable, and transparent method is necessary to identify
uniform green space areas to meet the scalable statistical stability and to robustly estimate
the urban green space ecosystem services. Regionalization with dynamically constrained
agglomerative clustering and partitioning (REDCAP) is a new spatial clustering and zoning
method proposed by Guo [28]. This algorithm can divide a region into multiple spatially
contiguous regions and has been applied to the establishment of climate zoning [29],
ecological zoning [30], and variable rate agricultural management areas [31].

It is imperative for those responsible for regulating urban ecological environments
efficiently to use green space systems to alleviate the negative impacts of urbanization on
ecosystems. To aid in achieving this goal, this study contributes to the existing literature
by exploring the spatial pattern of urban green spaces from the perspective of ecosystem
services. We selected the main urban area of Xi’an, China as the study area. The main
contributions of this study are twofold. First, using remote sensing land-cover maps and
field sampling, we determined the existing spatial equity of urban green space resources
by identifying and analyzing the existing ecosystem services of urban green space re-
sources based on the current environmental problems. Second, based on the REDCAP
algorithm and related studies, we optimized the integrated ecosystem service under the
equity threshold of designated urban green space and realized the regional ecosystem
service management.

2. Materials and Methods

The framework of the research contained the following 4 steps (Figure 1): (1) deter-
mining the main environmental problems and green space ecosystem protection targets;
(2) identifying and scoring some ecosystem services; (3) evaluating the equity of ecosys-
tem services based on the location quotient measurement; (4) developing regionalized
management strategies for some ecosystem services.
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Figure 1. Illustration of the framework.

2.1. Study Area and Data Sources

The study area is the main urban area of Xi’an City, China, including Yanta District,
Lianhu District, Xincheng District, Beilin District, Weiyang District, and Baqgiao District.
The geographic location is in the central Shaanxi Plain, with an area of 844.75 km?. Recently,
the construction of urban green space in Xi’an City has been continuously developing.
Weiyang and Bagiao Districts have abundant water resources and green space resources,
including the Wei, Ba, and Chan rivers. Based on the Sentinel-2, 10 m remote sensing image
data from 2018, the distribution of green spaces in Xi’an City is primarily in relatively small,
isolated patches, with few large plots (Figure 2).

In this study, the data we used mainly included the following: (1) basic geographic
information data of Xi’an City, including administrative districts and counties, mainly
from the National Geomatics Center of China; (2) Sentinel-2, 10 m remote sensing image
data, obtained on 14 January and 23 June 2018; (3) meteorological data, including data
on wind speed and direction, temperature, relative humidity, and precipitation, mainly
from the China Meteorological Administration (http://data.cma.cn/, accessed on 20 May
2020); (4) PM2.5 data from the Ministry of Ecology and Environment of the People s
Republic of China (http://www.mee.gov.cn/, accessed on 10 March 2020), consisting
of hourly real-time data of the continuous measurement of PM2.5 particulate matter
from 13 national monitoring stations in Xi'an; (5) atmospheric profile parameters from
the National Aeronautics and Space Administration (https://www.nasa.gov/, accessed
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on 1 May 2020); (6) relevant population, social, and economic data from the Statistical
Yearbook of Xi’an City, some of which were obtained by field measurements.

Xi’ an City

Study Area

Figure 2. Study area.

2.2. Field Survey

We began our field survey by selecting various existing green space quadrats in
6 urban districts of Xi’an City. To maintain the universality of the quadrats, several types
of green spaces were selected. These included parks, community green spaces, university
campuses, and scenic locales. We used a hand-held GPS or other mobile devices capable of
obtaining latitude and longitude information to define 20 m x 20 m sample squares in the
field. Other tools used for the field measurements included a tree diameter measuring tape,
an altimeter, and the “Xingse” app [32] for identifying species. Field data were collected
between June and August 2018. The collected field data included tree diameters at breast
height (DBH, 1.3 m above the ground), heights under branches, left and right crown widths,
tree heights, health status, and coordinates. A total of 121 groups of measured data samples
were collected: 25 groups in Yanta District, 25 groups in Beilin District, 25 groups in Lianhu
District, 22 groups in Xincheng District, 16 groups in Weiyang District, and 8 groups in
Bagiao District. A total of 1795 trees were measured.

