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Abstract

The Gross Ecosystem Product (GEP) represents the total value of goods and services sup-
plied by ecosystems, serving as a key indicator that connects ecological well-being with
economic development and supports the achievement of sustainable development goals.
This study selected Beijing’s Wild Duck Lake National Wetland Park as its research sub-
ject, establishing a GEP assessment system for two major services: regulating services and
cultural services. By integrating market-based valuation approaches with social media
data to support the assessment of cultural services, this study calculated the 2023 GEP
of the wetland park. Finally, based on the social media data and the GEP accounting re-
sults, value enhancement strategies for Wild Duck Lake National Wetland Park were pro-
posed. Key findings include: (1) The total GEP of Wild Duck Lake National Wetland Park
reached 155.01 million CNY in 2023, with a per-unit-area value of 35.47 million CNY/km?Z.
(2) Among regulating services, climate regulation and water purification were the primary
contributors, accounting for 66.10% and 11.76% of the total value, respectively. Cultural
service value primarily derived from tourism and health preservation services. (3) Social
media analysis showed that visitors valued the park’s natural landscapes while noting ser-
vice and facility shortcomings, indicating a balanced assessment combining both positive
and negative perceptions. (4) Based on GEP assessment and social perception analysis,
this study provides pathways for realizing the ecosystem service value of Wild Duck Lake
National Wetland Park from three aspects. The main contribution of this study lies in devel-
oping an integrated framework for GEP accounting and enhancement in national wetland
parks, providing a scientific foundation for their sustainable development.

Keywords: gross ecosystem product (GEP) accounting; National Wetland Park; social
media data; enhancement strategy; sustainable management

1. Introduction

Since the Industrial Revolution, industrial civilization has greatly intensified the
exploitation of natural resources, placing excessive pressure on ecosystems and their
services [1-3]. This ecological crisis not only threatens the supply of critical ecosystem
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services but has also become a major challenge to global sustainable development [4]. As
one of the world’s three major ecosystems, wetlands play an irreplaceable role in resource
supply, climate regulation, and ecological balance maintenance [5]. However, driven by
land conversion, overexploitation of water resources, pollution, and climate change, the
ecological carrying capacity of wetlands has been continuously declining [6].

Over the past three decades, the international community has increasingly attached
importance to incorporating ecological values into decision-making systems. This has
been fully reflected in global initiatives such as the Millennium Ecosystem Assessment
(MEA) [7], The Economics of Ecosystems and Biodiversity (TEEB) [8], Natural Capital
Accounting [9,10], Ecosystem Service Value (ESV) [11], the System of Environmental-
Economic Accounting: Ecosystem Accounting (SEEA EA) [12], and the Intergovernmen-
tal Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES) [13]. It is
highly consistent with the sustainable development widely advocated by the interna-
tional community [14-19], highlighting the key role of ecosystem service assessment in
addressing issues such as biodiversity loss, climate change, and sustainable social and
economic development.

Against this background, the concept of Gross Ecosystem Product (GEP) has emerged
as a policy-oriented extension of ecosystem service valuation [20-24]. While GDP repre-
sents the economic output of human activities, it does not reflect ecological degradation
or improvements in well-being derived from ecosystem services [2,25,26]. Therefore, GEP
offers a complementary perspective that integrates ecological contributions into economic
evaluation. Compared with traditional ESV approaches, GEP places greater emphasis on
final benefits and the potential integration of ecological value into national accounting
systems, providing a more practical tool for policy formulation and ecosystem manage-
ment [27]. In recent years, GEP accounting has been widely applied in China and has
gradually evolved into an important instrument for measuring human well-being and the
progress of ecological civilization [28]. Provincial-scale and regional-scale studies [29,30]
have demonstrated its significance in guiding sustainable land use, developing ecological
compensation mechanisms, and supporting high-quality regional development. However,
the application of GEP in wetland ecosystems remains limited.

Although considerable progress has been made in wetland ecosystem value assess-
ment research [11,31,32], key issues such as method standardization, data acquisition (es-
pecially cultural service data) [33], and value transfer reliability [34] remain to be resolved.
Existing GEP accounting methods (such as the integrated model method [35], biophysi-
cal methods [36], the equivalent factor method [34], and the functional value assessment
method [37]) each have their own characteristics and limitations [22], and a unified stan-
dard system has not yet been formed. Cultural Ecosystem Services (CES), a critical compo-
nent of wetland ecosystem functions, are commonly evaluated using approaches such as
the Travel Cost Method (TCM) and the Contingent Valuation Method (CVM) [26]. These
methods often rely on field surveys or questionnaires [38], which are time-consuming,
costly, and limited in spatial and temporal representativeness. Recent advances in digital
technologies and social media analytics have opened new opportunities for cultural ecosys-
tem service assessment. User-generated online content can reflect public perceptions and
recreational behaviors in real time and at large scales. Existing studies have begun to ex-
plore the use of text mining techniques—such as sentiment analysis and topic modeling—
to qualitatively reveal visitors’ perceptions and attitudes toward natural attractions, pro-
viding insights into value enhancement pathways. However, most of these efforts remain
at the qualitative level [33]. A significant research gap persists in how to transform unstruc-
tured social media data into quantifiable economic indicators that enable the monetary
valuation of cultural services.
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To address the lack of standardization in wetland GEP accounting frameworks and
the limitations in cultural service accounting, this study takes Beijing Wild Duck Lake Na-
tional Wetland Park as a case study. Guided by the theories of sustainable development,
ecological balance [39], and green development, and drawing on the eight principles of
ecological product value assessment [40], the study integrates 2023 wetland resource data
with social media data to construct a comprehensive GEP accounting system suitable for
inland wetlands, with a particular focus on developing a quantitative approach for cultural
service valuation based on public perception data. The specific objectives of this study are
to: (1) systematically account for the ecological and cultural ecosystem services of Wild
Duck Lake National Wetland Park; (2) provide a case-based reference for inland wetlands
in the Beijing-Tianjin—-Hebei region; (3) verify the applicability and innovative value of
social media data in monetary accounting of wetland cultural services; (4) propose tar-
geted strategies for ecological protection and sustainable management based on the ac-
counting results. Through these efforts, this study aims to contribute to the standardiza-
tion of GEP accounting, expand methodological approaches for cultural service valuation,
and provide theoretical and practical references for promoting wetland ecological product
value realization.

