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Abstract: Wetlands are valuable urban resources and can provide various ecosystem services for
cities. In order to face the continuous urbanization and market economy environment, relevant
government-related management, decision-makers, and stakeholders can make objective and compre-
hensive value judgments and decide the fate of urban wetland resources. Our quantitative approach
to the ecosystem services value provided by wetlands produced clear, direct, and persuasive moneti-
zation data. The assessment of the net value of ecosystem services (NES) provides one such method.
Considering the transition of the Xixi Wetland into the Xixi National Wetland Park in Hangzhou as
an example, we first determined the calculation model of its NES. Second, we utilized the equiva-
lent factor, contingent valuation, travel cost, and benefit transfer methods to calculate its value of
ecosystem services (VES), service cost, and NES. The results are shown below. In 2016, the VES of
Xixi Wetland park was RMB 16.973 billion, NES was RMB 16.938 billion, and service cost was RMB
34.8158 million. The value of cultural services was the main contributor to NES, which accounted for
99.27% of the total. Real estate appreciation, cultural heritage, and recreational value were the main
contributors to its cultural service value. Third, through the scenario comparison, we concluded that
the NES of the protective development model (the wetland park mode) adopted by Xixi Wetland was
RMB 3.186 billion more than that of the protection model. In other words, the protective development
model is more practical and sustainable for protecting the Xixi Wetland. Finally, the limitations and
shortcomings of the study are summarized.

Keywords: ecosystem service; value assessment; benefit–cost analysis; scenario analysis; protective
development; Xixi Wetland park

1. Introduction

The rise and decline of human civilization are closely related to ecosystems, which
provide a variety of direct and indirect services to humans [1,2]. However, due to human
activities and climate change, ecosystems are facing many threats, such as pollution, over-
exploitation of resources, poor water quality, etc., so ecosystems increasingly have become
one of the hot topics in ecology and economics [3].

Ecosystem services (ESs) are “a variety of benefits that humans derive from the
ecosystem” [4] or “the direct or indirect contribution from ecosystem to human well-being
and benefits” [5,6]. In scientific research, ESs can be traced back to the understanding of the
value of wild animals and plants in the mid-1960s [7]. At the beginning of the 21st century,
the study of ES was further deepened. Some scholars have divided ES into regulation,
supply, support, cultural services, etc. The study of ESs, especially the evaluation of VES
has long been a research hotspot; it has become an intersection of various fields, connecting
ecology, economics, sociology, landscape architecture, etc. [8].

The value of ecosystem services is a method of quantifying and distributing the
economic value of ecosystem goods and services and their functions [9]. VES provides an
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important basis for ecological function zoning, ecological compensation decision-making,
ecological environment protection, and environmental economic accounting [10]. Chinese
scholars have conducted a great deal of research on different types of ecosystem service
value assessment and made numerous achievements [11–13]. However, in reality, many
costs are involved in the normal operation of an ecosystem, so the evaluation of VES cannot
ignore those costs [14]. At present, only a few scholars have begun to study calculating the
net value of ecosystem services (NES) [15–17]; the NES is defined as the value of ecosystem
services (VES) that subtracts all the costs from the services the ecosystem provides to
humans [18].

Wetlands are a key component of ecosystems, but many wetlands have disappeared
with rapid urbanization. From 1960 to 1974, due to urban construction and construction
waste, eight lakes, including Taiping Lake and Goldfish Pond, were successively landfilled
in Beijing, resulting in a total loss of 33.4 hectares of lake water surface. As a special ecosys-
tem in cities, urban wetlands provide important ecosystem services for urban sustainable
development and have important social, ecological, and economic value in scientific re-
search, flood regulation, leisure tourism, ecological balance, and material production [19].
Cities should not eliminate, but protect, wetlands.

At present, many international organizations, experts, and scholars have studied
wetland ESs from the perspective of concept definition. On the landscape scale, many VES
studies have been conducted from the perspectives of recreation services [20] and aesthetic
value [21]. However, NES studies on urban wetlands space at the site scale are scarce, and
most of them are based on considering the impact of a single value. Regarding mainly
research on the urban wetlands space and its surrounding residential added value [22],
relevant quantitative measurement methods for determining the compound economic value
of wetlands space are lacking. However, the quantitative measurement of the complex
economic value of wetlands is important. Whether studying the feasibility of ecological
projects before implementation or the evaluation of post-implementation performance,
the determination of the service value of natural of artificial ecosystems often ignores
the cost, or the cost is incompletely calculated, distorted, or exaggerated, which, in turn,
affects the decision-making in land planning, use, and management [23]. As such, more
scientifically and quantitatively evaluating the net value of urban wetland services has
become a key issue.

Hangzhou Xixi Wetland is the first national wetland park approved by the State
Forestry Administration of China, and its real systematic and integrated protection began
with the Xixi Wetland Comprehensive Protection Project in 2003. With the completion
of the comprehensive protection project of Phases I, II, and III, Xixi Wetland National
Park, on the one hand, strictly protects the ecosystem, but on the other hand, it also
builds necessary tourist service facilities. Since its opening in 2005, the park has attracted
45 million visitors in total. The “Xixi model” of wetland protection and utilization is
of great significance; Peter Bridgewater, former Secretary General of the International
Convention on Wetlands Organization, said after his investigation of Xixi Wetland that
“the comprehensive protection of Xixi wetland has provided a good experience for the
construction of other wetlands around the world” [24]. However, there are few studies on
the NES in Xixi Wetland National Park.