2.3. Ecosystem Service Estimation

Based on the status of the ecological environment in the study area, we selected
4 services for calculation: biodiversity, carbon sequestration, air purification, and climate
regulation. Based on the field measurement data and remote sensing images, biodiversity
services used the inversion model of species diversity in the arbor layer [33] for estimating
biodiversity. The sedimentation flux [34] was calculated based on the sedimentation rate.
The leaf area indexes of various tree species and the ability of green spaces to remove PM2.5
were jointly evaluated. We obtained hourly PM2.5 concentration data from 14 January 2018.
Using remote sensing tools and the In'VEST Carbon module [35], the carbon sequestration
service capacity and the spatial distribution of green spaces in the study area were studied.
The mono-window algorithm [36] was used to calculate the land surface temperature based
on the image data acquired on 23 June 2018. The specific measurement index system is
presented in Table 1.
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Table 1. Indexes and methods for estimating ecosystem service functions.

Evaluation Type

Calculation Formula Description

Biodiversity

Air purification

Carbon sequestration

Climate regulation

H = —0.096NDVI + 0.131TC, + 0.143TC3 + 1.673

(R? = 0.637,P < 0.01) H is the Shannon Wienner Index [37].

C—FxLAIxTx (1—R) C is the amount of PM2.5 that can be removed

per unit area in a day without rainfall.

Cstorage = (Csoit + Capove + Chelow + Caead) X S Cstorage is the total carbon storage.
T = ax(1-C—D)+(bx(1-C—D)+C+D)xT;—DxT,
- C
C=e; D=(1-1)1+(1—-¢)1) Ts is the surface temperature.

(a = —67.355351, b = 0.458606)

In the above formulas, NDVI is the normalized difference vegetation index [38], TC;
is the greenness, and TCj3 is the humidity. The variable F is the dry deposition flux, LAI
is the leaf area index, T indicates 24 h per day, and R is the resuspension rate. Variables
Csoits Capover Crelow, and Cgeqg correspond to the carbon density of soil, aboveground and
underground vegetation, and dead organic matter, respectively. Additionally, S is the area,
¢ is the surface emissivity, T is the atmospheric transmittance, T} is the surface brightness
temperature, and T, is the average temperature of the atmosphere.

2.4. Evaluation of the Equity

This study introduced the location quotient [39] to analyze the spatial distribution
patterns of ecosystem service equity. Assuming that the location quotient of each regional
unit is the per capita green area of the population in the region and the quality of the
4 ecosystem services, the formula for the location quotient is as follows:

QS = 1)

Slolk ey

where QS; refers to the location quotient of the i-th spatial area unit; G; represents the green
area in the i-th spatial area unit and the corresponding quality of 4 types of ecosystem ser-
vices; P; refers to the permanent resident population in the i-th spatial area unit Population;
G refers to the total green area and the quality of ecosystem services in the entire study
area; P refers to the total population of the entire study area.

2.5. Regionalization

In this study, we used the regionalization method to accurately cluster and partition
areas whose equity evaluation needs to be improved. This method is based on dynamic
constraint aggregation clustering and partitioning. The algorithm is based on 6 regionaliza-
tion methods, which combine 3 clustering methods (single-link clustering, average link
clustering, and full link clustering) and 2 spatial constraint strategies (first-order constraints
and full-order constraints). We chose the full-order constraint strategy, which is based on
the distance-based k-nearest neighbor matrix and a set of driving agglomerative clustering
methods. Average link clustering (d 41 x) defines the distance between 2 clusters as the
average difference between all pairs of data points across clusters.

Y. Y du 2)

ueLveM

1
dark (L, M) LM
where |L| and | M| are the number of data points in clusters L and M, respectively; u € L
and v € M are two data points; d,,, is the dissimilarity between u and v.

The merging process uses the full-order constraint strategy to merge adjacent con-
straints. Continuity-constrained clustering does not allow 2 spatially discontinuous clusters
to be merged. This is the difference between classical spatial clustering and regionalization.
The full-order constraint strategy includes all edges in the clustering process and defines
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the distance between 2 clusters from all edges. This strategy is dynamic because it updates
the adjacency matrix after each merge to track all edges connecting 2 different clusters.

