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Abstract. Ecosystem service value accounting serves as fundamental work for
establishing sound ecological compensation mechanisms and exploring path-
ways to transform lucid waters and lush mountains into invaluable assets. This
study focuses on the Qingping entrance community of Giant Panda National Park
and employs an improved equivalent factor method to systematically evaluate
ecosystem service values based on the 2020 Third National Land Survey data.
Following the Millennium Ecosystem Assessment (MA) framework, the study
categorizes ecosystem services into four major types with 11 functions: provi-
sioning services, regulating services, supporting services, and cultural services.
The standard equivalent factor value is calculated as 3,223.72 yuan/hm? based on
grain production data from Mianzhu City in 2022. The results reveal that the total
ecosystem service value of Qingping community reaches 2,181.70 million yuan,
with a unit area value of 66,252 yuan/hm?, significantly exceeding the national
average (28,400 yuan/hm?). In terms of service types, regulating services domi-
nate with a value of 1,526.97 million yuan (70.00%), among which water regu-
lation and climate regulation collectively contribute 53.29%; supporting services
account for 437.08 million yuan (20.03%), primarily contributed by soil conser-
vation and biodiversity maintenance; provisioning services contribute 129.90
million yuan (5.95%); and cultural services contribute 87.76 million yuan
(4.02%). From the perspective of ecosystem types, arbor forests and shrub forests
together contribute 88.20%, fully demonstrating the pivotal role of forest ecosys-
tems in ecosystem service provision. The research findings provide quantitative
basis for formulating ecological compensation standards, designing differenti-
ated compensation mechanisms, and exploring pathways for transforming lucid
waters and lush mountains into invaluable assets for entrance communities of
Giant Panda National Park, offering important reference value for promoting co-
ordinated conservation and development under the national park system.
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1 Introduction

Ecosystem services refer to the various benefits that humans obtain directly or indi-
rectly from ecosystem structures, processes, and functions!'l. In 1997, Costanza et al.
ZIpublished groundbreaking research in Nature, conducting the first systematic assess-
ment of ecosystem service values at the global scale, estimating the annual value of
global ecosystem services at 16-54 trillion US dollars. In 2005, the Millennium Eco-
system Assessment (MA) B categorized ecosystem services into four major types—
provisioning services, regulating services, supporting services, and cultural services—
establishing a comprehensive classification system that laid the theoretical foundation
for ecosystem service value assessment worldwide.

Ecosystem service value assessment serves as a crucial basis for establishing eco-
logical compensation mechanisms, ecological function zoning, natural asset account-
ing, and ecological protection decision-making. Chinese scholars have conducted ex-
tensive localization research based on the frameworks of Costanza and MA. Xie et al.
(451 constructed an ecosystem service value equivalent factor table suitable for China's
national conditions and have applied it extensively at national and regional scales. The
equivalent factor method categorizes different types of ecosystem services, constructs
value equivalents for various service functions of different ecosystem types through
quantifiable standards, and conducts assessments combined with ecosystem distribu-
tion areas . Compared to the functional value method based on unit service function
prices, the equivalent factor method is more intuitive and user-friendly, requires less
data, and is particularly suitable for regional and large-scale ecosystem service value
assessment, making it the most widely applied assessment method currently.

In 2021, the Central Committee of the Communist Party of China issued the "Opin-
ions on Establishing and Improving the Mechanism for Realizing the Value of Ecolog-
ical Products" 1], explicitly requiring the establishment of an ecological product value
accounting mechanism. In 2025, the "Proposal of the Central Committee of the Com-
munist Party of China on Formulating the 15th Five-Year Plan for National Economic
and Social Development" ! further proposed to "improve diversified ecological com-
pensation mechanisms and explore channels for realizing ecological product value ac-
cording to local conditions." As a major institutional innovation in China's ecological
civilization construction, national parks require scientific accounting of their ecosystem
service values, which is a key foundation for establishing reasonable ecological com-
pensation mechanisms and achieving coordinated conservation and development (81,

