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Abstract

Wetland resources in wetland parks are unique natural resources. Discussing the ecological restoration and compensation
standards of wetland parks plays an important guiding role in the construction of wetland protection systems. Based on the
characteristics of wetland resources, using wetland ecosystem evaluation, ecosystem services evaluation, alternative cost,
and conditional value methods, nine secondary indices were determined to evaluate the ecosystem services of Ganjiangyuan
National Wetland Park. The results are as follows: (1) Ganjiangyuan National Wetland Park ecosystem evaluation result
was “excellent,” the ecosystem service value of the wetland park is 43,922,014.39 yuan/hm? year, among which the hydrol-
ogy regulation value is the largest (19,257,869.14 yuan/hm?> year) and the food production value is the smallest (12,900.76
yuan/hm?-year). (2) The ecological restoration of Ganjiangyuan National Wetland Park should be based on improvements
in hydrological regulations, waste treatment, entertainment culture, and biodiversity conservation. In conjunction with the
strategic needs of wetland protection and social economy, wetland park restoration can contribute to urban development.
(3) The upper and lower limits of the ecological compensation standard in the study area were calculated to be 310.49 and
257.87 yuan/hm?year, respectively. Research shows that the ecosystem service value of wetland parks is huge, especially
in terms of water conservation and waste treatment. It is necessary to pay attention to ecological benefits while reaping the
economic benefits of wetland parks. Therefore, the results of this study provide a theoretical reference for the ecological
compensation of wetland parks.

Keywords Wetland parks - Ecological restoration - Ecological compensation standard - Ecosystem services - Value
evaluation

Introduction

Known as the “Kidneys of Earth”, wetlands are one of the
world’s three major ecosystems, along with oceans and for-
ests. Compared to oceans and forests, the ecosystem services
of wetlands rank first. Wetlands are ecosystems located at
the intersection of land and water (Peh et al. 2014). It pro-
vides important functions and services for human beings,
such as water storage and flood control, climate regulation,
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pollution degradation, tourism, and water transport (Jiang
et al. 2016; Wang et al. 2019). The function of ecological
regulation is outstanding, however, unreasonable develop-
ment and utilization of wetland resources pose a serious
threat. Relying on existing administrative means cannot
coordinate the contradictions of wetland protection. Wetland
Ecological compensation is an effective economic means
that stimulates people to participate in wetland protection
and coordinates the problem between wetland protection and
utilization.

The term ecological compensation first appeared in
1950. Subsequently, the United Nations defined it in the
Rio Declaration on Environment and Development in 1992
as “the complementary role of prices, markets, government
finance, and economic policies in the formulation of envi-
ronmental policies; environmental costs should be reflected
in the decisions of producers and consumers; prices should
reflect the value and scarcity of resources and help prevent

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s13157-023-01657-8&domain=pdf
http://orcid.org/0000-0001-5504-5669
http://orcid.org/0000-0003-4589-5525

22 Page 2 of 11

Wetlands (2023) 43:22

environmental degradation.” Internationally, the com-
mon concept of “Ecological Compensation” is “Payment
for Ecological/Environmental Services, PES”. Ecological
Compensation is based on ecosystem services through eco-
nomic means, adjusting the protector and beneficiaries in
the interests of the relationship. As far as its definition is
concerned, there is not yet a unified understanding (Pagiola
et al. 2011). Early understanding of ecological compensation
was mostly based on the response of organisms to environ-
mental changes. With the transformation of the ecological
environment, its connotation has gradually evolved into an
economic means of protecting the environment (Wang and
Wolf 2019). Scholars and managers have recognized eco-
logical compensation as an effective means of solving the
externalities of public goods. Many scholars have conducted
exploratory research on ecological compensation and have
proposed various methods. Pagiola et al. (2007) believed that
ecological compensation is an efficient, market-oriented, and
environmentally economic means to realize the allocation
of natural resources. Pagiola et al. (2011) tended to under-
stand payments for Ecological/Environmental Services as
an economic method, which is significant for improving the
efficiency of natural resource management and protecting
biodiversity. Kreye and Pienaar (2015) examined existing
habitat protection policies in Florida and proposed that a
mixed strategy of government regulation and market mecha-
nisms would more effectively curb the decline of wetlands.