3. Results
3.1. Ecosystem Service Estimation

The ecosystem services were measured as shown in Figure 3. The diversity index
ranged from 1.694 to 1.725. Higher values are mainly distributed in places such as parks
and their vicinities (e.g., Xi’an Botanical Garden, Baqgiao Ecological Wetland Park, and
Weihe City Sports Park). The lowest values occurred in towns surrounding the colonies east
of Baqiao District, and near the West Hi-tech Zone and Hancheng Interchange. Overall, the
Xi’an green space revealed low complexity of community structures, an uneven distribution
of green spaces, a high frequency of single plants, and low biodiversity.
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Figure 3. Evaluation of ecosystem services in urban green spaces. (a) Biodiversity map. (b) PM2.5 daily Reduction map. (c)

Carbon sequestration map.

(d) Heat island effect map.

In this study, the urban green spaces showing the greatest reduction of PM2.5 were
areas with high plant coverage, such as Weihe City Sports Park in the northern section of
the study area, Hanchangan City Relics Park in the west, Daming Palace National Relics
Park in the central part of the study area, Bagiao Ecological Wetland Park in the east,
and some tourist scenic locales. The maximum PM2.5 reduction was 0.0145 g/ m3. The
minimum reduction was 0.0058 g/m>. Dense networks of roads appeared to be a key factor
in areas with lower PM2.5 reduction. The poor particulate capture effect of plants is mainly
attributed to the high pollution, frequent road dust, and other related factors.
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There were considerable variations in the carbon storage capacity of different regions
in the study area. Carbon sequestration in the south and east was greater than that in
the north and west, respectively. The Weiyang, Yanta, and Baqgiao districts demonstrated
greater carbon sequestration than other areas. The maximum sequestration value was
12.8 t/hm?. Large parks, university campuses, and scenic spots with long-established
vegetation had the greatest capacity for carbon sequestration.

Land surface temperatures (LSTs), as obtained from remote sensing images on 23 June
2018, ranged from 20.2 to 54.1 °C. The natural break-point method was used to classify the
LSTs. Land surface temperatures decreased from northwest to southeast. High-temperature
areas were larger, localized, and contiguous, while low-temperature areas were more
scattered. Low-temperature areas appeared near water bodies and large parks. Further
analysis of the relationship between urban green spaces and the heat island region shows
that the low NDVI area and the high LST area have a high degree of alignment. The high
NDVI areas were mostly in urban parks and the low NDVI areas were mainly rivers and
other water bodies, as well as areas with less green space near the urban center. The NDVI
of the study area was significantly negatively correlated with LST (0.01). This indicates that
the LST in the green spaces with higher vegetative coverage was lower than that in other
areas. Therefore, green spaces can reduce LSTs and alleviate urban heat island effects.

Field measurements were conducted to verify remotely sensed data. For biodiversity
services, the correlation coefficient between the measured values and remote sensing
simulated values was 0.887. This suggests a significant correlation at the 0.01 confidence
level. Because green space structure information is difficult to identify and judge, a green
space community with poor structure has low diversity levels despite high vegetation
coverage, so the index results obtained by variable parameter inversions in this study are
higher than the measured values. The biomass of various tree species was calculated for
carbon sequestration services combined with the allometric growth equation [40]. The
correlation coefficient between the measured calculated value and the model simulated
value was 0.811, which indicates a significant correlation at a confidence level of 0.01. In
addition to carbon fixation by above-ground plants through photosynthesis, the InVEST
model also estimates carbon density in soil and carbon sequestration accumulated by
humus (dead organic matter, such as plant leaves and branches). Therefore, the model
estimates are generally greater than the actual values.

3.2. Evaluation of the Equity

The material quality of ecosystem services makes it possible to quantify equity. Based
on the concept of social equity and the ecosystem services of urban green space systems,
we established a quantitative index for evaluating the equity of urban green spaces in the
study area. The equity levels were defined according to the location quotient value, as
shown in Table 2.

Table 2. The classification standard of the location quotient value.

