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Abstract: Urban green spaces play a crucial role in maintaining urban ecosystem sustainability by
providing numerous ecosystem services. How to quantify and evaluate the ecological benefits and
services of urban green spaces remains a hot topic currently, while the evaluation is barely applied
or implemented in urban design and planning. In this study, super-high-resolution aerial images
were used to acquire the spatial distribution of urban green spaces; a modified pre-stratified random
sampling method was applied to obtain the vegetation information of the four types of urban green
spaces in Luohe, a common plain city in China; and i-Tree Eco model was further used to assess
the vegetation structure and various ecosystem services including air quality improvement, rainfall
interception, carbon storage, and sequestration provided by four types of urban green spaces. The
modeling results reveal that there were about 1,006,251 trees in this area. In 2013, all the trees in these
green spaces could store about 54,329 t of carbon, sequester about 4973 t of gross carbon, remove 92 t
of air pollutants, and avoid 122,637 m? of runoff. The study illustrates an innovative method to reveal
different types of urban green spaces with distinct ecosystem service productivity capacity to better
understand their various roles in regulating the urban environment. The results could be used to
assist urban planners and policymakers to optimize urban green space structure and composition to
maximize ecosystem services provision.

Keywords: urban green space; ecosystem services; i-Tree Eco; vegetation structure; Luohe

1. Introduction

Urban green space, as an inseparable element of urban ecosystems, provides critical ecosystem
services [1,2] for human wellbeing, like air quality improvement [3,4] through pollution removal and
noise reduction, water and soil conservation [5], microclimate regulation [6,7], urban heat island (UHI)
mitigation [8], biodiversity conservation [9,10], etc. Meanwhile, urban green spaces also bring economic
and social benefits [11,12], for instance, energy saving, promoting community integration [13], and
outdoor recreation. Their potential contribution to citizens is also being increasingly acknowledged.

Urban ecosystem services of green spaces have been identified, quantified, and assessed to inform
taxpayers and support urban planning and decision-making processes [14-20]. However, urban
ecosystem services are rarely involved in actual urban design and planning because of the lack of
sufficient basic research about urban green space ecosystem services [21,22]. Urban planners and
policymakers often lack knowledge of the benchmarks for ecosystem productivity when setting specific
planning goals or expectations [16,23]. Furthermore, many studies focus on the different eco-functions
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of various vegetation communities within the urban area [24-29], while there are few studies that
analyze variations in types and functions of urban green spaces at finer scales [1,22,30]. Urban green
spaces are divided into several types, reflecting the different needs that these spaces meet, which
could further affect the different ecosystem services provision. The capacity of various green spaces
ecosystem services provision is context-specific and different depending on their type and size [31,32].
Various types of urban green spaces such as public parks, road belt green space, wetland, and private
gardens are extremely heterogeneous with different vegetation communities and diversities reflecting
diverse social needs and personal preferences that further influence eco-function value provision [33].

In China, spatially heterogeneous urban green spaces are classified into four main types, which
are public parks, protective green spaces, square green spaces, and attached green spaces by individual
location and function across urban area based on Standard for Classification of Urban Green Space
(CJ]J/T85-2017), which was released by Ministry of Housing and Urban-Rural Development of PR.C.
in 2017. Different social needs and ecological values that are driven by landowners’ preferences and
function-oriented design bring various types of urban green spaces [34]. Diverse vegetation preferences
and differing management and maintenance practices reflect human-oriented design within different
types of urban green spaces [35,36].