In the study, we used Hangzhou Xixi Wetland as an example to evaluate the imple-
mentation of protective development and explored the differences produced by different
conservation and development strategies for wetlands. As such, we (1) calculated the
VES of the Xixi Wetland after the completion of protective development; (2) calculated the
service cost of the Xixi Wetland after the same completion; and (3) compared the differences
between protection development and single protection mode through scenario analysis.
This study provides certain reference value for the governance and use of the services of
urban wetland resources.
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2. Materials and Methods
2.1. Overview of Study Area

The Xixi Wetland is located in the west of the main urban area of Hangzhou (Figure 1).
It is a secondary wetland in a city where the ecosystem was severely damaged and the
ES function was seriously degraded [25]. In 2003, before the implementation of the “West
Lake Wetland Comprehensive Protection Project (Phase I)” in Hangzhou, the wetland
area had decreased from a maximum of nearly 60 km2 to only 10.08 km2. The wetlands
host intensive and chaotic villages and houses. Endogenous domestic and agricultural
pollution has been caused by crowded population, agriculture, and fishery production, and
exogenous industrial and domestic pollution have continually reduced the ES effectiveness
of the Xixi Wetland to the point where some ESs are no longer provided. In 2005, the Xixi
Wetland Park (Phase I) was completed and opened. In the same year, the State Forestry
Administration approved it as the first national wetland park in China (Xixi National
Wetland Park). Subsequently, with the implementation of the second and third phases of
the Xixi Wetland Comprehensive Protection Project in November 2009, the park was added
to the list of internationally important wetlands. In January 2012, Xixi National Wetland
Park was rated a 5A tourist attraction by the National Tourism Administration.
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2.2. Computation Model

The supply of ESs necessarily corresponds to the input of cost. Cost–benefit analysis
(CBA) refers to the idea that an economic entity estimates and measures the inputs and
outputs for economic activities under the market economy conditions to obtain the maximal
benefit at the minimal cost. CBA can be used to determine whether a project is a sound
investment and to assess the real performance (net cost or net benefit) of the implemented
project. According to the principle of CBA and referring to the literature [15,16,26], the
formula of NES of Hangzhou Xixi National Wetland Park was established:

NES = VES − C, (1)

VES = ∑n
i=1 Vi, (2)
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C = ∑m
j=1 Cj, (3)

where VES is the total value of ESs in Xixi National Wetland Park, Vi is the value of its ith
ecosystem service, i is the number of categories of its ESs, C is the total cost of providing
ecosystem services to the ecosystem of Xixi National Wetland Park, Cj is its jth cost, and j
is the cost of an item required to provide ESs.

2.3. Study Materials
2.3.1. Index for Measuring Value of Ecosystem Services

The diversity of ecosystem functions determines the diversity of ESs; the results of ES
classification are also diverse. On the basis of the representative results of ES classification,
combined with the regional characteristics in the urban area of Hangzhou Xixi National
Wetland Park and the availability of research data, we established the VES measurement
index for Xixi National Wetland Park (Table 1).

Table 1. VES measurement index for Xixi National Wetland Park.

Service Category Description of Service Category Service Measuring Index

Regulatory service Benefits derived from regulatory
functions of ecosystem processes

Air regulation
Climate regulation

Hydrological regulation
Waste treatment

Supply service Product derived from the ecosystem Food production
Raw material production

Support service Indispensable service to produce all other ESs Maintaining the soil
Maintaining biodiversity

Cultural service Nonmaterial benefits from the ecosystem

Recreation
Scientific research and education

Cultural heritage
Appreciation of real estate

Note: Collated from the reference [3,27–29].

2.3.2. Index for Measuring Cost of Ecosystem Services

The cost for the restoration and maintenance of ecosystems is huge. Determining the
cost index as much as possible for the implementation of the protective development of the
Xixi Wetland is a basis for its NES assessment. In this study, the cost of providing services
to the Xixi National Wetland Park ecosystem was divided into three categories: direct,
opportunity, and other costs. Direct cost was further divided into wetland restoration and
park construction costs, as well as wetland maintaining and park operating costs after the
restoration of wetland and the completion of park. Opportunity cost, that is, the “crowding
effect” of the Xixi Wetland resources, is positioned in the park-style use of the wetland,
which has resulted in loss of income from the original, potential, or possible alternative
projects. Other costs can include the direct or potential expenditure from negative effects,
such as plant pests, fire disaster, soil erosion, environmental pollution, and emission of
greenhouse gases that may occur in the Xixi National Wetland Park.

2.4. Computation Method
2.4.1. Ecosystem Regulatory, Supply, and Support Services

The value of ecosystem adjustment service, supply service and support service can
be obtained by the equivalent factor method. The equivalent factor method is based on
quantifiable criteria for constructing the value equivalence of the multiple service functions
of an ecosystem based on differentiating the functions of ESs and then performing an
evaluation combined with the distribution area of the ecosystem [3,28]. The economic
value of a standard unit ES value equivalent factor (standard equivalent) is 1/7 of the
national average grain yield value of the year [30,31]. On the basis of that, the formula
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for calculating the standard equivalent value of ESs in the Xixi National Wetland Park is
as follows:

Vcrop =
1
7
× (P × E), (4)

Whewhere Vcrop is the value of one standard equivalent of the Xixi National Wetland
Park’s ESs (RMB/hm−2); P is the average grain yield of Hangzhou in the study period
(RMB/hm−2), and E is the unit price of grain (RMB/kg−1) in Hangzhou during the study
period. We further established the formula for calculating the value of a service in the Xixi
National Wetland Park Ecosystem as follows:

EVi = A × Vi, (5)

Vi = Wi × Vcrop, (6)

where A is the area of the Xixi National Wetland Park; EVi is the ith service value of its
ecosystem; Vi is the ith service value of its ecosystem’s unit area; and Wi is the ith service of
its ecosystem’s unit area value equivalent.