2. Materials and Methods
2.1. Overview of the Study Area

Wild Duck Lake National Wetland Park (40°23/58"-40°25/25" N, 115°4941"-115°51'23"
E) is located in the southwestern Yanqing District, Beijing (Figure 1), at the foot of the
Badaling Great Wall and on the shores of the Guanting Reservoir. It boasts the largest and
most biodiverse near-natural wetland ecosystem in North China. Officially opened to the
public in 2013, the park covers approximately 418.9 ha and has a warm temperate semi-
arid, semi-humid continental monsoon climate with distinct four seasons: dry, cold, and
windy winters and rainy, hot, and humid summers. The average annual temperature is
8.7 °C, the frost-free period averages 182.2 days, and the average annual sunshine hours
are 2727.3 h. The average annual precipitation is 441.8 mm, with an average of 68 rainy
days. The park has 392 recorded species of higher plants, and bird species increased to
361 in 2022, representing 24.3% of the national bird species count. It serves as a crucial
stopover for migratory birds along the East Asian-Australasian Flyway [41]. Wild Duck
Lake National Wetland Park welcomes over 200,000 visitors annually, balancing its value
as a research and educational institution with ecotourism. Furthermore, in 2023, on the
27th World Wetlands Day, Wild Duck Lake Wetland was successfully listed on the List of
Wetlands of International Importance, becoming the first and only wetland in Beijing to re-
ceive this distinction, confirming its importance as a wetland of international importance.
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Figure 1. Location of the study area. (Remote sensing imagery obtained from Google Maps (2023)).

2.2. Research Methodology
2.2.1. Research Framework

Based on data collection and preprocessing, this study explored five key research com-
ponents: defining ecosystem types, compiling a GEP inventory, conducting biophysical
and economic value accounting, and exploring value enhancement strategies (Figure 2).
The first component involves a site survey of land use in the study area to identify wetland
ecosystem types, structure, and ecological processes. The second focuses on developing
an assessment index system for GEP accounting, selecting representative accounting indi-
cators to ensure they capture the key ecological and socio-economic benefits generated by
the park’s ecosystem. The third and fourth sections focus on biophysical and economic
value accounting, integrating the latest advancements in global wetland ecosystem service
valuation and referring to both national and local standards. The biophysical account-
ing is conducted using methods such as the water balance approach, while the economic
value accounting is carried out using methods such as the market value method. The fifth
component compares and validates the valuation results with representative wetland val-
uation cases. This analysis, combined with high-frequency words and semantic network
diagrams from social media data, provides recommendations and guidance for enhancing
the value of Wild Duck Lake National Wetland Park.
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Figure 2. Technical framework of the study.

2.2.2. Accounting Index System

Based on the actual conditions of Wild Duck Lake National Wetland Park, the pro-
visioning services dimension was excluded from valuation, as the park’s flora and fauna

lack marketable profit value, the area has a large proportion of water bodies with no agri-

cultural cultivation, and no centralized drinking water source is located within 2 km of the

park boundary. Consequently, its provisioning services do not hold significance for GEP

accounting. Accordingly, two accounting categories and eight accounting indicators are

selected to construct the wetland ecosystem service value assessment index system of Wild
Duck Lake National Wetland Park (Table 1). The specific calculation formula refers to the
technical specification for gross ecosystem product accounting [42].

Table 1. Accounting index system and corresponding methods for assessing the GEP of the Wild
Duck Lake National Wetland Park.

Accounting Category

Accounting Indicator

Biophysical Quantity
Accounting Method

Economic Valuation
Accounting Method

Regulating Services

Water conservation
Flood regulation
Carbon sequestration

Water purification
Climate regulation

Soil conservation

Water balance method
Flood regulation model
Carbon sequestration model

/

Heat absorption model
Universal Soil Loss Equation
(USLE)

Replacement cost method
Replacement cost method
Market value method
Unit area value equivalence
method
Replacement cost method

Replacement cost method

Cultural Services

Ecotourism And Health
Preservation
Landscape Value
Enhancement

Social media analysis

Site survey and web crawling

Travel cost method

Market value method
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2.2.3. Calculation Method and Data Description

The calculation method shown in Table 1 is described in detail. The data required
for this study are multi-source data consisting of spatial data (vector and raster data), sta-
tistical data (government statistical yearbooks, statistical bulletins, corporate transaction
data, etc.), social media network data, and text data (planning documents, research litera-
ture, etc.). These data are the basis for conducting GEP accounting and formulating value
enhancement strategies.

(1) Water Conservation

Biophysical Quantity:

Qur = A x (P =R —ET) x 10° (1)

where
Q,.r = Wetland ecosystem water conservation volume (m3/a);
A = Wetland ecosystem area (km?);
P = Precipitation (mm/a);
R = Surface runoff (mm/a);
ET = Total evapotranspiration (mm/a).
Economic Value:

Vwr = Qwr X (Cwe + Pwe X Dr) (2)

where
Vwr = Wetland ecosystem water conservation value (CNY/a);
Q..+ = Wetland ecosystem water conservation volume (m3/a);
Cuwe = Engineering cost per unit of reservoir volume (CNY/m?);
Pywe = Annual operating cost per unit of reservoir volume (CNY/(m3-a));
D, = Annual depreciation rate of the reservoir;
Table 2 shows the specific parameter values and data sources.

Table 2. Specific parameter values and data sources for water conservation calculations.

Accounting Stage

Biophysical Quantity

Parameter Name Parameter Value Data Description and Source
Vector data, current land use
Wetland ecosystem area 3.75 km? map of Wild Duck Lake National
Wetland Park

Raster data, 30 m x 30 m,
Nationwide rainfall distribution
data, https://www.gisreal.cn/,
accessed on 26 February 2025
Raster data, 30 m x 30 m,
National surface runoff data,
https://www.gisreal.cn/, accessed
on 26 February 2025
Raster data, 30 m x 30 m,
National multi-year spatial
distribution data of actual
Total evapotranspiration 385.64 mm/a evapotranspiration
(transpiration),
https://www.gisreal.cn/, accessed
on 26 February 2025

Precipitation 440.72 mm/a

Surface runoff 30.7 mm/a
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Table 2. Cont.

Accounting Stage Parameter Name Parameter Value Data Description and Source

Engineering cost per unit
of reservoir volume

Specifications for assessment of
forest ecosystem services [43]
Regulation for economic
0.02 CNY/(m?3-a) evaluation of water conservancy

construction projects [44]

Code for rational service life and
Annual depreciation rate 0.95% durability design of water

. . o
of reservoir resources and hydropower

projects [45]

8.88 CNY/m?>

Annual operating cost per

. unit reservoir capacit
Economic Value pacity

(2) Flood Regulation
Biophysical Quantity:
Ctm = Cifm ®)

where
Ctm = Wetland ecosystem flood regulation volume (m>/a);
Cifm = Lake flood regulation volume (m?/a).