Level Location Quotient Description
Low <0.77 The regional per capita ecosystem service level is lower than the average level of
the study area.
Medium 0.77-1.14 (with) Basically equal to the average level of the study area.
High 1.14 (without)-2.2 The regional per capita ecosystem service level is higher than the average level
of the study area.
Extreme 220 The regional per capita ecological service level is twice as high as the average

level of the study area.

Figure 4 depicts the regional distribution of the location quotient. It shows that
different regional units have varying degrees of differences in green space area, plant
community richness, carbon sequestration ability of tree species, air purification, and
climate regulation. Figure 5 shows the difference in the per capita level of ecosystem
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services combined with regional population factors. These differences indicate that there is
an imbalance in ecosystem services among different regions.
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The results show that there are notable differences in the location quotients of ecosys-
tem services among different administrative regions. Although the green space of Yanta
District is in the upper level, the per capita service value of the four types of ecosystems
is low. The per capita green space in Baqiao District is relatively high, and the level of air
purification services and carbon sequestration services are also high. The per capita level
of biodiversity, climate regulation, and air purification ecosystem services in Xincheng
District are relatively high. Beilin District has a relatively high level of biodiversity, carbon
sequestration, and climate regulation services. The per capita level of ecosystem services in
Lianhu and Weiyang districts is at a medium level. According to the data, the population
density of Yanta District is approximately 45,000 people per square kilometer, which is
approximately twice that of Bagiao District. There are many different types of green spaces
in Yanta District, such as parks and scenic spots, but the per capita level of green space
ecosystem services is still low. Thus, it can be seen that in areas with low population
density, the per capita green space ecosystem service level is higher. Therefore, considering
population density factors when planning the spatial distribution pattern of green space
ecosystem services is essential for achieving social equity.

3.3. Regionalization

According to the results of the equity assessment, ecosystem services with lower
or middle locational quotients (less than 1.14) in each administrative regional unit were
selected for optimization. To eliminate the impacts of dimensionless inconsistencies among
various service indicators, it is necessary to normalize the results for biodiversity, car-
bon sequestration, air purification, and climate regulation. After standardizing these
results, the spatial distribution of comprehensive ecosystem services to be improved can
be obtained (Figure 6).

/?’ o T Comprehensive Ecosystem Service Index
7% { o 0.831651
- LR U -
G N 0.204839
2 | 2 i
P i i \ §
A L thg
% s TR
o N ‘&; ~
bW

D 0 3.5 km

Figure 6. Optimal cluster number selection.

The lower the integrated ecosystem service index, the higher the value of its opti-
mization in promoting the ecosystem service value of the whole region. By examining
this spatial distribution, local areas that should be prioritized for improvement can be
intuitively judged. However, the fragmented green landscape ecology cannot be optimized
for ecosystem service management. The spatial regionalization of ecosystem services
facilitates the implementation of precise regulation and control of green space development
by relevant government departments. Based on a grid scale of 1 km, we created 913 grid
spaces. The integrated ecosystem service index of the corresponding grid was calculated,
and the study area was divided into areas proposed for different degrees of improvement
based on the REDCAP method. The average value of the integrated ecosystem services
index of each grid was counted as the input data by zoning. The spatial weight matrix
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Gridded

was generated by the distance-based K-nearest neighbor matrix method. The clustering of
continuous and uniform blocks was identified using the REDCAP method. The specific
process is shown in Figure 7. We selected the in-group squared error sum to determine
the optimal number of clusters and used the Factoextra package in R for calculation. The
inflection point diagram in Figure 8 shows that when the cluster exceeded 12, the variance
in the clusters did not significantly decrease. Therefore, the optimal number of clusters
was 12.

Zoning statistics Minimum spanning tree connected graph Regionalized results

*
= -
== -
Figure 7. Regionalization process diagram.
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Figure 8. Comprehensive ecosystem service evaluation map.

After the regionalization of the 913 ecological grid spaces, 12 types of clusters were
obtained, and 5 types of ecosystem service zones were determined by reclassification ac-
cording to the statistical values of each homogeneous region (see Table 3). Figures 9 and 10
show the results of the homogeneous regions as determined by REDCAP.
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Table 3. Statistics of homogeneous regions.

