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ABSTRACT

Establishing effective mechanisms for recognizing and realizing ecosystem value is a central challenge in linking
ecological conservation with sustainable development. Gross Ecosystem Product (GEP) accounting has emerged as an
important tool for quantifying ecosystem service contributions, yet its application at the county scale—particularly in
mountainous regions—remains limited. Taking Nanhua County in southwestern China as a representative case, this study
develops a county-level GEP accounting framework tailored to complex topography and forest-dominated landscapes.
By integrating biophysical models (InVEST, RUSLE, and SCS-CN) with market-based and replacement cost valuation
methods, provisioning, regulating, and cultural services were systematically assessed for the year 2024. Results show that
the total GEP reached 163.25 billion CNY, with regulating services accounting for 93.17%. Provisioning services were
mainly supported by forestry and specialty agriculture, while cultural services were driven by ecotourism and landscape-
related benefits. Spatial analysis revealed pronounced heterogeneity, with high-value GEP areas concentrated in forested

southern mountains and lower values in central basins and urbanized zones. These findings highlight the ecological structure
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underpinning county-level ecosystem value and demonstrate the potential of GEP accounting to support spatial prioritization

and comparative assessment. While subject to uncertainty inherent in ecosystem service valuation, the framework provides

an indicative basis for exploring pathways that link ecological protection with green development in similar mountainous

regions.

Keywords: GEP; County Region; Territorial Spatial Planning; Ecological Compensation

1. Introduction

Ecosystem service valuation is a core topic in ecolog-
ical economics and sustainable science, providing an ana-
lytical bridge between ecosystem conservation and green
development decision-making!!l. Since the pioneering work
of Costanza et al.[?], valuation research has expanded from
conceptual frameworks to policy-oriented accounting ap-
proaches that aim to make nature’s contributions visible,
measurable, and comparable with conventional economic
indicators. Under accelerating biodiversity loss and ecosys-
tem degradation, quantifying natural capital and its contri-
butions to human well-being has become a shared priority
for both scholars and policymakersl. Within this global
shift, Gross Ecosystem Product (GEP) has emerged as a
comprehensive indicator that monetizes the supply capac-
ity of ecological products by accounting for provisioning
goods, regulating services, and cultural services delivered
by ecosystems[#!. In parallel, international initiatives such
as the United Nations System of Environmental-Economic
Accounting—Ecosystem Accounting (SEEA-EA) and the
European Union’s Mapping and Assessment of Ecosystems
and their Services (MAES) programme have promoted stan-
dardized ecosystem accounting and accelerated its transition
from research practice toward governance infrastructure [>¢1,

Among the most policy-relevant directions, integrat-
ing GEP accounting with ecological compensation mecha-
nisms has attracted increasing attention. Ecological com-
pensation aims to internalize environmental externalities
and incentivize conservation by transferring resources from
beneficiaries to providers of ecosystem services. How-
ever, compensation standards derived from opportunity costs,
willingness-to-pay, or negotiated transfers can be subjective
and weakly linked to actual ecological contributions, which
undermines perceived fairness and policy effectiveness—
especially where ecosystem services are spatially hetero-

geneous and spill over administrative boundaries(”!. GEP

accounting offers a service-contribution-based alternative by
providing a unified monetary measure of ecosystem service
flows, enabling compensation design to better reflect “what
is provided, where it is provided, and who benefits”[®]. In
this sense, the value of GEP is not merely the production
of an aggregate number, but the ability to translate ecolog-
ical functions into decision-ready information for setting
standards, targeting funds, and evaluating outcomes.

This integration between GEP and compensation also
clarifies why technical progress matters: robust compen-
sation requires credible, spatially explicit quantification of
services, particularly regulating services (e.g., climate regu-
lation, water conservation, soil retention) that generate large
benefits but are difficult to observe directly. Recent advances
in remote sensing provide consistent, high-resolution data
for land cover, vegetation productivity, evapotranspiration,
and surface characteristics, strengthening the spatial map-
ping of ecosystem service proxies that underpin compensa-
tion calculations™). In addition, the refinement and broad
adoption of ecosystem service models such as InVEST and
ARIES have improved methodological standardization and
reproducibility, enabling analysts to convert land-use pat-
terns into key service indicators relevant to compensation,
including carbon storage/sequestration, water yield and reten-

1019111 The growing use of machine

tion, and erosion contro
learning further enhances the capacity to integrate large, het-
erogeneous datasets, identify non-linear relationships, and
improve pattern recognition for service hotspots, thereby
supporting more accurate targeting and verification in com-

(121 Rather than representing isolated

pensation programs
technical trends, these developments collectively expand the
feasibility of linking compensation to measurable service
provision across scales and landscapes.

Empirical studies have begun to operationalize the
GEP—compensation linkage across different ecosystems and
governance contexts. In watershed ecological compensa-

tion, quantified water conservation and hydrological reg-
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ulation services can improve equity by aligning transfers
with upstream ecological contributions and downstream ben-
efits!!3713], In forest ecological compensation, researchers
have explored linking GEP-derived values to management in-
puts and protection costs to improve allocation efficiency in
key ecological function zones'®l. Similar approaches have
been extended to grassland and marine ecosystems, suggest-
ing that the coupling logic can be adapted to multiple ecolog-

17.18]Beyond fiscal transfers,

ical systems and service types|
market-based instruments are also emerging as complemen-
tary pathways. Carbon sink trading and water rights trading
translate ecosystem functions into tradable assets, potentially
enhancing the efficiency and durability of compensation
when supported by transparent service accounting!'*2%, Un-
der carbon neutrality targets, nature-based solutions (NbS)
have further stimulated interest in mechanisms that deliver
carbon benefits together with co-benefits such as water regu-
lation and soil conservation, reinforcing the role of GEP as a
quantitative foundation for performance-oriented compensa-
tion and market arrangements2?>), Meanwhile, ecological
product certification and green finance tools can broaden
the institutional toolbox for value realization, offering di-
versified pathways when integrated with robust accounting
results 23,

GEP accounting also has growing relevance for terri-
torial spatial planning, where spatially explicit ecosystem
service information can support delineation of ecological
conservation redlines, urban development boundaries, and
basic farmland protection redlines. By identifying priority
areas for protection, ecological corridors, and zones where
land-use conversion would cause disproportionate service
losses, GEP-based evidence can help optimize landscape
patterns and manage trade-offs between conservation and de-

t[24251 Applications in urban green space planning

velopmen
and ecological infrastructure layout further illustrate the role
of accounting outputs as an evidence layer that can be in-
terpreted by planners and linked to investment priorities 261,
Nevertheless, compensation and spatial planning are highly
policy-sensitive domains, and thus require service-specific,
spatially interpretable results that can be communicated to
stakeholders and audited by institutions.