Current research on ecological compensation is gradu-
ally intensifying; the objects are primarily focused on water-
sheds, farmlands, minerals, natural reserves, and forests,
while little research has been conducted on wetlands (Liu
et al. 2021). Wetland parks have received extensive atten-
tion from academia (Das and Basu 2020; Li and Gao 2016;
Olander et al. 2018). Current research mostly uses theoreti-
cal methods to analyze the concepts, elements, and mecha-
nisms of compensation standards. Because compensation
standards involve multidisciplinary collaboration and the
complexity of the ecosystem, a unified research method for
compensation standards has not yet been developed (Wan
et al. 2019), and needs to be further studied. The evaluation
methods of the compensation standard include the Market
Value Method, Opportunity Cost Method, Cost Analy-
sis Method, Asset Value Method, and Conditional Value
Method (Yan et al. 2022). In many ways, the CVM in sur-
vey respondents intends to be easily accepted by recipients
and obtain the value of ecosystem services. The willing-
ness to pay (WTP) and willingness to accept (WTA) survey
methods is a common way to assess the non-use value of
public goods, and more flexible. Wetland Ecological com-
pensation has become an important means for alleviating
wetland crises in the international community. Determin-
ing reasonable and fair compensation standards is directly
related to the effect of wetland ecological compensation.

@ Springer

Mittag et al. (2001) studied payment for ecological services
of the Patassent River wetlands and believed that the loss of
wetland ecosystem services was the basis for compensation.
Bonds (2004) used the minimum cost of a simulated wetland
bank and believed that wetland compensation deposits could
be adapted according to the ecosystem services of wetland
compensation. Bendor and Brozovi¢ (2007) studied the fac-
tors influencing wetland ecological compensation stand-
ards. Austen and Hanson (2008) conducted a compensation
assessment for wetlands in Canada. Rubec (2009) discusses
payments for Ecological Services in the Canadian wetlands.
Although wetland ecosystem services accounting methods
are theoretical and scientific, their values are often too high;
therefore, they need to correct directly calculated wetland
ecosystem services, as the highest standards of ecological
compensation.

Studies on ecological compensation for wetlands play
an important role in balancing the contradictions between
protection and utilization and promoting sustainable social
and economic development. However, a system of eco-
logical compensation for wetlands has not yet been estab-
lished, and the current compensation mechanism needs to
be improved. It is imperative to maintain the ecosystems of
wetlands, conduct assessments of the ecosystem services of
wetlands, and formulate compensation standards. This study
uses Ganjiangyuan National Wetland Park (GNWP) as the
object, using the wetland ecosystem evaluation method, eco-
system services evaluation method, alternative cost method,
and conditional value method. Nine secondary indexes were
determined to evaluate the GNWP. Therefore, we discuss
wetland park ecological restoration and compensation to
provide a theoretical reference for establishing a wetland
compensation mechanism.

Materials and Methods
Study Area

Shicheng County is a hilly, low-mountain area in south-
eastern China. The northeast is surrounded by mountains,
the southwest is hilly, and the center is flat. It has a humid,
subtropical, monsoon climate, with an annual average tem-
perature of 18.1°C and annual precipitation of 1919.6 mm,
geographical coordinates 116°09'58"°’E-116°35"20""E,
26°04'35°°N-26°29"24""" N (Kuang et al. 2014). GNWP
in Shicheng, Jiangxi covers seven towns: Gaotian, Feng-
shan, Qinjiang, Hengjiang, Ganjiangyuan, Pingshan, and
Dayu. It mainly includes the Qinjiang River and its tribu-
taries, the Dayhe River, the Hengjiang River, the Ruikeng
River, and the Yanling Reservoir (Fig. 1). With a total area
of 1254.6 hm?, of which the wetland area of 982.1 hm?,
accounting for 78.3% of the total area of the park (Kuang
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et al. 2014). The various wetlands in GNWP are unique in
nature, biodiversity, and landscape, and have high scien-
tific value, socioeconomic value, and conservation value.

