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Abstract: The establishment of national forest city (NFC) is to regulate the urban climate and realize
the integrated development of urban and rural areas. We explored the changes and relationships
between ecosystem supporting services and regulating services before and after the construction of
NFC in the Pearl River Delta urban agglomeration (PRD). InVEST and CASA models were used to
evaluate five ecosystem services (ESs), and correlation analysis was used to analyze the relationship
between ESs. The results showed that (1) Construction land increased significantly from 2005 to 2020,
while cultivated land decreased the most, followed by woodland. (2) All ESs except NPP decreased
from 2005 to 2020 in the PRD. (3) There was a synergistic relationship between supporting service
and regulating service, and their internal services are positively correlated. This study proved the
guaranteed effect of supporting services on regulating services, and we found that the construction of
NFC can restrain the decline of ESs. Based on the above results, we proposed nature- based solutions
for the development of forest cities.

Keywords: supporting service; regulating service; relationship; national forest city; Pearl River Delta
urban agglomeration

1. Introduction

Ecosystem services (ESs) refer to the benefits that humans derive directly or indirectly
from nature [1]. ESs provide raw materials for production and living, as well as regulate
climate, eliminate pollution and enrich humans’ spiritual world [1–3]. The most widely
used ESs classification includes the four categories of provision service, supporting ser-
vice, regulating service and cultural service proposed by Millennium Ecosystem Services
Assessment in 2005 [4]. Integrating ESs into urban planning and management is of great
significance for urban sustainable development [5].

For more effective urban management and greater benefits of ecosystem services, it is
necessary to clarify the relationship between various ecosystem services [6,7]. Trade-offs and
synergies are two primary relations in ESs, which have been favored by researchers [6,8–11].
The relationship between provision service and regulating service has been discussed in many
aspects, such as the trade-offs of food production with regulating services and the trade-offs
among water-related ESs [6,12]. However, as far as we know, few studies have explored
the relationship between supporting services and regulating services. Supporting services
were often neglected because they do not directly contribute to human well-being [13,14].
Supporting services have been pointed out by researchers to have guaranteed utility for
three types of services [14,15]. Therefore, it is necessary to explore the trade-off between
supporting services and other services.

The national forest city (NFC) refers to a city whose urban ecosystem is dominated
by forest vegetation, and whose urban ecological construction has achieved urban-rural
integration development [16]. NFC must meet dozens of indicators, such as urban green
coverage, per capita area of parks, native tree species and forest health [17]. The construc-
tion of NFC focuses on the creation and connection of green spaces such as parks and
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woodlands. Green space has been proven to reduce the urban heat island effect and absorb
carbon emissions [3,18], which belong to ecosystem regulation services. Therefore, it is
necessary to explore the regulating services and supporting services of NFC. China began
the construction of NFC in 2004. The Pearl River Delta urban agglomeration (PRD) had
become the first national forest city agglomeration in China by 2020, and all nine cities
have been identified as NFC. At the same time, the PRD is one of the three major urban
agglomerations in China, with rapid economic development and a dense population [19].
As urban agglomeration has gradually become the main form of urbanization in China,
exploring the supporting services and regulating services of forest urban agglomeration in
the PRD can provide effective references for the development of other forest cities in China.

Supporting services are fundamental to ecosystems; net primary productivity (NPP)
and habitat quality were selected to estimate supporting service. Habitat quality is a key
indicator of biodiversity, which has been affected severely by urbanization and human ac-
tivities [20,21]. NPP is one of the important parts of the surface carbon cycle, which directly
reflects the production capacity of vegetation communities under natural environmental
conditions and represents the quality of terrestrial ecosystems [22,23]. Regulating services
play a key role for human-beings, and resilient cities, carbon storage, water purification and
soil retention were selected to depict regulating services [6,12]. In this study, we used the
Integrated Valuation of Ecosystem Services and Trade-off model (InVEST) to calculate grid
ESs, which was developed by Stanford University and has been widely used to evaluate
multiple ESs [7]. The Carnegie–Ames–Stanford–Approach (CASA) model, which is one of
the most studied and applied NPP remote sensing inversion models, was used to calculate
NPP [24].

Overall, this study aims to provide a better understanding of the interactions between
supporting service and regulating service, and the management choices in urban and
landscape planning in NFC. The specific objectives were to: (1) evaluate supporting service
and regulating service in 2005 and 2020, (2) map the temporal change of supporting
service and regulating service, and (3) explore the relationship between supporting service
and regulating service and provide some effective references for effective construction of
forest cities.