Cim = 9% x A28 %319 x 10* (4)

where
Cjfm = Lake flood regulation volume (m3/a);
A = Lake area (km?).
Economic Value:
Vim = Cpm ¥ (Cwe + Pye X Dr) )

where
Vim = Wetland ecosystem flood regulation value (CNY/a);
Ctm = Wetland ecosystem flood regulation volume (m3/a);
Pye = Engineering cost per unit of reservoir volume (CNY/m?);
Cuwe = Annual operating cost per unit of reservoir volume (CNY/(m?-a));
D, = Annual depreciation rate of the reservoir.
Table 3 shows the specific parameter values and data sources.

Table 3. Specific parameter values and data sources for flood regulation calculations.

Data Description and

Accounting Stage Parameter Name Parameter Value
Source
Vector data, current land
Biophysical Quantity Lake area 0.82 km? use status map of Wild

Duck Lake in 2023

Specifications for

8.88 CNY/m? assessment of forest
ecosystem services [43]
Regulation for economic
evaluation of water
conservancy construction
projects [44]
Code for rational service
Annual depreciation rate 0.95% life and durability design

of reservoir ) of water resources and
hydropower projects [45]

Engineering cost per unit
of reservoir volume

Annual operating cost per

3.
Economic Value unit reservoir capacity 0.02 CNY/(m*-a)
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(3) Carbon Sequestration
Biophysical Quantity:
Qico, = Mco,/Mc x NEP (6)

where

Qico, = Wetland ecosystem carbon sequestration volume (t-COy/a);

NEP = Net primary productivity of the ecosystem (t-C/a);

Mco, /Mc = Conversion factor from carbon (C) to carbon dioxide (CO,).

The calculation is based on the difference between the net primary productivity
of plants and the carbon consumed by soil heterotrophic respiration. The calculation
formula is:

NEP = NPP — RS @)

where
NEP = Net primary productivity of the ecosystem (t-C/a);
NPP = Net primary productivity (t-C/a);
RS = Carbon consumed by soil heterotrophic respiration (t-C/a).

RS = 0.22 x [e%913*T 1 1n(0.3145 x P + 1)} x 30 X 46.5% (8)

where
RS = Monthly total soil anaerobic respiration consumption (g-m~2);
T = Monthly mean temperature (°C);
P = Monthly mean precipitation (mm).
Economic Value:
Ve = Qico, X Ceo, )

where
Vs = Wetland ecosystem carbon sequestration value (CNY/a);
Qico, = Wetland ecosystem carbon sequestration volume (t-CO»/a);
Cco, = China’s carbon market price (CNY/t-COy).
Table 4 shows the specific parameter values and data sources.

Table 4. Specific parameter values and data sources for carbon sequestration calculations.

Accounting Stage Parameter Name Pa{; rlr::;ter Data Description and Source
Conversion factor from Technical specification for gross
carbon (C) to carbon 44/12 ecosystem foduct accountir% [42]
dioxide (CO,) ystem p &
Raster data, 30 m x 30 m, China’s net
. . . The net primary primary productivity (NPP) data,
Biophysical Quantity productivity 3857.77 ¢ https://www.gisrs.cn/, accessed on
26 February 2025
The carbon consumed by
soil heterotrophic 1000.43 t Soil microbial respiration model * [35]
respiration
Economic Value China’s carbon market 68.13 CNY/t Shanghai Environment and

price in 2023

Energy Exchange

Note: * Soil microbial respiration model: estimates soil microbial activity by quantifying CO, release
from organic matter decomposition, reflecting soil carbon cycling and microbial dynamics under varying

environmental conditions.

(4) Water purification

V=(1+1)xPx A xCPI (10)
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where
V = Wetland ecosystem water quality purification value (CNY);
A = Wetland ecosystem area (m?);
P = Water quality purification unit area equivalent (CNY/m?);
r = 2023 annual interest rate;
CPI = Consumer price index for the evaluation year compared to the reference year.
Table 5 shows the specific parameter values and data sources.

Table 5. Specific parameter values and data sources for water quality purification.

Accounting Stage Parameter Name Parameter Value Data Description and Source
2023 annual interest rate 1.50% People’s Bank of China

Water purification unit 3.6 CNY/m? Xie et al. [34]
area equivalent

Vector data, current land use
. Wetland ecosystem area 3,759,664.39 m? status map of Wild Duck Lake
Economic Value -
in 2023
Consumer price index of

the evaluation year

compared with the 132.7 Beijing Statistical Yearbook 2024
reference year
(5) Climate Regulation
Biophysical Quantity:
Ewe = Ewt X Py X q X 10%/(3600 x 1) 4 Eyp X y (11)
where

Ewe = Energy consumed by evapotranspiration in the wetland ecosystem (kW-h/a);
Et = Evapotranspiration volume during air conditioning cooling (m?/a);
E,, = Evapotranspiration volume during humidifier operation (m?/a);
pw = Density of water (g/cm?);
q = Latent heat of vaporization, the heat required to evaporate 1 g of water (J/g);
r = Coefficient of performance for air conditioning (dimensionless);
y = Power consumption of the humidifier per 1 m® of water converted into steam
(kW-h/m3).
Economic Value:
Vit = Ewe X Pe (12)

where
Vit = Wetland ecosystem climate regulation value (CNY/a);
Ewe = Total energy consumed for temperature and humidity regulation (kW-h/a);
P = Local residential electricity price (CNY/kW-h).
Table 6 shows the specific parameter values and data sources.
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Table 6. Specific parameter values and data sources for climate regulation calculations.

Accounting Stage Parameter Name Parameter Value Data Description and Source

Raster data, 30 m x 30 m, National
multi-year spatial distribution data

Evapotranspiration of actual evapotranspiration
volume during air 918,324.42 m3 potransp
conditioning cooling (transpiration),
https://www.gisreal.cn/, accessed on
26 February 2025
Density of water 1 g/em?® /
Latent heat of
vaporization, the heat
required to evaporate1 g 2257 /8 Calculated
. . . of water
Biophysical Quantity Coefficient of performance 3.30 2019 Residential Energy Saving
for air conditioning ’ Behavior Survey Report
Raster data, 30 m x 30 m, National
L multi-year spatial distribution data
Evapotranspiration of actual evapotranspiration
volume during 130,003.55 m%/a potransp
humidifier operation (franspiration),
https://www.gisreal.cn/, accessed on
26 February 2025

Power consumption of the
humidifier per 1 m? of 150 kW-h/m? Calculated
water converted into steam

Local electricity prices for 0.53 CNY/kW-h Beijing Municipal Development and

Economic Value . . e
daily consumption Reform Commission

(6) Soil Conservation
Biophysical Quantity:

Qy =RXKxLxSx(1-CxP)xA x10? (13)

where
Qsr = Wetland ecosystem soil conservation volume (t/a);
A = Area of accounting unit (km?);
R = Rainfall erosion factor for accounting unit (MJ-mm/(hm?-h-a));
K= Soil erodibility factor for accounting unit (t-hm?-h/(hm?-MJ-mm));
L = Slope length factor for accounting unit (dimensionless);
S = Slope factor for accounting unit (dimensionless);
C = Vegetation cover factor for accounting unit (dimensionless);
P = Soil conservation factor (dimensionless).
Economic Value:
Reduced Sedimentation Value:

Vsd =AXQq/p xc (14)

where
V4 = Ecosystem reduced sedimentation value (CNY/a);
Qgr = Soil conservation volume (t/a);
c = Engineering cost per unit of sedimentation removal (CNY/m?);
A = Sedimentation coefficient (dimensionless).
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Reduced Non-Point Source Pollution Value:

2
Vdpd = Zer X ¢ Xp (15)
=

1

where

Vgpd = Reduced non-point source pollution value (CNY/a);

Qgr = Soil conservation volume (t/a);

i =The types and quantities of nitrogen, phosphorus and other substances in the soil,
i=1,2;

¢; =The pure content of nitrogen, phosphorus and other substances in soil is expressed
as percentage (%);

p = Treatment cost per unit of non-point source pollutant (CNY/t).

Table 7 shows the specific parameter values and data sources.

Table 7. Specific parameter values and data sources for soil conservation calculations.

Accounting Stage Parameter Name Parameter Value Data Description and Source
Vector data, current land use
Area of wetland ecosystem 3.75 km? status map of Wild Duck Lake
in 2023
Rainfall erosion factor for 1027.08 Calculation based on empirical

formulas derived from

ing uni : 2h
accounting unit MJ-mm/(hm~-h-a) monthly rainfall
Raster data, 30 m x 30 m,
Soil erodibility factor for 0.042 Natlon'al' hlgh—prec151on soil
. . P > erodibility factor K data,
accounting unit t-hm*-h/(hm=-MJ-mm) httos: . d
Biophysical Quantity ttps://www.gisrs.cn/, accesse
on 26 February 2025
Slope Iength factqr for 0.677 Calculated based on slope length
accounting unit
Slope fa'ctor fo'r 0.057 Calculated based on slope
accounting unit
Calculated based on NDVI
Vegetation cover factor for 0.708 (Normalized Difference
accounting unit ’ Vegetation Index) and FVC
(Fractional Vegetation Cover)
Soil conservation factor 0 Wetlands take the value 0
. . . . Guanting Reservoir Dredging
Economic Value Engmg erng C.OSt per unit 121.89 CNY/m? Pilot Project (Construction)
(Reduced of sedimentation removal Tender Announcement
Sedimentation Value) Sedimentation coefficient 0.24 Wang et al. [46]
Pure nitrogen content o Raster data, 90 m x 90 m, Shi
.o 0.10%
in soil et al. [47]
Economic Value Pure phosphorus content 0.04% Raster data, 90 m x 90 m, Shi
(Reduced Non-Point) in soil e et al. [47]
Source Pollution Value) Unit treatment cost of Calculated based on
comprehensive non-point 47,552 CNY/t

t-effecti h
source pollutants cost-eftectiveness approac

(7) Ecotourism And Health Preservation
Biophysical quantity:
Total annual number of visitors to Wild Duck Lake National Wetland Park (persons/year).
Economic Value:
Vi =N x TC x NC (16)
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where
Vi = Ecotourism and health preservation value (CNY/a);
N = Total number of visitors (person-times/a);
TC = Average travel cost per visitor (CNY/person-time) (Including direct expenses
such as transportation tickets and opportunity costs of travel time);
NC = Tendency of visitors” average travel cost towards natural landscapes (percentage).
TC is calculated using the following formula:

TC = (TO X S+ TI) x W + C (17)

where

TC = Average travel cost per visitor (CNY/person-time);

TO = Average travel time per visitor to reach the accounting location, in days per trip
(d/trip);

TI = Average time per visitor spent visiting the accounting location, in days per trip
(d/trip);

W = Average wage for per visitor, in CNY per person-day (CNY/person-day);

S= Average time-sharing rate of tourists’ trip in social media reviews (%), with a value
range of [0, 100];

C = Average direct travel cost incurred by tourists, including travel transportation
costs from the tourist group to the accounting area, food and accommodation costs
within the scenic area, entrance fees and transportation costs, and related expenses
such as shopping and entertainment driven by tourism. All units are CNY per person
(CNY/person-time).

Table 8 shows the specific parameter values and data sources.

Table 8. Specific parameter values and data sources for ecotourism & health reservation.

Accounting Stage

Data Description and

Parameter Name Parameter Value
Source

Biophysical Quantity

https:
/[www .bjyouth.com.cn/,
accessed on
5 February 2025

Total number of visitors 300,000 persons/year

Economic Value

Social Media Data
(Section 2.2.4) and the
140.73 CNY/person-time ~ Wild Duck Lake National
Wetland Park Conceptual
Master Plan

Average travel cost
per visitor

Tendency of visitors’
average travel cost
towards natural
landscapes

78% Social Media Data

(8) Landscape Value Enhancement
Biophysical quantity:
Number of hotel rooms (nights) that benefit from the ecological landscape (nights/year).
Economic Value:

VHP = H; x PH x RH (18)

where
VHP = Hotel landscape value enhancement (CNY/a);
PH = Number of hotel rooms benefiting from landscape appreciation (nights/a);
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RH = Average hotel room price (CNY/night);
H, = Landscape premium coefficient for rooms (percentage).

Table 9 shows the specific parameter values and data sources.

Table 9. Specific parameter values and data sources for landscape value enhancement.

Accounting Stage Parameter Name

Parameter Value

Data Description and
Source

POI data of Beijing in 2023
(using ArcMap (Version

Number of hotels 10.6) spatial analysis, a
benefiting from andscape 159 hotels hotel bufter zone within
Biophysical Quantity 5 km of the wetland park
was identified (Figure S1))
Number of hotel rooms https://www.ctrip.com/,
benefiting from landscape 647 nights/a accessed on
appreciation 7 February 2025 (Table S1)
https://www.ctrip.com/,
Average hotel room price 337.27 CNY/night accessed on
B o Val 7 February 2025 (Table S1)
conoruc vatue Landscape premium https://www.ctrip.com/,
pep 139% accessed on

coefficient for rooms

7 February 2025

2.2.4. Processing of Social Media Data

The 2025 China Social Media Platform Guide [48] points out that China has a large
internet user base (1.14 billion) and a balanced age structure, which provides an ideal

sampling environment for this study. Therefore, this study uses tourist reviews and

travel notes from the three major platforms of Ctrip (https://www.ctrip.com/, accessed on

10 February 2025), Dianping (https://www.dianping.com/, accessed on 10 February 2025)

and Xiaohongshu (https://www xiaohongshu.com/, accessed on 11 February 2025) as data
sources. 5385 pieces of data related to Wild Duck Lake National Wetland Park (includ-
ing 1463 pieces of data from 2023) were crawled using Octopus software (Version 8.7.4).