Urban green spaces regulate regional microclimate via shading, evapotranspiration, boosting
air movements, and increasing heat exchange, which mitigates urban heat island (UHI) effects at
a city scale [37-39]. Furthermore, vegetation in green spaces can not only intercept rainfall and
reduce rainfall runoff, but also bring more rainfall infiltration, which decreases the frequency of urban
floods and stormwater treatment costs and damages [40]. These ecological benefits are based on the
composition and structure of the urban forest, which is crucial for improving and regulating the urban
environment [25]. Exposing how different types of urban green spaces impact ecosystem service
performance could help policymakers and urban planners to optimize green space planning and
maximize ecosystem services provision. However, there are many studies focusing on how vegetation
types like trees, shrubs and herbaceous, or vegetation communities perform in ecosystem services
provision [28,41-46]. There are comparatively few studies concerning different types of urban green
space ecosystem service provision and baseline information is not available on the vegetation structure,
ecosystem benefits, and value of various types of urban green spaces in Luohe. An assessment of the
city’s urban green spaces is also needed to make the policymakers, urban planners, city managers,
and the general public aware of the ecosystem services that their green spaces provide to better
preserve, manage, and maintain the existing urban green spaces in Luohe. In this paper, a spatial
distribution database of the four types of urban green spaces was acquired by high-resolution aerial
images interpretation and pre-stratified random plots were created to collect vegetation information of
the four types of urban green spaces. An i-Tree Eco model was then used to assess their vegetation
composition and structure and ecosystem services. Using these methods, the paper explores how
different types of urban green spaces perform in ecosystem services provision in Luohe. The baseline
information could be used for optimized management decision-making and planning, developing
suitable policies, and setting a maintenance plan for Luohe. Better-treated urban green spaces in this
area could contribute to air quality improvement and a better living environment for the general public.
The selected ecosystem services in this study were carbon storage and sequestration, air pollution
removal, and runoff avoidance. Because all the sample plots were created within the green space, and
there was less building information in these sample plots, energy saving was not discussed in this
study. The objective of this study is to reveal the difference in vegetation structure of the four types of
urban green spaces, to highlight how the various types of urban green spaces perform in ecosystem
service provisioning in Luohe, and to demonstrate how to increase and maximize the ecosystem
services provisioning in the future.
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2. Materials and Methods

2.1. Study Area

Luohe city was selected as the research area due to its large number and considerable diversity of
urban green spaces. Luohe city is a common medium-size plain city located in south-central Henan
Province, China (Latitude 33°34’55.36” N, Longitude 114°0"38.70” E, Figure 1). Luohe is situated in the
Cfa climate zone (Koppen Climate Classification System), and its elevation is 56 to 59 m above sea
level. Luohe consists of three districts, Yancheng, Yuanhui, and Shaoling, with a combined population
of 720,000, and a total of 8000 ha of land (2018 Henan Statistical Yearbook). The urban green space
ratio reaches 34% and the per capita public green space is 11.8 square meters (2018 Government Work
Report of Luohe). Two seasonal (January and June, 2016) super high-resolution (9 cm) Unmanned
Aerial Vehicle (UAV) images were available, which could be interpreted to achieve the amounts and
spatial distribution of urban green spaces in Luohe city.
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Figure 1. Location of Henan Province and Luohe City in central China (left); Pre-stratified sample plots
and spatial distribution of the four types of urban green spaces in Luohe (right).

2.2. Sample Plots Establishment

The three methods of sample plot establishment using the i-Tree model are the layering method,
random method, and grid method [25]. According to the i-Tree Eco v6 protocol, we could pre-stratify
or post-stratify the study area into smaller parts to better understand the differences across the various
strata [47]. An innovative application of i-Tree Eco was utilized in this study by creating sample plots
based on a pre-stratification scheme within the urban green spaces, which brought more valid sample
plots and vegetation information than normal random sample creation across the whole study area.
Four types of urban green spaces in Luohe were interpreted, classified, and delineated manually [48]
based on two-seasonal UAV images by combining with a Present Land Use Map of Luohe, which was
used to obtain a spatially explicit representation of the four types of urban green spaces (Figure 2).
Based on Random Plots Workbook from i-Tree Eco User’s Manual (2018), ArcGIS software with the
Spatial Analysis tools was utilized to create stratified random sample plots within the four types of
urban green spaces. A total of 120 circular 404.7 m? plots (Table 1) were created with public parks
(35 plots), protective green spaces (25 plots), attached green spaces (35 plots), and square green spaces
(25 plots). Each plot had an area of 404.7 m? as recommended by Nowak et al. [49]. The plots were
proportionally assigned to the four types of urban green spaces according to individual total area and
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complexity. Individual plot maps, at a scale of 1:500, with clear boundaries, were created from the
UAV images and printed to assist with the field survey.