2.4.2. Ecosystem Cultural Service

The value of ecosystem cultural service can be calculated by the contingent valuation
method (CVM), travel cost method (TCM), and the benefit transfer method (method of
results reference). Among them, CVM evaluates the value of public goods by asking people
what they are willing to pay (WTP) or willing to accept (WTA) for intangible benefits [32];
this can be used to calculate the value of real estate appreciation and cultural heritage. TCM
is a nonmarket value assessment method for tourism resources that is based on consumer
choice theory. The zonal TCM (ZTCM) is used to calculate the value of a destination on the
basis of data such as the tourist’s traveling area, the traveling rate of the traveling area, the
average traveling cost from the beginning to the destination, and traveling time [33,34]; this
study uses it to calculate recreation value. The benefit transfer method refers to the method
of transferring the existing resource value evaluation results (often refers to study sites) to
the area to be studied (commonly refers to as political location) and obtaining the value of
the policy resources. The specific calculation methods are divided mainly into numerical
and function transfer. In numerical transfer, one or several empirical studies that are similar
to the policy resource attributes are collected, and the evaluation results (or the average of
the evaluation results) are directly used as the value of the political location [35]. We used
the numerical transfer method to measure the value of scientific research and education
of Hangzhou National Wetland Park. Urban green park space is a public or quasi-public
item [14].

(1) Appreciation of real estate

Real estate appreciation was calculated as follows:

HV = ∑n
i=1 HPi × Ai, (7)

where, within the scope of property appreciation, HV is the total appreciation of Xixi
National Wetland Park in its affected area; HPi is the per-square-meter appreciation of the
ith type of residential area (RMB/m2); Ai is the total floor area of the ith type of residential
area (m2); and i is the type of residential area.

Green spaces have a positive impact on the properties around them, and people are
willing to pay higher prices to buy properties near a park [14,32–39]. Additionally, the
effect of appreciation of green spaces on real estate decreases with the increase in distance
from them, until it disappears. The effect of the appreciation of green spaces on real estate
exists mainly within the range of 100–500 m from a green space, where the larger the green
area, the stronger the appreciation in real estate value [38]. Xixi National Wetland Park is a
large-scale municipal park green space, so we set the distance of its impact on the value
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of surrounding real estate to 500 m. On the basis of the integrated remote sensing images
and on-site investigation, we identified 29 residential areas within 500 m of the park. In
the study, these 29 residential areas were divided into low-level (low-density), multilevel,
and high-rise residential areas; we then calculated the Ai for each. For a survey regarding
the WTP of owners for property appreciation for the construction of Xixi National Wetland
Park (that is, the price paid per square meter of residential willingness), 300 questionnaires
were distributed, and 277 questionnaires were recovered, 246 of which were valid. The
respondents included 65 low-rise, 92 multistory, and 89 high-rise residential owners. As the
statistical results of the questionnaire showed that the WTP value of the interviewed owners
differed and the concentration was not high, we used the common treatment methods used
in related studies at home and abroad for reference. We used the median value of the WTP
of the interviewed owners in the different categories as the corresponding HPi value for
the property value calculation.

(2) Cultural heritage

Drawing on the nonuse value theory of environmental resources in environmental
resource economics [39], the cultural heritage value of Xixi National Wetland Park was
divided into three categories: (1) select value (SV), having the opportunity to choose to use
the resources of Xixi Wetland Park for oneself or others; (2) bequest value (BV), the natural
and cultural resources contained in the Xixi Wetland can be reserved for future generation;
and (3) continuous value (CV), the natural scenery and valuable cultural heritage of Xixi
Wetland Park can last forever.

The formula for calculating cultural heritage is as follows:

NV = CPm × Popu × Prop, (8)

where NV is the cultural heritage value of Xixi National Wetland Park; CPm is the WTP
of tourists for protecting the value of cultural heritage; Popu is the number of tourists in
Hangzhou in the study year; and Prop is the rate that the sample tourists are willing to pay
(the proportion of tourists’ WTP to protect the value of the documentary heritage of Xixi
National Wetland Park).

When surveying the tourists willing to protect the cultural heritage of Xixi National
Wetland Park, 500 questionnaires were distributed, and 487 questionnaires were recovered,
458 of which were valid. Here, the median value of the WTP of a visitor who is willing to
bear the cost of protecting this cultural heritage was also used as the CPm for the calculation.
According to the statistics of the questionnaire, CPm was 50 RMB/year·person, and 53.5%
of respondents had a willingness to pay this cost. According to Hangzhou’s 2016 Tourism
Statistics, the number of tourists in Hangzhou in 2016 was 140,590,800.

(3) Recreation

We used the ZTCM to calculate the recreational value of Xixi National Wetland Park as

RV = TC + TV + TS, (9)

where RV is the recreational value of Xixi National Wetland Park, TC is the traveling cost,
TV is the traveling time value, and TS is the surplus value of consumers (visitors).

I. Traveling cost

TC = JC + OC, (10)

where JC is the journey cost, and OC is the other costs.
1© Journey Cost

JC = ∑n
i=1 Ti × TRi × Z, (11)
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TRi =
Vi
Pi

, (12)

Vi = Z × ni
N

, (13)

where Ti is the round-trip transportation cost for the tourists in traveling area i to Xixi
National Wetland Park; TRi is the ratio of the tourists from a traveling area who choose
the wetland as the destination (the traveling rate); Z is the total number of tourists in the
study year; Vi is the annual number of visitors to traveling area; Pi is the population of
traveling area i in the study year; ni is the number of visitors in traveling area i in the
valid questionnaires; P is the number of valid questionnaires (500 questionnaires were
distributed in the survey, and 458 valid questionnaires were obtained); and i is the number
of traveling area.

Determine i. In general, a traveling area is divided according to the provincial admin-
istrative area; usually, 20–30 is reasonable [40]. According to the statistical results of the
questionnaire, the provincial administrative area was divided into 29 traveling areas; in
addition, due to the large number of local tourists, Hangzhou was separately considered as
a single traveling partition. As such, we considered a total of 30 traveling partitions.