Giant Panda National Park is one of China's first established national parks. Qing-
ping community is located in the northwestern mountainous area of Mianzhu City, Si-
chuan Province, serving as an important entrance community to Giant Panda National
Park. The area covers 331.76 km? with a forest coverage rate as high as 87.5%. It pos-
sesses complete vertical vegetation zones from valley evergreen broad-leaved forests
to alpine meadows, with extremely rich biodiversity, playing important roles in water
conservation, climate regulation, and biodiversity protection. As an entrance commu-
nity to the national park, Qingping community faces challenges of development re-
strictions and imperfect compensation mechanisms while undertaking heavy ecological
protection responsibilities.
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Currently, domestic research on national park ecosystem service values has accumu-
lated certain achievements, such as studies on Wuyishan National Park P! and Sanjiang-
yuan National Park [, However, systematic assessments of entrance communities in
Giant Panda National Park remain insufficient, and existing studies mostly adopt static
assessment methods, with inadequate attention to fine classification of ecosystem types
and independent accounting of supporting service functions [!'12], This study employs
an improved equivalent factor method, based on 2020 Third National Land Survey data
and 2022 grain production data. Following the MA framework, ecosystem services are
categorized into four major types with 11 functions: provisioning services, regulating
services, supporting services, and cultural services. The study systematically accounts
for ecosystem service values in Qingping community, aiming to quantify the total value
and structure of ecosystem services in the region, analyze contributions of different
ecosystem types and service functions, and provide scientific basis for formulating eco-
logical compensation standards and designing ecosystem service value realization
mechanisms for entrance communities of Giant Panda National Park.

2 Study Area and Data Sources

2.1  Overview of the Study Area

Qingping community is located in the northwestern part of Mianzhu City, Sichuan
Province, situated between 103°58'-104°09'E and 31°30'-31°40'N. The community is
in the transitional zone from the deep hills to the plateau of Longmen Mountain, with
dramatic terrain relief and an elevation span of 1,300-4,500 m. It borders Mao County
of Aba Prefecture to the north, serving as an important ecological corridor connecting
the Chengdu Plain and the Northwestern Sichuan Plateau. The region has a subtropical
humid monsoon climate, with an annual average temperature of 13.6°C and annual pre-
cipitation of 1,295.5 mm, mainly concentrated from May to October. The vegetation
type belongs to the subtropical evergreen and deciduous mixed forest zone of the Long-
men Mountain sub-region at the northwestern edge of the Sichuan Basin, with a forest
coverage rate of 87.5%.

The area has extremely rich biodiversity. There are over 2,500 species of wild plants,
including 7 nationally protected plant species such as Davidia involucrata and Rhodo-
dendron; over 300 species of wild animals, including 9 rare species such as giant pandas
and golden monkeys, making it an important biodiversity conservation area and giant
panda habitat. Qingping community comprises 5 administrative villages and 1 commu-
nity, with a registered population of 5,671. In recent years, the community has focused
on ecotourism as its leading industry. In 2022, it successfully achieved the designation
of "Sichuan Tianfu Tourism Town," receiving 500,000 visitors annually and complet-
ing the transformation from a traditional agricultural community to an ecotourism com-
munity.
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2.2 Data Sources

Land use data in this study are derived from 1:50,000 topographic maps and 2020 high-
resolution remote sensing images provided by the Mianzhu Management Station of Gi-
ant Panda National Park, with ecosystem area data extracted through GIS platform.
Socioeconomic data are primarily obtained from Mianzhu City Statistics Bureau and
township governments, referencing the "Mianzhu Yearbook 2023" 13 and statistical
bulletins published on the official website of Mianzhu Municipal People's Government.

3 Research Methods

3.1 Principles of the Equivalent Factor Method

This study adopts the equivalent factor method proposed by Xie et al. [ for ecosystem
service value accounting. This method categorizes ecosystem service functions and
constructs value equivalents for various service functions of different ecosystem types
through quantifiable standards, conducting assessments combined with ecosystem dis-
tribution areas. Following the widely recognized MA framework [, ecosystem services
are categorized into four primary indicators—provisioning services, regulating ser-
vices, supporting services, and cultural services—encompassing 11 secondary indica-
tors including food production, raw material production, water supply, gas regulation,
climate regulation, environmental purification, water regulation, soil conservation, nu-
trient cycling maintenance, biodiversity maintenance, and aesthetic landscape.

3.2  Determination of Standard Equivalent Factor

One standard unit of ecosystem service value equivalent factor is defined as the eco-
nomic value of annual natural grain production from 1 hm? of average-yield cropland
71, The calculation formula is:

_ 1 BiiGixby)
n
7 i=1Ci

M Q)

Where M represents the standard equivalent factor value (yuan/hm?); a; represents
the average price of the i-th grain type (yuan/kg); b; represents the total production of
the i-th grain type (kg); ci represents the sown area of the i-th grain type (hm?).