GNWP is rich in animal and plant resources and is a para-
dise for many migratory birds. The park is a humid forest
area in eastern China with a subtropical evergreen broad-
leaved forest belt. The vegetation type in the park is woody
and wetland vegetation. Herbaceous vegetation included
Imperata cylindrica, Polygonum hydropiper, and Cyno-
don dactylon. Water vegetation included Azolla imbricata,
Colocasia antiquorum, and Peperomia tetraphylla. A total
of 205 wild vertebrate species have been found in wetland
parks (Lai et al. 2020). There are 5 orders, 11 families, and
43 species of fish, 13 species of amphibians in 2 orders and
6 families, 21 species of reptiles in 2 orders and 8 families,
116 species of birds in 17 orders and 38 families, and 12
species of mammals in 6 orders and 6 families (Mao et al.
2016). Fourteen wild animal species are listed in China's
Class II Key Protection.

115° 116°

Theoretical basis

Sustainable development first appeared in the Interna-
tional Union for the Conservation of Nature World Con-
servation Strategy in 1980. It has been proposed that
“natural, social, ecological, economic, and basic rela-
tionships in the process of using natural resources must
be studied to ensure global sustainable development”
(Zhang and Xiao 2020). Sustainable development theory
provides theoretical support for wetland park protection
and development. Under the guidance of the sustainable
development theory, wetland parks should focus on the
selection of protection methods and scales. We should
not only meet the needs of contemporary people but also
consider future generations for wetlands. The sustainable
conservation of wetland parks requires the introduction
of scientific means to support the supervision and con-
servation of wetlands (Gruner and Power 2017; Semeraro
et al. 2021).
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Ecological compensation is an important management
approach for global ecological protection (Moros et al. 2020;
Wang and Wolf 2019). In natural resource conservation, it
is difficult to achieve optimal management because of exter-
nalities. Ecological compensation is an effective means to
promote the occurrence of behaviors in an external economy
and is used to solve externality problems (Wang et al. 2022).
Figure 2 shows the basic logic behind wetlands ecological
compensation. The provider has resources that can provide
ecosystem services such as wetlands. If the provider converts
wetlands into farmland, the gain is A, and the losses are
D+ E+F. If the provider maintains the original utilization
method, the benefit is B, and the opportunity cost is A-B.
As an economic man, the best choice for a provider is to
convert wetlands into farmlands. If the provider maintains
wetland resources, beneficiaries or users should compensate
the provider as C, which is greater than the opportunity cost
A-B and less than the loss of ecosystem services D+ E+F.
At this point, the benefit to the provider is B+ C, which is
greater than A and less than D + E + F. For providers and
beneficiaries, the benefits increase. Wetland are typical areas
for ecological compensation. Wetland Ecological compen-
sation is one of the most important policy instruments for
protecting wetland in the GNWP. Based on the general theo-
retical framework of ecological compensation, this paper
analyzes the core issues of wetlands ecological compensa-
tion and concludes that determining standards is the key to
constructing wetlands ecological compensation.

Research methods

Statistical analysis methods

The evaluation score of wetland park ecosystems was calcu-
lated using the following formula (Costanza et al. 1997; Xie

et al. 2008).

v=Yew, M

Fig. 2 Basic logic of wetlands

converts wetlands

where ¢, is the weight of the wetland park ecosystem typi-
cality factor, area ratio factor, ecosystem uniqueness factor,
species diversity factor, and water resources factor; W; is
the evaluation score of the factors; V is the evaluation score
of the wetland park ecosystem. The evaluation criteria for
wetland parks are listed in Table 1.

The formula for calculating the ecosystem service value
of the wetland park is as follows:

ESV =) A X VG )

ESV; = ) (A, X VCy) 3)

where ESV is the total ecosystem services of the wetland
park in the study area (yuan), A, is the area of the k land
use types in the study area (hm?), VC, is the ecosystem ser-
vices coefficient (yuan/hmz-a), ESVfis the value of a single
ecosystem service (yuan), VCf, is the value coefficient of a
single ecosystem service function (yuan/hm?-a).

An alternative cost method can be used to estimate the
restoration costs of wetland park.

Zj=Cj+Pj * Re 4)

where Zj is the wetland park conversion fee, CJ is the wetland
park annual operating fee, P; is the wetland park investment,
and R, is the benchmark investment rate.