Ecosystem Clusters
Services Index 1 2 3 4 5 6 7 8 9 10 11 12
Area 361.4 3462 3634 2921 1124 10 10.71 10.87 6.026 3.132 2.633 5.017
Mean 52.79 455 0 0.729 40.68 0 0 0 30.33 182 20.6 0
Q1 50 45 0 0 38 0 0 0 0 0 0 0
Median 54 47 0 0 41 0 0 0 45 0 0 0
Q3 56 49 0 0 41 0 0 0 45 43 51 0
STD 7459 9.454 0 4.439 3.061 0 0 0 235 2498 28.21 0
.
2 s
;o
4 [l 10
Bl B
I 5 12
0 5 10 km
| 1 J
Figure 9. Regionalized results.
- Zone space |

Zone space 2
B 7one space 3

I 7one space 4
B 7one space 3

0 5 10 km
| 1 |

Figure 10. Zoning group ecosystem service cluster.
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Cluster 1 (Zone space 1) covers most areas of Weiyang and Bagqiao districts. The water
system in the study area is mainly distributed in this cluster, including one east-west (Wei
river) and two north-south (Chan and Ba rivers) large water bodies. The pace of green
space construction in this region has accelerated in recent years. The richness of green
space species diversity and the ecosystem service level of the road green belt needs to be
improved. Owing to natural and geographic factors, such as wind direction, air quality is
relatively poor in the southern part of the Weibei Tableland and in the western part of the
Bailu Plain.

Cluster 2 (Zone space 2) is in the highly urbanized Beilin, Yanta, Xincheng, and
Lianhu districts. There is a large degree of fragmentation of green space, with many parks,
university and community green spaces, and green belts in the region. Because of the
consideration given to the ecological environment during urban construction, the overall
ecosystem service level is relatively high.

Clusters 3, 4, 6, 7, 8, and 12 (Zone space 3) in the study area are locations where
green resources are not distributed or where the relative equity index has been reached.
Cluster 5 (Zone space 4) is a mountainous region, which also has a high level of ecosystem
services. Clusters 9, 10, and 11 (Zone space 5) have relatively high farmland distribution, a
low urbanization rate, little vegetation providing ecological benefits, and a low ecosystem
service index.

4. Discussion
4.1. Explanation of the Study Perspective

In recent years, the rate of urbanization has been rapidly increasing worldwide. The
pace of urban construction has accelerated in Xi’an City and the national central cities
in China, and it is imperative to alleviate the negative impact of urbanization on the
ecosystem. The results of this study show a diversity index range of 0.694~1.725, urban
green space PM2.5 reductions in the range of 0.0058-0.0145 g/m3, and a maximum urban
green space carbon storage value of 12.8 t/hm?. The spatial distribution of individual
ecosystem services varies greatly. These results are consistent with the conclusions of
previous studies [13,15]. Based on the equity results, partitioning revealed 12 clusters
with distinct characteristics and 5 types of ecosystem service zones. Different types of
ecosystem service zones have distinct characteristics, which is a major difference between
this study and others. As one of the basic conditions to ensure the sustainable development
of the city, the spatial form of the urban green space system should gradually move from
decentralization to connection. Only by further integrating green spaces with urban spaces
can the green space system exert its ecological benefits.

With the continuous development of urban areas, an increasing variety of trees has
been introduced into parks. This includes some tall broad-leaved tree species, which block
sunlight from reaching the neighboring lower plants. This shading leads to poor growth
of pine and other low-growing trees. The park green spaces are an important part of
urban green spaces, so the health of plants in parks should be considered [41]. Planners
should optimize plant layout, provide good growth conditions for plants, and improve
the level of urban green space systems. However, for specific locations, such as the area
near the railway station and some communities with fewer green resources, trees with
higher carbon sequestration potential (such as sycamore and Golden rain tree) should be
planted. The local ecosystem service level should be improved by increasing community
green spaces.