Determine Z. According to the 2016 Hangzhou Tourism Overview issued by the
Hangzhou Tourism Management Committee, the number of tourists in Xixi National
Wetland Park was 4.9719 million.

Determine Ti. According to the statistical result of the questionnaires, local tourists
traveled mainly by bus (accounting for 54.5%), and foreign tourists relied mainly on trains
(37.4%) and airplanes (28.3%). We set the provincial capital of the provincial administrative
region as the starting point of the trip and the end point as Hangzhou; the seat level was
hard sleeper, motor train, second seat in high-speed rail, and aircraft economy class. We
determined the train fare from the official 12,306 website and the average airfare from the
Go-Where website. The local tourist fare was calculated as taking an air-conditioned bus
with no transferring. In this process, the travel time of the corresponding traveling zones
was also computed.

Determine Pi. We adopted data from the corresponding provincial and municipal 2016
National Economic and Social Development Bulletin.

2© Other Costs
The other costs in this study included travel expenses for park tickets, in-park dining,

special merchandise purchases in the park, and recreational activities. We built the formula
of other costs as follows:

OC = VS × Z, (14)

where VS is the average daily expenses of tourists in Xixi National Wetland Park, and
Z is the annual received volume of tourists. In addition, we considered the four theme
festivals, the Plum Blossom Festival, Flower Festival, Fire Persimmon Festival, and Reed
Festival (festival days account for one-third of the total opening days in the year), in the
Xixi National Wetland Park. Therefore, the questionnaire was designed using questions
about “other costs of nonfestival and festival travel” to obtain the data. According to the
statistical results, the average daily cost of tourists on non-themed festival days was 261.0
RMB/person·time (accounting for 54.4%). The average daily cost on a festival day was
361.0 RMB/person·time (accounting for 45.6%).

II. Traveling time value

Traveling time includes traveling and on-site time, which was calculated as follows:

TV = ∑n
i=1(JTi + VTi)× OPTi × TTi, (15)

where JTi is the round-trip journey time of the tourists from traveling area i to the Xixi
National Wetland Park; in previous statistics, the traveling time of the corresponding
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traveling area was counted, and the local tourists take 1 h. VTi is the traveling time of each
visitor in traveling area i, and the value in the questionnaire was 3 h (accounting for 71.2%).
OPTi is the unit time opportunity salary of the traveling area i; the opportunity wage per
unit time is usually taken as 1/3 of the unit income [41]. Using the annual working time
of 248 days, 1984 h, using the disposable income of urban residents in the 2016 National
Economic and Social Development Bulletin, we calculated the OPTi value of each traveling
area. TTi is the number of visitors to the Xixi National Wetland Park.

3© Surplus value of consumer
According to relevant study results, TS is approximately 40% of TC [42]; that is,

TS = TC × 40%, (16)

(4) Scientific research and education

The formula is as follows:
SV = A × Ps, (17)

where SV is the scientific and educational value of Xixi National Wetland Park; A is its
area; Ps is the scientific and educational value of its unit area ecosystem. Referring to the
literature, the average value of scientific research and education of the inland wetland
ecosystem is 463,000 RMB/km2, the maximum value is 1.478 million RMB/km2, and
the minimum value is 210,000 RMB/km2 [43]; the results are based on 2008. This study
uses the GDP parameter method to adjust the data to 2016 (Hangzhou’s 2008 and 2016
GDPs were RMB 478.10 billion and RMB 1170 billion) [44]; the adjusted average was
1.133 million RMB/km2, and it is used as the Ps for the calculation.

2.4.3. Ecosystem Service Cost

We will continue to use the numerical transfer method in the benefit transfer method
to measure the ES cost of Hangzhou National Wetland Park.

The formula for calculating service cost is as follows:

Cj = A × Cs, (18)

where Cj is the jth cost of providing services to the Xixi National Wetland Park ecosystem;
A is its area; and Cs is the cost of providing services to its unit area of ecosystem. According
to the literature, the direct, opportunity, and other costs of China’s wetland ecosystem
services in 2014 were 99,000, 1.59 million, and 534,000 RMB/km2, respectively [19]. Using
the GDP parameter method (Hangzhou’s GDP in 2014 and 2016 was RMB 920.10 billion and
1170 billion, respectively). The above data were uniformly adjusted to the corresponding
Cs values in 2016, which were 159,900, 2.0295 million, and 679,900 RMB/km2, respectively.
Finally, the direct cost of providing services for the Xixi National Wetland Park Ecosystem
in 2016 was RMB 1,269,100, the opportunity cost was RMB 20,854,400, the other costs were
RMB 6,844,300, and the total cost was RMB 28,570,800. In addition, since the Xixi Wetland
has become a commercial wetland park after restoration, it was necessary to calculate the
labor cost and public and office costs of its normal management and operation into direct
costs. According to the 2016 annual expenditure final announcement of the Hangzhou Xixi
Wetland Park Management Committee Office, these costs amounted to RMB 6.245 million.

In summary, the equivalent factor method, contingent valuation method (CVM), travel
cost method (TCM), and benefit transfer method were respectively adopted in this study to
calculate the value and cost of ecosystem services (detailed data are shown in Table 2).
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Table 2. Calculation method of VES and service cost index system in Xixi Wetland.