)

Figure 2. Samples of urban green spaces in Luohe, (a) Public park; (b) Protective green space; (c) Square

green space; (d) Attached green space.

Table 1. Area and number of created sample plots of the four types of urban green spaces in Luohe.

Type of Urban Area (ha) Number of Definition of Typology of Urban Green Space
Green Space Sample Plots (Revised from CJJ/T85-2017)

Code: G1, publicly accessible, including all kinds of
Public Park 765 35 parks, like comprehensive parks, community parks,
theme parks, botanic gardens, belt parks, etc.
Code: G2, not suitable access, used for ecological
Protective Green 390 25 isolation, security, protection, including highway and
Space railway belt protective green space, high tension
corridor protective green space, etc.
Code: G3, publicly accessible open space, used for
Square Green Space 41 25 recreation, memorial, rally, emergency and
disaster-prevention, tree coverage above 35%.
Code: XG, attached to all kinds of land use, including
Attached Green 2123 35 residential, public management and service,
Space commercial, industrial, logistics and warehousing,
road and transportation, public facility, etc.
Study Area 3319 120 e

2.3. Data Collection and Analysis

Following the i-Tree Eco data collection protocol, field data such as plot information, groundcover
information, vegetation information were collected via field survey during the leaf-on season (May to
August in 2018) to identify and measure the trees properly. To be more specific, plot information includes
tree and shrub cover percentage, plantable space area and ground cover types under canopy; shrub
information was collected including species, average height, percent area, percent of mass missing,
etc.; tree information including tree species, total height, diameter at breast height (DBH, 1.37 m from
the base), canopy missing percentage, crown size, crown health condition, crown light exposure, etc. A
total of 111 plots with 35 public park plots, 23 protective green space plots, 33 attached green space
plots, and 23 square green space plots were investigated, while 9 plots were unachievable and 5 plots
were misclassified. All the field data were imported from Excel files to Access files in the i-Tree Eco
model by a hacking method to further analyze and assess vegetation structures of urban green spaces
and associated ecosystem services.
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2.4. i-Tree Eco V6 Modeling and Analysis

i-Tree model is a software suite developed by the USDA Forest Services to help managers and
researchers quantify urban forest structure and ecological functions (www.itreetools.org). i-Tree Eco
(formerly called UFORE, Urban Forest Effects Model) is designed to utilize standardized field data
from sample plots or complete inventories, together with local hourly air pollution and meteorological
data to analyze a detailed characterization of urban forest structure and quantify numerous ecological
services for cities [25]. The i-Tree model has been widely used in case studies across the world to
assess total ecosystem services for whole research areas without stratification or to compare one single
stratum within a research area [50-54]. This research represents an innovative application of i-Tree
Eco, using pre-stratified random sample plots created within the four types of urban green spaces to
reveal the various characterizations of diverse types of urban green spaces in Luohe. Pollution data
including hourly concentrations of NO,, SO,, CO, O3, PM;, and PM; 5 were obtained from the online
national database, hosted by the Ministry of Ecology and Environment of PR.C. (www.mee.gov.cn).
Local hourly meteorological data were acquired from Luohe Meteorological Service. Air pollution and
weather data from 2013 were used in this study.

3. Results

In this study, based on the leaf-off season high-resolution UAV images, only the plantable and
pervious area of urban green spaces were identified, interpreted, and delineated manually, while
using the interpretation procedure, appurtenances in the green spaces like outbuildings, trails, paved
surfaces, etc. were excluded, so the areas of individual types of urban green spaces discussed in this
study were smaller than actual area.

3.1. Spatial Distribution of the Four Types of Urban Green Spaces Across the City

Green space coverage in Luohe covered about 38% of the urban area. Considering the four main
types of urban green spaces, attached green spaces (2123 ha) was the highest coverage type of green
spaces in the city, followed by public parks (765 ha), protective green spaces (390 ha), and square green
spaces (41 ha).

By using the Sha and Li River as the natural boundary of the city, the city area was divided into
three parts, the north part, the south part, and the west part. The north part obviously had more
green spaces than the south part. The south part, as the old district, had few green spaces due to
historical factors and land conflicts. Since 2000, the north part as the new district began to be planned
and developed, with an increasing awareness of a better living environment, lots of green spaces
were planned initially and implemented to meet increasing needs. The west part was developed
with modern sustainable development strategies from 2010, relying on natural resources, lots of street
parks, and wetland parks were established until now. There was a notable difference in the individual
numbers of the four types of green spaces, and the distribution of the four types of urban green spaces
was not even across various land uses in Luohe.