Despite substantial progress, county-scale GEP stud-
ies remain limited, particularly in mountainous ecological

functional areas in Southwest China. Existing work often

provides a single-year accounting snapshot but offers insuffi-
cient evidence on how GEP results can be translated into con-
crete decision instruments—such as compensation standards,
spatial zoning rules, or sectoral development pathways—
under conditions of strong topographic heterogeneity and
forest-dominated service profiles. To address this gap, we
take Nanhua County as a representative mountainous county
and develop an integrated GEP accounting framework that
combines multi-source datasets with spatially explicit mod-
eling to (i) quantify provisioning, regulating, and cultural
services within a unified accounting structure, (ii) charac-
terize the compositional structure and spatial heterogeneity
of GEP across land-use and terrain gradients, and (iii) inter-
pret service-specific outputs in relation to practical policy
levers, with an emphasis on ecological compensation and
territorial spatial planning. By linking county-level GEP ac-
counting to decision-relevant service maps and interpretable
policy entry points, this study offers a replicable template
for similar mountainous counties and helps move GEP from
“valuation results” toward an actionable evidence base for
ecological product value realization and regionally grounded
green development.

2. Study Area

Nanhua County (24°44'-25°21' N, 100°44'-101°20" E)
is located in west-central Yunnan Province, China (Figure 1).
Encompassing a total area of 2,343 km?, the county exhibits
a typical terrain pattern of “mountains as the main body, in-
terspersed with basins.” The elevation spans from 1,560 to
2,861 m, with mountainous areas accounting for 93.6% of
the total area. The region experiences a low-latitude plateau
monsoon climate, characterized by an average annual tem-
perature of 14.9 °C and an average annual precipitation of
843 mm. These hydrothermal conditions foster a land use
structure dominated by forests, with a forest coverage rate
reaching 71.06%. Other land use types, including cropland
(12.11%) and grassland (7.95%), are interwoven, collectively
forming a typical ecological transition zone from the Yunnan-
Guizhou Plateau to the Hengduan Mountains. These unique
physical geographical characteristics make it an important
water conservation area at the source of the Red River and
provide an ideal sample for studying ecosystem services in

the mountainous regions of Southwest China.
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Figure 1. Geographical location and land use type of Nanhua County.

3. Research Methodology

3.1. Indicator System

Integrating the characteristics, structure, and ecological
processes of typical county-level ecosystems in the southwest-
ern region, and based on the theory and methods of ecosystem
service function value accounting 2", this study established
a GEP accounting indicator system tailored to the local con-
text through functional refinement and indicator specification.
This system includes three major categories: product pro-
vision value, regulating service value, and cultural service
value, encompassing 16 functional indicators. The technical
framework of this study is detailed in Figure 2.

3.2. Accounting Methods
3.2.1. GEP Accounting Method

GEP is defined as the sum of the value of products
and services provided by ecosystems to humans. It involves
calculating the total economic value of ecosystem products

and services based on the quantification of their functional

capacity?8]. The formula is as follows:

GEP = EPV + ERV + ECV €))

Where: GEP is the Gross Ecosystem Product; EPV
is provisioning services value; ERV is regulating services
value; ECV is cultural services value.

Provisioning services value is assessed using the mar-
ket value method. Regulating services include six functions:
water conservation, soil retention, flood storage, air purifi-
cation, water purification, and climate regulation. Each ser-
vice function has corresponding methods for quantifying its
physical quantity and value. The total economic value of
regulating services is the sum of the values of each service
function, combined with national and local price standards.
Cultural services refer to the non-material benefits people
obtain from the aesthetic landscape of ecosystems and their
ethnic culture, including spiritual feelings, knowledge ac-
quisition, and recreation. The value of cultural services is
accounted for from two aspects: leisure tourism and land-
scape value. Detailed calculation methods are provided in
Appendix A.
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Figure 2. Technical framework of this study.

3.2.2. Methodological Specifications

While the core accounting methodologies applied in
this study—such as biophysical modeling using InVEST, and
valuation based on market prices and replacement costs—

are well established in the ecosystem services literature, and

the national technical guideline Ecosystem assessment—
Technical guidelines for terrestrial gross ecosystem prod-
uct accounting (GB/T 46869—2025) has been formally is-
sued, the key contribution of the present GEP framework

lies in its systematic integration and localized parameteri-
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zation, designed to align with the specific ecological and
socio-economic context of typical mountainous counties in
southwestern China. The specificity and value of this frame-
work are demonstrated through the consistent application
and local adaptation of established methods to generate spa-
tially explicit, context-relevant outcomes that can inform
spatial planning, ecological compensation, and sustainable
management in comparable mountainous socio-ecological

systems. This is reflected in three main aspects:

Indicator Selection Focused on Dominant Services

0]

The accounting prioritizes and details regulating
services—such as water retention, soil conservation, and cli-
mate regulation—that are of critical ecological importance
in forested mountainous regions. This approach captures
the structural role of these services in sustaining local liveli-
hoods and delivering downstream benefits, moving beyond

a generic checklist of ecosystem services.

Localized Calibration of Parameters

0]

Key model parameters and valuation coefficients were
calibrated using locally sourced data to enhance representa-
tiveness. Examples include:

Deriving regional values for the rainfall erosivity factor
R and soil erodibility factor K in the RUSLE model based
on county-level meteorological and soil data.

Applying locally surveyed costs of reservoir construc-
tion and maintenance as the replacement cost for water-re-
lated services, ensuring that valuations reflect local economic
conditions.

Valuing provisioning services (e.g., wild mushrooms,
characteristic medicinal plants) using local market prices
and production statistics to capture region-specific economic

profiles.

(3) Pragmatic Integration of Data and Methods

The framework combines remote-sensing data, re-
gional statistical yearbooks, field-based parameters, and es-
tablished models in a practical manner to address data-avail-
ability constraints in complex terrain. This integrated ap-
proach seeks to balance scientific rigor with operational fea-
sibility at the county scale.