Measuring Category Measuring Index Calculation Method

Regulatory service

Air regulation Equivalent factor method
Climate regulation Equivalent factor method

Hydrological regulation Equivalent factor method
Waste treatment Equivalent factor method

Supply service Food production Equivalent factor method
Raw material production Equivalent factor method

Support service Maintaining the soil Equivalent factor method
Maintaining biodiversity Equivalent factor method

Cultural service

Recreation Travel cost method (TCM)
Scientific research and education Benefit transfer method

Cultural heritage Contingent valuation method (CVM)
Appreciation of real estate Contingent valuation method (CVM)

Service cost
Direct cost Benefit transfer method

Opportunity cost Benefit transfer method
Other costs Benefit transfer method

3. Results
3.1. Calculation Results
3.1.1. The Value of Ecosystem Regulatory, Supply, and Support Services

We used the equivalent value Wi of the per unit area ecosystem service value of the
Chinese wetland ecosystem as the value of the Xixi National Wetland ESs (Table 2) [31].
According to the data from the 2017 Hangzhou Statistical Yearbook, in 2016, grain in
Hangzhou was planted on 107,990 hm2, the output was 635.975 million kilograms, and the
price was RMB 2370.16 million. The Vcrop calculated by Formula (4) is 3135.42 RMB/hm−2.
We used Formula (6) to calculate its Vi and Formula (5) to introduce the wetland park
area of 10.08 km2 to calculate the value of its ecosystem adjustment, supply, and support
services in 2016 (Table 3).

Table 3. Value of ecosystem adjustment, support, and supply services for the Xixi National Wetland
Park (2016).

Class of
Service Measurement Index

Ecosystem Service
Value Equivalent
of Unit Area (Wi)

Ecosystem Service
Value of Unit Area

(Vi) (RMB/hm−2·a−1)

Individual Service
Value (EVi)

(10,000 RMB·a−1)

Total Value of
Classification

(Ten Thousand RMB·a−1)

Adjustment
service

Gas adjustment 2.41 7556.36 761.68

13,843.0Climate adjustment 13.55 42,484.94 4282.48
Hydrological adjustment 13.44 42,140.04 4247.72

Waste treatment 14.40 45,150.05 4551.12
Support
service

Maintaining the soil 1.99 6239.49 628.94
1795.17Maintaining biodiversity 3.69 11,569.70 1166.23

Supply
service

Food production 0.36 1128.75 113.78
189.63Raw material production 0.24 752.50 75.85

3.1.2. The Value of Ecosystem Cultural Services

(1) The value of real estate appreciation

We determined the HV of Xixi National Wetland Park in 2016 was approximately RMB
10010 million by using Formula (7) (detailed data are shown in Table 4).

Table 4. The appreciation of Xixi National Wetland Park property value (HV) (2016).

Residential Category Covered Area
(Ai) (Ten Thousand/m2)

WTP Median
(HPi) (RMB/m2)

Appreciation
(Ten Thousand RMB·a−1)

Total Appreciation
(Ten Thousand RMB·a−1)

Low-rise residence 89.0 8000.0 712,000.0
1,001,000.0Multistory residence 115.5 2000.0 231,100.0

High-rise residence 19.3 3000.0 57,900.0
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(2) The value of cultural heritage

Using Formula (8) to calculate the 2016 NV of Xixi National Wetland Park yielded
RMB 3760,803,900 (RMB 3.76 billion). Additionally, according to the statistical results of
the questionnaire, among the respondents who chose to pay, the selection ratios of SV, BV,
and CV were 3.3%, 14.3%, and 82.4%, respectively, and the selection value of the NV of
Xixi National Wetland Park in 2016 was calculated. The values of the selection, heritage,
and existence of Xixi National Wetland Park were RMB 124,106,500, RMB 537,795,000, and
RMB 3098,902,400, respectively (detailed data are shown in Table 5).

Table 5. Cultural heritage value of Xixi National Wetland Park (NV) (2016).

Cultural Heritage Value Category Ratio of Willing to Pay Itemized Value
(Ten Thousand RMB)

Cultural Heritage Value (NV)
(Ten Thousand RMB)

SV 3.3% 12,410.65
376,080.39BV 14.3% 53,779.50

CV 82.4% 309,890.24

(3) The value of recreation

I. Traveling cost

First, using Formula (11), the JC value of Xixi National Wetland Park in 2016 was
calculated as RMB 391,263,800 (detailed data are shown in Table 6).

Table 6. Journey cost for tourists to Xixi National Wetland Park (JC) (2016).

Travel
Partition

Sample
Visitor

Sample
Traveling

Ratio

Number of
Tourists

(Ten Thousand)
(Vi)

Partition
Population (Ten

Thousand)
(Pi)

Round Trip
Transportation

Fee (Ti)
(RMB)

Partition
Traveling

Ratio (TRi)

Partition
Transportation

Cost (Ten
Thousand RMB)

Hangzhou 75 16.38 81.42 918.8 4.0 8.86 176.23
Zhejiang
Province
(except

Hangzhou)

58 12.66 62.96 4671.2 161.0 1.35 1078.96

Shanghai 46 10.04 49.94 2420 256.0 2.06 2626.41
Jiangsu

Province 26 5.68 28.22 7999 317.0 0.35 556.13

Anhui
Province 21 4.59 22.80 6196 470.0 0.37 859.78

Jiangxi
Province 14 3.06 15.20 4592 265.0 0.33 436.07

Shandong
Province 33 7.21 35.82 9947 537.0 0.36 961.56

Liaoning
Province 8 1.75 8.68 4378 1228.0 0.20 1211.13

Hunan
Province 21 4.59 22.80 6822 1074.0 0.33 1784.40

Guangdong
Province 16 3.49 17.37 11,000 1008.0 0.16 791.35

Heilongjiang
Province 2 0.44 2.17 3799 1298.0 0.06 368.82

Beijing 8 1.75 8.68 2173 1026.0 0.40 2038.72
Hubei

Province 9 1.97 9.77 5885 518.0 0.17 427.57

Fujian
Province 2 0.44 2.17 3874 516.0 0.06 143.78

Sichuan
Province 16 3.49 17.37 8262 1514.0 0.21 1582.49

Chongqing 12 2.62 13.03 3048 1180.0 0.43 2507.42
Shanxi

Province 8 1.75 8.68 3682 766.0 0.24 898.29



Sustainability 2023, 15, 5913 11 of 17

Table 6. Cont.