Field investigations indicate that grain crop cultivation area in Qingping community
is minimal, with only scattered maize cultivation, insufficient to support standard
equivalent calculation. Therefore, this study uses 2020 as the assessment base year.
Land use data are derived from 2020 remote sensing image interpretation results. Stand-
ard equivalent factor calculation employs 2022 Mianzhu City grain production data,
which represents the most recent complete data available when the research was con-
ducted. Considering the relative stability of land use patterns and grain production in
the region during 2020-2022, and using data from the same superior administrative unit
(Mianzhu City), this temporal difference has minimal impact on assessment results.
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This study employs production data for major grain crops (rice, wheat, maize) from
the superior administrative unit of Mianzhu City for calculation [13]. In 2022, Mianzhu
City had rice cultivation area of 22,868 hm?, production of 177,000,000 kg, average
price of 2.70 yuan/kg; wheat cultivation area of 18,387 hm?, production of 151,690,000
kg, average price of 3.03 yuan/kg; maize cultivation area of 1,184 hm?, production of
7,000,000 kg, average price of 2.88 yuan/kg. Substituting the above data into formula
(1), the calculated standard equivalent factor value M is 3,223.72 yuan/hm?.

3.3 Ecosystem Service Value Calculation

Based on the standard equivalent factor value M and various ecosystem service value
equivalent factors ej, the unit area ecosystem service value Wj; is calculated:

Wii=Mxe; (2)

Substituting each ecosystem area S;, the total ecosystem service value E is calcu-
lated:

E:WU ><SJ (3)

Where Wj; represents the unit area ecosystem service value (yuan/hm?), e;; represents
the value equivalent factor of the i-th ecosystem service for the j-th ecosystem type. E
represents the total ecosystem service value (yuan), S; represents the area of the j-th
ecosystem type in the community (hm?).

To align the equivalent factor table with the actual conditions of the study area, this
research refers to Xie et al.'s ¥ classification method, corresponding Qingping commu-
nity's land use types with standard ecosystem types with modifications: cropland cor-
responds to farmland, forestland corresponds to forest, garden land takes the average
of forest and grassland, grassland corresponds to grassland, wetland corresponds to
wetland, water bodies correspond to water areas, wasteland corresponds to barren land,
and construction land is temporarily excluded from value calculation. For water supply
function, some ecosystem types (such as paddy fields and irrigated land) show net water
consumption due to large irrigation water requirements, with negative equivalent fac-
tors, which are correspondingly deducted in total value calculation. Specific equivalent
factor values are detailed in Table 1.

4 Results and Analysis

4.1  Overall Characteristics of Ecosystem Service Value

According to the Third National Land Survey data, excluding construction land, the
total land area included in Qingping community's accounting scope is 32,930.15 hm?,
comprising 7 types: cropland, garden land, forestland, grassland, wetland, water bodies,
and wasteland. Forestland accounts for over 85%, wasteland approximately 10%, water
bodies about 2%, and other types are relatively small in area.
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Table 1. Ecosystem Service Value Equivalent Factor Table for Qingping Community.
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The total ecosystem service value of Qingping community is 2,181.70 million yuan,
with a unit area value of 66,252 yuan/hm? By service type, regulating services value
1,526.97 million yuan, accounting for 70.00% of total value; supporting services value
437.08 million yuan, accounting for 20.03%; provisioning services value 129.90 mil-
lion yuan, accounting for 5.95%; cultural services value 87.76 million yuan, accounting
for 4.02%. This value structure aligns with Qingping community's land use pattern,
where high forest coverage determines that its primary ecological functions are mani-
fested in regulating services such as water conservation and climate regulation. The
composition of ecosystem service values is detailed in Table 2.

In terms of functional composition, water regulation and climate regulation are core
functions, together accounting for 76.18% of regulating services value and 53.29% of
total value. Among supporting services, biodiversity maintenance has the highest value
at 202.12 million yuan, accounting for 46.25% of supporting services; soil conservation
value is 218.47 million yuan, accounting for 49.99% of supporting services. Among
provisioning services, raw material production has the highest value at 57.47 million
yuan, accounting for 44.24%; water supply accounts for 35.28%; food production ac-
counts for 20.48%.
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Table 2. Ecosystem Service Value Table for Qingping Community.

Primary Category Secondary Category Value (10,000 yuan)
Food production 2,661
Raw material production 5,747
Provisioning services
Water supply 4,582
Subtotal 12,990
Gas regulation 18,994
Climate regulation 56,710
Regulation services ~ Environmental purification 17,409
Water regulation 59,584
Subtotal 152,697
Soil conservation 1,649
Nutrient cycling maintenance 20,212
Supporting services
Biodiversity 8,776
Subtotal 43,708
Aesthetic landscape 8,776
Cultural services
Subtotal 8,776
Total 218,170

4.2  Value Contribution of Different Ecosystem Types

From the perspective of different land types, forestland is the core provider of ecosys-
tem service value. Arbor forests contribute 1,444.63 million yuan, accounting for
66.22% of total value; shrub forests contribute 478.15 million yuan, accounting for
21.92%. Together, these two types of forests account for 88.20%, fully demonstrating
the dominant role of forest ecosystems in ecosystem service provision. Details are
shown in Table 3.