2. Materials and Methods
2.1. Study Area

PRD (21.17◦–23.55◦ N, 111.59◦–115.25◦ E) is located in Guangdong Province on the
southeast coast of China (Figure 1). It covers 55,368.7 km2 and is composed of nine neigh-
boring cities such as Guangzhou and Shenzhen [25]. PRD has rapid economic development
and a dense population. In 2020, the permanent population of the PRD was 78.24 million,
and its gross domestic product (GDP) was 1.37 trillion USD, accounting for 62.09% and
80.49% of that of entire Guangdong Province, respectively. The population growth has ex-
ceeded 21 million over the past 10 years [26]. The urbanization rate of the PRD maintained
an average annual growth rate of 0.8% even though the rate has reached 71.4% [27].

In 2006, Guangzhou started the road of NFC construction and became the first NFC
in Guangdong Province in 2008. In 2018, nine cities in the PRD were built into national
forest cities, and the PRD was recognized as the first national forest urban agglomeration
in China in 2020. This study explored the changes in supporting services and regulating
services in PRD before and after the construction of NFC.
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Figure 1. Location of the study area. DEM: Digital elevation model.

2.2. Data Source and Preparation

There are six types of data we used to analyze ESs: (1) The land-use and land-cover (LULC)
data were divided into seven types (Table 1), which were acquired from the Data Center for
Resources and Environmental Sciences, Chinese Academy of Sciences (http://www.resdc.cn
(accessed on 25 April 2021)); (2)The DEM data were obtained from Geospatial Data Cloud
(http://www.gscloud.cn (accessed on 7 October 2020)); (3) Meteorological data are interpolated
based on data from the China Meteorological Data Center (http://data.cma.cn (accessed on
25 April 2021)); (4) Soil erodibility and rainfall erosivity are calculated by the meteorological
data based on methods from previous research [28]; (5) Solar-radiation data and normalized-
vegetation index (NDVI) data are from the National Tibetan Plateau Scientific Data Center
(https://data.tpdc.ac.cn/zh-hans (accessed on 3 April 2021)); (6) The parameters required by
other sub-models are derived from previous research results (listed in the corresponding service
calculation process below).

Table 1. Biophysical data used in the InVEST model.

LULC Hj Cabove Cbelow Csoil Cdead Load_p Eff_p Crit_len Usle_c Usle_p

Cultivated land 0.5 6 1.5 10.8 2.2 4.68 0.3 25 0.26 0.15
Woodland 0.9 21 5.2 22.57 20 0.015 0.8 300 0.01 0.7
Grassland 0.7 2.1 9.5 9.99 2 0.1 0.48 150 0.06 0.6
Waterbody 0.5 0 0 0 0 0.001 0.05 150 0 0.2

Wetland 0.85 3 0.75 20 4 0.005 0.8 150 0 0.2
Construction land 0.3 1 0.1 5 0 3 0.05 10 0.2 0.16

Bare land 0.2 0 1 5 0 0.51 0.05 10 1 1

Hj: Habitat suitability for each land use type; Cabove, Cbelow, Csoil, and Cdead represent carbon reserve of aboveground,
vegetation roots, soil and dead organic matter, respectively; load_p: nutrient loading in kg/ha/year for each
land-use type; eff_p: the maximum retention efficiency for each land-use type (between 0 and 1); crit_len: the
distance after which it is assumed that a patch of a particular land-use type retains nutrients at its maximum
capacity (m); usle_c: cover-management factor for the USLE (between 0 and 1); usle_p: support practice factor for
the USLE (value between 0 and 1).

http://www.resdc.cn
http://www.gscloud.cn
http://data.cma.cn
https://data.tpdc.ac.cn/zh-hans
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2.3. Quantification of Supporting Services
2.3.1. Habitat Quality

The habitat quality module in InVEST was used to calculate the habitat quality of
PRD. In this study, the construction land, cultivated land, bare land, railway and highway
were regarded as threat factors, and the threat coefficient was set regarding the existing
research to map the habitat quality of the PRD [21,29]. The calculation formula of each grid
is as follows:

Qxj = Hj ×
[

1 −
Dz

xy

(Dz
xy + kz)

]
(1)

Q represents the dimensionless habitat quality coefficient. Hj represents the habitat
suitability of land-use type j; DZ

xy is the total threat level of grid element x on land cover
type j, and z is a normalized constant. k is the half-saturation, which is specified as 0.5 in
this study. The closer the Q value is to 1, the better the habitat quality is.