Travel
Partition

Sample
Visitor

Sample
Traveling

Ratio

Number of
Tourists

(Ten Thousand)
(Vi)

Partition
Population (Ten

Thousand)
(Pi)

Round Trip
Transportation

Fee (Ti)
(RMB)

Partition
Traveling

Ratio (TRi)

Partition
Transportation

Cost (Ten
Thousand RMB)

Henan
Province 18 3.93 19.54 9532 516.0 0.20 525.92

Hebei Province 12 2.62 13.03 7470 602.0 0.17 521.96
Inner

Mongolia
Autonomous

Region

10 2.18 10.86 2520 1208.0 0.43 2587.29

Shanxi
Province 6 1.31 6.51 3813 864.0 0.17 733.80

Yunnan
Province 2 0.44 2.17 4771 1450.0 0.05 328.07

Jilin Province 4 0.87 4.34 2733 1502.0 0.16 1186.51
Tianjing 12 2.62 13.03 1562 736.0 0.83 3051.81
Gansu

Province 2 0.44 2.17 2610 1180.0 0.08 488.03

Xinjiang
Autonomous

Region
7 1.53 7.60 2398 2872.0 0.32 4524.94

Guangxi
Province 4 0.87 4.34 4838 658.0 0.09 293.63

Guizhou
Province 2 0.44 2.17 3555 705.0 0.06 214.07

Ningxia
Province 2 0.44 2.17 674 2100.0 0.32 3363.32

Qinghai
Province 2 0.44 2.17 593 1570.0 0.37 2857.95

Second, using Formula (14), the other costs of tourists in the Xixi National Wetland
Park in 2016 on nonfestival and festival days were calculated as RMB 705,930,200 and RMB
818,454,300 RMB, respectively; the OC value was RMB 1524,384,500.

So, according to Formula (10), the TC was RMB 1915,648,300 for the Xixi National
Wetland Park in 2016.

II. Traveling time value

Using Formula (15), the TV of Xixi National Wetland Park in 2016 was RMB 350,779,900
(detailed data is shown in Table 7).

Table 7. Traveling time value of tourists attending the Xixi National Wetland Park (TV) (2016).

Travel Partition Transportation
Round Trip

Transportation
Time (JTi) (h)

Recreational
Time (VTi) (h)

Opportunity
Salary (OPTi)

(RMB/h)

Number of
Tourists (TTi)

(Ten Thousand)

Partition Travel
Time Value (Ten
Thousand RMB)

Hangzhou Bus 1 3 8.77 81.42 2855.36
Zhejiang Province High-speed rail 2 3 7.94 62.96 2498.47

Shanghai Self-driving 4 3 9.69 49.94 3388.17
Jiangsu Province High-speed rail 4 3 6.75 28.22 1332.82
Anhui Province High-speed rail 7 3 4.90 22.80 1116.71
Jiangxi Province Local train 17 3 4.82 15.20 1464.28

Shandong
Province Local train 33 3 5.71 35.82 7369.58

Liaoning
Province Aircraft 4 3 5.52 8.68 335.78

Hunan Province Aircraft 3 3 5.26 22.80 718.93
Guangdong

Province Aircraft 4 3 6.33 17.37 769.79

Heilongjiang
Province Aircraft 7 3 4.32 2.17 93.88

Beijing Aircraft 5 3 9.62 8.68 668.56
Hubei Province Local train 34 3 4.94 9.77 1784.76
Fujian Province Motor train 12 3 6.05 2.17 197.05
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Table 7. Cont.

Travel Partition Transportation
Round Trip

Transportation
Time (JTi) (h)

Recreational
Time (VTi) (h)

Opportunity
Salary (OPTi)

(RMB/h)

Number of
Tourists (TTi)

(Ten Thousand)

Partition Travel
Time Value (Ten
Thousand RMB)

Sichuan Province Aircraft 5 3 4.76 17.37 661.96
Chongqing Aircraft 4 3 4.97 13.03 453.64

Shanxi Province Aircraft 4 3 4.60 8.68 279.36
Henan Province Local train 29 3 4.58 19.54 2860.95
Hebei Province Local train 38 3 4.75 13.03 2534.91
Inner Mongolia

Autonomous
Region

Aircraft 5 3 5.54 10.86 481.14

Shanxi Province Aircraft 4 3 4.78 6.51 217.86
Yunnan Province Aircraft 6 3 4.81 2.17 93.93

Jilin Province Aircraft 7 3 4.46 4.34 193.55
Tianjing Aircraft 4 3 6.23 13.03 568.54

Gansu Province Aircraft 6 3 4.32 2.17 84.35
Xinjiang

Autonomous
Region

Aircraft 10 3 4.78 7.60 472.41

Guangxi Province Local train 39 3 4.76 4.34 867.88
Guizhou Province Local train 53 3 4.49 2.17 546.28
Ningxia Province Aircraft 5 3 4.56 2.17 79.24
Qinghai Province Aircraft 6 3 4.50 2.17 87.84

III. Surplus value of consumer

According to Formula (16), the TS of Xixi National Wetland Park in 2016 was
RMB 76,625,300.

Finally, using Formula (9), the RV of Xixi National Wetland Park in 2016 was
RMB 3,032,687,500.

(4) The value of scientific research and education

Using Formula (17), the SV of Xixi National Wetland Park in 2016 is RMB 11.4206 million.
In summary, the ecosystem cultural service value of Xixi Wetland is 16,814.912

million yuan.