According to the related literature (Ahiale 2020; Moayeri
et al. 2019), the average WTP can be calculated using the
mathematical expectation formula for the discrete variable.
Owing to the low result of the conditional value method,

Table 1 Evaluation criteria for wetland parks

Score Percentage Evaluation
W=>80 >60% Excellent
80<W<70 >60% Good
70<W <60 >60% Acceptable
W<60 <60% Unqualified

The evaluation was calculated based on a total score of 100 points for
the project using the above-mentioned ratio.

Protect wetlands protect wetlands

ecological compensation into farmland (without compensation) (ecological compensation)
. —
Minimum compensation |r ¢
Income of I
provider 4 |
B | B
- |
r |
Biodiversity (D) | |———————————————— -
Ecosystem [P . i
. <  |Water purification (E) Maximum compensation
services loss .
carbon sink (F)

@ Springer



Wetlands (2023) 43:22

Page 50f 11 22

to reduce the difference, this study uses the upper limit of
the survey value to be multiplied by the probability of the
interview.

E(WTP) = ) AP, )

where A; is the respondent willingness to pay, P; is the prob-
ability that the respondent chooses this amount.

Data Acquisition Methods

The data in this study included official statistics, interview
data, and questionnaire data. A questionnaire was designed
to investigate the willingness of people around the study area
to protect wetlands, including the status quo and existing
problems of wetland park protection, people’s willingness
to protect wetlands, and suggestions for wetland park protec-
tion. The results of the questionnaire survey were used as
auxiliary data for analysis. Area change data for the study
area were obtained from Google Earth. The animal and plant
resources, land planning, and water storage capacity of the
study area were obtained from the statistical yearbooks.
Land resource survey data for relevant departments. Service
value calculation methods and accounting standards were
drawn from the relevant published literature.

Results and Discussion
Evaluation of Wetland Ecosystem

According to the wetland ecosystem evaluation methods, the
total score of the wetland park evaluation was 84.8 points.
Moreover, the score of a single-factor evaluation was not
less than 60% of the evaluation items. The overall evaluation
result of wetland park is “Excellent”. The results of the wet-
land park ecosystem service value evaluations are presented
in Table 2. The GNWP will provide an ecosystem service

value of 43,922,014.39 yuan/hm?/year. Among them, hydro-
logical regulation accounted for 43.85%, waste disposal
accounted for 36.95%, entertainment culture accounted for
8.82%, biodiversity conservation accounted for 4.95%, and
climate regulation accounted for 4.46%; This indicates that
the ecosystem service value of GNWP is mainly embodied
in hydrological regulation, waste disposal, entertainment
culture, and biodiversity conservation, which is consistent
with the current development and utilization of wetland
parks. The wetland ecosystem is a fragile system, and com-
plex correlations exist among the elements of the wetland
park system. A certain service cannot be ignored because
it accounts for only a small proportion. For example, the
proportion of soil conservation is 0.36%, which is an impor-
tant indicator of ecosystem health. Soil degradation leads
to the degradation of ecosystem structures and other func-
tions. Therefore, when using wetland parks, we must protect
the wetland environment and realize the sustainable use of
wetland resources.

Ecological Restoration

Wetland ecological restoration refers to the reconstruction
of degraded wetland systems with the help of certain eco-
logical technologies to restore the basic structure and system
function. Strengthening the ecological restoration capacity of
existing wetland resources is crucial for the construction of
an ecological environment. To make GNWP perform hydro-
logical regulation, water purification, biodiversity protec-
tion, and cultural and recreational functions, conservation
strategies for wetland resources are briefly discussed, and
repair methods for wetland parks with local characteristics
are proposed.

Construction of an aquatic plant community through
water body restoration refers to the use of artificial physical,
chemical, and biological methods to restore the ecological
functions of the water body (Bradshaw 1996; Gann et al.
2019; Rivera-Monroy et al. 2019). According to the prin-
ciple of ecology, the aquatic plant community elements of

Table 2 Ecosystem service
value of Ganjiangyuan National

Wetland Park (yuan/hm?/year)