According to the field survey data, Oleaceae is a broad-leaved evergreen tree that is
widely planted in the study area. It has strong adaptability and remains green throughout
the year. It provides shade in summer, has strong cold resistance, can purify air, and blocks
dust. A disadvantage is the large, viscous, dark fruit it produces. When the tree sheds its
fruit, roads are often stained and mottled with black, and pedestrians are reluctant to walk
under the trees. When planning future urban green space systems, suitable tree species
should be chosen according to local conditions [42]. To improve air quality, planners
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could plant more plant species with higher leaf area indexes and consider adjusting the
arrangement of buildings and green plants according to wind direction factors. Xi'an City
is in the warm deciduous broad-leaved forest belt. On the premise that native tree species
are the primary species present, the numbers of exotic tree species (such as those with a
strong resistance to adversity and high ornamental value) and evergreen broad-leaved
tree species should be appropriately increased. Spatial optimization of urban green space
ecosystem services is an effective way to maximize the ecological benefits of urban green
spaces. System planning should include the consideration of local conditions. Moreover,
a deeper coupling mechanism between urbanization and the environment remains to
be explored.

4.2. Method Comparison

Optimization based on the goal of ecosystem service clusters can incorporate the
functional attributes of ecological land to the maximum extent and can quantify the pro-
portions of different ecosystem service spaces. This helps to form a relationship between
the green space system and ecological functions in deep systems. As a layered, aggregated
approach, the REDCAP method generates a hierarchy based on a region (the entire data
set) that continues up to a specified maximum number of subregions. It considers the
spatial relation between the geometric figures in the form of spatial weights. Compared
with traditional methods such as K-means clustering, hierarchical methods are particularly
suitable for such applications because ecological and geographical entities are arranged
hierarchically [43]. Although we identified statistical optimizations with regard to cluster
size, REDCAP suggests no assumptions about the appropriate analysis and display scale.
Instead, it helps explore the regionalization pattern, as users can easily select and display
any number of desired clusters, illustrate how the regional pattern changes with classifica-
tion details, thereby allowing the examination of cluster boundaries. This is valuable for
understanding the similarities between spatial units and regions. Spatial information is
presented over a wider area, allowing users to examine changes in the characteristics of
individual units. In contrast to traditional K-means clustering, the hierarchical nature of
REDCAP provides a more flexible platform for exploring the relative relationships between
regions. We advocate that, where appropriate, more consideration should be given to
spatial continuity as a method of diminishing regionalization constraints.

4.3. Limitations of This Study

Different vegetation types contribute differently to human health. In this study, only
trees were considered as the main source of ecosystem services. Information on shrubs and
herbs was not collected. Future studies should fully consider the urban green space systems
to compile more complete data. Hyperspectral remote sensing and LIDAR technology
could also be used to improve the information collection of green space tree species.

Based on a comprehensive consideration of the characteristics of the study area, and
in view of the current situation of rapid urbanization, this study provides a reference for
the future planning of urban ecosystem services. However, if there is a need for a more
comprehensive evaluation of urban green space systems, the results of the current study
will need to be augmented. For example, various trees have properties that facilitate partic-
ulate capture and noise reduction [44]. Furthermore, ecological function, disaster refuge,
and disaster reduction systems could also be considered in green space planning [45].

In this study, the calculation of the per capita index of green space equity evaluation is
based on district-level administrative units. In the future, subdistrict-level data should be
considered to increase the level of regional differentiation.

5. Conclusions

This study used satellite remote sensing and field sampling data to map ecosystem
services of the green space system in the main urban area of Xi’an City. We evaluated and
analyzed the equity of ecosystem services of the green space system in the study area. At
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the urban level, green space resources are unevenly distributed, and the spatial distribution
of ecosystem services in different regions is generally inefficient, with obvious inequity.

Based upon the results of the evaluation, we propose a new strategy for the regional-
ization and management of some ecosystem services. The REDCAP algorithm was used
in combination with the number structure and spatial distribution of regionalization for
creating a comprehensive index of ecosystem services in the study area. We developed
913 grid spaces, 12 partitions, and 5 zones to differentiate distinct levels of ecosystem
services. The results of this study can help optimize green space planning guidance for
the improvement of the urban ecological environment, to further meet the demands of
residents of the ecological environment, and to promote the harmonious development of
humans and the environment.
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