3.1.3. Ecosystem Service Cost

Based on the calculation of Formula (18) and the park operation cost, the total
cost of providing services for the Xixi Wetland National Park ecosystem in 2016 was
RMB 34,815,800.

We calculated that the VES of Xixi National Wetland Park in 2016 was RMB 169,731.90 mil-
lion (RMB 16.973 billion), the service cost was RMB 34,815,800, and the NES was RMB
1,693,8374,200 (RMB 16.938 billion). Among them, the cultural service value accounted for the
majority of its ES value: 99.27% of its NES ratio; property appreciation, cultural heritage, and
recreational leisure were the top three services accounting for its cultural service value, totaling
RMB 16803,490,000 (RMB 168.03 billion) (detailed data are provided in Table 7). These data
show that the performance of the protective development of Xixi Wetland was substantial.

3.2. Scenario Analysis

We also set a contrast scenario. In Scenario I, the Xixi Wetland implements a protective
development model (a model adopted in reality, which we calculated as described above);
this is a “protective development scenario”. Xixi Wetland Park will be built according to
protection and use, being protection-oriented, with moderate development. In Scenario II,
for the Xixi Wetland, a single protective mode is implemented; this is a “protection” scenario.
Xixi Wetland will be managed with closed protection, no entry, and a comprehensive
enclosure. To simplify ES value calculations, avoid double counting, and efficiently compare
scenarios, we assumed that:
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1. In the protection scenario, the index for measuring Xixi Wetland ecosystem service
value and service cost is the same as that of protective development.

2. In the protection scenario, the health and performance of the Xixi Wetland Ecosystem
is restored to (must not be lower than) the health and performance of the Xixi Wetland
Ecosystem in the protective development scenario. In the protective development sce-
nario, its service value of co-system regulation, supply, and support is equal to (must
not be lower than) the corresponding value in the context of protective development.

3. In the protection scenario, the Xixi Wetland adopts the measures of closed protection,
so the values of recreational leisure and scientific research in its cultural services
are zero.

4. In the protection scenario, the Xixi Wetland gradually evolves into a beautiful ur-
ban secondary wetland; the cultural heritage value and property appreciation in its
cultural services are consistent with the protective development scenario.

5. In the protection scenario, the ES cost of Xixi Wetland is RMB 28.57 million, from
which the labor cost and public and office costs of the management and operation of
the wetland park have been subtracted (protective development scenario).

In the protection scenario, the VES of the Xixi Wetland in 2016 was RMB 13.929 billion,
the service cost was RMB 28,570,800, and the NES was RMB 13.901 billion. Similarly, the
value of cultural services (only including cultural heritage values and property appreciation)
was RMB 13.771 billion, which was the main component of its ES value. Compared with
the protective development scenario, the Xixi Wetland provided an increase of RMB 3,037
million in terms of NES to the urban wetland park. This was only the increased NES value
in 2016; that is, the performance of the conservation development of the Xixi Wetland
resources was much better than that provided with single protection (detailed data are
shown in Table 8).

Table 8. VES, service cost, and NES of Xixi National Wetland Park under protection development
and protection scenarios (ten thousand RMB·year−1) (2016).

Class of
Service

Measurement
Index

Single Value Classified Value VES Service Cost NES

Scenario I Scenario II I/II I/II I/II I/II

Adjustment
service

Gas regulation 761.68 Same
13,843.0/
13,843.0

RMB 16.973
billion/

RMB 13.929
billion

3481.58/
2857.08

RMB
16.938
billion/

RMB
13.901
billion

Climate regulation 4282.48 Same
Hydrological

regulation 4247.72 Same

Waste treatment 4551.12 Same
Supply
service

Food production 113.78 Same 189.63/
189.63Raw material

production 75.85 Same

Support
service

Maintaining the
soil 628.94 Same 1795.17/

1795.17Maintaining
biodiversity 1166.23 Same

Cultural
service

recreation 303,268.75 0.0
RMB 16.814

billion/
RMB 13.771 billion

Scientific research
and education 1142.06 0.0

Cultural heritage 376,080.39 Same
Property

appreciation 1,001,000.0 Same

To further analyze the NES data, the VES in the protection development and the
protection scenarios in the Xixi Wetland was divided into direct explicit value (earnings)
and indirect hidden value (earnings) (detailed data are provided in Table 9). In addition,
small supply service value provided by the Xixi Wetland (Park) ecosystem after repair and
protection in both scenarios (RMB 1.8963 million in 2016), compared with the protection
scenario in the context of protective development, the value of recreation, education,
and scientific research, increased RMB 3,044 million. This value is direct explicit value
(earnings) that are convenient for quantitative calculations; this is the direct income that
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can be obtained (or partially obtained) by the construction, management, or operation
departments or institutions of urban wetland parks.

Table 9. Comparison of VES in Xixi National Wetland Park under protective development and
protective scenarios (ten thousand RMB) (2016).

Analysis Category Service Type Measurement Index Protective Protective Development

Direct dominant value
(income)

Supply RMB 1.8963 million RMB 1.8963 million

Cultural
Recreation RMB 0.0 RMB 3.033 billion

Scientific research and
education RMB 0.0 RMB 11.4206 million

Indirect dominant
value (income)

Adjustment

RMB 13.927 billion RMB 13.927 billion
support

Cultural
Cultural heritage

Property appreciation
Cost–benefit analysis Cannot balance Prominent net income

In both scenarios, the value of the adjustment, support, and cultural property and
cultural heritage services with the cultural services was RMB 13.927 billion in the Xixi
Wetland Park after repair in 2016; however, these values are the positive effect values
provided by healthy wetland ecosystems and its indirect hidden benefits that are not
easily quantifiable. Under the current system, urban wetland (park) resource management,
maintenance, or operation departments or institutions cannot charge these implicit positive
values or obtain compensation for the positive external effects.