After cleaning and removing invalid information, 4927 pieces of valid data were retained
(1447 pieces from 2023). Text analysis was conducted using the ROST Content Mining
tool, combined with keyword retrieval and IP statistics. The weighted average method

was used to calculate the parameters of the travel cost method (Table 10). This provided

data support for quantifying the value of GEP (tourism and health preservation). At the

same time, high-frequency word statistics and semantic network diagrams were used to

explore tourist perception characteristics, supporting strategies for enhancing the value of

ecotourism & health preservation. The technical roadmap is shown in Figure 3.

Table 10. Parameter values and data sources used in the Travel Cost Method (TCM).

Parameter

Value

Data Source (For Specific
Keywords, See the
Supplementary Instructions)

Preference for natural landscape

Average one-way travel time to the core site 2.25h
Average one-way travel cost to the core site 89.74 CNY
Average time spent at the core tourism site 293 h

Average daily wage of tourists

213.31 CNY/day

Keyword search (Table S2)
Keyword search (Table 52)
Keyword search (Table S2)
Keyword search (Table S2)
Tourist IP-based statistics
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Figure 3. Workflow for processing social media data.

3. Results
3.1. Analysis of Land Use Status

An analysis of the 2023 land use map of Wild Duck Lake National Wetland Park
(Figure 4, Table 11) reveals that wetlands and lakes constitute the majority of the area.
Specifically, marshes dominate, covering 247.5 ha; lakes, covering 87.1 ha, primarily serve
as hydrological regulators and habitats. This structural characteristic indicates that the
wetland’s regulating services are primarily supported and manifested by the marsh ecosys-
tem. Compared to lakes, marshes feature more complex vegetation structures and a mosaic
of aquatic and terrestrial environments, typically exhibiting higher primary productivity
and enhanced pollutant interception and transformation capabilities [49]. Ponds, covering
1.1 ha, are primarily used for ornamental purposes, and inland mudflats, covering only
1.0 ha, are seasonally inundated. Within natural ecological land, other grasslands, cover-
ing 43.3 ha, serve as ecological buffer zones. Land used for human activities accounts for a
relatively small proportion, primarily consisting of 9.99 ha of transportation land (includ-
ing parking lots and roads), 6.04 ha of parkland, and 4.27 ha of commercial facilities at the
entrance. Therefore, this study excludes human land use and uses the remaining land as
the assessment scope for the wetland ecosystem, thereby accounting the GEP.

Table 11. Land use types and area of Wild Duck Lake National Wetland Park in 2023.

First-Level Classification Second-Level Classification Area (ha)
Grassland Other Grassland 43.34
Public Management and Public Service Public Park and Green Space Land 6.04
Transportation Services Terminal Land 8.42
Land for Transportation Purposes ;
Highway Land 1.57
Other Forest Land 8.67

Forest Land

High Forest 9.84
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Table 11. Cont.
First-Level Classification Second-Level Classification Area (ha)
Commercial service land Commercial and Business Facilities Land 4.27
Marsh Land 247.50
Wetland )
Inland Tidal Flat 1.01
o Pit and Pond Surface 112
Water Areas and Water Conservancy Facilities Land
Lake Water Surface 87.12
115°50'00"E 115°50'30"E 115°51'00"E 115°51'30"E
1 L Il Il
N
40°25'00"N 40°25'00"N
40°24'30"N -40°24'30"N
l:’ Highway Land
I:l Other Forest Land
l:l Other Grassland
l:’ TInland Tidal Flat
Land use type I:, Commercial And Business Facilities
40°24'00" N1 - High F()resl. ‘ . l:’ Pit and Pond Water Surface L 40°24'00"N
0 0.25 05 km l:l Transportation Service Terminal Land E Marsh Land
l:l Public Park and Green Space Land I:l Lake Water Surface
T T T T
115°50'00"E 115°50'30"E 115°51'00"E 115°51'30"E

Figure 4. Land use status of the Wild Duck Lake National Wetland Park in 2023. This figure adopts
the land classification system of China’s Third National Land Survey and is based on Google Earth
Engine (GEE) analysis combined with field investigation. Areas with tree canopy cover > 0.2 are
classified as arbor forest land, while open woodland is categorized as other forest land. Non-grazed
grasslands with canopy cover < 0.1 are classified as other grassland. Narrow internal roads lined
with tall trees are classified as park green space.

3.2. GEP Accounting Results

The total GEP in 2023 was estimated at 155.01 million CNY (USD 21.76 million), cor-
responding to 35.47 million CNY per square kilometer. Within this structure, regulating
services contributed 78.56% of the total value, while cultural services accounted for 21.44%
(Figure 5, Table 12).
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Regulating Services, 78.56%

Cultural Services, 21.44%

Cultural Services

Water purification

Climate regulation, 66.11%

Water purification, 11.76%,

Water conservation, 0.01%
Carbon sequestration, 0.46%
Flood regulation, 0.19%/

Soil conservation, 0.03%

Water conservation = Flood regulation Carbon sequestration

Climate regulation  m Soil conservation

Figure 5. Comparison of GEP structure of Wild Duck Lake National Wetland Park.

Table 12. Accounting results of the GEP in the Wild Duck Lake National Wetland Park.

Accounting . . Value (10* . 4 Unit Value
Category Accounting Indicator CNY) Proportion Total (10* CNY) (10* CNY/km?)
Water conservation 0.77 0.01%
Flood regulation 29.76 0.19%
Regulating Carbon sequestration 71.38 0.46%
Services Water purification 1823.01 11.76%
Climate regulation 10,247.26 66.10%
Soil conservation 5.19 0.03% 15,500.89 3547.11
Ecotourism And 3293.19 21.25%
Cultural Services Health Preservation
Landscape Value 3033 0.20%

Enhancement

The regulating services of the ecosystem products in Wild Duck Lake National Wet-
land Park generated an economic value of 121.77 million CNY (USD 17.11 million). For
climate regulation, the wetland absorbed 193.97 million kW-h of heat through evapora-
tion, with the highest single value calculated at 102.47 million CNY using the replacement
cost method. For water purification, the value per unit area was estimated at 18.23 million
CNY. For flood storage capacity, a lake storage model indicated a capacity of 3.53 million
m3, valued at 297,600 CNY under the replacement cost method. For carbon sequestration,
a value of 713,800 CNY was generated based on NPP data, soil microbial respiration mod-
els, and the 2023 average carbon market price in China. For soil conservation, the USLE
model calculated a soil conservation capacity of 624.23 tons. Combined with the sedimenta-
tion coefficient and the non-point source pollution control costs calculated using the cost-
benefit approach (total nitrogen: 4.8 x 10* CNY/t, total phosphorus: 3.18 x 10° CNY/t),
the total value was 51,900 CNY. For water conservation, the water balance method, com-
bined with the reservoir construction and operating costs derived from the flood storage
and regulation section, resulted in a calculated value of 7700 CNY. Among the regulat-
ing services, climate regulation and water purification were the two most significant com-
ponents, contributing 66.11% and 11.76% of the total value, respectively. The remaining
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regulating services—carbon sequestration, flood regulation, water conservation, and soil
conservation —together represented less than 1% of the total value.