Types of ecosystem services Service or function Value Proportion
Supply service Food production 12,900.76 0.03%
Primary production 121,316.78 0.31%
Regulating services Atmospheric regulation 94,260.46 0.28%
Climate regulation 1,959,102.90 4.46%
Hydrology regulation 19,257,869.14 43.85%
Waste disposal 16,229,244.90 36.95%
Support Services Soil conservation 157,496.43 0.36%
Biodiversity conservation 2,172,601.62 4.95%
Cultural Services Entertainment culture 3,917,222.40 8.92%
Total - 43,922,014.39 100
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GNWP were constructed to play a role in water self-purifi-
cation (Fig. 3). Submerged plants have roots in wetland soil
and leaves that sink below the surface of the water. Sub-
merged plants play an important role in aquatic ecosystems.
Submerged plants provide aquatic animals with living habi-
tats and hiding places, increase the dissolved oxygen in the
water, purify water quality, and expand the effective living
space of aquatic animals (Li 2022). At the same time, young
parts of submerged plants can be eaten by aquatic animals,
thus improving the entire aquatic ecosystem. Submerged
plants can choose Vallisneria natans, Hydrilla verticillate,
and Ceratophyllum. An emergent plant has an upper part of
the leaf above the water, and the lower part is submerged.
Most of the emergent plant roots dig into the soil and absorb
nutrients. Because they are easily affected by the environ-
ment, the root, stem, and leaf remnants of hydrous plants
are often mixed and deposited on the wetland shore, and
their decomposition will have a great impact on the wetland
ecosystem. Emergent plants include Phragmites australis,
Scirpus validus, Iris pseudacorus, Arundo donax var. ver-
siocolor, etc. The leaves of floating leaf plants are generally
oval and round, which can protect them from the impact of
wind and waves to the greatest extent. The leaves of floating
plants provide shelter for underwater organisms and provide
a platform for frogs and birds to stay and roost, which is an
important part of ecological waters. Leave floating plants
are typically in shallow water with a depth of 1 ~2 m, such
as Nymphoides peltate, Nelumbo nucifera, and Nymphaea
tetragona. The optimized configuration of emergent plant
belts and floating leaf plant belts will purify the water qual-
ity of the wetland, combined with the functions of precipi-
tation, removal, absorption, and degradation of toxic sub-
stances and water purification of the wetlands (Rubec 2009).

Based on wetland function partitioning, it is reason-
able to conduct ecological restoration. There are five
functional zones in GN'WP: conservation, restoration and
reconstruction, education and exhibition, rational use, and

Fig.3 The Construction of an
aquatic plant community in the
Wetland Park

P Hygrophyte

____________ bmmm————
+ Salix babylonica !Phragmites australis ! Nymphoides peltate
Scirpus validus
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Metasequoia

1Emergents Plants LLeave floating plants_:

management service (Fig. 4). Wetland conservation areas
have a relatively complete ecosystem and rich biodiver-
sity. Mainly through wetland protection and restoration,
improving wetland habitats, protecting biodiversity, and
maintaining the integrity of ecosystem structure and func-
tion. The restoration and reconstruction areas can be used
for the cultivation of degraded wetlands. This includes
water restoration, waterfront protection, and bird habi-
tat protection. The education and exhibition areas can
be used for wetland service function displays and edu-
cational activities. The landscape of wetland parks can
be designed according to the dominant functions of the
different zones. The design of wetland landscapes should
be considered in several ways. Wetland landscape facili-
ties must meet the participants’ leisure space and integrate
into the wetland environment. The rational use area can be
used for ecotourism, ecological breeding, and other utili-
zation activities that do not damage wetland ecosystems.
Wetland parks managers can use the management service
area to carry out management and service activities.

Payment for Ecosystem Service Standard
Evaluation Index System Construction

With the development of ecological, environmental, and nat-
ural resource economics, scholars have conducted extensive
research on the classification of ecosystem service value.
Ecosystem service values can be divided into five categories:
direct, indirect, choice, heritage, and existence. At present,
the functions of ecosystem services are usually divided into
four categories: supply (e.g., providing food and water), reg-
ulation (e.g., controlling floods and disease), support (e.g.,
the nutrient cycle that sustains life on Earth), and cultural
services (e.g., recreational and cultural benefits) (Du et al.
2019). Related studies have shown that different classifica-
tion methods lead to the double counting of service values

Submerged plants !
]