Attached green spaces were not only the largest area type of green space but also the most widely
extended all over the city. The public parks were mainly located along Sha and Li River, but plenty of
areas lacked public parks or even small-size street-corner parks. Protective green space areas ranked
third, and mainly could be found along the highways, canals, and near plants. Square green space
areas were the least numerous type, as there were only six public squares and all the plantable coverage
was less than 35%.

3.2. Structural Variables of the Four Types of Urban Green Spaces

The model results show considerable variation among the four types of green spaces in terms of
structural variables (Table 2). There were approximately 1,006,251 trees within whole green spaces in
Luohe. Attached green spaces had the largest number of trees, accounting for more than 56.4% of all
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trees in Luohe, followed by public parks (27.0%), protective green spaces (15.3%), and square green
spaces (1.4%). The highest average tree density was found in protective green spaces (974 trees/ha),
followed by public parks, and square green spaces. Attached green spaces had the least tree density
with 660.2 trees/ha.

Table 2. Vegetation characterization and structure of the four types of urban green spaces in Luohe.

Acquired . Tree and Shrub Tree Simpson’s  Percent of
Number Percent of  Tree Density . 1 . . .

Stratum Sample of Trees  Population (Number/ha) Leaf Area Species SPP Diversity Native

Plots Density (m*/ha)  Richness Index Species
Public Park 35 271,662 27.0% 878 102,922.1 42 73 20.2 90.2
Protective Green Space 22 153,750 15.3% 974 112,176.2 32 89 8.1 93.7
Square Green Space 22 13,631 1.4% 822 95,315.6 30 83 16.4 93.5
Attached Green Space 32 567,209 56.4% 660 82,018.7 49 94 19.3 93.0
Study Area 111 1,006,251 100.0% 749 90,544.7 69 38 19.4 92.4

1 SPP: the number of species found in the sampled area per hectare.

In terms of diversity indices, attached green spaces had the highest richness with 93.5 species/ha,
followed by protective green spaces and square green spaces with 88.8 and 83.3 species/ha, respectively,
while public parks had the lowest richness with 73.3 species/ha. A higher Simpson’s diversity index,
which means greater species diversity [55], was found in public parks (20.2) and attached green spaces
(19.3). Protective green spaces had the lowest Simpson’s diversity index with 8.1.

Concerning the tree age distribution (Figure 3), more than 62.7% of trees had DBH < 15.2 cm in the
whole study area, which means that there are abundant young trees and, thus, a potential to contribute
to urban ecosystem services provision in the coming years. Only 4.5% of trees with DBH were higher
than 30.6 cm. Results showed a similar ranking with tree density concerning tree and shrub leaf area
density and leaf biomass, where protective green spaces had the highest leaf area density, followed
by public parks. However, square green spaces yielded the highest leaf biomass with 12,976.5 kg/ha
(Table 3), while attached green spaces had the lowest leaf biomass with 7735.6 kg/ha. It is notable that
shrubs in square green spaces made significant contributions to leaf biomass, which was equal to half
that of the contribution of trees.

puotic park |
protective Green space |
square creen space |
Attached Green space |
sy arca |

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
m0-76 m7.7-152 m15.3-30.5 30.6-45.7 m45.8-61 m61.1-76.2 W76.3-91.4

Figure 3. Tree population composition of the four types of urban green spaces in Luohe, classified by
DBH groups (Unit: cm).
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Table 3. Modeling results of the four types of urban green spaces in Luohe, assessed via i-Tree Eco.
Tree Leaf Shrub Leaf Carbon CO, Net Carb?n CO, Water Avoided Interception Ru‘n().ff
. . . Sequestration . . . Avoiding
Stratum Biomass Biomass Storage Equivalent Density Equivalent  Intercepted Runoff Efficiency Efficiency
3 3 3