The cultural service functions of Wild Duck Lake National Wetland Park were mainly
reflected in tourism and health preservation, and landscape value enhancement, with a to-
tal value of 33.23 million CNY. In terms of tourism and health preservation services, based
on online statistical data and combined with per capita travel costs, the value of this service
was assessed using the travel cost method to be 32.93 million CNY, meeting diverse needs
such as sightseeing and nature education. Regarding the landscape value enhancement
function, this study focused on the positive impact of ecological aesthetics on the surround-
ing accommodation industry. Based on our analysis of the 2023 hotel price data from Ctrip
(https://www.ctrip.com/, accessed on 7 February 2025), we have calculated the number of
hotel rooms and the price per night that are attributable to enhanced landscape value. Us-
ing the market value method, the value of the landscape value enhancement component
was assessed to be 303,300 CNY. Combining the two cultural services, the total value is
33.23 million CNY. For cultural services, the value derived from ecotourism and health
preservation was estimated at 32.93 million CNY, representing approximately 99.1% of all
cultural service value. The landscape value enhancement contributed 0.303 million CNY,
accounting for 0.9% of the cultural service total.

3.3. Social Media Semantic Analysis Results

To assess public perception of Wild Duck Lake National Wetland Park, 4927 valid
social media posts were collected from Ctrip, Dianping, and Xiaohongshu platforms, of
which 1447 were published in 2023. Text mining and semantic network analysis were per-
formed using the ROST Content Mining 6.0 software. High-frequency keyword extraction
revealed 60 representative words, which were classified into three categories: nouns (rep-
resenting objects and activities), adjectives (reflecting evaluation and emotional tone), and
verbs (indicating actions and behaviors).

Table 13 presents the top 60 keywords and their frequencies. Among them, words
such as “Wild Duck” (2600), “Scenery” (1227), “Reeds” (1124), “Wetland” (902), and “Bicy-
cle” (794) ranked highest, highlighting the dominant topics mentioned by visitors. Other
frequently appearing words included “Tickets” (668), “Bird species” (558), “Parking lot”
(473), and “Photo” (450).

Table 13. High-frequency keywords extracted from social media data.

Rank Keyword Frequency = Rank Keyword Frequency
1 Wild Duck 2600 31 Free 228
2 Scenery 1227 32 Playing 227
3 Reeds 1124 33 Tourist 218
4 E-scooter 920 34 Distance 218
5 Wetland 902 35 Urban Area 215
6 Bicycle 794 36 Air 210
7 Duck 719 37 Nice View 203
8 Tickets 668 38 Couples 201
9 Bird Species 558 39 Foursome 195
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Table 13. Cont.

Rank Keyword Frequency  Rank Keyword Frequency
10 Weather 494 40 Lake Water 183
11 Parking Lot 473 41 Friends 177
12 Convenient 462 42 Walk 177
13 Photo 450 43 Binoculars 177
14 Suggestion 444 44 Boating 173
15 Plank Road 443 45 Beautiful 171
16 Water Surface 423 46 Comfortable 165
17 Traffic 389 47 Elderly 162
18 Bird watching 375 48 Cycling 160
19 Lakeside 359 49 Reservoir 159
20 Kids 359 50 View 158
21 Entrance 357 51 Worth It 158
22 Lakeside Path 332 52 Afternoon 156
23 Season 330 53 Downbhill 152
24 Environment 318 54 Surprised 146
25 Nature 311 55 Migratory Birds 140
26 Park Area 285 56 Relaxing 143
27 Driving 275 57 Animals 138
28 Parking 275 58 Fee 138
29 Rental Car 239 59 Blue Sky 137
30 Weekend 231 60 Sightseeing 137

The semantic network diagram (Figure 6) constructed based on word co-occurrence
relationships shows a multi-core structure. Core nodes include “Wild Duck,” “Wetland,”
and “Park,” forming the central cluster of visitor discussions. Surrounding clusters fea-

” o

ture words related to photography (“photo,” “scenery,” “beautiful”), recreation (“cycling,”

“birdwatching,” “lakeside”), and family leisure (“weekend,” “children,” “friends”). Pe-

s

ripheral nodes, such as “parking,” “tickets,” and “convenient,” are associated with acces-

sibility and service facilities.

Parking lot
Traffic “‘ Convenient
Features Landscape
Photograph |
2 Weekends | Autumn
Footpath
Lakeside
| Lake surface
Reed marshes |
Reeds |/ Birds
A ) | T Winter
. Ducks \
Weather = Sub-core Layer
— Children
— ~
Suitable for Hours .
\ - Parking
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Figure 6. Social semantic network analysis diagram.
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4. Discussion
4.1. Comparison of GEP Unit Values with Previous Studies

With the improvement of data resolution and multi-source data quality, the current
calculation of GEP has gradually expanded from national, provincial and municipal scales
to smaller units, covering some wetland parks, national parks, and protected areas [50-52].
To verify the rationality of the results, four representative small-scale wetland cases were
selected for comparative analysis: Wuhan East Lake [53], Hunan Tianzi Lake [54], Shaanxi
Qianhu [55] and Zhongshan Cuiheng [56]. These cases cover different wetland types and
geographical regions, each showing unique ecological characteristics and functions. Since
the focus of this study does not include provisioning services (such as food, raw materials,
etc.), we have explicitly excluded the provisioning services value involved in the case study
during the value assessment process. The valuation of ecosystem services in all cases was
completed around 2023. In order to provide a more comprehensive comparison bench-
mark and background reference, this study also introduced the national average value
per unit area of wetland ecosystems [57] and the average value per unit area of Beijing
wetland ecosystems [58]. These reference data provide important quantitative basis and
multi-dimensional perspective for in-depth comparison of the differences in ecosystem ser-
vice value of different regions and different types of wetlands. A horizontal comparison
of the GEP per unit area of Wild Duck Lake with similar ecosystems (Figure 7) effectively
confirms the rationality and scientific nature of the calculation results.