! Vallisneria natans
Hydrilla verticillata

Ceratophyllum

Nelumbo nucifera
Nymphaea tetragona

Arundo donax var. versiocolor
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(Coelho-Junior et al. 2021). Therefore, this study analyzed
the reasons for double counting and examined the relation-
ship between ecosystem services in the study area.
According to this analysis, support services indirectly
affect human benefits through the processes of maintain-
ing supply, regulation, and cultural services; therefore, the
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116°30'
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26°10"

116°30'

value provided by support services can be grouped into
three categories (Hgibjerg 2020). In addition, the calcula-
tion of the ecological compensation standard focuses on
direct values. In the calculation process, service supply
cannot be directly quantified. The value of supply and cul-
tural services in the research area can be realized in market
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transactions (commodity transactions, tourism consump-
tion) and other forms (scientific research papers, etc.), and
in the well-being of citizens (and children) (Battisti et al.
2018; Pedersen et al. 2019). Specific types of wetlands
have different roles, local histories, processes, threats, and
circumstances, making any wetland unique, and therefore,
possessing different service values. As human beings have
already benefited from supply and cultural services, this is
not part of the basis for compensation in the calculation of
ecological compensation.

Since this study used a small data sample, the Sha-
piro—Wilk test was performed on the above data to

determine its normality (Table 3). The results show that
the P-values passed the significance test at the 1% level.
S-W tests were all greater than 10%. This indicates that
the research data can be used for regression analysis. The
VIF values of ecosystem services had a collinear relation-
ship. Ridge regression analysis is required to accurately
determine the relationships between variables.

The ridge regression analysis results show that the
P-values passed the significance test at the 1% level. The
R? value of the model was 0.885 and the model perfor-
mance was relatively good. From Table 4, it can be con-
cluded that the total value was.

Total value = ay + a; * AR + a, * SE + a3 * WP +a, * WS + a5 * CR
=12.216 — 0.358 * AR + 3.524 % SE+0.315 * WP + 3.421 = WS + 0.416 = CR

AR: atmospheric regulation; SE: slow down soil ero-
sion; WP: water purification; WS: water supply and stor-
age; CR: climate regulation.

The Upper Limit of the Payment for Ecosystem Service
Standard

According to calculations, the upper limit of ecological com-
pensation in the study area was 315.55 yuan/hm?*.year from
2010 to 2015 and 305.43 yuan/hm>year from 2015 to 2020.
To reduce the error and calculate it on average, the upper limit
of the GNWP payment for ecosystem service was 310.49 yuan/
hm?year. The results showed that compared to 20102015,
the wetland area decreased significantly from 2015 to 2020
(Table 5). The reduction rates of service value and wetland area
increased, but the ecological compensation standard decreased.

In recent years, large-scale unreasonable land reclamation has
caused the wetlands to shrink. The reduction in wetland areas
has led to the degradation of the overall ecosystem services of
wetland parks. Ecological compensation is not directly based
on ecosystem services in the wetland park but uses the value
of ecosystem services reduced due to environmental degrada-
tion as the theoretical upper limit of ecological compensation.
Therefore, a decrease in the value of wetland services per unit

Table 3 Linear regression analysis results

area manifests as a decrease in ecological compensation. This
reminds people of the need to protect the ecological environment
of wetlands and increase their awareness of wetland protection.

The Lower Limit of the Payment for Ecosystem Service
Standard

According to the formula of WTP, the willingness payment
for GNWP is 257.87 yuan/hm?>year (lower limit). The sur-
vey showed that 89.5% of respondents believed that wetlands
should be protected. Among them, 65.7% were willing to con-
tribute at least ten yuan/month. In addition to the residents
of the study area, the selected interviewees included experts
and scholars. Among the interviewed population, those with
a bachelor’s degree or higher accounted for 35% of the total
sample number. This reduces the bias in the survey to a cer-
tain extent because of the positive responses of the respond-
ents to make a choice that satisfies the investigator (Wang
et al. 2019). The survey found that people have realized that
wetlands play an important role in human survival and devel-
opment. Most people have a positive attitude towards improv-
ing the wetland park environment. They were also willing
to compensate for the wetlands without affecting their liv-
ing standards. However, some interviewees refused to pay