In the context of protective development, the service cost of Xixi Wetlands’ ESs in
2016 was RMB 34.8158 million; in the case of protection, the cost was RMB 28.5708 million.
Under the protection scenario, the management, maintenance, or operation department
or organization of Xixi Wetland Resources could not obtain economic benefits or compen-
sation from the market or could obtain only minimal income or compensation through
supplying services (RMB 1,896,300, accounting for 5.4% of the service costs). The cost of
providing ecosystem services to wetlands basically requires financial commitment from the
government. However, in the context of protective development, the cost of ecosystem ser-
vices can be easily balanced through the market-based income from leisure, education, and
scientific research; a considerable dominant net income of approximately RMB 3009 million
can be earned.

4. Discussion

In general, we assessed the NES of Xixi Wetland services under a protective devel-
opment policy by analyzing the data from 2016, and the results are encouraging. For
Hangzhou, the protective development of Xixi Wetland has produced substantial benefits.
As proposed by Chuma et al., the construction of constructed wetlands is conducive to
the comprehensive development of a city [45]. The comprehensive protection project of
Xixi Wetland has contributed to the green development of Hangzhou and become a model
for other wetland park construction [24]. In addition, if the statistics of a certain number
of years or the life cycle of the ecological product are considered, the advantages of the
protective development model will be enhanced.

In terms of the proportions of VES in Xixi Wetland, VES in Xixi Wetland is reflected
mainly in cultural services, which is consistent with the current research results. According
to the research conclusion of Xiao Tao et al., the cultural services of Xixi Wetland ecosystem
account for 88.15% of the total ecosystem services [46]. On the other hand, compared with
Hemu Wetland, which is also in Hangzhou but adopts the original protection mode, the
total value of ecosystem services of Xixi Wetland is more than 10 times that of Hehe Wetland
thanks to the protective development policy, and it focuses mainly on cultural services,
which is also consistent with the results of situational analysis in our research. Therefore,
from a comparative point of view, it is recognized that the conservation development of
Xixi Wetland has achieved greater benefits in Hangzhou.
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From the calculation results of VES, the VES measured in this study is RMB 16.973 bil-
lion in Xixi Wetland, which is larger than the conclusion of some current studies [47].
Existing studies pay more attention to Xixi Wetland itself, so the measurement of its exter-
nality is lacking. In order to study whether Xixi Wetland has achieved positive benefits by
adopting the protective development mode, the external effects of Xixi Wetland should also
be taken into account. Therefore, this study included real estate value appreciation and
other indicators into the calculation of VES, resulting in a calculation result larger than that
of general studies.

From the calculations of the NES, although the protective development model of the
Hangzhou Xixi Wetland is successful, some particularities should be considered. First, the
Xixi Wetland is located in Hangzhou, a city with economic strength and popular tourist
attractions. Second, the Xixi Wetland is located in the downtown area of Hangzhou. For
example, due to the change in renewable energy transmission in Sanheyuan National Park
due to the policies for facilities and space restrictions, some local communities have lost
their advantages in terms of renewable energy use, so some of them are likely to fall into
poverty again [8]. Therefore, the choice of urban wetland resource management approaches
needs to be realistic and tailored to local realities. The NES advantages or direct dominant
net income of the wetland park model may not be achieved in all cities.

In addition, in the calculation of the direct cost of the ESs of the Xixi National Wetland
Park, considering the life cycle of ecological products, the capital cost of Xixi Wetland
restoration and park construction was not calculated (requires amortization over time).
We calculated only the cost of park maintenance and operation after the restoration of
the wetland and the park construction are completed. Although this will result in low
service cost results, the overall study conclusions would not be affected. Due to the lack
of comprehensive data, for the values of factors in the equivalent factor method and the
benefit transfer method that we used in the calculation process, we directly referred to
the relevant literature; this would have affected the accuracy of the findings. However,
the study results remain valuable, guiding people in understanding and paying attention
to the economic attributes of urban ecological resources, so that governance decisions for
urban ecological resources can be scientifically made.

VES dynamically changes. For example, with the increases in people’s travel and
leisure demand and ability to pay, the recreational value of Xixi National Wetland Park will
increase as the number of tourists and the tourist rate increase. With the improvement in
people’s understanding of the importance of ecological environment (landscape) resources,
the property appreciation and cultural heritage value of Xixi National Wetland Park, as
calculated by the hypothesis assessment method, will further increase. Evidence shows
that different levels of education will lead to different attitudes of different social groups
toward wetland protection, thus promoting or hindering the governance of urban wetland
resources. Therefore, taking a more scientific and long-term view of the protection and
development of wetlands will help us make more scientific decisions on the management
of urban wetland resources.

5. Conclusions

According to the calculation and analysis results, we concluded that for the Xixi
Wetland, the protective development model adopted in the reality is a more practical and
sustainable protection method for the wetland and for government public finances. Given
the market conditions in Hangzhou, the protective development model has marketized the
VES of Xixi Wetland, which has considerably increased the NES. Therefore, in practice, we
suggest that wetland development should be combined with urban demand to maximize
the market-oriented income of urban wetland resources and realize a virtuous cycle between
urban development and wetland protection.

Finally, on the basis of a large number of VES assessments, this study takes Xixi
Wetland as an example and considers the cost of ecosystem services to construct the
research framework of NES assessment, which more intuitively shows the status quo
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of wetland ecosystem protection and development, and it provides a new direction for
wetland ecosystem research. Future research on the NES of urban wetlands can include
more in-depth studies on the dynamic changes in the net value of wetland services. Through
the investigation of data from different years, we can calculate and compare the law of the
change in the NES of wetland ecosystem services over a period of time, more scientifically
understand the law of wetland resources protection and development, and guide the
practices of wetland resources protection and development.
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