6000

5676.73
<
§ 5000 472038 9613
i : 4618.70

E 4428.35
O
3 4000
< 3547.11
N
3
= 3000 2691.50
=
5
- 2000
(]
o
&

1000
&)

0

m Wild Duck Lake National Wetland Park

m East Lake National Wetland Park in Wuhan

m Tianzi Lake National Wetland Park in Hunan

m Qianhu National Wetland Park in Shaanxi

m Cuiheng National Wetland Park in Guangdong
Average Ecological Services Values of Wetland Ecosystems in Beijing
The average value of 71 wetlands in China

Wetlands Name

Figure 7. Comparative analysis of GEP of multiple wetland parks.

Due to the differences in the selected index system, only the proportion of regulat-
ing and cultural services is compared to conduct the difference analysis (Table 14). The
significant variation in the proportion of regulating services among the five national wet-
land parks primarily reflects differences in wetland types, geographic settings, and hu-
man disturbance intensity. Natural wetlands such as Tianzi Lake and Qianhu Wetland
Parks exhibit much higher proportions of regulating services (95.04% and 97.56%, respec-
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tively) because of their well-preserved ecological structures, high vegetation coverage, and
strong self-regulation capacity [59]. Their hydrological and biogeochemical processes re-
main largely natural, resulting in outstanding performance.

Table 14. Analysis of value proportion structure of wetland parks.

Wetlands Name GEP per Unit Area Proportion of Proportion of

(10* CNY/km?) Regulating Services Cultural Services
M Wetand Pk e i oo
Wetland Park in Wuhan 472038 e e
Wetland Park in Hinan 492610 o0 e
ki Shaan 67673 Ao e
Cuiheng National Wetland 2691.50 86.51% 13.49%

Park in Guangdong

In contrast, Wild Duck Lake and East Lake Wetland Parks, as urban or semi-artificial
wetlands, are more affected by anthropogenic management and infrastructure. Their hy-
drological cycles and ecological functions depend heavily on artificial regulation, which
weakens their natural regulating capacity [60]. Meanwhile, these wetlands provide con-
siderable cultural and recreational benefits to nearby residents, leading to a higher propor-
tion of provisioning and cultural services in their total GEP value. Regional climate and
hydrological conditions further reinforce these differences [61]. Southern wetlands such as
those in Hunan and Shaanxi benefit from abundant precipitation and stable water connec-
tivity, while northern wetlands like Wild Duck Lake are situated in semi-arid zones where
water replenishment and ecological stability rely on artificial intervention [62]. Moreover,
differences in management goals also contribute to this divergence: protection-oriented
parks prioritize ecological restoration and conservation, while tourism-oriented parks em-
phasize cultural and recreational values [63].

4.2. GEP Accounting Results Analysis

An accounting of the GEP of Wild Duck Lake National Wetland Park shows that its
GEP structure exhibits dual characteristics of ecological dominance and cultural tourism
synergy, highlighting the role wetlands play as a bridge between environmental regula-
tion and human well-being. Analyzing the regulating services, climate regulation and
water purification are the wetland’s most significant products, accounting for 66.11% and
11.76% of the total product value, respectively. As the core of these regulating services,
wetland vegetation creates a long-term ecological barrier through mechanisms such as
transpiration [64]. This also demonstrates the wetland’s efficient ability to intercept and
degrade water pollutants. The park’s water conservation, flood regulation, and soil con-
servation functions are relatively low. This is primarily due to the fact that the artificial
wetland, constructed for ecological restoration, is still in the successional recovery phase.
Compared to natural wetlands, its water conservation capacity is limited by factors such
as vegetation cover, soil structure, and hydrological conditions [65]. Its flood regulation
function is also underdeveloped due to the artificially controlled nature of the wetland’s
morphology. Its soil conservation capacity is also weak due to the temporary lack of sur-
face vegetation cover, resulting in weak erosion resistance. The value of cultural services
is primarily reflected in tourism and health preservation, reflecting the park’s success in
transforming ecological resources into a cultural tourism economy. However, this also re-
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veals the current development model’s reliance on a single economic monetization path.
The fact that landscape value enhancement functions account for less than 1% of cultural
services is somewhat reasonable. The lack of a prosperous urban area hinders housing
value-added, and the prevalence of nearby homestays limits its potential for generating
additional revenue.

4.3. Social Media Analysis

The 60 high-frequency words primarily fall into three categories: nouns, adjectives,
and verbs. Nouns describe activities and attraction names, adjectives reveal visitors” emo-
tional experiences and evaluation criteria, and verbs describe specific activities and be-
haviors. The results show that words such as “ Duck (1§F) (not the park name “Wild
Duck (¥7#%)”),” “Reed,” and “ Water Surface “ highlight the richness of biological resources
in wetland ecosystems and their unique landscape characteristics. This finding confirms
that wetlands successfully provide immersive natural experiences through biodiversity
and original landscapes, which are closely related to the concepts of “tourism and health
preservation” and “landscape value enhancement”. However, the analysis also exposes
two critical issues requiring resolution: First, at the service support level, the frequent use
of terms like “parking” and “free”; directly reflects inadequate infrastructure and service
support. Second, regarding experience enhancement, the prominence of the word “sug-
gestion”; and the prevalence of social activities like birdwatching collectively indicate that
the existing cultural services and leisure product system still falls short of fully meeting
tourists’ needs, with significant room for improvement in depth and quality.

The social semantic network analysis results show that tourists’ perception presents a
“multi-core-edge” structure. By constructing a three-tiered structure, visitors’ perceptions
of the Wild Duck Lake Wetland Ecosystem’s cultural services are comprehensively pre-
sented [66]. Among the core words identified in the social semantic network, “wild duck,”
“wetland,” and “park” appear most frequently. The three keywords in the name of Wild
Duck Lake National Wetland Park are all core words, indicating that tourists’ forward gaze
is guided by this social construction, thus forming an induced image. After entering the
park, tourists will unconsciously look for one or several focus points and ignore unattrac-
tive elements. In the middle circle, there are many words about photography, scenery,
and internal play methods, indicating that tourists focus on their own play experience. In
the outermost circle, words such as “weekend”, “children” and “driving” reflect tourists’
travel motivation and travel methods. “Transportation” is linked with “convenience”, in-
dicating that the park has good accessibility. Visitors are highly satisfied with the park
environment but are also aware of the conflict between ecological protection and tourism
development. Our field visit and the negative comments from tourists about the winter
scenery of Wild Duck Lake also confirm this view.