Variable B S.E Beta t P VIF R? AdiR®> F

Atmospheric regulation 0.134 5.622 0.021 0.018 0913 28.224 0.894 0.910 27.357 (0.001°")
Slow down soil erosion 3.384 3.554 0.208 0.896 0.401 8.584

Water purification -0.612 2.067 -0.124 -0.257 0.764 32.184

Water supply and storage 4.235 3.367 0.438 1.269 0.246 16.047

Climate regulation 0.602 0.462 0.504 0.937 0.357 33.974

C 5.14 18.813 - 0.334 0.6795 -

7 and” represent significance at the 1%, 5%, and 10% levels, respectively
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Table 4 Ridge regression Variable B SE Bea 1 P R Ad. F
analysis results R?
Atmospheric regulation  -0.358  1.284 -0.029 -0.284 0.846  0.885 0.819 21.875 (0.002")
Slow down soil erosion 3.524 1547 0.349 1.886 0.094
Water purification 0.315 0.384 0.058 0.436 0.847
Water supply and storage  3.421  1.345 0.548 2.254 0.034™
Climate regulation 0.416  0.184 0302 2.847 0.028"
C 12216 5427 - 218 0.075"

7 and” represent significance at the 1%, 5%, and 10% levels, respectively

because their family income was too low, the government
should be responsible for wetlands, and they did not under-
stand wetland ecosystem services.

These findings have implications for wetland managers,
planners, and practitioners. Wetland managers can learn
about different approaches to ecological restoration. They
can efficiently manage different restoration methods for
water bodies, waterfronts, habitats, and river vegetation
(Wang et al. 2019). In addition, wetland managers can use
scientific methods to formulate effective compensation
schemes and provide scientific advice for wetland park
planning (Janousek et al. 2021). Understanding the value
of different ecosystem services is strategic for planners.
For example, in the decision-making step of the restoration
ecological cycle (Mountford et al. 2006), planners can assign
conservation measures to different wetlands based on the
role of each service value to highlight the relevance of the
measures (Xie et al. 2008). At the same time, protection
practitioners of wetland ecosystems, especially ordinary
people, will have a better understanding of the value of
wetland ecosystem services, which will attract the attention
of practitioners to the protection of wetlands (Jiang et al.
2016; Xie et al. 2008).

Conclusion
In this study, guided by the theory of sustainable develop-

ment and payment for ecosystem services, we propose a
wetland park ecological restoration plan and calculate the

Table 5 Service value and wetland area change of wetland park

Item 2010-2015 2015-2020
Service value change (yuan) -2.27 -3.868
Service value change rate -2.74% -4.72%
Wetland area Change (hm?) -2.76 -4.82
Wetland area change rate -1.95% -3.77%
Upper limit (yuan/hm?year) 315.55 305.43

TR

means decrease

ecological compensation standard of wetland parks. The
main conclusions of this study are as follows:

(1) According to the wetland ecosystem evaluation meth-
ods, the total score of the GNWP was 84.8 points, and
the overall evaluation result of the wetland park is
“Excellent”. The ecosystem service value of GNWP is
43,922,014.39 yuan/hm?*-year, among which the hydrol-
ogy regulation value is the largest and the food produc-
tion value is the smallest.
Based on the evaluation of wetland park ecosystem
services, this study constructed a service value index
system that focuses on regulating services. The pay-
ment for the GNWP mainly consists of water supply
and storage, water purification, climate regulation, soil
erosion reduction, and atmospheric regulation.

(3) According to the principle of the Ecological compensation,
the upper limit payment for ecosystem services in the study
area is 310.49 yuan/hm?*year, and the lower limit payment
for ecosystem services is 257.87 yuan/hm?-year.

2

This research conducted a preliminary study on the eco-
logical restoration of wetland parks and ecological compen-
sation, which has scientific value in improving the planning
system of wetland parks. Although the estimation results of
ecosystem services in the study area have a certain accuracy,
the trend of the ecosystem services in the wetland park can be
determined. However, due to different research data sources
and calculation methods, the compensation standard and the
actual value of ecosystem services are different. In addition,
payments for ecosystem service mechanisms have been pro-
gressing and improving, but many scientific issues remain that
cannot be resolved. In future research, it will be necessary to
optimize and supplement the measurement methods of the
ecological compensation standard.
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