The spatial visualization and pattern analysis in this

study focus specifically on regulating services. This focus

is based on the following considerations: (a) The biophysi-
cal processes underpinning regulating services (e.g., water
retention, soil conservation) exhibit explicit spatial depen-
dencies. Their supply can be modeled as continuous surfaces
using spatially explicit tools (e.g., INVEST, RUSLE), making
them well-suited for detailed spatial mapping and pattern
analysis. (b) Regulating services constitute the dominant
component of GEP in the study area. Consequently, their
spatial patterns are critical for understanding the regional
ecological functional baseline. (c¢) The valuation of mate-
rial provisioning services is often more closely linked to
administrative units (e.g., townships) in economic statistics,
while spatially refined assessment of cultural services relies
on higher-resolution data on human activities, which falls
beyond the current data foundation. Therefore, to ensure the
scientific robustness and reliability of the spatial analysis,
this study provides an in-depth exploration of the spatial
heterogeneity of regulating services. The results offer core
support for identifying key ecological spaces and guiding

spatial planning.

3.3. Data Sources

Data for material products primarily came from the
Nanhua County Forestry and Grassland Bureau, Agriculture
and Rural Affairs Bureau, and Statistics Bureau. Prices for
some material products that could not be obtained were
sourced from market research and statistical yearbooks.
Data related to cultural services, including leisure tourism,
came from the Nanhua County Culture and Tourism Bu-
reau statistics. The list and area data of benefiting land
and residential areas were provided by the County Hous-
ing, Urban-Rural Development Bureau, and Planning and
Natural Resources Bureau. Meteorological station data
within Nanhua County came from the Meteorological Bu-
reau, with some data from surrounding stations sourced
from the National Meteorological Science Data Center (
https://data.cma.cn/). DEM data came from the Geospatial
Data Cloud website ( https://www.gscloud.cn/). Fractional
Vegetation Cover (FVC) data used products from the Min-
istry of Ecology and Environment's Satellite Application
Center ( https://search.earthdata.nasa.gov/). Soil data came
from the ’1:1,000,000 Soil Database of China” by the Nan-
jing Institute of Soil Science, Chinese Academy of Sciences.
Details are provided in Appendix B.
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4. Results and Analysis

4.1. GEP and Structural Characteristics

According to the accounting results, the total GEP of
Nanhua County in 2024 was 163.249 billion yuan (Table 1).
In terms of value composition, regulating services dominated
absolutely, with a value of 152.100 billion yuan, accounting
for 93.17% of the total GEP, highlighting the core role of
regulatory functions in the county's ecosystem (Figure 3).
The values of material products and cultural services were
relatively small, at 4.796 billion yuan and 6.353 billion yuan,
accounting for 2.94% and 3.89%, respectively.

Within regulating services, climate regulation had the
highest value (115.297 billion yuan), constituting 75.81% of
the total regulating service value and representing the largest
contribution to the GEP. Water conservation (23.906 billion
yuan) and soil retention (12.809 billion yuan) were also sig-
nificant, together forming the main body of the county's
ecosystem regulating services.

Material product value primarily came from agricul-
tural products (1.820 billion yuan) and forestry products
(1.332 billion yuan). Within cultural services, leisure tourism
(3.695 billion yuan) and landscape value (2.658 billion yuan)
contributed equally.

Table 1. GEP accounting results of Nanhua County in 2024.

Service Category Accounting Indicator Physical Quantity Value Service Category Value
Unit Quantity (CNY Million)  Total (CNY Billion) Proportion
Agricultural Products t 266,399 1,819.78
Livestock Products t 29,330.27 1,203.48
Provisioning Services  Fishery Products t 1,400 40.39 4.80 2.94%
Forestry Products t 36,110.68 1,331.62
Ecological Energy 10,000 KWH 119,000 401.23
Water Conservation 10,000 m? 44,385.43 23,905.99
Soil Retention t 11,887.17 12,808.57
. . Flood Regulation 10,000 m? 1,537.75 828.23 o
Regulating Services &by ification t 24,838.37 86.93 152.1 93.17%
Water Purification t 574.3 1.72
Climate Regulation 10,000 KWH  22,172,440.78 115,296.69
. Recreation & Tourism 10,000 people ~ 356.97 3,695.42 o
Cultural Services Landscape Value 10,000m?  383.51 2,657.73 635 3.89%
Total 163.25 100%
Lancscape vaoe Feolgical Encrey D
o Foresry Products |
Reseation & Towion: |
Fishery Products |
0 1 2 3 4
Livestock Products [ i D
i Provisioning Services 4.80
T T e E—
0 0.5 1 1.5 2
Climate Regulation s
GEP 163.25 Water Purification
Air Purification
Flood Regulation |
Soil Retention [
Water Conservation [
CNY billion 0 20 40 60 80 100 120 140

Figure 3. Composition of GEP accounting results of Nanhua County in 2024 (unit: billion yuan).
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4.2. Main Characteristics of Provisioning Ser-
vices

The total value of Provisioning Services was 4.796 bil-
lion yuan. The internal structure exhibited a distinct charac-
teristic of “forestry dominance with balanced agriculture and
animal husbandry”. Forestry products had the highest value,
reaching 1.332 billion yuan, accounting for 27.78% of the
total value. The values of livestock products and agricultural
products were comparable, at 1.220 billion yuan and 1.181
billion yuan, accounting for 25.44% and 24.63%, respec-
tively. The value of ecological energy was 401 million yuan

(8.36%), while fishery products had the smallest value, only

8 million yuan (0.17%). Within each category, the product
structure was highly concentrated: Forestry Products: Wild
mushrooms were prominent, with a value of 1.176 billion
yuan, constituting 88.28% of the forestry product value and
forming the absolute dominant category. As shown in Table
2, Livestock Products: Pork was the main product, valued at
649 million yuan, accounting for 53.20%. Agricultural Prod-
ucts: Vegetables (501 million yuan), medicinal herbs (373
million yuan), and flue-cured tobacco (322 million yuan)
were the top three bulk products, collectively accounting
for over 90% of the agricultural product value. Ecological

Energy: Valued at 401 million yuan.

Table 2. Physical quantity and value of various provisioning services.