(kg/ha) (kg/ha) (kg/yr/ha) (kg/yr/ha) (ke/yr/ha) (kg/yr/ha) (m°/yr) (m>/yr) (m>/yr/ha) (m3/yr/ha)
Public Park 7578.8 1227.9 57,970.0 212,576.0 4701.0 17,238.7 182,765.3 39,106.6 238.9 51.1
Protective Green Space 7695.2 1718.5 59,281.6 217,385.5 3995.3 14,650.7 83,929.2 17,958.4 215.2 46.0
Square Green Space 8768.4 4208.1 29,017 4 106,406.8 3281.0 12,031.2 4695.5 1004.7 114.5 24.5
Attached Green Space 5958.9 1776.7 30,894.3 113,289.4 2937.4 10,771.3 301,755.8 64,567.1 142.1 30.4
Study Area 6571.0 1673.4 40,447.5 148,320.9 34724 12,733.4 573,145.7 122,636.8 172.7 36.9
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3.3. Carbon Storage and Sequestration

Photosynthesis, which converts inorganic matter into organic matter and releases oxygen, is one of
the physiological features of trees via their tissue. During the physiological process, carbon dioxide in
the air is not only reduced, but oxygen is also produced, maintaining the balance of carbon and oxygen
in the air. Annual carbon sequestration efficiency showing the annual carbon absorption capacity
could be calculated by i-Tree Eco, which is related to tree size, health condition, canopy coverage, and
spatial distribution. All the trees of the four types of green spaces in Luohe could store approximately
54,329 t of carbon in 2013. There were around 4973 t of gross carbon sequestration from these green
spaces annually. Different types of green spaces had various carbon sequestration capacities, while
public parks had the highest net carbon sequestration efficiency with 4701 kg/yr/ha, attached green
spaces had the lowest one with 2937 kg/yr/ha.

Carbon storage efficiency exhibits a very different ranking, where protective green spaces had
the highest carbon storage efficiency with 59,281 kg/ha, followed by public parks with 57,970 kg/ha,
while attached green spaces and square green spaces had the lowest carbon storage capacity with
30,894 kg/ha and 29,017 kg/ha, respectively.

3.4. Air Pollution Removal

Since the 1950s, air quality issues have been a major concern worldwide [56]. Air quality is
therefore not only a pressing public health issue but is also affects ecosystem health [2]. Trees in urban
areas could remove air pollutants and improve air quality by absorbing harmful gas from cars or
plants and intercepting particulate matter [57-60]. Trees could absorb and filter large amounts of
particulate matter, nitrogen oxides, and sulfide every year [57,61]. i-Tree could quantify and estimate
the total amount of various harmful substances in the air purified by trees [62]. As shown in Figure 4,
about 92 t of air pollutants (CO, NO,, O3, PM; 5, SO,) were removed by all the trees in 2013. Of these
pollutants, there were more than 47.4 t of O3 removed by trees accounting for 51.5% of total pollutants.
Only 0.6 t of PM; 5 was removed in 2013. A similar trend can be seen with total leaf area ranking,
the highest pollutant removing capacity was found in attached green spaces with 48.4 t in 2013 and
square green spaces had the lowest capacity with 0.7 t. In terms of the efficiency of the removal of
different pollutants (Figure 5), the four types of green spaces had obvious differences in the removal of
various air pollutants ranging between 0.13 kg/ha to 19.8 kg/ha. Attached green spaces could remove
19.8 kg per ha, while only removing 0.27 kg of PM2.5. Square green spaces had the lowest air pollution
removal capacity from 0.13, 0.65, 3.9, 4.1, 9.2 kg/ha, PM; 5, CO, NO,, SO,, O3, respectively.

co
—
NO,
]
0Os
]
PMa.5
n
SO,
]
0 5 10 15 20 25

Pollution Removal (ton)

Public Park m Protective Green Space M Square Green Space M Attached Green Space

Figure 4. Air pollution (CO, NO;, O3, PM; 5, SO,) removal by the four types of urban green spaces
in Luohe.
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Figure 5. Yearly air pollution (CO, NO,, O3, PM; 5, SO,) removal efficiency of the four types of urban
green spaces in Luohe.