2.3.2. NPP

The process-based CASA is used to calculate NPP, which is based on the theory that plant
productivity is correlated with the photosynthetically active radiation absorbed or intercepted
by green foliage [30,31]. The NDVI, radiation, rainfall and temperature data required by the
model are finally calculated by the CASA plug-in in Envi5.1 [23]. The calculation formula is
as follows:

NPP(x, t) = APAR × ξ (2)

APAR = RSG × FPAR × 0.5 (3)

ξ = Tξ × Wξ × ξmax (4)

APAR is photosynthetic-effective radiation (MJ/m2 month); ξ is the actual photosynthetic-
utilization rate j; RSG is the total solar radiation; FPAR is the absorption ratio of vegetation to
incidental-photosynthetic radiation, dimensionless; 0.5 is the ratio of photosynthetic-effective
radiation that can be utilized by vegetation to total solar radiation; Tξ represents temperature-
stress factor; Wξ is a water-stress factor, ξmax is the maximum light-energy-utilization rate
of vegetation.

2.4. Quantification of Regulating Services
2.4.1. Carbon Storage

Carbon storage is regarded as a key indicator of gas regulation and greenhouse control,
which can promote the realization of China’s carbon-neutralization goal [16,32]. In this
study, carbon storage was evaluated by the carbon module of the InVEST model, and the
calculation formula is as follows:

Ctot = Cabove + Cbelow + Csoil + Cdead (5)

Ctot (t) is the total carbon storage, and Cabove, Cbelow, Csoil, Cdead represent carbon reserve
of aboveground, vegetation roots, soil and dead organic matter, respectively. The specific
parameter of carbon-pool setting referred to the relevant literature and the InVEST user’s
guide [33,34].

2.4.2. Soil Retention

Soil retention was calculated by the sediment-delivery ratio module in InVEST, which
is based on the revised Universal Soil Loss Equation (USLE). It describes the spatial pro-
cesses of slope-soil erosion and watershed-sediment transport [31,32]. The calculation
formula is as follows:

SRi = Ri × Ki × LSi × (1 − Ci × Pi) (6)
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SRi represents the soil retention on pixel i. Ri is the rainfall-erosivity factor and Ki
is the soil-erodibility factor, LSi is the slope-length steepness factor; Ci and Pi are crop-
management and support-practice factors, respectively. Biophysical parameters (Table 1)
used in this model referred to related papers [31,35]. The results were verified by Wang
and Zhou’s articles [33,36].

2.4.3. Phosphorus Export

In this study, the total phosphorus (P) output was used to evaluate the water-quality
purification service [6,12]. The Nutrient Delivery Ratio model in InVEST calculates the
amount of nutrient element in each pixel and summarizes the P_export in each watershed.
The higher the P_export value, the lower the capacity of water purification services [37].
The nutrient export for each pixel is calculated with the following equation:

Pexporti = loadi × NDRi (7)

P exporti means the P export on pixel i, loadi is the modified nutrient load on pixel I
and NDRi is the nutrient-delivery ratio on pixel i. Biophysical parameters (Table 1) used in
this paper referred to related papers [6,38–40].

Cultivated land: land used to grow crops; Woodland: forest land used to grow
trees, shrubs and coastal mangroves; Grassland: land mainly used to grow herbaceous
plants; Waterbody: natural and artificial waters land; Wetland: intertidal zone, beaches
and marshland; Construction land: urban and rural residential areas and other industrial,
mining, transportation land; Bare land: unused land.

2.5. Trade-off Analysis

Spearman correlation analysis was used to identify trade-offs among ESs. When the
relationship between two ESs passes the significance test (p < 0.05), and the correlation
coefficient is negative, a trade-off is assumed between the two ESs, and the synergy occurs
when the correlation coefficient is positive.

We created 3000 random points in the study area and extracted the value of each
ES for correlation analysis. The standardized method of Z-score was used to eliminate
the influence of unit difference. Considering that P export is a negative index of water
purification, we exchanged the negative and positive values after standardization and
finally analyzed the correlation between water purification services and other services
based on the exchanged results.