Category Products Physical Quantity (t) Value (10,000 Yuan)
Wheat 13,287.8 3,454.83
Barley 5,582.6 1,451.48
Buckwheat 259.6 389.4
Sorghum 347 54.13
Potato 7,458.8 6,712.92
Sweet Potato 154.8 100.25
Corn 47,486 12,821.22
Soybean 1,210.6 1,089.54
Adzuki Beans 42 2.73
Other Legumes 7,111.3 2,844.52
. Melons 10,753 4,086.21
Agricultural Products Vegetables 98,607 50,075
Fruits 13,334 7,742.54
Rice 36,514.3 10,224
Flowers 2,170 4,089
Flue-cured Tobacco 10,000 32,231
Sugarcane 30 21
Medicinal Herbs 6,792 37,327
Peanuts 43 66
Rapeseed 4,770 4,054.5
Sunflower Seeds 16 15.36
Tea 467 3,125
Beef 3,496 27,968
Mutton 1,421 12,078.50132
Pork 18,549 64,921.5
Poultry Meat 4,996 13,988.80352
. Poultry Eggs 772 1,158
Livestock Products Rabbit Meat 3323 49.85
Mule Meat 29.64 50.39
Donkey Meat 33.24 132.96
Horse Meat 0.16 0.39
Honey 61.41 6.14
Timber 19.87 1,627.52
Bamboo 65 58.5
Walnuts 16,328.1 9,682.56
Chestnuts 372.2 298.13
Pine Nuts 149.3 464.32
Prickly Ash 1487 941.271
Forestry Products Wild Medicinal Herbs 650.9 1,551.75
Wild Mushrooms 13,833.5 117,584.75
Edible Wild Vegetables 254.4 482.09
Edible Wild Fruits 99 52.07
Various Leaves 2,680 407.36
Various Barks 110 5.5
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Table 2. Cont.

Category Products Physical Quantity (t) Value (10,000 Yuan)
Fishery Products Aquaculture 1,400 4,039
Ecological Energy Wind & Solar Power 1,190 40,123

Note: Unit of measurement: Flowers: 10,000 stems; Wind & Solar Power: million kWh.

The structure of material products in Nanhua County is
highly coupled with its natural endowment as a ”mountain-
ous county” and its traditional agro-forestry industrial base
(Figure 4), specifically reflected in: (1) Precise Matching of
Forestry Advantages and Vertical Climate: The county's high
forest coverage rate (71.06%) and its location on the Yunnan-
Guizhou Plateau, characterized by significant vertical climate
variation, provide unique growing conditions for understory
products. The valuable wild mushrooms (1.176 billion yuan)
originate precisely from this environment, directly embody-
ing the transformation of “’green waters and green mountains”
into ’golden and silver mountains.” Simultaneously, specialty
economic forest products like walnuts (97 million yuan) and
prickly ash (9 million yuan) also demonstrate the potential
for value-added utilization of mountainous forest land re-
sources. (2) Spatial Adaptation of Agricultural and Livestock

Structure to Land Resources: Under the constraints of limited

100°50'E 101°E

arable land in mountainous areas, agricultural products pri-
marily consist of vegetables, medicinal herbs, and flue-cured
tobacco, which are highly adaptable and have high economic
value. This strategy avoids large-scale competition with plain
agriculture while fully leveraging the advantages of special-
ized mountainous cultivation. The animal husbandry sector
is dominated by pork (649 million yuan), aligning with the
characteristics of scattered household farming in mountain-
ous areas and forming a courtyard circulation system with
agricultural production (providing feed). (3) Green Align-
ment of Clean Energy with Natural Conditions: The value of
ecological energy (wind and solar power), amounting to 401
million yuan, benefits from the county's relatively good wind
and solar resources. This not only contributes to the value of
material products but also represents an important direction
for the county's eco-industrialization, providing a new path

for achieving green development.
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Figure 4. Spatial distribution of key industries in Nanhua County.

Note: All the pictures above are from government publicity materials.
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In summary, the material product structure of Nanhua
County is the result of long-term interaction and optimal
adaptation between its natural endowment and human in-
dustrial choices. High-value forestry products (especially
wild mushrooms) and specialty agricultural products (medic-
inal herbs, flue-cured tobacco) highlight the comparative
advantages of a mountainous county, while ecological en-
ergy represents a future green development direction. This
structural characteristic suggests that when formulating eco-
logical economic development policies, priority should be
given to consolidating and amplifying the core advantage of
forestry, while steadily promoting the upgrading of charac-
teristic agriculture and the development of clean energy.

4.3. Main Characteristics of Regulating Ser-
vices

In 2024, the total value of ecosystem regulating services
in Nanhua County reached 152.100 billion yuan, accounting
for an absolute dominant share of 93.17% of the total GEP.
This underscores its functional role as a key component of
the ecological security barrier in southwestern China.

Internally, the structure exhibited a distinct pattern char-
acterized by climate regulation as the core, supported by
water conservation and soil retention” (Figure 3). The value
of climate regulation was the highest, reaching 115.297 bil-
lion yuan, contributing 75.81% to the total value of regulating
services and representing the primary component. Water con-
servation and soil retention values were 23.906 billion yuan
and 12.809 billion yuan, respectively, together accounting
for over 24% of the total. In contrast, the values of flood reg-
ulation and storage (828 million yuan), air purification (87
million yuan), and water purification (2 million yuan) were

relatively minor. This structure indicates that the regulatory

functions of Nanhua County's ecosystems are primarily man-
ifested in three fundamental services: maintaining regional
climate stability, ensuring water security, and conserving
land resources.

Based on a systematic accounting of the regulating
service values of ecosystems in Nanhua County, this study
reveals significant functional differentiation among different
ecosystem types in the provision of these services (Table 3).
Forest ecosystems play a central role in maintaining regional
ecological stability and dominate the regulating services,
with a total value of 116.540 billion yuan (76.61%). Their
contributions are particularly prominent in climate regula-
tion (91.383 billion yuan), water conservation (14.511 bil-
lion yuan), and soil retention (9.883 billion yuan). Although
cropland ecosystems are primarily dedicated to agricultural
production, they still contribute 23.652 billion yuan (15.55%)
to the total regulating service value, with significant roles in
climate regulation (14.777 billion yuan) and water conserva-
tion (6.863 billion yuan), reflecting the multifunctionality of
agricultural ecosystems. Furthermore, wetlands possess the
crucial ecological function of acting as ”natural purifiers”.
While the total value of wetland ecosystems is relatively
low (238 million yuan, 0.16%), their specialized function
in water purification (1 million yuan) is irreplaceable. No-
tably, land-use changes driven by human activities impact
ecosystem service functions. The extremely low regulating
service values of barren land (5 million yuan) and impervi-
ous surfaces (85 million yuan) indicate severe degradation
of ecological functions in these land-use types. These ac-
counting results clearly demonstrate the complementarity
and differences among ecosystems in providing regulating
services, offering a scientific basis for delineating regional

ecological conservation priorities and optimizing land use.