3.5. Runoff Reduction

Globally, urban floods are frequent occurrences [63,64]. Floods increase the contamination of
surface runoff in urban areas and lead to continuously deteriorating water quality in streams, rivers,
lakes, and wetlands [65]. When it rains, some portion of precipitation is intercepted and stored by the
vegetation canopy, bark, and branches, while the remainder reaches the ground. The precipitation
that falls on pervious or impervious surfaces and cannot infiltrate into the soil becomes surface runoff.
Furthermore, the overwhelming impervious coverage in the urban area increases the amount and
density of surface runoff [66]. Many studies have shown that trees in urban areas play a crucial role in
stormwater runoff reduction [67-69]. Results show that an estimated 122,636.8 m> of avoided runoff in
2013 was due to whole green spaces. The avoided runoff ranking had a similar trend as the individual
areas of each type of green space. However, the stormwater interception efficiency of different types of
green spaces varied considerably, public parks had the highest efficiency with 238.9 m3/ha/yr, followed
by protective green spaces and attached green spaces with 215.2 and 142.1 m3/ha/yr. Square green
spaces had the lowest interception efficiency with 114.5 m3/ha/yr, which was less than half that of
public parks. Compared to the interception efficiency, the runoff avoiding efficiency of the four types
of green spaces had the same ranking and was pretty low, public parks had the highest efficiency with
51.1 m®/ha/yr, which means that only 21.4% of the intercepted stormwater was captured. The rest of
the intercepted stormwater would evaporate into the air or become runoff. In terms of individual
tree interception capacity, individual trees in public parks had the highest capacity with 0.67 m?/yr,
followed by 0.55 and 0.53 m®/yr, for protective green spaces and attached green spaces, respectively,
while square green space trees had the lowest with 0.34 m3/yr.

4. Discussion

4.1. Analysis and Implications From Results

Innovative sampling approaches that create sample plots within the various types of green spaces
can acquire more valuable tree information than standard i-Tree Eco sampling methods, and also better
tree structure and ecosystem services estimations.

4.1.1. Vegetation Structure of Urban Green Spaces

Concerning vegetation structure, the urban green space is a mix of native and exotic tree
species composed, while different types of green space consist of various vegetation compositions or
communities that play an individual role or function. Not surprisingly, public parks and attached
green spaces have higher species diversity than protective and square green spaces, as they both have
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multiple functions and the various activities’ spaces are comprised of vegetation to meet all ages’ needs.
Protective and square green spaces have single or specific functions resulting from simple vegetation
communities within these areas. A higher species diversity could minimize ecological vulnerability
to natural disaster, while low species diversity has low ecosystem resilience [70]. High biodiversity
not only boosts ecosystem productivity, but also provides a healthy ecosystem to support natural
sustainability, which can lead to high resilience, in regard to withstanding and recovering from natural
hazards [71]. More attention should be focused on improving species diversity in protective square
green spaces.

4.1.2. Ecosystem Service Provision of the Four Types of Urban Green Spaces

The results of spatial distribution and an ecosystem service comparison of the four types of urban
green spaces reveal that the ratio of the four types of green spaces is unbalanced and attached green
spaces accounting for 56.4% of total trees offer the greatest ecosystem benefits. The highest carbon
storage efficiency was found in protective green spaces. Protective green spaces had the highest tree
density and thus have more above-ground biomass (carbon storage) than other types of green space.
Public parks had higher net carbon sequestration efficiency than protective green space. By comparing
the tree DBH proportion of public parks and protective green spaces, although protective green spaces
have higher tree density per ha, public parks have fewer small trees (DBH < 7.6 cm) and more medium
trees (15.3 cm < DBH < 30.5) than protective green space. Meanwhile, trees in public parks are well
maintained, receiving regular watering and fertilizing, and public parks have more large trees resulting
in a higher leaf area density. Obviously, large trees can provide significantly more ecosystem services
than small trees, while there are far more small trees in protective green spaces, which will mature and
have the potential to provide more ecosystem services in the coming years, and these trees should be
well treated and maintained.