Table 3. Value Table of Different Ecosystem Types in Qingping Community.

Ecosystem Type Area (hm?) Value (10,000 yuan) Proportion (%)
Arbor forest 18,852.61 144,463 66.22
Shrub forest 9,745.28 47,815 21.92
Water area 599.90 24,234 11.11

Others 3,732.36 1,658 0.76
Total 32,930.15 218,170 100.00
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Water area, as the second largest contributor, have a value of 242.34 million yuan,
accounting for 11.11%, primarily derived from water regulation function and water
supply capacity. This corresponds to Qingping community's high forest coverage rate
of 87.5% and abundant water resources. Forests, through their massive biomass and
complete vegetation structure, play a core role in water conservation, climate regula-
tion, and biodiversity maintenance.

5 Discussion

The unit area ecosystem service value of Qingping community is 66,252 yuan/hm?
significantly higher than the national average (28,400 yuan/hm?) B3], which is related to
its high forest coverage, rich biodiversity, and abundant water resources. Regulating
and supporting services together account for as high as 90.03%, aligning with Qingping
community's high proportion of forestland, reflecting that the region's primary func-
tions are ecological regulating services such as water conservation and climate regula-
tion. Qingping community is located in the upper reaches of the Tuo River and is an
important water conservation area in the Yangtze River Basin. This functional position-
ing aligns with the priority of ecological protection in Giant Panda National Park.

Although regulating and supporting services have high values, as public goods, value
realization faces difficulties. Currently, they mainly rely on government ecological
compensation, such as public welfare forest compensation standards of 16
yuan/mu-year, which shows a considerable gap compared to the actual value of regu-
lating and supporting services. It is necessary to establish and improve ecological com-
pensation mechanisms, raise compensation standards, and explore market-based com-
pensation approaches such as carbon trading and water rights trading.

Although cultural services account for a small proportion, they hold significant im-
portance in ecosystem service value realization. Cultural services can achieve value
transformation through market-based approaches such as ecotourism. Qingping com-
munity has successfully been designated as a Sichuan Tianfu Tourism Town, receiving
500,000 visitors annually. Under the premise of strict protection, appropriately devel-
oping businesses such as ecotourism and nature education can become an important
pathway for community residents to increase income.

Compared with similar studies, the accounting results of this paper have certain rep-
resentativeness. The unit area ecosystem service value of Wuyishan National Park is
67,086 yuan/hm? ), which aligns with Qingping community's accounting results. How-
ever, while the equivalent factor method is suitable for large-scale assessment, it also
has certain limitations. This method is based on national average levels and has diffi-
culty reflecting the scarcity value of unique resources such as giant panda habitats and
rare species in Qingping community. There may be trade-off relationships among var-
ious service functions, and simple summation may overestimate total value. Future re-
search can combine physical quantity methods, market value methods and other ap-
proaches for cross-validation, and conduct long-term monitoring to capture dynamic
changes in ecosystem service values.
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The research results provide quantitative basis for formulating ecological compen-
sation standards and designing mechanisms for transforming lucid waters and lush
mountains into invaluable assets for entrance communities of Giant Panda National
Park. It is recommended to establish differentiated compensation mechanisms based on
protection effectiveness and opportunity costs, explore diversified pathways for realiz-
ing ecological product values, and appropriately develop ecotourism, ecological
healthcare and other cultural services under the premise of strict protection, achieving
win-win outcomes for both protection and development.

6 Conclusion

This study employed an improved equivalent factor method to assess ecosystem service
values of Qingping entrance community in Giant Panda National Park. The total eco-
system service value reaches 2,181.70 million yuan, with regulating services contrib-
uting 70.00%, supporting services 20.03%, provisioning services 5.95%, and cultural
services 4.02%. Arbor forests and shrub forests together contribute 88.20% of the total
value. The findings provide quantitative basis for formulating ecological compensation
standards and designing mechanisms for transforming ecological advantages into eco-
nomic benefits. It is recommended to establish differentiated compensation mecha-
nisms, explore diversified pathways for realizing ecological product values, and appro-
priately develop ecotourism under the premise of strict protection.
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