Table 3. Regulation service value of different ecosystems.

Items Cropland Forest Shrub Grassland Wetland Barren Impervi-  Total
ous Value
Flood regulation and storage 0.93 6.95 0.27 0.14 0 0 0 8.29
Air purification 0.13 0.68 0.03 0.03 0 0 0 0.87
Climate regulation 147.77 913.83 44.28 4481 2.01 0.04 0.33 1,153.07
Water conservation 68.63 145.11 8.71 15.78 0.34 0.01 0.51 239.08
Water Quality Purification 0 0 0 0 0.01 0 0 0.02
Soil conservation 19.06 98.83 6.97 321 0.02 0 0.01 128.11
Total 236.52 1,165.4 60.26 63.98 2.38 0.05 0.85 1,521.14
Proportion(%) 15.55% 76.61% 3.96% 4.21% 0.16% 0.00% 0.06% /

Note: The "vegetation-flood regulation”: component in flood regulation has already been accounted for in the water conservation function, thus this item requires deduction

during the aggregation process.
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4.4. Spatial Distribution Characteristics of Reg-
ulating Services

Spatial distribution analysis reveals a highly uneven pat-
tern of regulating service values in Nanhua County, strongly
correlated with topography and land use types. As shown in
Figure 5, high-value areas are highly concentrated: These
areas, particularly for climate regulation and water conserva-
tion, form contiguous zones in the southern and southwestern
mountainous regions of the county. This area represents the
core distribution zone of Nanhua's forest resources, charac-
terized by high vegetation coverage and intact ecosystems,
which provide extremely powerful carbon sequestration, oxy-

gen release, water conservation, and soil retention functions.

Low-value areas show a point-axis distribution: These are
primarily located in the central basin, along major transporta-
tion routes, and in urban built-up areas. Intensive human
activity and relatively low surface vegetation coverage in
these zones result in weaker ecosystem regulating functions.
Critically, the spatial distributions of individual regulating
services show high consistency. Areas with high climate
regulation value typically also exhibit high values for water
conservation and soil retention. This reveals the synergy of
forest ecosystems in providing multiple regulating services
simultaneously. It also implies that protecting the forested
southern mountains can yield multiple benefits for climate,

water, and soil concurrently.
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Figure 5. Regulating services spatial distribution map of physical and value.

Note: The higher the physical volume and value volume, the greater the contribution to this type of regulatory service.
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4.5. Main Characteristics of Cultural Services

In 2024, the total value of cultural services provided
by the ecosystem in Nanhua County reached 6.353 billion
yuan, accounting for 3.89% of the county's total GEP. The in-
ternal structure exhibits a distinct characteristic of “tourism
dominance supported by landscape value.” The value of
recreational tourism was 3.695 billion yuan, constituting
58.17% of the total cultural service value, while the land-
scape value was 2.658 billion yuan, representing 41.83%.
This structure indicates that the cultural service value of Nan-
hua County has formed a relatively balanced dual-driven
model. It generates economic benefits not only through
direct tourism receipts but also by enhancing the value of
surrounding land and properties via the aesthetic appeal of
the natural landscape, collectively forming a crucial pathway
for transforming “’green mountains and clear waters” into
”golden and silver mountains.”

Spatial analysis, integrated with the distribution charac-
teristics of Nanhua County's ecosystems, reveals the follow-
ing patterns in the distribution of cultural service value. High-
value areas for recreational tourism are primarily located in
regions rich in ecotourism resources, including the highly
forested southern mountainous areas and river valleys with
unique ecological landscapes. Leveraging their high-quality
ecological environment and distinctive natural scenery, these
areas attract a significant number of tourists, generating sub-
stantial economic value. Conversely, high-value areas for
landscape value are mainly found in the peripheral zones of
areas with superior ecological environments, particularly res-
idential areas and land parcels that benefit from high-quality
ecological views. These areas experience a significant pre-
mium effect due to their proximity to an excellent ecological

environment.

5. Discussion

5.1. Structural Characteristics of County-
Level GEP and Ecological Implications

The GEP accounting results for Nanhua County re-
veal a highly imbalanced internal structure, dominated by
regulating services, which account for over 90%. This struc-
tural characteristic reflects the fundamental ecological role

of forest-based mountainous ecosystems in providing large-

scale, non-material benefits such as climate regulation, water
conservation, and soil retention. Similar patterns have been
observed in other forest-rich regions, where regulating ser-
vices substantially exceed provisioning and cultural services
in monetary valuation?°-311,

From an ecological perspective, this dominance is
closely linked to the county’s natural endowments, including
high forest coverage, complex topography, and relatively low
intensity of land conversion. Together, these factors enhance
regional-scale ecological processes such as evapotranspira-
tion, carbon sequestration, and hydrological regulation. In
contrast, provisioning services are constrained by limited
arable land and fragmented agricultural landscapes, while
cultural services depend on accessibility and market demand.

Importantly, the GEP structure highlights the depen-
dence of local economic activities on underlying ecologi-
cal functions. Forestry products, specialty agriculture, and
ecotourism are indirectly supported by regulating services
through stable microclimates, soil fertility, and water avail-
ability. This interdependence indicates that maintaining
ecosystem integrity is a prerequisite for sustaining exist-
ing livelihood systems in mountainous counties, rather than
an external constraint on development. This finding also
underscores the significant potential of Nature-based Solu-
tions (NbS) hold significant potential for achieving win-win
outcomes for ecological conservation and economic devel-

32

opment32!. The development advantages of Nanhua County

are deeply rooted in its ecosystem services.

5.2. Spatial Distribution Characteristics for
Spatial Prioritization and Planning Sup-
port

Spatially explicit outputs provide a diagnostic lens for
understanding ecosystem service distribution, informing spa-
tial prioritization when integrated with socio-economic con-
straints and governance realities. Recent county-level studies
in China demonstrate that mapping ecological product val-
ues can support spatial planning by identifying hotspots and
potential trade-offs, while emphasizing that accounting out-
puts should be interpreted as indicative signals rather than
rigid zoning rules!*3. Furthermore, evidence from broader
empirical analyses suggests that GEP-type indicators may
correlate with local green transition outcomes, reinforcing

the importance of linking ecological accounting with devel-
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opment evaluation while requiring cautious interpretation of
causality 341,

In Nanhua County, the concentration of high regulating
service values in forested mountainous areas indicates their
potential significance in maintaining county-scale ecologi-
cal functions, such as climate regulation, runoff modulation,
and erosion control. The planning value of spatial analy-
sis lies primarily in identifying: (i) areas with synergistic
occurrences of multiple regulating services, designated as
“ecological conservation core zones” requiring the strictest
protection measures; and (ii) areas where development in-
tensity coincides with relatively low regulating service pro-
vision, classified as “urban-rural coordinated development
zones” permitting moderate urban construction and agri-
cultural activities. This application aligns with ecosystem
accounting principles that emphasize using spatially struc-
tured information to support policy dialogues and scenario

exploration.