The comparison of ecosystem service efficiency of the four types of urban green spaces indicates
that attached green spaces had the highest capacity and public parks had the highest efficiency in
providing ecosystem services for the city. Attached green spaces as the most widely distributed type of
green spaces had the closest connection with citizenship. According to the Classification Standard of
Urban Green Space (C]J/T85-2017), green space located in residential areas, municipal service areas,
commercial areas, industrial land, warehousing land, public facility area, and road and traffic facility
areas is attached green space. Attached green spaces not only provide recreation areas for human
beings but also decorate the living environment. These have the closest relationship with human
life and play a key role in the maintenance of ecological balance [72]. This suggests that the role of
attached green spaces in improving the urban environment and human life should be acknowledged,
well maintained and protected. Although attached green spaces account for a major percentage (64%)
of the total green space area, it has the lowest tree density per ha, resulting in a low ecosystem service
provision efficiency. With continuous maintenance and maturing in the future, attached green spaces
have great potential to be the most effective green space type with increasing ecosystem services
provision efficiency in Luohe. Square green spaces had the lowest capacity in ecosystem service
provision with lower tree density. In future urban greening programs, more trees could be planted in
attached green spaces and square green spaces to increase the total ecosystem service provision. The
ecosystem services of public parks were quantified and acquired, indicating that public parks have
the greatest ecosystem service provision capability for the city. Meanwhile, public parks that provide
habitats for many kinds of animals, and recreation spaces for multiple activities to the general public
should not be neglected. There has been huge investment every year in public parks management
and maintenance. The trees in public parks are growing well under continuous and stable investment
support, which further increases ecosystem service provision [73]. Meanwhile, strict regulations should
be established to protect current public parks. In fact, the Department of Green Space Management
in Luohe has released a series of rules and regulations, such as the Ecological Protection Redline
Program [74] intended to permanently protect the public parks and leave them to future generations.
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4.1.3. Air Pollution Removal of Urban Green Spaces

As this study investigated the four main types of urban green spaces, air pollution removal
by the whole green spaces across the city of Luohe was quantified. The air pollution removal
capacities of urban green spaces were limited and could remove less than 10% of PM;( emissions in
the city [3]. Trees in urban green spaces help to remove air pollution, while trees can also produce
negative effects like pollen pollution, limiting pollution dispersion and increasing local pollution
concentrations [75-77]. Hence, green space planning and management should be combined with other
environmental protection plans and strategies (e.g., more efficient energy consumption technology).
While climate adaption strategy continues to be involved in urban planning programs, urban green
space ecosystem service provision has not been introduced and remains unconsidered due to a lack of
scientific evidence. In many sustainable development projects focusing on the development of urban
green space and green infrastructure, only the social and aesthetic factors were considered, which
revealed that planners and policymakers need more information about the services provided by urban
green spaces. This study quantified the air pollution removal capabilities of the four types of urban
green spaces, which revealed a disparity in pollution removal capacities across the city. Acquiring the
unequal distribution of green spaces could be used to improve urban sustainable planning within the
city. Air pollution removal by urban green spaces in Luohe needs further research, considering the
complex ecological process and functions in the future.

4.1.4. Runoff Mitigation of Urban Green Space

The results showed that urban green space is indeed effective in reducing flooding and various
types of urban green spaces had different runoff avoiding capacities in Luohe. For example, each
ha of public parks could avoid more than 51 m? of rainfall runoff per year, which is the highest of
the four types of green spaces. However, urban flooding became more and more serious with the
acceleration of urbanization in Luohe, which was relatively common in China [78]. Urban green spaces
cannot eliminate urban flooding, but can undoubtedly mitigate flooding damage by the interception
effect. Urban green spaces are a key green infrastructure and, by combining with gray infrastructure,
can improve flood mitigation effects. Urban green spaces are considered an effective component of
stormwater management infrastructure and many cities are now considering urban green spaces as an
important element for the effective implementation of sponge cities [79] or stormwater management
strategies [80]. Meanwhile, urban green spaces could be a very cost-effective way to decrease the need
for expensive gray infrastructure, such as retention tanks and sewer systems [81]. However, urban
green spaces have very limited runoff avoiding capacity, indicating that the combined development of
green and gray infrastructure would be more effective and practical for flooding mitigation [82,83].
The runoff avoiding performance of various types of urban green spaces was acquired. Apart from
public parks, the other three types of green spaces had great potential to increase their runoff avoiding
capacities via increasing tree density, replacing tree species with high leaf area index, and infiltration
by improving the soil.