3. Results
3.1. Land Use Change

In 2005 and 2020, the main land-use types in PRD were woodland and cultivated land
(Figure 2), which, in combination, accounted for more than 70% of the study area. Overall,
in the study period, only the area of construction land and grassland increased, and other
types of land use showed a downward trend (Table 2).
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Table 2. LULC transition matrix for PRD, 2005–2020 (units = km2).

Year LULC
2005

Cultivated Land Woodland Grassland Waterbody Wetland Construction Bare Land Class Total

2020

Cultivated land 10,762.32 277.85 16.45 524.08 6.79 433.18 0.61 12,040.92
Woodland 241.87 28,334.64 51.19 62.80 5.05 235.42 1.48 29,043.57
Grassland 31.67 82.14 839.38 14.06 1.80 47.94 0.06 1030.35
Waterbody 567.77 131.99 15.16 2834.64 38.14 143.73 0.55 3774.31

Wetland 6.21 5.78 0.44 22.66 34.93 0.90 1.66 79.75
Construction 1433.59 684.61 56.41 454.97 9.85 5241.27 7.47 7948.17

Bare land 0.15 0.21 0.03 0.03 0.00 0.03 4.73 5.77
Class Total 13,057.18 29,543.23 980.54 3948.12 116.89 6121.69 16.63

Image Difference −1016.26 −499.67 49.82 −173.82 −37.14 1826.48 −10.86

From the line of image changes, it can be seen that the largest changes in the area
of land-use types are construction land and cultivated land. Construction land mainly
comes from cultivated land (1433.59 km2), followed by woodland and waterbody (Table 2).
The substantial increase of construction land also witnessed the urbanization process of
PRD. Cultivated land is mainly converted into waterbody and woodland, which may be
due to the implementation of the project of returning farmland to forestland in China [12].
Although the PRD was building NFCs, most of the disappeared woodland was transformed
into construction land (235.42 km2); they had to sacrifice it because of its large area and
relatively low fees [41].

3.2. Temporal-Spatial Distribution of Supporting Services
3.2.1. Habitat Quality

In 2005, the average value of habitat quality in the PRD was 0.64, and the standard
deviation was 0.33. The average value of habitat quality in the whole study area had been
reduced to 0.62 by 2020, but its regional difference had increased. The low-value area of
habitat quality was concentrated in the center of the study area, which mostly overlapped
with the construction land. Among the nine cities, Huizhou and Zhaoqing have higher
average values of habitat quality (>0.7). Except for Zhuhai, the average value of habitat
quality in other cities was decreased during the study period.

3.2.2. NPP

The mean NPP in the PRD region rose from 665.96 g C/m2 in 2005 to 756.70 g C/m2

in 2020. NPP in the central part of the study area is significantly lower than that in the
surroundings areas, and its spatial heterogeneity increased. From the average NPP of each
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NFC, Huizhou and Zhaoqing are higher, while Foshan is the lowest. During the study
period, the NPP value added in the central area of the PRD is 50–100 g C/m2, and NPP
decreased slightly in a few regions.

3.3. Temporal-Spatial Distribution of Regulating Services
3.3.1. Carbon Storage

The total carbon storage in the PRD showed a downward trend during the study
period with an average reduction of 975.30 kg/ha. The central area of the PRD has poor
carbon-sequestration capacity, and the average carbon-sequestration capacity in Dongguan,
Foshan and Zhongshan is less than 25 t/ha. From 2005 to 2020, the carbon-storage capacity
decreased in mostly new construction land, while the carbon-storage capacity of Foshan
increased significantly, because the waterbody in Foshan city was changed into land.

3.3.2. Soil Retention

The soil retention in PRD decreased slightly, from 1453.62 × 106 t to 1453.53 × 106 t
(Table 3). The spatial difference of soil-retention capacity in the PRD is significant. The soil
retention at the edge of the PRD is greater than that in the central area (Figure 3); the total
amount of soil retention in Zhaoqing and Huizhou is more than 350 × 106 t. During the
study period, the total amount of soil retention in Zhuhai, Foshan and Huizhou deceased
greatly, while the total carbon sequestration in Guangzhou increased by 21,957.53 tons.

Table 3. Supporting services and regulating services in 2005 and 2020.