5.3. GEP Accounting in Ecological Compensa-
tion and Benefit-Sharing

Ecological compensation represents the predominant
form of compensatory conservation in China, integrating ver-
tical fiscal transfers, horizontal inter-jurisdictional compen-
sation, and market-based instruments. Its institutional frame-
work has become increasingly well-defined alongside the
ongoing refinement of the compensation system 3. Recent
research underscores that a key challenge lies in translating
ecosystem service contributions into operational mechanisms
that address spillover effects, equity, and feasibility, rather
than relying solely on singular valuation metrics %], Within
this context, GEP can serve as a complementary evidence
base for identifying service-providing areas and structuring
benefit-sharing discussions, particularly where ecosystem
service spillovers generate upstream-downstream externali-
ties 37,

For Nanhua County, the substantial contribution of
regulating services suggests that compensation mechanism
design could, in principle, consider (i) the spatial distribu-
tion of key regulating services yielding cross-administrative
benefits (e.g., water retention, soil conservation) and (ii)
the alignment between conservation costs and areas deliv-
ering high levels of these services. However, recent ana-

lytical frameworks emphasize that compensation standards

should not be derived mechanistically from monetary valua-
tions alone. Instead, accounting outputs should be integrated
with ecological effectiveness indicators, transaction costs,
and distributive considerations to avoid oversimplification.
Consequently, the most constructive role of GEP in com-
pensation discussions is to enable transparent interregional
comparisons and to provide a consistent accounting refer-
ence that can be integrated with institutional and stakeholder

processes.

5.4. Uncertainty and Sensitivity Analysis in
County-Level GEP Accounting

Uncertainties in county-level GEP accounting stem
primarily from the integration of multi-source models, het-
erogeneous datasets, and monetized valuation proxies within
the methodological framework*®]. In this study, these uncer-
tainties can be systematically categorized into four types:
model structural uncertainty, parameter uncertainty, data
uncertainty, and valuation uncertainty. The absolute val-
ues of GEP—yparticularly those of the dominant regulat-
ing services—are sensitive to the selection of key parame-
ters. For example, moderate variations in evapotranspiration-
related parameters would be expected to shift the magnitude
of climate regulation estimates, while changes in rainfall—
runoff parameterization would affect water conservation es-
timates. These uncertainties and sensitivities align with the
prevailing understanding in recent ecosystem service assess-
ment literature %,

The significance of this study lies in the structural and
spatial nature of its core findings, rather than in precise nu-
merical quantification. The overarching pattern of “regulat-
ing services constituting the dominant share” and the spatially
heterogeneous distribution characterized by “high-value ar-
eas concentrated in forested mountainous regions” are funda-
mentally driven by relatively stable geographic factors such
as land cover types, topography, and ecosystem integrity.
This interpretation resonates with recent academic discourse
highlighting that, in ecosystem service assessments, the sta-
bility of relative patterns and rankings often outweighs the
precision of absolute valuation*). Accordingly, the GEP
results presented here should be interpreted as indicative and
comparative, suitable for spatial prioritization, cross-area
comparison, and exploring plausible governance pathways,

rather than as exact economic outputs.
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5.5. Research Limitations and Future

Prospects

This study has certain limitations. Firstly, data based
on a single year make it difficult to reveal the dynamic
change trends and driving mechanisms of GEP. Future work
needs to establish a continuous accounting mechanism to an-
alyze the response relationships between GEP and climate
change as well as land use change. Secondly, the assess-
ment of some cultural service values still relies heavily on
indirect data; future research should strengthen field sur-
veys and questionnaire surveys to improve the assessment
accuracy.

Looking ahead, GEP accounting research should be
deepened in the following directions: (1) exploring spa-
tially explicit analyses for provisioning and cultural services
to enhance the comprehensiveness of GEP spatial assess-
ment; (2) promoting the deep integration of GEP accounting
with systems like territorial spatial planning and ecological-
environmental zoning management to test its application
effectiveness in actual decision-making. (3) deepening mech-
anistic research on specific regulating services (e.g., carbon
sequestration) and their market-based realization pathways;
(4) exploring specific schemes for incorporating GEP into
government performance appraisal systems to enhance its

policy influence.

6. Conclusion

This study, taking Nanhua County as a typical case,
systematically constructed a GEP accounting framework
suitable for typical counties in southwestern China and con-
ducted a comprehensive accounting and in-depth analysis
of the county's ecological product value in 2024. The main
conclusions are as follows:

The ecological asset inventory has been clarified, re-
vealing the fundamental characteristics of value compo-
sition. Accounting results indicate that the total GEP of
Nanhua County in 2024 reached 163.249 billion yuan, ex-
hibiting a distinct structure dominated overwhelmingly by
regulating services. Their value amounted to 152.100 bil-
lion yuan (93.17%), far exceeding the values of material
products (4.796 billion yuan, 2.94%) and cultural services
(6.353 billion yuan, 3.89%). This fully demonstrates that

the most core capital of Nanhua County lies in the immense

regulating functions provided by its ecosystems, particularly
the contributions of forest ecosystems to climate regulation
(115.297 billion yuan), water conservation (23.906 billion
yuan), and soil retention (12.809 billion yuan), which es-
tablish its fundamental role as a key regional ecological
security barrier.

Spatial heterogeneity patterns were identified, pinpoint-
ing the core areas for ecological protection. Spatial analysis
of GEP revealed that high-value areas are highly concen-
trated in the southern mountainous region, overlapping sig-
nificantly with areas of high forest coverage, while low-value
areas are distributed in the central basin and urban zones.
This highly uneven spatial pattern clearly indicates the pri-
orities and core areas for ecological protection, providing
irrefutable scientific evidence for implementing targeted
protection” and differentiated management.”