4.2. Reliability and Limitations

The i-Tree model is a publicly accessible toolset and technical support is available through email
from the support team. By performing consistent, peer-reviewed procedures and on-site field survey
data, the vegetation structure and ecosystem services of urban forests could be assessed and quantified
by the i-Tree Eco model [25]. However, urban green spaces are complicated and normally it is difficult
to assess the associated vegetation structure and to further estimate and quantify their ecosystem
services. The i-Tree model is based on a sampling method within an entire study area and could
provide a much more scientific and reasonable estimation of the entire population and ecosystem
service provision of different sizes or species of trees [84]. More accurate locally collected field data
would also lead to more reliable and precise eco-function estimation [25]. Derkzen et al. noted that
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one shortcoming of i-Tree Eco is that it does not discriminate between various types of urban green
spaces [17]. Using super-high-resolution UAV images, our modified-sample-plot-creation approach
showed how starting a proper stratification project to create stratified sample plots enabled i-Tree Eco
to compare the ecosystem service provision of various types of urban green spaces. Our modified
methodology enabled the mapping of the spatial distribution and ecosystem service provision of urban
green spaces at a city scale, which can be adapted to other cities to explore ecosystem service provision
by urban green spaces, further assisting municipal planning.

However, this study has some limitations. The precision of the ecosystem services depends on
the number of samples and plot size. Normally, 200 random samples will produce a 12% standard
error for the entire study area [49]. Therefore, more sample plots lead to a more precise estimation.
Due to the available resources and limited funding support, 120 random sample plots were created
within four types of urban green space in this study. Unlike other studies, where many plots were
located in buildings, roads, etc., resulting in limited valid tree information, almost all the sample plots
in this study were valid and a substantial amount of vegetation information was obtained. More
sample plots would provide a more precise assessment of ecosystem service provision, while the time
and cost of the field survey would increase [49]. A tradeoff decision should be made to find a proper
balance between precision and cost. The assessment of vegetation structure and ecosystem services of
urban green spaces had good consistency with ground-based estimations in other studies [52,85,86].
One more limitation is that only one year of meteorological and air quality data was used in this
study; continuous long-term data would bring more detailed information about the ecosystem service
provision. The i-Tree Eco model also calculates air pollution removal based on an average deposition
velocity estimated from tree coverage area, leaf area index, and hourly local air pollution data. For
individual tree contributions, the total pollutant removal is prorated to a single tree based on its
proportion of the total leaf area. It should be noted that the different pollutant removal capabilities of
various tree species are not considered and only the tree leaf area attribute is taken into consideration
in the model. Further studies should be completed to fill the identified gaps.

5. Conclusions

Urban green spaces represent a fundamental component of urban ecosystems. Different types of
urban green spaces with various vegetation communities and functions result in different ecosystem
services. The purpose of this study was to reveal how various types of urban green space perform in
ecosystem service and value provision in Luohe, exploring how to increase and maximize ecosystem
services. The assessment and estimation of the vegetation structure and ecosystem services of urban
green space provide a sound basis for ecosystem productivity of current urban green space in Luohe.
As urban green spaces are growing and changing all the time, it is critical to acknowledge the spatial
pattern and variation of urban green space ecosystem service provision. The efficiency of diverse
types of urban green spaces in the provision of various ecosystem services could be used by urban
planners or managers to set specific planning goals in the future. For green space projects where the
implementation and maintenance costs are known, i-Tree Eco could be used to conduct a cost-benefit
analysis, which would be helpful when planning urban green space. This study utilized an innovative
method to collect field data to acknowledge the ecological values easily and reach a fuller understanding
of various roles and functions of diverse types of urban green space. The i-Tree Eco model, as a
free valuable tool to assess the ecosystem services of urban forests, has great potential to be used in
relative research and other urban contexts. The results gained in this study can help urban planners,
policymakers, and landscape architects to provide more rational planning or optimum proportions of
various types of urban green space and maximize the ecosystem benefits as a key part of urban green
infrastructure to support ecosystem balance.
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