Title
HQ_Mean NPP_Mean CS Soil Retention P export

2005 2020 2005 2020 2005 2020 2005 2020 2005 2020

Unit / / gC/m2 gC/m2 ×105 kg ×105 kg ×106 t ×106 t t t

PRD 0.64 0.62 665.96 756.70 2361.34 2319.20 1453.62 1453.53 2236.66 2479.80
Guangzhou 0.56 0.54 578.03 675.52 269.91 260.67 166.67 166.69 443.68 476.82
Shenzhen 0.46 0.41 621.97 688.58 64.64 60.00 41.14 41.14 106.72 129.15
Foshan 0.45 0.39 396.44 450.68 87.26 88.76 32.90 32.87 210.77 285.84

Dongguan 0.36 0.31 426.87 480.38 58.60 51.67 26.61 26.61 155.33 176.61
Huizhou 0.71 0.70 766.45 898.52 568.34 560.54 358.26 358.24 394.38 432.16
Zhongshan 0.43 0.40 435.51 490.13 39.52 38.20 18.23 18.22 115.61 124.39
Zhuhai 0.48 0.49 553.16 617.17 42.58 41.10 23.05 23.02 85.12 79.72

Jiangmen 0.65 0.64 731.21 814.91 397.86 392.52 223.54 223.54 381.36 411.42
Zhaoqing 0.78 0.77 740.48 826.36 832.64 825.74 563.22 563.21 343.68 363.71
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3.3.3. Water Purification

Total P export in PRD increased from 2236.66 t to 2479.80 t in the past 15 years (Table 3),
which indicates that the water-purification capacity of the study area has decreased. The
P export in most places was less than 1 kg/ha, and the high-value area of P export was
mainly concentrated near the rivers and construction land (Figure 3). During the study
period, the P export in most regions of the PRD increased, especially in the central region,
while the P export in Zhuhai decreased slightly.

3.4. Trade-Offs among ESs

Correlation analysis shows that supporting services and regulating services show a
significant synergistic relationship, and the internal indicator scalars of these two types of
services also show a positive correlation (Table 4). The correlation between habitat quality
and each regulation service was greater than that between NPP and each regulation service.
The correlation coefficient between habitat quality and carbon storage was higher than
0.9 and increased during the study period; all other correlation coefficients decreased.

Table 4. Spearman’s correlation coefficient among ESs.

External r Internal r

ES-ES 2005 2020 ES-ES 2005 2020

HQ-CS 0.934 ** 0.937 ** HQ-NPP 0.696 ** 0.650 **
HQ-SR 0.564 ** 0.555 ** CS-SR 0.593 ** 0.583 **
HQ-WP 0.683 ** 0.681 ** CS-WP 0.463 ** 0.463 **
NPP-CS 0.722 ** 0.679 ** SR-WP 0.193 ** 0.178 **
NPP-SR 0.570 ** 0.579 **
NPP-WP 0.342 ** 0.307 **

External r: correlation coefficients between two types of ESs; Internal r: correlation coefficients within single
type ESs; HQ: habitat quality; CS: carbon storage; SR: soil retention; WP: water purification. ** represents the
significant correlation at the level of 0.01 (double-tailed).

4. Discussion
4.1. Spatial and Temporal Changes of ESs

Our research evaluated the supporting services and regulating services of PRD before
and after the establishment of NFC. In the past 15 years, except for the increase of NPP, the
service capacity of other ESs mentioned in this study has decreased. The increase of NPP in
the PRD is the same as the changing trend in the Yellow River source area [24]. Climate
change is the main factor affecting NPP, and the increase of precipitation can improve the
NPP of vegetation [25,42]. Rainfall data input for NPP calculation in this study showed that
most months in 2020 were significantly rainier than those in 2005, which also corroborate
the results of previous studies on the impact of precipitation changes on NPP.

Land-use change is the main reason for the decrease of ESs [43–45]. More and more
construction land was needed along with urbanization, so woodland and cultivated-
land areas were inevitably reduced as they were relatively large [41]. Therefore, the
ESs closely related to green space have declined. It is reported that 80% of the animals
and plants survive in forests, but the habitat quality decreased with the reduction of the
forest, which is consistent with the study result using Google cloud computing in the same
area [1,46]. With the reduction of cultivated land, P export should have decreased [47], but
the domestic sewage and industrial sewage in the city increased significantly, increasing
the total P export [39]. Although the increase of construction land has led to the shrinkage
of vegetation-covered areas, the change of soil retention in the PRD is very small, even
the soil retention in Guangzhou has even increased slightly, which is the effect of building
NFC [16,48]. It can be seen that the action of building NFC should alleviate the negative
effects of rapid urbanization.