The multiple policy implications of GEP accounting for
county-level green development were elucidated. Moving
beyond mere accounting, this study focused on exploring
the application pathways of GEP results in planning, eco-
logical compensation, and spatial governance. The conclu-
sions demonstrate that deeply integrating GEP into county
five-year plans enables the setting of quantitative targets,
optimization of spatial layout, and precise siting of projects.
Using it as a benchmark for constructing ecological compen-
sation mechanisms allows for the scientification and spatial
differentiation of compensation standards. Furthermore, its
spatial distribution map serves as a rigid baseline for optimiz-
ing territorial spatial patterns and constraining development
activities.
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Appendix A. Detailed Valuation For-
mulas

1.  Provisioning Services Value

V=)  EixP (1

Where: V,, is the value of provisioning services pro-
vided by the ecosystem; £; is the yield of the i-th category of
material product; P; is the unit price of the i-th category of
material product; i represents agricultural, forestry, animal

husbandry, fishery products, and ecological energy, etc.

2.  Regulating Service Value Accounting
*  Water Conservation Service

This refers to the ecosystem's function of intercepting
and storing precipitation, enhancing soil infiltration and stor-

age, conserving soil moisture, regulating stormwater runoff,

and replenishing groundwater, thereby increasing available

water resources. This study uses the water balance method to
calculate the water conservation physical quantity. The value
of water conservation mainly lies in the economic value of
water storage and retention, assessed using the shadow engi-
neering method. This involves simulating the construction of
water conservancy facilities with a storage capacity equivalent
to the ecosystem's water conservation volume and calculating

the value based on the required construction costs.
Qur = Zizl A; x (P —R; — ET;) x 1073 (2)

Vwr - Qwr X C’we (3)

Where: Q,,, is the water conservation volume (m?/a);
P; is the rainfall producing runoff (mm/a); R; is the surface
runoff (mm/a); E7; is the evapotranspiration (mm/a); 4; is
the area of the i-th ecosystem type (m?); i is the ecosystem
type, n is the total number of ecosystem types; V., is the
water conservation value (yuan/a); Q,, is the total water
conservation volume of Nanhua County (m>3/a); C,,. is the
construction and maintenance cost of the reservoir project
(yuan/m?).

. Soil Retention Service

This is the function of ecosystems (e.g., forests, grass-
lands) to protect soil through canopy, litter, root systems, etc.,
reducing rainfall erosivity, increasing soil erosion resistance,
and minimizing soil loss. The soil retention physical quan-
tity is calculated primarily based on the Revised Universal
Soil Loss Equation (RUSLE)[*!!. The soil retention value
mainly includes four aspects: topsoil preservation, fertility
maintenance, reduction of non-point source pollution, and

reduction of sediment deposition.

Qsr =R x K xLxSx(1-CxP) &

Blanda = Y_ QsrVa/(10,000hp) (5)

Efer = Z (Qqr x Y x Hy x o) / (B; x 10,000) (6)
Esa = (Qsr/p) x A x c (7

Ver = Bland + Efer + Eppp + Fgq (®

Where: Q, is the soil retention amount (t/a); R is the
rainfall erosivity factor, represented by the multi-year aver-
age rainfall erosivity index; K is the soil erodibility factor,
typically represented by the soil loss caused by unit rainfall
erosivity on a standard plot; L is the slope length factor (di-

mensionless); S is the slope steepness factor (dimensionless);
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C is the cover-management factor (dimensionless); P is the
support practice factor (dimensionless). £y, is the value of
conserved topsoil (yuan/a); 4 is the regional soil thickness
(m), obtained from field soil sample data; p is the regional
soil bulk density (t/m? or g/cm?), obtained from field soil
sample data; V, is the average annual income per unit area
for different land types (yuan/hm?). Ef,, is the value of soil
fertility maintenance (yuan/a); Y; is the mass content of vari-
ous nutrients (N, P, K) in the soil (%); a; is the conversion
factor for different nutrients. E; is the value of reduced
sediment deposition (yuan/a); 4 is the sediment deposition
coefficient, taken as 24%; c is the unit cost of reservoir dredg-
ing engineering (yuan/m?); ¥, is the value of ecosystem soil
retention (yuan/a).

¢  Flood Storage Service

This refers to the unique ecological structure of natural
ecosystems that can absorb large amounts of rainfall and tran-
sit water, store flood peak volume, attenuate and lag flood
peaks, thereby mitigating threats and losses caused by flood
peaks during the flood season. This study uses vegetation-
regulated water storage to characterize the ecosystem's flood
storage capacity. Using daily precipitation data and the SCS-
CN model from the ”water conservation” section, the surface
runoff under flood conditions (daily rainfall > 50 mm) is cal-
culated (Qyeqs0). The flood storage volume by vegetation is
the remaining portion after subtracting this surface runoff
(Oveg) from the rainfall. The replacement cost method (i.e.,
reservoir construction and maintenance costs) is used to value

the flood storage service of natural ecosystems.
n
Cvc - Zi:l Az X (Pz - Qvegi50) X 1073
me = Cfm X Cwe

(€))
(10)

Where: C,. is the vegetation flood storage volume
(m3/a); P; is the rainfall (mm/a); Ovegiso 1s the surface runoff
from vegetation under flood conditions (daily rainfall > 50
mm) (mm/a); 4; is the area of the i-th vegetation type (m?);
i is the vegetation type, including only natural vegetation
like forest, shrubland, and grassland. V7, is the value of
ecosystem flood storage (yuan/a); Cj, is the ecosystem flood
storage volume (m3/a); C,,. is the unit construction and main-

tenance cost of reservoir storage capacity (yuan/m?).
e Air Purification Service

This refers to the ecosystem's function of absorbing,

filtering, blocking, and decomposing atmospheric pollutants

(e.g., SOz, NOy, dust, or particulate matter), purifying air
pollutants, and improving atmospheric environment quality
(including releasing negative oxygen ions). Air purification
is reflected in purifying pollutants, intercepting particulate
matter, and improving the atmospheric environment. This
study uses actual emissions to quantify the physical amount
of various air pollutants purified and converts them into atmo-
spheric pollutant equivalents. The environmental protection

tax method is used to value the air purification service.
eqa;, = Q; + t; (11)

Va - zi:l Qapi X Cair (12)