4.4. Management Implications and Strategies

Based on the comprehensive GEP accounting results, the social media perception anal-
ysis and the Beijing Wetland Protection and Development Plan (2021-2035), this study pro-
poses the following three strategies to enhance the value of Wild Duck Lake National Wet-
land Park.

(1) To address the relatively low contribution of regulating services such as water con-
servation, flood regulation, and soil conservation, this study recommends strengthening
wetland vegetation restoration and protection strategies. Priority should be given to the
restoration of native vegetation, optimization of hydrological connectivity, and the estab-
lishment of routine ecological monitoring to systematically enhance biodiversity conserva-
tion, water regulation, and ecosystem resilience. By planting native aquatic species and re-
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planting deep-rooted wetland vegetation (e.g., Salix matsudana and Tamarix chinensis) along
slopes and shorelines, vegetation coverage and biodiversity can be increased, thereby im-
proving the wetland’s water conservation capacity. Meanwhile, optimizing wetland ter-
rain design through measures such as dredging water channels, implementing ecological
water replenishment, and utilizing reclaimed water circulation can help build an intercon-
nected and multi-layered wetland network, which will enhance water storage and flood
regulation capacities and further improve hydrological functions.

(2) Given the polarization between tourism and wellness services and landscape en-
hancement within the cultural ecosystem service category, this study suggests expanding
cultural value dimensions through diversified project development and the creation of eco-
cultural products to achieve a balanced distribution of cultural service values. A Wetland
Education and Interpretation Center should be established by upgrading and renovating
the existing “Wild Duck Lake Wetland Museum” into a premier wetland science educa-
tion center in Beijing. This center will serve as a key platform for the public to learn about
and engage with wetland ecosystems. In addition, developing eco-cultural products—
such as artworks and handicrafts—can create new income sources while strengthening
the park’s cultural identity, thereby forming a virtuous cycle between conservation and
sustainable use. Regarding landscape value enhancement, emphasis should be placed on
improving quality and efficiency rather than pursuing high-end real estate development.
Local homestays should be encouraged to upgrade their facilities and services, offering
distinctive catering and guided nature experiences to extend visitor stays and increase per
capita spending.

(3) Social media data analysis reveals that although visitors highly appreciate the
quality of the natural landscape, there are evident shortcomings in supporting infrastruc-
ture and management services. Therefore, it is necessary to improve the service facility
system, develop a smart tour guide platform, and implement seasonal dynamic manage-
ment strategies to comprehensively enhance recreational comfort, spatial accessibility, and
overall visitor satisfaction. Priority should be given to upgrading essential infrastructure
such as visitor centers and observation platforms, while introducing intelligent navigation
systems. Seasonal adjustments in pricing and management are recommended, accompa-
nied by visitor guidance on temperature and appropriate clothing. In terms of ecotourism
development, it is crucial to maintain a balance between conservation and utilization by
designing eco-friendly sightseeing routes and developing specialized programs such as
birdwatching and ecological photography to extend visitor stays and increase revisit rates.
Meanwhile, a systematic plan for service quality improvement should be established, in-
cluding regular staff training and supervision to ensure high management standards and
sustained enhancement of visitor experiences.

4.5. Limitations and Future Directions

This study, building on existing accounting methods and further considering data
availability, conducted an in-depth accounting of the GEP of the wetland ecosystem in
Wild Duck Lake National Wetland Park. However, due to limitations in the account-
ing index system, methodology, and data used, the accounting results may be subject to
some degree of bias. The rationality verification section reveals that the GEP per unit area
varies among ecosystems of the same type. The limitations are analyzed as follows: (1)
Given the lack of a unified, standardized, and comprehensive wetland ecosystem service
value assessment system, the GEP per unit area varies among similar ecosystems. (2) Due
to a lack of data, the unit value equivalent method used for water purification has not
been customized for Wild Duck Lake National Wetland Park, potentially impacting the
valuation results.
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Future research should further promote the establishment of a more unified, stan-
dardized, and regionally adaptable wetland GEP accounting index system, clarifying core
accounting categories, accounting indicators, quantification methods, and parameter selec-
tion principles, while fully considering the differences in ecological characteristics among
different wetland types to enhance the comparability and scientific validity of the results.
Strengthen the cross-validation and integration of different assessment methods (such as
the equivalent factor method, functional value method, market value method, etc.), de-
velop a multi-model coupling framework that is more consistent with the complexity of
wetlands, and focus on deepening the precise quantification of non-market values such as
regulating services and cultural services. In addition, deepening the application of wetland
GEP accounting results in the fields of GEP value realization, national land space planning,
and protection and restoration effectiveness assessment. Explore the effective transforma-
tion of assessment results into economic policy tools to incentivize wetland protection and
sustainable use, and promote the transformation of ecological value into economic and
social value.

5. Conclusions

This study established a GEP accounting framework for the Wild Duck Lake National
Wetland Park ecosystem, focusing on two accounting categories —regulating services and
cultural services—and eight accounting indicators. Social media data were incorporated
into the quantitative accounting of cultural service values to enhance the accuracy and
relevance of the assessment.

In 2023, the total GEP value of the park’s wetland ecosystem was estimated at
155.01 million CNY, equivalent to 35.47 million CNY per square kilometer. Among ac-
counting indicators, climate regulation, tourism and health preservation, water purifica-
tion, carbon sequestration, landscape value enhancement, flood regulation and storage,
soil conservation, and water conservation ranked in descending order of contribution.

In 2023, the total GEP value of the park’s wetland ecosystem was estimated at
155.01 million CNY, equivalent to 35.47 million CNY per square kilometer. Among the
various ecosystem service categories, climate regulation contributed the most to the total
value, followed by tourism and health preservation, water purification, carbon sequestra-
tion, landscape value enhancement, flood regulation and storage, soil conservation, and
water conservation. These findings highlight the substantial ecological and cultural eco-
nomic value of the park, particularly its regulatory functions that play a vital role in main-
taining regional water quality and environmental security.

Based on GEP accounting and social media data analysis, this study addresses three
significant issues: the relatively low proportion of some regulating services, the polariza-
tion of tourism and health care and landscape value-added services within cultural service
value, and the obvious shortcomings in supporting facilities and management services. It
proposes several suggestions, including planting native plants and expanding diversified
projects to optimize infrastructure, providing important reference for constructing a com-
prehensive framework for the protection, sustainable utilization, and enhancement of the
ecosystem value of national wetland parks.

Supplementary Materials: The following supporting information can be downloaded at: https:
/[www.mdpi.com/article/10.3390/w17223321/s1, Figure S1: Analysis of Hotel Buffer Zones around
Wild Duck Lake National Wetland Park; Table S1: Statistics on the Number of Hotel Rooms and
Prices near Wild Duck Lake National Wetland Park; Table S2: Keywords used in social media
data retrieval.
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