From the perspective of spatial differences, the ESs capacity in the middle of the PRD
is relatively low, which is closely related to the distribution of forest land and construction
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land. The vegetation coverage rate of construction land is low, which is not conducive
to soil retention and soil-organic-carbon accumulation, so the soil retention and carbon
storage are lower than the forest [45]. The distribution of carbon storage is consistent with
previous studies on Pinus massoniana forest in the PRD [49]. Topographic change is also
an important factor affecting the spatial distribution of soil retention and P export [50,51].
The accumulation of P export value along the river is also since the river is often low-lying.
The mountainous areas in the northern part of the PRD are more vulnerable to soil erosion
and nutrient loss, while the soil formed on the red-bed parent material in the mountainous
areas of Guangdong has higher soil erosion efficiency [50,52].

4.2. Uncertainties of Trade-Offs and Synergies

Our research determined the trade-offs between supporting services and regulating
services in the PRD. In previous studies, habitat quality was always synergistic with reg-
ulating services [48]. The high-correlation index (r > 0.9) between HQ and CS is mainly
due to the InVEST models calculation of these two types of services based on land-use
types [37]. However, few studies have explored the relationship between NPP and regula-
tion services. This study found that the two supporting services are positively related to
regulating services, which once again verified the support relationship between supporting
services and other services [14]. But our results are inconsistent with those of Qiao [53],
who analyzed the relationship of NPP with soil retention at different scales. Therefore,
scale is a key factor affecting the relationships among ESs.

Over time, most of the above synergies decreased, except for NPP and soil retention,
habitat quality and carbon sequestration. The difference of the main driving factors of
different ESs lead to the different change speed of various services over time, so the
correlation of various services also changed. For example, in the block where the habitat
quality is reduced, the soil retention is reduced less due to some policy reasons, and the
synergy between them is reduced. Land-use change is also an important factor to explain
the relationships among ESs. The cut down of woodland and the increase of construction
land led to the significant decrease of HQ, while the NPP increased with the growth of
rainfall, so the synergy relationship between them decreased. Therefore, understanding the
main drivers of various ESs is very important for controlling the trade-offs and synergies
between services.

4.3. Policy Implications and Limits

Supporting services and regulating services are of great significance for urban sus-
tainable development. Although the PRD has been building NFC for the past 15 years,
ESs still show a downward trend. However, it cannot be denied that if there had been
no action of NFC construction, ESs may have declined faster with the rapid urbaniza-
tion of the PRD [43,44]. Therefore, the PRD should further strengthen the construction
of green infrastructure and strengthen the connectivity of urban green space, which can
increase NPP and offset more carbon emissions [18]. Intensively using the construction
land, protecting the existing blue and green space, and increasing the green space coverage
of artificial surfaces, such as roof greening are needed. In addition, the government should
coordinate and strengthen the pollution control of upstream water sources and landslide
control, so as to reduce the accumulation of river nutrients and soil erosion. In the future,
we will tend to use nature-based methods to maintain ESs. Researchers should continue
to explore the main drivers of various ecosystem services in order to apply them in urban
management [3].

This study only analyzed the changes and trade-offs of ESs at a single scale, without
considering the changes in the relationship between different ESs under the scale effect.
Future researchers should analyze the trade-offs of ES at different scales in order to plan
more scientific management strategies. We analyzed the relationship between supporting
services and regulating services, and the synergy between them verifies the support of
supporting services for other ESs to a certain extent, but cultural services and provision
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services have not been included in this trade-off study with supporting services, so the
guaranteed effect of supporting services cannot be fully verified.

5. Conclusions

In this paper, we evaluated the changes in supporting services and regulating services
before and after the construction of China’s first national forest urban agglomeration and
analyzed the relationship between various services. In the past 15 years, construction land
has increased the most, and cultivated land has decreased the most, followed by woodland.
During the study period, except for the increase of NPP, other supporting services and
regulating services decreased. The change of land use type is the main reason for the
reduction of ESs, but the construction of national forest cities has played a buffer role in
this reduction. Supporting services and regulation services show a synergistic relationship,
and the inner relationship of the two types of services is positively related, but most of the
correlation coefficients decrease with time. We put forward suggestions for the sustainable
development of ESs from the perspective of nature-based solutions, to provide references
for other regions planning to build national forest cities.
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