Where: eqa; is the equivalent of a certain atmospheric
pollutant (t/a); QO; is the actual emission of the i-th atmo-
spheric pollutant (t/a); ¢; is the equivalent value of the i-th
atmospheric pollutant. ¥, is the value of atmospheric envi-
ronmental purification by the ecosystem (yuan/a); O, is the
purification equivalent of the i-th atmospheric pollutant (t/a);
i is the category of atmospheric pollutants, i = 1, 2, ..., n, di-
mensionless; C,;, is the value per equivalent of atmospheric

pollutant (yuan/t).
e Water Purification Service

This refers to the function of aquatic wetland ecosys-
tems (lakes, rivers, marshes, etc.) to adsorb, degrade, and
transform water pollutants, purifying the water environment.
This study uses actual pollutant discharge to quantify the
physical amount of water purification and converts it into
water pollutant equivalents. The environmental protection
tax method is used to value the ecosystem's service of de-

grading water pollutants and purifying water quality.

equ; = Qj + t; (13)
pri = W'L’ + 1 X S’wet (14)
Vw - Zi:l pri X Cwater (15)

Where: egw; is the equivalent of a certain water pollu-
tant (t/a); Q; is the actual discharge of the j-th water pollutant
(t/a); ¢; is the equivalent value of the j-th water pollutant. Q,,,,;
is the water purification equivalent of the i-th pollutant (t/a);
W; is the purification amount per unit area of the i-th water
pollutant (t/km?-a); ¢; is the equivalent value of the i-th water
pollutant; S,,.; is the wetland area (km?); 7 is the category of
water pollutants, such as TN, TP, COD, dimensionless; V,,

is the value of water quality purification by the ecosystem
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(yuan/a); O, is the purification equivalent of the i-th water
pollutant (t/a); i is the category of the i-th water pollutant
in the study area, i =1, 2, ..., n, dimensionless; C,ue, 1s the

value per equivalent of water pollutant (yuan/t).
*  Climate Regulation Service

This refers to the ecological function of ecosystems,
through vegetation transpiration and water surface evapora-
tion, to absorb solar energy, lower air temperature, increase
air humidity, and improve human comfort. This study uses
the total energy consumed by ecosystem evapotranspiration
and the equivalent electricity consumption of air condition-
ing for cooling under the same conditions as the physical
quantity for climate regulation. The replacement cost method
(i.e., the electricity cost required for artificial temperature and
humidity regulation) is used to value the climate regulation

service provided by ecosystems.

B, = Z ET; x A; x q x 10°/(3,600 x ) (16)

Vie = By X Py (17)

Where: E; is the total energy consumed by ecosystem
evapotranspiration (kW-h/a); ET; is the evapotranspiration
of the i-th pixel (mm); 4; is the ecosystem area (km?); i is

Appendix B. Data Sources Summary

the ecosystem type (forest, shrubland, grassland, wetland);
q is the latent heat of vaporization, i.e., the heat required to
evaporate 1 g of water (J/g); r is the energy efficiency ratio
of air conditioning, dimensionless, taken as 3.0 here. V, is
the value of ecosystem climate regulation (yuan/a); Ej is
the total energy consumed by the ecosystem for regulating
temperature or humidity (kW-h/a); P, is the local electricity
price (yuan/kW-h).

3.  Cultural Service Value Accounting

The value of cultural services is accounted for from

two aspects: leisure tourism and landscape value.

Ny = Nt; (18)

i=1

(19)

Where: N, is the total number of tourists; Nt; is the

number of tourists in the i-th tourist area; i is the number of

Vhouse = Qhouse X Pa

tourist areas, i = 1, 2, ..., n; Vjouse 1s the landscape aesthetic
value (yuan/a); Opouse 1s the total area benefiting from the
ecosystem (km?); P, is the unit area premium brought by
the ecosystem (yuan/km?-a). The unit area premium is cal-
culated as the difference between the average sales price”

of each property and the average real estate price.

Table 4. Data Period and Sources.

No. Data Name Year Data Source
1 Population 2024 Nanhua County Statistics Bureau
2 Agricultural Products 2024 Nanhua County Agriculture and Rural Affairs Bureau
3 Forestry Products 2024 Nanhua County Forestry and Grassland Bureau
4 Livestock Products 2024 Nanhua County Agriculture and Rural Affairs Bureau
5 Eco-energy 2024 Nanhua County Development and Reform Commission
6 Aquaculture and Fishing Products 2024 Nanhua County Agriculture and Rural Affairs Bureau
7 Fertilizer Price and Application Rate 2024 Nanhua County Agriculture and Rural Affairs Bureau
8 Rainfall for Runoff Generation, Storm Rainfall, Evaporation 2024 Nanhua County Meteorological Bureau
9 Environmental Monitoring Data, Flow Velocity 2024 Nanhua Branch of Chuxiong Prefecture Ecology and Environment Bureau
10 Air Pollutant Emissions 2024 Nanhua Branch of Chuxiong Prefecture Ecology and Environment Bureau
11 Water Pollutant Emissions 2024 Nanhua Branch of Chuxiong Prefecture Ecology and Environment Bureau
12 Unit Storage Capacity Construction and Maintenance Cost for Reservoirs 2024 Nanhua County Water Affairs Bureau
13 Vector Data of Water Systems (Rivers, Lakes, Reservoirs, Ponds, etc.) 2024 Nanhua County Water Affairs Bureau
14 Reservoir Dredging Project Cost 2024 Nanhua County Water Affairs Bureau
15 DEM Data Source 2024 Geospatial Data Cloud Website ( https://www.gscloud.cn/)
16 Soil Data 2024 Institute of Soil Science, Chinese Academy of Sciences (1:1,000,000 Soil Database of China)
17 Soil Conservation 2024 Nanhua County Water Affairs Bureau
18 Regional Inflow, Outflow, and Inter-basin Water Transfer Volumes 2024 Nanhua County Water Affairs Bureau
19 Meteorological Data 2024 Nanhua County Meteorological Bureau
20 Data from Surrounding Meteorological Stations 2024 National Meteorological Science Data Center ( https://data.cma.cn/)
21 Fractional Vegetation Cover (FVC) 2024 Ministry of Ecology and Environment Satellite Center FVC Data ( https:/search.earthdata.nasa.
gov)
22 Vector Boundaries of Individual Buildings 2024 Nanhua County Housing and Urban-Rural Development Bureau
23 Average Commodity Housing Price in the Jurisdiction 2024 Dayao County & Nanhua County Housing and Urban-Rural Development Bureaus
24 Tourist Numbers 2024 Nanhua County Culture and Tourism Bureau
25 Tourism Revenue 2024 Nanhua County Culture and Tourism Bureau
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